INTERNATIONAL
STANDARD

ISO

14705

Second edition
2008-02-01

Fine ceramics (advanced ceramics,

advanced technical ceramics) — Tiest

method for hardness of monolithig

ceramics at room temperature

Céramiques techniques —d\léthode d'essai de dureté des
monolithiques a température ambiante

Céramiques

Reference number

:E — ISO

14705:2008(E)

© SO 2008


https://standardsiso.com/api/?name=87e171f517f25011898c646f085b40d5

ISO 14705:2008(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2008

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO 2008 — All rights reserved


https://standardsiso.com/api/?name=87e171f517f25011898c646f085b40d5

Contents

[0 =TT o
1 8T e o o -
2 NOIrMative refEreNCEeS .......cccciiieceeierr e e e e e e e e e e e eesmnnenan
3 Terms and definitioNs ..........oooiiirccirerr e e e e e n by
4 Vickers hardness ... gk
4.1 T o = S A
4.2 Symbols, abbreviations and designations...........cccccciiiicccciseninc e A D T,
4.3 Significance and USEe ... s s hee Fer s
44 Y o =T = 1 (L -
4.5 L= A o1 L= o UL S BT
4.6 o o o7 =T U] - - e AP
4.7 L= A8 (=] o e o R
5 KNOOP hardness........coo i/ T T ar e e e mmmn e e e e e e e smmmne s e e e nanns
5.1 T T3 T o [P 7P
5.2 Symbols and designations ........cccco i e e
5.3 Significance and USe ..........cccccvrriiiricccccererrrre e i
5.4 o T= T 1 U= . TS
5.5 L= 53 3 o[ o = S
5.6 oo LT - .
5.7 L= 53 (=1 oo o R

ISO 14705:2008(E)

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=87e171f517f25011898c646f085b40d5

ISO 14705:

2008(E)

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
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INTERNATIONAL STANDARD ISO 14705:2008(E)

Fine ceramics (advanced ceramics, advanced technical
ceramics) — Test method for hardness of monolithic ceramics
at room temperature

1 cope

This [International Standard specifies a test method for determining the Vickers,and Knoop |hardness of
monglithic fine ceramics at room temperature.

2 ormative references

The [following referenced documents are indispensable for the ,application of this document. For dated
refergnces, only the edition cited applies. For undated references, the latest edition of the¢ referenced
document (including any amendments) applies.

ISO 4545-1:2005, Metallic materials — Knoop hardness test — Part 1: Test method

ISO 4545-2:2005, Metallic materials — Knoop hardness*test — Part 2: Verification and calibratlon of testing
machines

ISO 4545-3:2005, Metallic materials — Knoop hardness test — Part 3: Calibration of reference blpcks
ISO 4545-4:2005, Metallic materials — Knaop hardness test — Part 4. Table of hardness values
ISO $507-1:2005, Metallic materials — Vickers hardness test — Part 1: Test method

ISO $507-2:2005, Metallic materials' — Vickers hardness test — Part 2: Verification and calibratfon of testing
machines

ISO ©507-3:2005, Metallic.materials — Vickers hardness test — Part 3: Calibration of reference Blocks
ISO $507-4:2005, Metallic materials — Vickers hardness test — Part 4: Tables of hardness valuels

3 Terms and definitions

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

31

Vickers hardness

value obtained by dividing the applied force by the surface area of the indentation computed from the mean of
the measured diagonals of the indentations, assuming that the indentation is an imprint of the undeformed
indenter

NOTE 1 Vickers hardness may be expressed in two different units:
a) with units of GPa, obtained by dividing the applied force, in kN, by the surface area of the indentation, in mm2;

b) Vickers hardness number, obtained by dividing the applied force, in kgf, by the surface area of the indentation, in
mm?2, without the units specified.

NOTE 2  Use of Vickers hardness with units of GPa is preferred.

© 1SO 2008 — Al rights reserved 1
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3.2

Vickers indenter
indenter in the shape of a right-angle pyramid with a square base and an angle between opposite faces of

136°

See Table 1 and Figure 1.

