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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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Corrosion of metals and alloys — Stress corrosion
testing —

Part 9:
Preparation and use of pre-cracked specimens for tests

under-risingload-orrising displacement————

1
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1.3

monjotonically increasing load or displacement-at the loading points.

1.4

criti
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1.5

on the threshold for stress corrosion cracking.

1.6
corr
cong

2

Scope

This document specifies procedures for designing, preparing and using pre-cracked sp
btigating the susceptibility of metal to stress corrosion cracking (SCC).by means of test
br rising load or rising displacement. Tests conducted under constant;lead or constant d
lealt with in ISO 7539-6.

term “metal” as used in this document includes alloys.

Because of the need to confine plasticity at the cracktip, pre-cracked specimens are
he evaluation of thin products such as sheet or wire*and are generally used for thick
ding plate, bar, and forgings. They can also be usedfor parts joined by welding.

Pre-cracked specimens can be stressed (quantitatively with equipment for appli

A particular advantage of pre-cracked specimens is that they allow data to be acquired
Fal defect sizes, above which stréss*corrosion cracking can occur, can be estimated for
hown geometry subjected to known stresses. They also enable rates of stress corr
agation to be determined,

ecimens for
5 conducted
splacement

hot suitable
er products

cation of a

from which
omponents
psion crack

A principal advantage of the test is that it takes account of the potential impact of dynampic straining

At sufficiertly”low loading rates, the threshold stress intensity factor for susceptibil
psion cracking, Kiscc, determined by this method can be less than or equal to that
tant load or displacement methods and can be determined more rapidly.

ormative references

ty to stress
bbtained by

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

[SO 7539-6, Corrosion of metals and alloys — Stress corrosion testing — Part 6: Preparation and use of
precracked specimens for tests under constant load or constant displacement

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 7539-6 as well as the following
apply.

© IS0 2021 - All rights reserved
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at https://www.iso.org/obp.
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rate of change of crack opening displacement at loading plane

VLL

deflection at the loading point access measured over a fixed period

3.2

stress inte
KI-init .
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3.3
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rate of incrg

4 Princi
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introduced
Furthermon
some mater
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hsity factor at crack initiation

sity applied at the commencement of measurable crack growth

ent rate

ase of the deflection either measured at the loading point axis or a@ay from the loading

ple

se of pre-cracked specimens acknowledges the difficulty of ensuring that crack-like de
during either manufacture or subsequent service."are totally absent from struct
e, the presence of such defects can cause a susceptibility to stress corrosion cracking whi

es of linear elastic fracture mechanics can berlised to quantify the stress situation existi

the crack tip in a pre-cracked specimen or structure in-térms of the plane strain-stress intensity.

4.2 Thetg

stinvolves subjecting a specimen inwhich a crack has been developed from a machined

line

fects
ires.
ch in

ials (e.g. titanium) may not be evident from tests‘under constant load on smooth specingens.

ng at

otch

by fatigue t¢ an increasing load or displacemént during exposure to a chemically agressive environment.

The objecti
occur in ter

e is to quantify the conditions under which environmentally-assisted crack extensior
ms of the threshold stress intensity for stress corrosion cracking, Kigcc, and the kineti

crack propagation.

4.3 Tests
the low load

4.4 Becau
differ from
material wh

may be conducted Gnytension or in bending. The most important characteristic of the te
ling /displacemeftyrate which is applied.

se of the dynamic straining which is associated with this method the data obtained
those obtained for pre-cracked specimens with the same combination of environment]
en the.Specimens are subjected to static loading only.

can
s of

st is

may
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4.5 Thee

that
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the stresses within large structures are insufficient to promote the initiation of environmentally-assisted
cracking at whatever pre-existing defects may be present or that the amount of crack growth which
would occur within the design life or inspection periods can be tolerated without the risk of unstable

failure.

4.6 Stress corrosion cracking is influenced by both mechanical and electrochemical driving forces.
The latter can vary with crack depth, opening or shape because of variations in crack-tip chemistry and
electrode potential and may not be uniquely described by the fracture mechanics stress intensity factor.

4.7 The mechanical driving force includes both applied and residual stresses. The possible influence
of the latter should be considered in both laboratory testing and the application to more complex
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geometries. Gradients in residual stress in a specimen may result in non-uniform crack growth along the
crack front.

