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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
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Fine ceramics (advanced ceramics, advanced technical
ceramics) — Test methods for fracture toughness of monolithic
ceramics — Single-edge V-notch beam (SEVNB) method

1 Scope

This [nternational Standard specifies a method for the determination of the fracture toughness|of advanced
techrjical ceramics. The procedure makes use of single-edge V-notched bars, which<are loadgd in 4-point
bend|ng until failure. It is applicable to monolithic ceramics with a grain size or majormicrostructurgl feature size
largef than about 1 pm.

The juse of this International Standard for yttria tetragonal zirconia polycrystal material (Y{TZP) is not

recormmended. The method might also be unsuitable for some other very. tough or soft ceramigs in which a
sharp crack does not form at the root of the V-notch.

2 Normative 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 3611, Geometrical product specifications (GPS) — Dimensional measuring instruments — Micrometers for
extemmal measurements; Design and metrological characteristics

ISO 7500-1, Metallic materials — Verification of static uniaxial testing machines — Part 1: Tensionfcompression
testing machines — Verification and:calibration of the force-measuring system

ISO 14704, Fine ceramics (advanced ceramics, advanced technical ceramics) — Test methof for flexural
strength of monolithic ceramics at room temperature

ISO 15732, Fine ceramics (advanced ceramics, advanced technical ceramics) — Test method for fracture
toughness of monolithic ceramics at room temperature by single edge precracked beam (SEPB) method

3 Terms-and definitions

For trlue purposes of this document, the terms and definitions given in ISO 15732 apply.

4 Principle

This method of conducting a fracture toughness test is based on the preparation and fracture of bar test pieces
in which a sharp-tipped notch is machined. Using the technique of a reciprocating razor blade and diamond
paste, a narrow notch can be honed into a test piece using either a manual method or a simple machine. Under
well-controlled conditions, a notch-tip radius in the range of 1 pm to 20 um can be prepared depending on the
grain size of the test material. For many materials, this is a close approximation to a sharp crack, and the
method has been found to give fracture toughness values very close to those of other methods such as the
single-edge precracked beam method (ISO 15732) or the surface crack in flexure method (ISO 18756) provided
that a sharp crack forms at the root of the notch either during its preparation or during the subsequent fracture
sequence. The method has the advantage of simplicity of notch production compared with using a sharp-tipped
diamond saw or a diamond impregnated wire in which the tip radius is normally greater than 50 pm. The method

© ISO 2008 — All rights reserved 1
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is often easier to undertake compared with other methods of precracking, and is applicable to a wider range of
materials outside the scope of these methods.

The method
(European S
round robin,

has been extensively researched (see the Bibliography) and has been evaluated in an ESIS
tructural Integrity Society)/VAMAS (Versailles Agreement on Advanced Materials and Standards)
the results of which are summarised in Annex B. This recommended practice is based upon the

ESIS/VAMAS SEVNB round robin.

The method

may have some limitations for materials with grain sizes of less than 1 pm, for which the

assumption that the notch approximates to a sharp crack may not be valid (see Annex C). Users should strive
to minimize the notch-root radius in the test pieces. This International Standard places a provisional criterion

la an-banea.

that the notch

The method
(single-edge
notch metho

5 Apparatus

5.1 Ordina
holder.

NOTE 1 Raz

or screwing bé
smaller is ided].

NOTE 2 Alth

are mounted 4
test pieces hg

sharper notch

5.2 Metallg
5.3 Lubricant, a light lubricating oil for lubricatirig the razor blade, e.g. clock oil.

5.4 Test piece support, consisting of-a‘flat plate or other suitable device for mounting test pieces d
notch honing|

5.5 Flexural-strength test fixture, preferably, a four-point flexural-strength test fixture operati

accordance
Alternatively,
central loadin

The test pied
shall be parg

surfaces. Pr¢
length of thet

their centres

+ ool ab da ba milor o Ay P 128 +h af thao ot al
HootTFaatuS-SRothaHe-SHttarto- o 1eSSthartwiecetne CIVUICIHU HICIIII StZze-ot e matettar

5732
pVron

is complementary to other methods of measuring fracture toughness described in (SO 1
precracked beam method), ISO 18756 (surface crack in flexure method), and ISO 24370 (ch
H); see the Bibliography.