3.3

Knoop hardness
value obtained by dividing the applied force by the projected area of the indentation computed from the
measurement of the long diagonal of the indentation, assuming that the indentation is an imprint of the

undeformed
NOTE 1 K
a) with unitg

b) Knoop h3

Reerter
oop hardness may be expressed in two different units:
of GPa, obtained by dividing the applied force, in kN, by the projected area of the indentation) in mm?

rdness number, obtained by dividing the applied force, in kgf, by the projected area\of the indentat

mm?2, without units specified.

NOTE2 TH

3.4

Knoop inde
indenter in th
and 130°

See Table 3

e use of Knoop hardness with units of GPa is preferred.

nter
e shape of a rhombic-based pyramid with the two angles:bhetween the opposite edges at 1

and Figure 6.

4 Vickers hardness

41

Principle

Forcing a digmond indenter in the form of a'right-angle pyramid with a square base, and with a specified

between op
diagonals of

osite faces at the vertex(into the surface of a test piece and measuring the length g
the indentation left in the (surface after removal of the test force, F. See Figures 1 and 2.

4.2 Symbpls, abbreviations-and designations

421 See

422 The
a number ref

Table 1 and Eigufes 1 and 2.

Vickers hardness is denoted by the symbol HV preceded by the hardness value and follow
resenting the test force (see Table 2).

on, in

72,5°

ngle
f the

bd by

EXAMPLES

a)

Use of the Sl unit (GPa).

15,0 GPa HV 9,807 N represents a Vickers hardness of 15,0 GPa, determined with a test force of 9,807 N (1 kgf).

Use of the Vickers hardness number (no units specified).

1 500 HV 1 represents a Vickers hardness number of 1 500, determined with a test force of 9,807 N (1 kgf).

© 1SO 2008 — All rights reserved
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Table 1 — Symbols, abbreviations and designations for Vickers hardness testing

Symbol or
abbreviation

Designation

o Angle between the opposite faces at the vertex of the pyramidal indenter (136° + 0,5°)
Test force, in newtons
d Arithmetic mean, in millimetres, of the two diagonals 4, and d,
HV Vickers hardness
_Constant Test force
Surface area of indentation
(1) units of GPa (preferred)
2F sin 136 F
=0,001 5 :0,001854—2
d d
(2) hardness number (no units specified)
2F sin 136 F
=002 ——— 2 -0,189 1
d? d?
c Arithmetic mean of the half of the two median crack lengths 2¢, and 2¢,
S.D. Standard deviation

where

_ HV
HV is the arithmetic mean of the Vickers hardness = Z d
n

HV, is thesHV obtained from nth indentation

n is the number of indentations

NOTE Constant =

1 N %o\l =0,102 where g is the acceleration due to gravity.
€.'9,807

Table 2 —-Hardness symbols and the nominal values of test forces, F, for Vickers hardngss testing

Hardness symbol (:friti::rsg;.i)
HV 4,903 N or HV 0,5 4,903 N
HV 9,807 N or HV 1 9,807 N
HV 19,61 N or HV 2 19,61 N
HV 29,42 Nor HV 3 29,42 N
HV 49,03 Nor HV 5 49,03 N
HV 98,07 N or HV 10 98,07 N
HV 196,1 N or HV 20 196,1 N

© 1SO 2008 — All rights reserved
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N
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Figure 1 — Vickers indenter (diamond pyramid)

2(1

A
A

d;

2(2

Figure 2 — Vickers indentation

4.3 Signi1icance and use

Vickers indentafion diagonal Tengths are approximalely 2,8 times shorter than the Tong diagonal of Knoop
indentations, and the indentation depth is approximately 1,5 times deeper than Knoop indentations made at
the same force. Vickers indentations are influenced less by the specimen surface flatness, parallelism of the
diamond axis to the test piece surface normal, and surface finish than Knoop indentations, but these
parameters should be considered nonetheless. Vickers indentations are much more likely to cause cracks in
fine ceramics than are Knoop indentations. Conversion between hardness scales shall not be made.