4.8 Kjsccis a function of the environment, which should simulate that in service, and of the conditions
of loading.

5 Specimens

5.1 General

5.1.1 A wide range of standard specimen geometries of the type employed in fractur¢ toughness
testy may be used, those most commonly employed are described in ISO 7539-6. Thepartiqular type of
spedimen used will be dependent upon the form, the strength and the susceptibili€yto stregs corrosion
cracking of the material to be tested and also on the objective of the test.

5.1.2 A basic requirement is that the dimensions shall be sufficient to maintain predomingntly triaxial
(plane strain) conditions in which plastic deformation is limited in the vicinity of the crack tip| Experience
with| fracture toughness testing has shown that for a valid K. measurement, both the crack lgngth, a, and
the thickness, B, should be not less than

2

and fhat, where possible, larger specimens where both'a and B are at least

2

K

Ic

Ry,

shoyld be used to ensure adequate censtraint.

h

From the view of fracture mechanics, a minimum thickness from which an invariant value of Kisqc
is obtained cannot currently e specified. The presence of an aggressive environment diring stress
corrpsion may reduce the(extent of plasticity associated with fracture and hence thp specimen
dim¢nsions needed to limit plastic deformation. However, in order to minimize the risk of|inadequate
congtraint, it is recommended that similar criteria to those employed during fracture toughpess testing
shoyld be employed.reégarding specimen dimensions, i.e. both a and B should be not less than

and preferably should be not less than

2

where K is the stress intensity to be applied during testing.

As a test for its validity, the threshold stress intensity value eventually determined shall be substituted
for K; in the first of these formulae.

5.1.3 Ifthe specimens are to be used for the determination of Kjg(, the initial specimen size should be
based on an estimate of the K¢ of the material. In the first instance, it is better to over-estimate the Kjgq
value and therefore use a larger specimen than that which may eventually be found necessary. Where
the service application involves the use of material of insufficient thickness to satisfy the conditions for

© IS0 2021 - All rights reserved 3
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validity, it is permissible to test specimens of similar thickness, provided that it is clearly stated that
the provisional value of Kjg.¢ obtained, K, is of relevance only to that specific application. Where it
is required to determine stress corrosion crack growth behaviour as a function of stress intensity, the
specimen size should be based on an estimate of the highest stress intensity at which crack growth rates
are to be measured.

5.1.4 A wide choice of specimen geometries is available to suit the form of the test material, the
experimental facilities available and the objectives of the test. Two basic types of specimen can be used:

a) those intended for being loaded by means of a tensile force;

b) those intended for being loaded by means of a bending force.

This means
specimens
from a pre-
rates. Since
incubation

5.1.5 Cra
methods su

5.1.6 Bend specimens can in principle be tested in relatively simple“cantilever beam equipment

specimens §
5.2 Spec

5.2.1 The

that crack growth can be studied under either bend or tension loading conditions.
fan be used for either the determination of Kjg¢¢ by the initiation of a stress canreSion ¢
existing fatigue crack using a series of specimens and for measurements of/crack grc
the specimens are loaded during exposure to the test environment the risk of unneces
periods is avoided.

'k length measurements can be made readily with a number, of“continuous monitd
Ch as the electrical resistance technique (see Annex C).

ubjected to tension loading require a tensile test machine.

men design

specimens can be subjected to either tension or bend loading. Depending on the de

The
rack
wth
sary

ring

but

Kign,

tension loadled specimens can experience stresses at the crack tip which are predominantly tensile, as

in remote tq
crack-line Iq

nsion types such as the centre-cracked plate, or contain a significant bend component,
aded types such as compact tension-specimens. The presence of significant bending stre

as in
Ss at

the crack tip can adversely affect the crack path stability during stress corrosion testing and can faciljitate

crack brand
bend fixturg

5.2.2 The
can be curb

5.23 An
frequently

a)

compag

hing in certain materials. Bend specimens can be loaded in 3-point, 4-point or cantil
S.

occurrence of crack4iné bending with an associated tendency for crack growth out of
bd by the use of side_grooves.

pmber of specimen geometries have specific advantages which have caused them t|
sed for rising load/displacement stress corrosion testing. These include

t tenSien (CTS) specimens which minimize the material requirement;

ever

lane

b be

b) cantiley

to test;

c)

rersthree-point, and four-point bend specimens which are easy to machine and inexper

sive

propagation of longitudinally oriented cracks.