ry razor blades, preferably with a support along one edge but alterhatively inserted in a sujtable

br blades thinner than about 0,2 mm are not ideal for this task unlessstiffened by a support, such as by
tween two steel plates, leaving only about 2 mm of edge showing. A razor blade with a tip angle of ]

hluing
0° or

bugh it is possible to machine the notches entirely by handythe use of a simple device in which the test pieces
nd in which a razor blade primed with diamond paste is\moved in a reciprocating motion across the mdunted
s a distinct advantage, as this provides controlled feading and directional stability to the razor blad¢, and
bs are produced. An example is shown in Annex A.

graphic diamond paste, in a viscous efganic carrier and of fine grain size, typically 1 pm to 8 pm.

uring

g in

vith the requireménts of 1ISO 14704, i.e. either 1/4-point flexure (preferred) or 1/3-point fl

40,0 mm + 0 5mm (1/4 point flexure) or 30 mm i 0,5mm (1/3 point erxure) apart W|th their axes

parallel to within 1°. The separation of the centres of the rollers in their starting positions shall be measured to
the nearest 0,1 mm with a travelling microscope. The rollers shall be made from hardened steel or other hard

material with

a hardness greater than 40 HRC (Rockwell C-scale). The rollers shall have a smooth burr-free

surface finish with roughness less than 0,5 um Ra, and shall have a diameter uniform to + 0,02 mm.

For four-poin

t flexure, the two loading rollers are located at the 1/4-points (or 1/3-points), with an inner span of

20 mm + 0,2 mm (or 10 mm = 0,2 mm for 1/3-point flexure) and are free to roll inwards. The rollers are free to
rotate separately about an axis parallel to the length of the test piece to allow alignment. For three-point flexure,
the single loading roller, which need not rotate, shall be positioned centrally between the outer-support rollers.
The distances between the rollers shall be measured to the nearest 0,1 mm along the length of the specimen
perpendicular to the direction of loading, using a travelling microscope or other suitable device. The loading
rollers in four-point flexure shall be symmetrically positioned to within 4= 0,1 mm. The arrangement for loading

© ISO 2008 — All rights reserved


https://standardsiso.com/api/?name=31f50c1fdce0537164d4620e8f67c9a5

ISO 23146:2008(E)

shall ensure that equal forces are applied to the two loading rollers. The single loading roller in three-point
flexure shall be centrally located to within £ 0,2 mm.

5.6 Mechanical testing machine, capable of applying a force at a constant rate of displacement or constant
loading rate to the test piece in the flexural-strength test jig and of recording the force at which the test piece
fractures. The force measuring device shall be in accordance with ISO 7500-1 and shall have an accuracy of
< 1 %.

NOTE The test facility can, with advantage, be equipped with a capability for recording the force/displacement behaviour of
the test piece, ideally a sensitive system directly contacting the test piece. Provided that the load-train stiffness is sufficient,
machine displacement recording can be adequate.

5.7 |Ultrasonic cleaning bath, for cleaning the test pieces after notching, suitable for insertion-af a beaker or
other{receptacle containing solvent.

5.8 |Calibrated micrometer, similar to the one in accordance with ISO 3611, but capable of beling read to a
precision of 0,002 mm using a vernier or electronic readout.

5.9 |Optical microscope, with calibrated magnifications over the range 500 500X, suitable for observing
the nptch-tip shape, and fitted with photomicrographic facilities.

5.10| Notch-measuring device, a calibrated device for measuringthe depth of the sawn notch jafter fracture
with & reading precision of 0,002 mm.

NOTH This can be achieved by the use of an appropriate travelling microscope, or a conventional metallurgi¢al microscope
with calibrated stage movement, or a microscope with a calibrateddicrometer eyepiece.

5.11| Drying oven, capable of maintaining 120 °C £5 °C for drying test pieces after cleaning.

5.12| Diamond slitting saw or slitting machine, capable of preparing a shallow notch in a set ¢f test pieces
of wiglth no more than 0,5 mm and depth of about 0,5 mm. See 6.3 for guidance.

6 Test piece preparation

6.1 [Number of test pieces

At legast seven test pieces shall be prepared for notching, of which five are required for testing|and two are
dummny test pieces forprotecting the others during notch preparation.