Vickers indentations on metallic materials are mainly formed by the plastic deformation. However, Vickers

indentations on fine ceramics are formed by micro-cracking and micro-fracture, besides plastic deformation.
This difference shall be noted for comparing the hardnesses of metals and ceramics.

4 © 1SO 2008 — Al rights reserved
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4.4 Apparatus

441 Testing machine, capable of applying a predetermined test force in the range of 4,903 N (0,5 kgf) to
98,07 N (10 kgf), preferably 9,807 N (1 kgf), in accordance with ISO 6507-2. Verification of the test force shall
be carried out in accordance with ISO 6507-2.

4.4.2 Diamond indenter, in the shape of a right-angle pyramid with a square base, as specified in
ISO 6507-1 and ISO 6507-2. Verification of the indenter shall be carried out in accordance with ISO 6507-2.

4.4.3 Measuring device, capable of measuring the indentation diagonals with a readout resolution of
+ 0,2 ym or finer. A numerical aperture (NA) of between 0,60 and 0,95 for the objective lens for the
micrgsTope 1S Tecommended. Verification of the measuring device shattbe carried—outimaccprdance with

ISO ¢507-2.

NOTH Indirect verification can be carried out by means of standardized blocks calibrated/in acfordance with
ISO 6507-3, following ISO 6507-2, or other approved and traceable ceramic standard reference blocks.

4.5 | Test pieces
4.5.1 The test shall be carried out on a surface which is smooth, flat and.free from foreign matter. The test
piecqd shall be polished to permit accurate measurement of the diagonal lengths of the| indentation.
Preparation shall be carried out in such a way that any alteration of the’surface hardness is mininjized.

4.5.2 The thickness of the test piece shall be at least 0,5 mm. It shall be at least 1,5 times thg diagonal of

the indentation, d, and at least 2 times the crack length, ¢, whichever is greater. No indentation gamage shall
be visible at the back of the test piece on completion of the test.

4.6 |Procedure

4.6.1| In general, the test shall be carried out-at room temperature within the limits of 10 °C to|35 °C. Tests
carrigd out under controlled conditions shall.be made at a temperature of 23 °C £ 5 °C.

4.6.2 The recommended test force i§ 9,807 N (1 kgf). In cases where significant chipping or |ateral crack-
spallihng occurs or where the impression is too faint, the test forces within the range 4,903 N (0,5 kgf) to
196,1 N (20 kdf), listed in Table 2;xmay be used. Other instances where a heavier load may be|required are
wherg the grain structure is very\coarse and the indentation area at lower loads may contact only| a few grains
of the material (e.g. a multiphase material).

4.6.3| The following items shall be confirmed before the test.
a) Check the zero‘ef the measuring system.

b) Check thé.measuring system using a calibrated scale or certified indentation in a test block.

c) Checkthe operation of the loading system by performing a test on a certified test block.

d) Check the condition of the indenter by examination of the indentation made in the test block. Replace the
indenter, if necessary, by taking into account the conditions given in 4.6.10.

4.6.4 The indenter shall be cleaned prior to and during the test series, as ceramic powders or fragments
from the ceramic test piece can adhere to the diamond indenter.

4.6.5 The test piece shall be placed on a rigid support. The support surface shall be clean and free from

foreign matter. It is important that the test piece lies firmly on the support, so that displacement cannot occur
during the test.

© 1SO 2008 — Al rights reserved 5
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4.6.6 Carefully adjust the illumination and focusing conditions, in order to obtain the optimum view and
clarity of the indentation. Both indentation tips shall be in focus at the same time. Do not change the focus
when measuring the distance from tip to tip.

4.6.7 Bring the indenter into contact with the test surface and apply the test force in a direction
perpendicular to the surface, without shock or vibration, until the applied force attains the specified value. The
time from the initial application of the force until the full test force is reached shall not be less than 1 s nor
greater than 5 s. The duration of application of the constant maximum test force shall be 15 s.