C-shaped specimens which can be machined from thick walled cylinders in order to study the radial

Details of standard specimen designs for several of these types of specimen are given in Figures 1 to 3.
Further examples for other geomteries including three-point bend can be found in Reference [7].
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Dimensions in millimetres, surface roughness values in micrometres

B +0,8 %
- ~—{ [ ]lo.4 %w[A]

Ra 08/

!
W04 %

/Ra 0,8

22W + 5

22W + 5

Key

thickness, B=0,5W

SEE

vidth

pffective crack length, a = 0,45Wto 0,55W/

pffective notch length, [ = 0,25W to 0,45W

hotch width, N = 0,065W maximum (if W > 25 mm) or 1,5 mm maximum (if W < 25 mm)

/o2 % w[A]

Figure 1 — Proportional dimensions and tolerances for cantilever, three-point and four-point

bend test pieces
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Dimensions in millimetres, surface roughness values in micrometres

—
a
[ [//]i90,2 %)B] A
w_
(=}
°>D >
o o
0 <I\
[a e
N
i X e
Ry 2_ Ra %p/
+
w
N
Ln-
X %
b w T O [ Ra 0,4
Ry
W 0,4 7% | B +0,8% I
. /71190, %)H] K = ~ L [1#0,4 %)H] A |
—
Key
effectivg crack length, a = 0,45W to 0,55W
thickneqs, B=0,5W
total widlth, C = 1,25W minimum
hole diameter, D = 0,25W

a
B
C
D
F  half-distfance between hole outer edges, F = 1,6D
H half-height, H=0,6 W/

I effectivg notch length, I = 0,25/ to 0,40W

N notch w]dth, N = 0,065 W-taximum

W  netwid

Figure 2 —Proportional dimensions and tolerances for compact tension test pieces
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Dimensions in millimetres, surface roughness values in micrometres
S E—

Ra 0,8i

z

Ra 0,4/

Key

s ]

thickness, B=0,50W + 0,01 W,

D  fiameter of holes, D = 0,25W,+0,005W

I pffective notch length, I(='0;3W

N  hotch width, N = 1,5\mm minimum (0,1W maximum)

r; Internal radius

r, pxternal radius

T  Pistancefrom the hole axis to outer surface, T=0,25W + 0,01W

W het width

X  fistance from the hole axis to a tangent with the inner surface, X = 0,50/ + 0,005/
Z  distance from the hole axis to face of specimen, Z = 0,Z5W £ 0,01 W

All surfaces should be perpendicular and parallel, as applicable, to within 0,002V total indicator reading (TIR) and
“E” surfaces should be perpendicular to “Y” surfaces to within 0,02/ TIR.

Figure 3 — Proportional dimensions and tolerances for C-shaped test pieces

5.2.4 If required, for example if either fatigue crack initiation or propagation, or both, are difficult to
control satisfactorily, a chevron notch configuration as shown in Figure 4 may be used. If required, its
included angle may be increased from 90° to 120°.

© IS0 2021 - All rights reserved 7
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Dimensions in millimetres

") |<—

Key
a  Mill with

v - 3

22W + 5 22W + 5

X N

h 60° cutter; notch root radius 0,3 mm maximum for all test piece sizes.

Figure 4 — Chevron notch

5.2.5 Where it is mecessary to measure crack opening displacements knife edges for the locatign of
displacemeft gauges.can be machined into the mouth of the notch, as shown in Figure 5 a). Alternatjvely,
separate knffe edges can either be screwed or glued onto the specimen at opposite sides of the notdh, as

shown in Figure 5 b). Details of a suitable tapered beam displacement gauge are given in Figure 6.
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s Ao,

©

06 7
\
=
N/2

a) Integral type

© © ©—©

b) Screw-on type

NOTE Provided adequate strength can be ensured, the above knife edges can be fixed using adhesive.