NOTH If a machine is used for preparing the V-notches, it might not be necessary to employ the dummy|test pieces to
protegt a test.Set of five test pieces.

Operhtars with no experience of preparing the sharp V-notches used in this method are highly recommended to
try out the technique and equipment first with surplus test pieces.

6.2 Test-piece dimensions

Prepare bar test pieces of rectangular cross-section, preferably in accordance with the requirements of
ISO 14704. Figure 1 shows the shape and main dimensions of the test pieces prepared in accordance with this
International Standard.

NOTE 1 The chamfering or rounding requirements in ISO 14704 are not essential for the V-notch test, and can be ignored.
NOTE 2 Other sizes of test pieces, e.g. (2 X 2,5 X > 25 mm) can optionally be used with appropriately sized flexural-

strength fixtures.

© ISO 2008 — All rights reserved 3
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Key

L >45 i i

W 4,0mnp £0,2mm Q(b
B 30mm+02mm q/Q
Figure 1 — Test piece dimensions in accordance with ISO 14704 '\bib'

P
6.3 Preparing the V-notch by hand O

Mount the tesst pieces side by side on the test-piece support using an appropriaqel mporary adhesive,|as in
Figure 2. Molint test pieces and dummies as close together as possible. Ensure that the top surfaces of the test
pieces are leyel. Draw a pencil line across the set of test pieces at the mid-point/of their length, to indicate where
the notch is tp be prepared. Bending the test pieces while mounting on t der is to be avoided.

Key ?‘
mounting plat Q
dummy te [%Ces

test pigcés)for testing
pencil line as a guide for introducing a diamond-sawn starter notch

A O NN =

Figure 2 — Mounting procedure for the set of test pieces

Mount the holder on a diamond saw. Saw a starter notch along the pencil line of width < 0,5 mm. The notch
should have the same depth of about 0,5 mm over its entire length. Figure 3 shows a schematic arrangement
for sawing. After sawing, clean the holder, test pieces and especially the notch.

4 © 1SO 2008 — Al rights reserved


https://standardsiso.com/api/?name=31f50c1fdce0537164d4620e8f67c9a5

ISO 23146:2008(E)

Dimensions in millimetres

Y
w
A
ey
O

I N\ A
X|11[2]13[45] X <
Y X11[2]13]4|5)X
B /
a) Test pieces arranged on b) Machining a starter notch with
the test piece support a thin diamond saw blade
Key
A tensile surface
B holder
C diamond saw blade
D sawn notch
X dummy test pieces

Figure 3 — Schematic.diagrams for sawing

NOTH 1 It is helpful if the thickness of the diamand“saw blade is only a little larger than the thickness of the razor blade
used for notch honing. Otherwise, the razor-blade'tip might skate over the surface of the pre-sawn notch gnd it might be
difficult to start polishing the V-notch. V-shaping the saw-blade tip can help if available saw blades are significantly thicker
than the razor blades.

Fix the test-piece holder in a vice or other suitable clamp. Fill the starter notch with the fine diampnd paste as
shown in Figure 4 a).

To piotect the fingers, place a razor blade in a holder or apply a heavy self-adhesive tape [as shown in
Figure 4 b). Put the exposed edge of the razor blade in the starter notch and apply a light force.

NOTH 2 Excessive,force can be counter-productive, causing the razor-blade tip to blunt more quickly. Uging a force of
about|5 N to 10N on the razor blade while polishing is normally sufficient.

Hong the{V¥notch with the razor blade with a smooth gentle back-and-forth motion [white arrows ir] Figure 4 b)].
Movq the razor blade as upright and level as possible.

NOTE 3 A drop of lubricating oil placed in the notch reduces any tendency for the razor blade to jerk or bind while honing.

© ISO 2008 — All rights reserved 5
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a) Applyin

Key
1
2

heavy
razor b

Examine the
possible, do

g diamond paste from a syringe to the
sawn notch

b) Reciprocating a razor blade in
the sawn notch

brotection tape
ade
Figure 4 — Positioning a razor blade in the sawn notch

depth of the V-notch periodically with an optical microscepe at both ends of the V-not
not remove the test pieces from the test-piece holder for examination. If it is necessary to re

them and fu

ther honing is required, remount the test pieces on the holder with a razor blade inserted

V-notch to aqt as a guide. If the total V-notch depth is less than 0,8 mm, continue to hone. The total final V-
depth should be between 0,8 mm and 1,2 mm.