4.6.8 Throughout the test, the apparatus shall be protected from shock or vibration.

Wweeh—tRe—een e-of-any-indentations—and-the-edge-of-the—testpiece—shal-be-at least
nal of the indentation, and at least 5 times the mean length of the crack, as-shown in
Figure 3. The distance between the centres of two adjacent indentations shall be at least 4 times the mean
diagonal of the indentation, and at least 5 times the mean length of the crack, as shown in Figure 3. |f two
adjacent ind¢ntations differ in size and crack length, the spacing shall be based on the mean-diagonal ¢f the
larger indentation and the longer crack length.

A
 J

Key

1 edge of test piece

2 indentatiops

¢ length from the eentre of indentation to the end of crack
d length of indent'diagonal

/, distance betweemn centres of indentations
Iy > 4d and 5¢

I, distance from centre of indentation to the edge of sample
Iy > 2,5d and 3¢

Figure 3 — Closest permitted spacing between indentations and from indentation to the test piece
edge for Vickers indentations

6 © 1SO 2008 — Al rights reserved
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4.6.10 The satisfactory condition of the indenter shall be verified frequently. Any irregularities in the shape of
the indentation may indicate chipping, cracking or other deterioration of the indenter. If the examination of the
indenter confirms this, then the test shall be rejected and the indenter replaced.

4.6.11 If there is excessive cracking from the indentation tips and sides, then the indentation shall be
rejected and go unmeasured. If one of the tips of an indentation falls into a pore, the indentation shall be
rejected. If the indentation lies in or on a large pore, the indentation shall be rejected. Figure 4 provides
guidance on this assessment.

4.6.12 Measure the length of the two diagonals to within 0,2 um for diagonals less than 50 um, or to within
0,5 ym for diagonals equal to or more than 50 um. The arithmetical mean of two readings shall be taken for

Hatter—of-the—Vieke RaFreeSS: he-difference—of-the—two-diagonals—is—mere—than—5%; of the mean
(Figure 4), the result shall be rejected, and a check made of the parallelism and flathggs of the test
piecd, and of the alignment of the indenter. Follow the manufacturer's instructions very carefully, as regards
the pfoper usage of the measuring crosshairs. Figure 5 is provided for guidance.

4.6.1B At least 5 valid indentations shall be made for obtaining a mean result\in" accordance with this
Interpational Standard.

4.6.14 Calculate the Vickers hardness, HV, for each valid indentation{~using the equatior} in Table 1.
Calculate the mean hardness for all valid indentations, and the standard deviation.

4.6.15 Alternatively, see ISO 6507-4 for conversion tables for use iftests made on flat surfaces

4.7 | Test report
The fest report shall include the following information:
a) a reference to this International Standard, i.e. 1ISO 14705:2008;

b)

mformation on the test piece;

c) test conditions, i.e.:

1) thickness of test piece;

2) test force;

3) surface condition (polishing method);

4) test temperature, or certification that the test was done at “room temperature”;

%) the number of valid indentations and the total number of indentations made to obtain these valid
indentations;

®)_magnification of microscope;

d) the result obtained:
1) individual valid Vickers hardness values;
2) arithmetic mean of the Vickers hardness;
3) standard deviation (S.D.) of the Vickers hardness;
e) all operations not specified by this International Standard or regarded as optional;

f) details of any circumstances (such as extensive cracking or chipping, porosity, multiphase nature of the
material, coarse grain size, etc.) which may have affected the result.

© 1SO 2008 — Al rights reserved 7
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O

el

o

5 N
2
a) Acceptable indentations
3 4 5
6 7 8
9 10

b) Unacceptable indentations
Key

bowed edpes
porosity
large tip cracks
asymmetrical
spalled edges
tip region displaced
chipping and ragged edges
ragged edges (grain displacement, pullouts)
pore at tip

0 indentation on a large pore

= © 0o NO O b ON -~

jo)

Permissible degree of asymmetry, as defined in 4.6.12.

Figure 4 — Guidelines for the acceptability of Vickers indentations

8 © 1SO 2008 — Al rights reserved
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a)

Incorrect, crosshair completely covers the tip.