Figure 5 — Knife edges for location of displacement gauges

© IS0 2021 - All rights reserved 9


https://standardsiso.com/api/?name=d219c296df06803a3ee33bbb5f60a95a

ISO 7539-9:2021(E)

[ |
Sl - oA
< | — ! m| e
el e P
L | | |~ i
10
28 \S;
-
18 1
| |
— Dl |-
/ | | [
2 I |
[
_ - 25
13
90°

20°/

0,75

0,5

b) Dimensions of beams
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G, T,

|

Key
AB
\Y

T, T}

€y, C

a

b

Strai

5.3

5.3.
spea

whe

AO—@®—OB

c) Bridge measurement circuit

terminals

voltage

strain gauges under tension

strain gauges under compression

This dimension should be 3,8 x the minimum initial gauge length.
Beam thickness taper: 0,5 to 0,8.

h gauges and materials should be selected to suit the test environment.

Figure 6 — Details of tapered'beam displacement gauge

Stress intensity factor considerations

| It can be shown using elastic.theory that the stress intensity, K, acting at the tip ¢
imens or structures of various geometries can be expressed by formulae of the form

’(I:QXGXx/E

e

Q) is the geometrical constant;
b is the-applied stress;

1 iSthe crack length.

5.3.2— Thesofutions for K| for specimens of particutar geometry and foading mettod can be
by means of finite element stress analysis, or by either experimental or theoretical determinations of

spec

imen compliance.

f a crack in

established

5.3.3 K values can be calculated by means of a dimensionless stress intensity coefficient, Y, related
to crack length expressed in terms of a/W through relationship of the form, for compact tension and
C-shaped specimens, as shown in:

© IS0 2021 - All rights reserved
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P isthe width of the specimen;

W is the width of the specimen.

5.3.4 Whereitis necessary to use side-grooved specimens in order to curb crack branching tendencies,
etc., shallow side grooves, usually 5 % of the specimen thickness on both sides, can be used. Either semi-
circular or 60° V-grooves can be used, but it should be noted that even with semi-circular side grooves of
up to 50 % of the specimen thickness it is not always possible to maintain the crack in the desired plane
of extension. Where side grooves are employed, the effect of the reduced thickness, B,, due to the grooves
on the stress intensity can be taken into account by replacing B in the formula above by:

B X Jz

However, the influence of side grooving on the stress intensity factor is far from established|and
correction factors should be treated with caution, particularly if deep side grooves areused.

5.3.5 Solytions for Y for specimens with geometries which are often used for stress corrosion tegting
are given in Figures 7 to 9. ISO 11782-2, ISO 12135 and Reference [7] provide information for qther
geometries,

12 © IS0 2021 - All rights reserved
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W S=215 W

Yp
K =——
Vlevw
whele
S

is the distance from centre of notch to loading point

~

1 a 3
— (1 - —) in the ¢ase where S=1,5W.

a
=)
This| formula was originally-derived from the combined techniques of stress analysis and|compliance
and,|although its inaccuracy-and validity limits are not well-defined, it has been used over the range

Il
()
‘i\\
—_

a . . o .
O,ZSZWSO,6 . For greatev confidence, it is recommended that an empirical compliance be uged.

NOTE Formulae-for other bend specimens can be found in Reference [Z].

Figure 7 — Stress intfensity factor solution for cantilever bend specimen

© IS0 2021 - All rights reserved 13
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YP
Ky

where Y =

NOTE

14

NG

—

T

2+_ a a 2 a 3 a 4
W lo886+464 L 1332 L | +1472 L | 5602 | |,
3 % w w %

he inaccuracy of this formulais considered to be'no greater than +0,5 % over therange 0,2<—<1,0

4
w

Figure 8 — Stress intensity factor solution for compact tension specimen
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~
I

L(3£+1,9+1,1ij{1+0,25(1—i) ( —iﬂf(ij
BNwW\ ™ w /4 W , w
\/ ﬁ 2 3
j:M[3,74—6,30£+6,32(1) —2,43(1] }
, % W w
1-<
w

whefe f

3

()

a r
NOTE The accuracy 6ftHis formula for — for all values of L is considered to be as follows: vithin 1,0 %
h

S=

X .
<lland W of 0 dr 0,5; within

a X a
over|the range 0,455 — <0,55 and — of 0 or 0,5; within 1,5 % for 0,2 < —
W w /4

X
3,0 o for 02X <1 and 0< 2 <1.
w w

Ficure 9 — Stress intensitv factor solution for C-shaned spnecimen
5 r4 r

5.4 Specimen preparation

5.4.1 Residual stresses can have an influence on stress corrosion cracking. The effect can be significant
when test specimens are removed from material in which complete stress relief is impractical, such
as weldments, as-quenched materials and complex forged or extruded shapes. Residual stresses
superimposed on the applied stress can cause the localized crack-tip stress intensity factor to be different
from that computed solely from externally applied loads. The presence of significant residual stress often
manifests itself in the form of irregular crack growth, namely excessive crack front curvature or out-of-
plane crack growth. Measurement of residual stress is desirable.