NOTE 4 Hon|ng by hand with a 4 um diamond paste produces a V-notch width .S of &~ 20 um. Using a finer diamond

eg.alpumo

, usually does not decrease the width. If the Vznotch width .S is larger than about 30 pum, it is suggeste

a new razor blpde or different razor-blade brand be employed. In coarse-grained materials, large grains might pop o

the notch duri

NOTE 5 Diffg
take longer th
=~ 30 min, and

Remove the
acetone in a
allowing then
120 °C.

NOTE 6 Cleg
necessary to f

g honing and limit the ability to obtain a‘sharp V-notch.

an softer, more easily machined ceramics. Polishing V-notches into alumina test pieces will take ty,
into silicon nitride ones typically ~ 4 h, for five test pieces and two dummies.

test pieces from the-holder while avoiding bending them. Carefully clean the test pieces
small powerful-ultrasonic bath. Take care not to damage the test pieces while cleaning, e
N to come intg.contact during ultrasonic cleaning. Dry the test pieces in the oven for at least

ning of the V-notch can be difficult, especially when the tip radius is small. Alternative steps mig
ush.or scrape out the diamond grains.

ch. If
move
n the
hotch

baste,
d that
it into

rent materials will take different periods of time to prepare the notch. Generally, harder or tougher cerfamics

bically

with

g. by
| h at

ht be

6.4 Preparing the V-notches by machine (optional)

The task of honing V-notches can be automated. An example of a machine and its principal requirements are
shown in Annex A.

NOTE 1 With a machine of sufficient rigidity employing a 1 um diamond paste for the final stages of notching, the notch
width can be reduced typically to 1 um for ceramics with a grain size of about 1 pm to 2 um.

NOTE 2 By commencing the notching directly on the flat test-piece surfaces using a razor blade and medium grit size
diamond paste, typically 10 pm, it is possible to avoid saw-notching the test pieces first. When the notch is deep enough, the
notch tip is sharpened using a new blade and fine grit paste, after cleaning out the medium grit from the notch.
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6.5 Determination of notch-root radius

Select two test pieces from the set of five for testing. Photograph the V-notch on one side of each of the selected
test pieces using a magnification of about 50, or greater if the notch tip is not resolved at this magnification.
Control the V-notch geometry with the help of the photograph. Report any deviation from the geometry shown
in Figure 5.

Photograph the V-notch tip on the same two test pieces with a magnification ~ 300x. Measure the V-notch
angle and width in accordance with Figure 5. Report the V-notch angle 3 and width .S.

The notch width shall be of the same order as, or smaller than, twice the average grain size of the test material.
y 1 i y materiatH rve-of-grair-sjze.

NOTH 1 Linear intercept methods for determining the average grain size are described in ASTM E112{8or EN 623-3[9],

NOTH 2 It is helpful to determine the acceptability of the notch width on the outermost test pieces before femoving them
from the mounting plate. This allows the notch honing process to be continued if the notch width'is too large.

a) Notch width and angle measurement b) Interpretation of notch-root shape
Key
a 0,8 upto 1,2 mm
b ~ 0,5 mm
c width of razorblade, a — b > ¢
J6] ~ 30°.0r'ds small as possible
S | V-poteh width

Figure 5— Schematic geometry of V-notches

© ISO 2008 — All rights reserved 7
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7 Test procedure

7.1 Dimen

sions of test piece

Measure the depth W and width B (see Figure 1) of each test piece adjacent to the notch using the micrometer
callipers. Read each value to the nearest 0,002 mm.

7.2 Flexural-strength test

Place the test piece in the test jig on its 3 mm width face, with the V-notched face resting on the outer-support

rollers. Centr
is immediate
between 5 s

NOTE 1 This

Record the f

blise the notch between the support rollers. If three-point flexure is employed, ensure that the
y under the loading roller to within 2=0,1 mm. Load the test piece such that the time to.fract
and 15 s.

corresponds with a machine displacement rate of typically 0,5 mm/min.

racture load (maximum load) to three significant figures. The tests should be-performed in

hotch
ire is

air at

room temperature. If subcritical crack growth is expected, the tests may also be conducted in a dry nitfogen

atmosphere.
in which the

Inspect the |
indicated by

NOTE 2 The

The use of tes
system, oras

7.3 Measu

The depth of

with calibrat¢d stage movement and with a magnification > 50x. Read the depths a4, a» and a3 to

significant fig
is not valid.