Y

X

b) Correct, double .crosshair measurement system. The indentation is intended to be measured| between two

3 0

Figure 5 (continued)

osshairs or mgasuring lines. Indentation tips should be on the inside edge (in the fringe) of each prosshair. The
easuring system is zeroed by bringing together the adjacent edges of the crosshairs, as shown on the|right.

© I1SO 2008 — All rights reserved
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Z

c) Correct, single crosshair and some double crosshair measurement systems. The indentation tip is on the

side of thg crosshair line(s). For a single crosshair system, the measuring system is zeroed when the cross
correctly positioned on one indentation tip, or with both lines superimposed in a double eresshair system, as sho
the right.

Key

1 crosshair

2 light fringq (size is exaggerated)

3 setting to gero

4 tipin the flinge

Figure 5 — Crosshair measuremeént systems for Vickers indentation
5 Knoop hardness
5.1 Principle

Forcing a did
ridges at thg

mond indenter, in the,form of a rhombic-based pyramid with specified angles between opy
vertex, into the Surface of a test piece and measuring the length of the long diagonal ¢

indentation lgft in the surface after removal of the test force, F. See Figures 6 and 7.

5.2 Symbpls and‘designations

5.21 See

Table 3 and Figures 6 and 7.

same
hair is
\Wwn on

osite
f the

5.2.2 Knoop hardness is denoted by the symbol HK preceded by the hardness value and supplemented by
a number representing the test force (see Table 4).

EXAMPLES:

a) Use of the Sl unit (GPa).

15,0 GPa HK 9,807 = Knoop hardness of 15,0 GPa, determined with a test force of 9,807 N (1 kgf).

b) Use of the Knoop hardness number (no units specified).

1 500 HK 1 = Knoop hardness number of 1 500, determined with a test force of 9,807 N (1 kgf).

10
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Table 3 — Symbols, abbreviations and designations for Knoop hardness testing

asg:r;?/?altioc:n Designation
F Test force, in newtons
d Length, in millimetres, of the long diagonal
k Indenter constant, relating projected area of the indentation to the square of the length of the
long diagonal
HK Knoop hardness
— Constant x Testforce

Surface area of indentation

(1) units of GPa (preferred)

- 0,001 —— = 0,001——— 0,014 23
d* -k 0,070 284 d
(2) hardness number (no units specified)
=0,102 5 :0,102;2:1,451i2
d<-k 0,070 28 -4 d

S.D. Standard deviation

where

_ HK
HK is the arithmetic mean‘of.the Knoop hardness = Z L
n

HK, is the HK obtaiped from nth indentation

n is the number of indentations
NOTE Constant = 1 = 1 =0;102 where g is the acceleration due to gravity.
g 9807
tanﬁ
2
Indenter constantlk = —2
2tan %

where « and.f are the angles between the opposite edges (Figure 6).

THevalues of « and g specified in ISO 4545-2 are o = 172,5° + 0,1° and = 130° £ 0,1°.

Table 4 — Hardness symbols and nominal values of test force, F, for Knoop hardness testing

Hardness symbol Test force, F
(nominal value)
HK 4,903 N or HK 0,5 4,903 N
HK 9,807 N or HK 1 9,807 N
HK 19,61 N or HK 2 19,61 N
HK 49,03 N or HK 5 49,03 N

© 1SO 2008 — Al rights reserved 11
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Figure 6 — Knoop indenter

Figure 7—=Knoop indentation

5.3 Significance and use

For fine ceramics, the Knoop long diagohal length is approximately 2,8 times longer than the Vickers diagonal
for the samelload, and cracking is-much less of a problem. On the other hand, the tip of a Knoop indentation is
more difficul{ to discern precisely-A Knoop indentation is shallower than a Vickers indentation made at the
same load. Qonversion between’hardness scales shall not be made.

Knoop indentations on'‘\/metallic materials are mainly formed by plastic deformation. However, Knoop
indentations [on fine ceramics are formed by micro-cracking and micro-fracture, besides plastic deformption.
This differeng¢e shall.be noted for comparing the hardnesses of metals and ceramics.