© IS0 2021 - All rights reserved 15
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5.4.2 Specimens of the required orientation (see Figure 10) shall, where possible, be machined in the
fully heat-treated condition. For specimens in material that cannot easily be completely machined in the
fully heat-treated condition, the final heat treatment may be given prior to the notching and finishing
operations provided that at least 0,5 mm per face is removed from the thickness at this finish machining
stage. However, heat treatment may be carried out on fully machined specimens in cases in which heat
treatment will not result in detrimental surface conditions, residual stress, quench cracking or distortion.

a) Basic fracture plane identification: Rectangular section
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b) Basic fracture plane identification: c) Basic fracture plane identification:
(ylindrical section with radial grain flow Cylindrical section with axial graiin flow
— Axial working direction —'Radial working direction

d) Non-basic fracture plane identification

Key
a Grain flow.

Figure 10 — Fracture plane identification

5.4.3 After machining, the specimens shall be fully degreased in order to ensure that no contamination
of the crack tip occurs during subsequent fatigue pre-cracking or stress corrosion testing. In cases where
itis necessary to attach electrodes to the specimen by soldering or brazing for crack monitoring by means
of electrical resistance measurements, the specimens shall be fully degreased following this operation
prior to pre-cracking in order to remove traces of remnant flux.

5.5 Specimen identification

Specimen identification marks may be stamped or scribed on either the face of the specimen bearing
the notch or on the end faces parallel to the notch.
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6 Initiation and propagation of fatigue cracks

6.1 The machine used for fatigue cracking shall have a method of loading such that the stress
distribution is symmetrical about the notch and the inaccuracy in measurement of applied load is not
greater than 2,5 %.

6.2 The environmental conditions employed during fatigue pre-cracking, as well as the stressing
conditions, can influence the subsequent behaviour of the specimen during stress corrosion testing.
In some materials, the introduction of the stress corrosion test environment during the pre-cracking
operation will promote a change from the normal ductile transgranular mode of fatigue cracking to one

which morq closely resembles stress corrosion cracking. This may facilitate the subsequent initiatipn of

stress corrofsion cracking and lead to the determination of conservative initiation values of Kjgcc. How

unless faciljties are available to commence stress corrosion testing immediately following-the

cracking opgration, corrodant remaining at the crack tip may promote blunting due to corposive at|

Furthermorile, the repeatability of results may suffer when pre-cracking is conducted inthe presen
an aggressivye environment because of the greater sensitivity of the corrosion fatigue fracture mode t
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uring pre-cracking. For these reasons, it is recommended that, unless agreed other]
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pecimens shall be pre-cracked by fatigue loading with an R yalde in the range 0 to 0,1 untj
s at least 2,5 % of W or 1,3 mm beyond the notch at the{Side surfaces, whichever is greg
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6.6
on e
angl

6.7
ISO

b) Tensile test piece

c) Bend ortensile test piece

Edge of test piece.
.oading line of test piece.

Figure 11 — Envelope limiting size and form of notch and fatigue crack

In order to ensuré-the validity of the stress intensity analysis, the fatigue crack should |
ach side of the specimen to ensure that no part of it lies in a plane the slope of which|
e of 10° from.the/plane of the notch and that the difference in lengths does not exceed W]

Additional guidance on fatigue pre-cracking procedures is available in ISO 117
| 5653 provides guidance for welds.

e inspected
exceeds an
=5 %.

B2-2, while

7 Procedure

7.1

General

Before testing, the thickness B and width W shall be measured to 0,1 % on a line not further than 10 %
of W from the crack plane. The average length of the fatigue pre-crack on both sides of the specimen
shall also be determined and this value is used in assessing the pre-load required to produce the desired
initial stress intensity, K; (see 7.5).
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7.2 Environmental considerations

7.2.1 Because of the specificity of metal-environment interactions, it is essential that stress corrosion
crack propagation tests are conducted under environmental conditions which are closely controlled (see
7.2.3 and 7.2.4).