NOTE 1 With
typical technig
coloured dye t

Inspect the r
illumination.
notch root or
6&1, 6@2, 6(13
ap, A3, respe

Report the temperature and percentage relative humidity (% RH) during-the tests, or the me
ests have been conducted.

pad/displacement curve for any evidence of subcritical crack.growth or crack pop-in, partic
b downward curvature commencing just before fracture.

ability to detect subcritical crack growth can be strongly influenced by the test fixture and load-train stif

-piece-displacement measurement made directly on the test{piece using a sensitive displacement transg
bnsitive strain gauge placed on the test-piece surface oppesite the notch, assists with detection.

rement of notch depth
the V-notches is measured by observing the fractured surface (see Figure 6) using a microg

ures. Check if the fracture started at'the bottom of the V-notch over its entire length; if not, th

white material, it might beldifficult to measure the V-notch depth. In order to highlight the broken ¢
ues that can be used include grazing incidence illumination from a fibre-optic light-source or appl
b the V-notch before fracture.

bgion of fracture _close to the notch tip at higher magnification and at angled or grazing incig
where this'¢crack has propagated subcritically before fast fracture, determine the width of this

, in thessame three positions as shown in Figure 6, and add these values to the notch length
ctively

dium

ularly

ness.
ducer

cope
three
b test

dges,
ing a

ence

f evidence can be seen of a narrow zone (3 in Figure 6) where the crack has developed fropn the

zone,
S Gy,

NOTE 2 It mi

bhinot ha nocciblato-cea-claarhs tha initial aranle arcwth racian 1n all tact matariale
gHtotoe HHE—1t0-& SrearytHeHtar-Ga Gk growr e giohanteStHhateriats:
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< B -
A
1
3
>
s s @ 12
Y

| | | | |
'Bia' BI4' B4 BI4'

Key
1 fractured surface

2 V-notched surface

3 subcritical crack growth zone of width da

Figure 6 — Schematic diagram of fractured V-notcheddest piece and the positions at whiich notch
depths are measured

7.4 |Calculation of fracture toughness

The faverage depth of the V-notch is calculated’ using Equation (1). The average relative V-nofch depth «;,
calculated in accordance with Equation (3),shall be between 0,2 and 0,3 and shall satisfy Equatign (2).

a= (a; +ax+ as)/3 (1)
(lmax - amin)/a < 0,1 (2)
o = a/W (3)

For fgur-point flexure, compute the fracture toughness K. seyng Using Equations (4) and (5) (from ISO 15732):

i _F Sy — S, 3V«
M ie;SEVNB — B\/W W 2(1 — a)1’5

~

Y- (4)

where

(3,49 — 0,68c¢ + 1,3502) (1 — )
(1+ )

Y*=1,9887 — 1,32600 — %)

For three-point flexure using a 40 mm span, with 4 mm deep test pieces (i.e. S1/W = 10), compute the
fracture toughness K, sevng Using Equations (6) and (7) (from 1ISO 15732):

F Si 3V«
K|c,SEVNB:B\/W'W1' \2/_'Y* (6)

© ISO 2008 — All rights reserved 9


https://standardsiso.com/api/?name=31f50c1fdce0537164d4620e8f67c9a5

ISO 23146:2008(E)

where
Y* =1,9472 — 5,024 7or + 11,895 40® — 18,063 50° + 14,598 6a* — 4,689 60° (7)

For three-point flexure using a 30 mm span, with 4 mm deep test pieces (i.e. S;/W = 7,5), compute the
fracture toughness K. seyng Using Equations (6) and (8) (from ISO 15732), where:

Y* = 1,964 — 2,837 + 13,771 40® — 23,2500° + 24,1290 (8)

where

Ksevng s the fracture toughness, in MPa - m'/2;

F is the fracture load, in MN;

B is the test-piece width, in m;

w is the test-piece depth, in m;

S is the support span, in m;

S5 is the loading span (57 > S5), in m;

a is the average V-notch depth, in m;
(max is the maximum among a1, a,, as, in m;
Amin is the minimum among a4, a,, as, in m;
o is the relative V-notch depth;

Y+ is the stress intensity shape factor:

NOTE 1 The|above calculations are considered valid for 0,35 < a/W < 0,6, and for the specified S1/W values.
ASTM C1421 [Reference [6] in the Bibliography) provides alternative equations for other Sy /W geometries.