5.4 Apparatus

5.4.1 Testing machine, capable of applying a predetermined test force in the range of 4,903 N (0,5 kgf) to
49,03 N (5 kgf), preferably 9,807 N (1 kgf) or 19,61 N (2 kgf), in accordance with 1ISO 4545-2. Verification of
the test force shall be carried out in accordance with ISO 4545-2.

5.4.2 Diamond indenter, in the shape of a rhombic-based pyramid, as specified in ISO 4545-1 and
ISO 4545-2. Verification of the indenter shall be carried out in accordance with ISO 4545-2.

5.4.3 Measuring device, capable of measuring the indentation diagonal with a read-out resolution of

0,2 ym or finer. A numerical aperture (NA) of between 0,60 and 0,95 for the objective lens of the microscope
is recommended. Verification of the measuring device shall be carried out in accordance with ISO 4545-2.

12 © 1SO 2008 — Al rights reserved
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ISO 4545-3, following ISO 4545-2, or other approved ceramic standard reference blocks.

5.5

5.5.1

Test pieces

The test shall be carried out on a surface which is smooth, flat and free from foreign ma

Indirect verification can be carried out by means of standardized blocks calibrated in accordance with

tter. The test

piece shall be polished to permit accurate measurement of the diagonal lengths of the indentation.
Preparation shall be carried out in such a way that any alteration of the surface hardness is minimized.

5.5.2 The thickness of the test piece shall be at least 0,5 mm. No indenting damage shall be visible at the

back

of the test piece on completion of the test.

5.6

5.6.1
carrig

5.6.2
have

cracKing is a problem, or if it is preferred for a specific requirement. If cracking is a problem, or in

Procedure

In general, the test shall be carried out at room temperature within the limits of10 °C to
d out under controlled conditions shall be made at a temperature of 23 °C + 5 °C:

The recommended test forces are 9,807 N (1 kgf) and 19,61 N (2 kgf)~.Test force 19,61
greater precision; 9,807 N (1 kgf) may be used if the higher test force is:net available on the

35 °C. Tests

N (2 kgf) will
apparatus, if
the case of a

specific requirement, the test forces within the range of 4,903 N (0,5 kgf)to 49,03 N (5 kgf), listgd in Table 4,

may be used.

5.6.3| The following items shall be confirmed before the test.

a) (Check the zero of the measuring system.

b) Check the measuring system using a calibrated scale or certified indentation in a test block.

c) Check the operation of the loading system by performing a test on a certified test block.

d) (heck the condition of the indenter by @xamination of the indentation made in the test block] Replace the
indenter, if necessary, by taking into6 account the conditions given in 5.6.10.

5.6.4)| The indenter shall be cleaned prior to and during the test series, as ceramic powders jor fragments

from the ceramic test piece can-adhere to the diamond indenter.

5.6.5| The test piece shall.be placed on a rigid support. The support surface shall be clean gnd free from

foreign matter. It is important that the test piece lie firmly on the support, so that displacement gannot occur

durinp the test. The surface of the test piece being tested shall be in a plane normal to the axis of|the indenter.

5.6.6| Carefully\adjust the illumination and focusing conditions to obtain the optimum view and|clarity of the

inderftation. Both indentation tips shall be in focus at the same time. Do not change the focus whegn measuring

the d|stance-from tip to tip.

5.6.7L_-Bring the indenter into contact with the test surface and apply the test force id a direction

perpendicular to the surface, without shock or vibration, until the applied force attains the specified value. The
time from the initial application of the force until the full test force is reached shall not be less than 1s nor
greater than 5 s. The duration of application of the test force shall be 15 s.

5.6.8 Throughout the test, the apparatus shall be protected from shock or vibration.

5.6.9 Allow a distance of at least 1,5 times the long diagonal length between the indentations as shown in
Figure 8. 1f there is evidence of interaction between lateral cracking (from the sides of the indentation), then
the spacing shall be increased. The minimum distance between the limit of any indentation and the edge of
the test piece shall be at least 1,5 times the long diagonal of the indentation.
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