7.2.2 The environmental testing conditions will depend upon the intent of the test but, ideally, should
be the same as those prevailing for the intended use of the alloy or comparable to the anticipated service

condition.

7.2.3 Eny
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t as soon as possible after stressing.

ronmental chamber

environmental chamber shall completely enclose the test section of the specimen. Whe|
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the loading points should be protected against corrosion. If this is not possible, appropriate measures
shall be taken through, for example, the use of similar metals, electrical insulation or coatings.

3
Key
1 fisplacement transducer
2 polution outlet
3 polution inlet

o

.oad.
b Bolution flow.

Figure 12 — Position of a typical'‘environmental cell on a fracture mechanics specimen

7.3.2 An adequate volume-of-solution:metal-area ratio is required, dependent on reactign rates and
expdsure time, and a circulatien system is usually necessary. For conditions of applied potentigl or applied
currpnt a separate compartment for the counter electrode may be necessary to limit any effects caused
by reaction products-from this electrode. It should be noted that the electrode potential developed at
the tjip of a stress corrosion crack may be subject to large variations as the crack length incr¢ases, which
shoyld be taken inte’account when considering mechanisms of stress corrosion cracking.

7.3.3 Nomn=metallic materials are recommended for the environmental chamber and circuldqtion system
where this’is practicable. These materials shall be inert. Note that glass and certain plastics dre not inert
at elevated temperatures. Where metallic chambers are necessary these shall be electrically insulated
from the specimen to prevent galvanic interaction.

7.3.4 For tests in gaseous environment an all-metal-chamber is preferred.

7.4 Environmental control and monitoring

7.4.1 The environment shall be monitored and controlled during the test as required. In unbuffered
systems, the pH can be maintained constant using an automatic pH control system; otherwise the effect
of any variations in pH on crack growth shall be assessed.

7.4.2 In systems open to the atmosphere, aeration can be maintained by bubbling air through the
solution. In closed systems, monitoring is required. The flowrates used in testing should simulate the
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range of conditions in service because flow can affect the electrode potential, for example, by influencing
the flux of oxygen, and mass transfer between the crack enclave and the bulk solution. The orientation
of flow with respect to the crack can be important in the latter case. Sealing of the crack sides to limit
artificial through-thickness transport should be considered but may introduce local crevice problems.

7.4.3 It is strongly recommended that the electrode potential be measured with a reference electrode
appropriate for the application. Care shall be taken to limit ohmic potential drop in the measurement of

potential. The temperature of the solution shall be controlled to +2 °C.

7.5 Selection of initial K value prior to dynamic loading

7.51 Inc
not availabl
at least one
using recon

7.5.2 The
time-depen
cracking mz
pure mechg
environmer
minimised

of dynamic

24 h in the fest environment before starting the test. A typical pre=load for the first test in environme

a value that
7.5.3 Seld

7.5.4 The
fatigue pre-

b, a preliminary test should be performed in laboratory air (see ISO 12135). This reguires
specimen be used to determine the fracture toughness of the material, K, (or'Ky if inv
mended procedures. This value establishes the upper bound to Kjg.

establishment of cracking conditions in a given metal/environmentycombination ma
dent, if they do not exist at the outset of the test. In such circumstances stress corrd

nical rupture does not occur before the necessary time has elapsed whereby the neces
tal conditions for cracking have been established. Theseydifficulties can sometime
by exposure of the specimens to the test environment for some time prior to the initig
Strain. It is recommended to keep the specimens undet pre-load for a time period of at

corresponds to an initial K value of 5 % of K| (ordg).
ction of initial K value is important because.itdetermines the length of the test.

initial value of K may correspond to the final maximum stress intensity factor, K, ., follo

cracking. Where Kjqq¢ is consideredJlikely to be high, the load may be stepped to an arbit

hses where data from fracture toughness data in air for the material under investigation are

that
lid),

y be
sion

y only be observed if the displacement rate is sufficiently slow o ensure that failure diie to

sary
s be
ition
east
ntis

ving
rary

higher value prior to dynamic loading. If\cfacking subsequently ensues without much subsequent

increase in
accelerated
of initial K ¢

7.6 Dete

7.6.1 General

The tests ajf

K value, a lower initial K should be chosen. Since dynamic loading usually represent
test procedure compared to static loading a low initial K can be adopted. However, the cHi
alue may be refined baseédon the first estimate of K ; ;.