Perform all dalculations to three significant figures. Calculate the average K. seyng Value and the stapdard
deviation. Rqund the result to two_decimal places.

NOTE 2 The|four-point K, calculation can be checked with the following values:
F =100|x 107 MN, B2=3x 10 °m, W =4x 10 °m,a=10"%m, S; =40 x 107 %m, S, = 20 x 10[ °* m.
Result: KIc,SE g — 3,80\MPa - m1/2.

NOTE 3 Theanalysis above assumes that, at the point of fast fracture, the length of the crack developed from the nojch tip
is greater thar the) notch-root width .S. If the crack length is significantly shorter than this, the fracture toughness value is
overestimated. A additfonat correction factor 1S avaitable (See Annex C)-

8 Precision and bias

This method was evaluated in an international round-robin exercise on several materials. Details of the results
of the round robin appear in Annex B. From these results, it would appear that, for materials with a grain size
greater than about 1 um, the coefficient of variation of test results from test pieces in four-point flexure is
typically less than 10 %, and the mean result is comparable with that achieved by other methods on similar
materials. For materials with a finer grain size, the results appeared to continue to be dependent on the notch-
tip radius, and to give a higher result than the true result for a sharp crack.

This method assumes that the propagating crack initiates at the tip of the notch, and that the notch length
equals the sharp crack length. In practice, the sharp crack may have to initiate by linking honing damage at the
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tip of the notch, and the true critical crack length may be slightly longer than the measured notch length, leading
to an underestimate of toughness of typically a few percent. The close observation of the crack surface close to
the notch may permit identification of this subcritical initiation process, and permit a correction to be made to the
crack length measurements (see Figure 6 and Annex C). Subcritical effects are most likely to be observed with
oxide materials tested in air of normal humidity.

9

Test report

The results shall be reported in accordance with the following minimum requirements:

the name of the testing establishment;

the date of receipt of the test pieces, the date of the test, a unique identification of the repor,
age, the name and address of the customer, and an authorised signatory of the report;

QO

reference to this method, i.e. determined in accordance with 1ISO 23146:2008;

dentification of the test material type, manufacturing code, batch number, etc., and; where rel
machining and any chamfering or rounding procedures employed to prepare, test pieces;

description of the method employed to prepare the V-notches, the depth.of the notches and t
idth, including photographs;

description of the strength test jig, whether three-point or four-pojnt‘flexure, and details of thq
rocedure;

S SO O

easurements of the notch length after fracture, and observations concerning obvious sub
growth before fracture (either from compliance change or from fractographic evidence);

the calculated fracture toughness for each test piece, the mean value of at least five valid t
sfandard deviation;

hether any adjustments to the fracture toughness calculations (see Annex C) were made f
effects or stable crack extension;

details of any necessary departure from the test conditions laid down in this International St
r¢sult of the form or size of the test piecg; or the notch preparation method.

and of each

bvant, details

he notch-root

fracture test

critical crack

bsts, and the

or notch-root

andard. as a
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Annex A
(informative)

Notch honing by machine

The process of notch honing is greatly simplified by employing a small machine with a reciprocating motion to
either the razor blade or the set of test pieces. Flgure A1 shows an example of such a machme in which a

clamped to t

the slide shdft to give an indication of progress. It should be noted that the dial gauge gives th

displacemen

alternative cgnfiguration is one in which the razor blade is reciprocated over stationary test pie&ﬁa

Whatever thg configuration employed, the key features required of a machine are the folléwing.

a) Therazo
in the no
honing.

b) The razof

c) The recigrocating motion must be adequately stiff laterally to avo@salignments and binding.

d) The test-

In operation,
10 min.