Fmination of Kq.c

e performed at crosshead displacement rates that are selected prior to each test and sha

kept consta
relevance.

the load trats
line displacement rate is r

nt thtoughout this test. However, the load-line displacement rate is the parameter of 1

S an
oice

his will be smaller than the crosshead displacement rate due to additional displaceme

elatively constant up until crack initiation, beyond which the rate incre

The value of relevance is the constant rate prior to crack initiation.

7.6.2 Determination schedule

7.6.2.1

ases.

In most systems, the stress intensity factor at crack initiation, K, is likely to be a function

of the applied displacement rate. Therefore tests shall be conducted over an appropriate range of
displacement rates for the system under consideration in order to ensure that a conservative value of
Kiscc is obtained. The procedure to be adopted involves subjecting a number of specimens to different
displacement rates following the schedule outlined in 7.6.2.2 to 7.6.2.9.
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7.6.2.2 An arbitrary but low displacement rate shall be chosen for the determination of a preliminary
K\ init value above which stress corrosion cracking is likely to initiate. This rate will depend upon the
material, specimen size and environment in question and shall be agreed between parties concerned but
for preliminary testing, rates of 1 x 10~8 m/s (36 um/h) for titanium alloys and 1 x 102 m/s (3,6 um/h)
for higher strength steels and aluminium alloys may be appropriate. Some recommendations for

determining an appropriate initial displacement rate are given in Annex A.

The test is started from the pre-load chosen in 7.5.2 without unloading the specimen.

7.6.2.3 Durmg testing, crack length may be monitored contlnuously by means of electrical resistance,

back-face ain o ernative technique o---u.-oa ne experimenta mstance e

Thege measurements should enable the detection of crack initiation. They also enable crackg
to b¢ determined as a function of stress intensity factors.

7.6.2.4 The load-displacement behaviour of the specimen and the time elapsed.since the
test pre measured and recorded. The test machine shall be stopped after either the indirect
meapuring method or a drop in load record indicate that crack initiation arid’ subsequent c
havd occurred.

7.6.2.5 On completion of the test, the specimen is taken out of the test environment and thg
shall be marked by either heat tinting or fatigue cracking in air. The fatigue cracking shall b
at anp R ratio greater than 0,6 to avoid damage to the fracture surfaces from crack closure
max]mum fatigue load shall not exceed three quarters of:the final load measured during
certain environments it may turn out that the crack front at test termination is already
marked by visible remains of the environment so that no,additional marking is required.

e Annex C).
rowth rates

start of the
rrack length
'ack growth

crack front
performed
effects. The
the test. In
sufficiently

7.6.2.6 The specimen shall be broken open and-the length of the fatigue pre-crack shall be measured at

both edges and at the following three positions:\B1 = 0,25; B2 = 0,50; B3 = 0,75.

The faverage of these five measurements should be used as the effective initial crack leng

th a, in the

calctylation of K| ;.- Greater accuracy.can be obtained by measuring the crack length at nine positions

along the crack front as specified in 1ISO'12135.

7.6.2.7 A new specimen is tested under identical environmental conditions at a lower d
rate{The initial K value may be modified.

Guidance on selection.6fthe new displacement rate can be made if the fracture surface is €
micirjoscopy for evidénge of stress corrosion crack extension in comparison with the fractuy
a spgecimen whichywas tested in air. The percentage of environmental cracking on the fract
in the region ofistable crack extension adjacent to the initial crack front can be used as an e
suitable displagement rate for the subsequent test according to Table 1.

Tahle 1 — Recommended factors by which the stram rate shall be reduced dependm

\

splacement

kamined by
e surface of
ure surface
stimate of a

s upon the

Percentage of SCC on Reduce displacement
fracture surface, % rate by factor of
<10 50
10 to 30 20
30to 50 10
50 to 80
>80

If the whole region of stable crack extension is covered by environmental cracking, then a further
reduction of displacement rate may not be necessary, although advisable for confirmation. Otherwise,
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a displacement rate shall be selected which is by a factor of 10 lower than the rate chosen for the
preceeding test.