Using such g

found that difect use of a razor blade can t&

of notch growth and blade wear. The notch growth needs to be checked by mic

e end of a vertical slide which has a small figure of eight applied. A dial gauge contacts Kb
ope

N

[ blade must be aligned accurately with the direction of motion of the m@?e, otherwise it wil

blade must be replaceable with precise positioning, in ordeg@elocate in the sawn notch.

R
it will be found necessary to lubricate theobbade and refresh the diamond paste typically

machine, it may not be necessar@romde a starter notch made by a diamond saw. It has
e satisfactorily.

ade is

op of
bined
The

bind

fch, and its edge should be parallel to the direction of motion to ens{J even wear and depth of

biece mount should be precisely located on the maching base so that, if it is removed for inspgction
of test pig¢ces, it can readily be replaced in the same positigm

bvery

been

b) Details of the clamp for the test-
a) Simple reciprocating machine with moving test pieces piece mount and the razor bla

de

Figure A.1 — Simple reciprocating machine with moving test pieces, and details of the clamp for the

12

test-piece mount and the razor blade
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Interlaboratory evaluation of the SEVNB fracture toughness
procedures

46:2008(E)

test

In an international round robin under the ausprces of ESIS and VAMAS with 31 partrcrpants the fracture

Inter
cerar
size |

at|onal Standard (see Reference [1]1in the Bibliography). Details of the four monol|th|c advan
hics are listed in Table B.1. All of them possessed an average grain size or major micfostru
prger than 1 um.

Table B.1 — Processing parameters and material properties

ogedure in this
ced technical
Ctural feature

Parameter Alumina-998 Alumina-999 GPSSN SSiC
Powger > 99,8 % > 99,9 % Bayer N3208
Presped sintered post HIPed CIP? air CIP? air gas-pressure gas-pressure HPP
Jo —~ <1 pm,

Grault size > 10 pm ~ 1,7 um elongation 7 pm

Dens}ity 3,86 Mg/m® 3,97 Mg/m® 3,23 Mg/m® 315 Mg/m®

Strefigth 342 MPa® 350:MPa’ > 920 MPa®

2 Cdld isostatic pressed.

b Hdt pressed.

¢ 4-point bending.
Thesp ceramics had different degrees of difficulty in the application of this test method. Very congistent results
were|obtained for the alumina-998. The fra¢ture toughness for the 135 valid tests in four-point flexpre on size B
test |pieces from 28 participants was_83,57 4+ 0,22 MPa - m'/2 (mean, standard deviation).| Reasonably
consistent results were obtained for the alumina-999. The fracture toughness for the 102 val|d tests from
21 pdrticipants was 3,74 + 0,40,NIPa - m'/2. Consistent results were obtained for the GPSSN.|The fracture

tough
resul

was 2,

Asm
show
tough
achig

To d

ness for the 129 valid tests-accepted from 27 participants was 5,36 + 0,34 MPa - m'/2. Ve
61 - 0,18 MPa - m'/2,
Aller number of4ests were also undertaken on yttria tetragonal zirconia polycrystal material (Y]
ed a clear eviderice of notch-root radius dependence of outcome, and all outcomes gave hig
ness compared with the surface crack in flexure (SCF) method. None of the participants
ve a sufficiently small notch-root radius. The method is therefore not recommended for this n

btermine the repeatability (within-laboratory) and reproducibility (between-laboratories) of

s were obtained for the-SSiC. The fracture toughness for the 56 valid tests accepted from 12

ry consistent
P participants

TZP). These
her values of
were able to
haterial.

the SEVNB

fractt

re-toughness measurement method, ISO 5725-2 (Reference [2] in the Bibliography) wa

used in the

round-robin analysis. The statistical results are shown in Table B.2 and are compared with results on the same
materials from an earlier VAMAS round robin with the SCF method (Reference [3] in the Bibliography). The
precision and bias statements for the SCF method were computed on the same basis but in accordance with
ASTM E691 (Reference [4] in the Bibliography), in which repeatability and reproducibility are computed in an
identical manner. (Note that in ISO 5725-2 the criterion for an outlier is 1 %, whereas in ASTM E691 it is 0,5 %.)

Details of the applicability of the method to small test pieces may be found in Reference [5] in the Bibliography.
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