7.6.2.8 If the values of K| ;,;; determined from two subsequent tests do not differ by more than 5 %,
or the desired accuracy of the Kjscc value, then the lower of these two values can be considered as the
preliminary value of Kqgc.

7.6.2.9 If time permits, the reliability of the preliminary value of Kyg¢. can be checked by a further
stress corrosion test at a displacement rate which is by a factor of 5 to 10 lower than the one used in
7.6.2.8. Further testing will only be necessary if this test shows evidence of a further decrease of the
measured vaiue of K|, Otherwise, some indicatton of the disptacement Tate dependence of K ,;} can
be gleaned ppy plotting the measured values of K ;; as a function of the applied displacement, rate to
establish whether the curve appears to be asymptotic to the K value, as illustrated in Figure 13.

Y

KISCC

Key

X v, (mip/h)

Y K, (MHavm)

Figure 13 |— Initiation value of stress intensity factor as a function of the applied displacement
rate

7.6.3 Valjdation-oftest results

The result gf the-test series is valid, i.e. Kygce = Kisee unless:

a) the difference between any two of these last three measurements exceeds 2,5 % of W/,
b) the difference between the maximum and minimum crack lengths exceeds 5 % of W;

c) any part of the fatigue crack surface lies in a plane the slope of which exceeds an angle of 10° from
the plane of the notch:

d) the fatigue crackis not in one plane, i.e. effects of multi-nucleation are present;

e) the factor
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2

K
2,5 -
0,2
is greater than the thickness of the specimen and/or the crack length;

f)

there is uncertainty over the fatigue crack length;

g) there is significant non-uniformity of the crack front.

7.7

Determination of crack velocity

7.7.

be used for determining the velocity of the environmental crack growth either as average
funcfion of the stress intensity factor K following to the procedure given in Annex BZTo dete
data| the specimens should be broken and the fracture surfaces should be examined by
meaps.

7.7.
att

The

Gred

as specified in ISO 12135.

7.7.3
initi

8
The

d)

f)

g)

Tests performed in 7.6 which yielded values of K| ;;; being in agreement of Kgxcfo

The final crack front should be measured if possible to the nearést 0,5 % of W at bot
following three positions: B1 = 0,25; B2 =0,50; B3 = 0,75.

hverage of these five measurements should be used as the€ffective final crack length, a

ter accuracy can be obtained by measuring the crack length at nine positions along the

F Koscc) can
Hata or as a
'rmine these
microscopic

h edges and

f.

crack front

8 The average crack velocity Aa/At is obtained by dividing the difference between the

Test report
test report shall contain at least'the following information.

Full description of the testinaterial from which the specimens were taken, including c
structural condition and-mechanical properties, type of product and section thickness.
Lhe validity criteria are not obeyed) if determined.

Description of thé\tést machine and equipment used to measure crack length and tH
with which cracktength measurements were made.

Pescription’of the environmental chamber and all equipment used for environmental
control.

Cheninitial solution composition, pH, degree of aeration (or concentration of other rele

] crack length, a; - a,, by the time elapsed between crack initiation and termination of tm

nal and the
e test.

pmposition,
K (or K if

e precision
monitoring

vant gases),

flow conditions, temperature and electrode potential reported, where monitored. S

ecification

of flow rate should be in terms of approximate linear rate past specimen if determ

ined by the

recirculation rate. The reference electrode used should be indicated; the potential should be
reported and referred to an appropriate standard electrode (example standard hydrogen electrode

or saturated calomel electrode at 25 °C). Variations in these parameters during testin
recorded.

The starting procedure for the test.

Transients in the environment or in the loading (including test interruptions) during tes
the nature and duration and, where applicable, the associated crack lengths.

For each specimen

1) specimen type and loading method;
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h)

j)

k) Any deyiations from the procedure.
1) Any unfpisual features observed.
m) The International standard used, and its yeat-of publication.

n) Date ofitest.

26

2)
3)
4)

5)
6)
7)
8)
9)

Range ¢f displacement rates used including crosshead rate and load¢<]ine displacement rate.

thickness, B, in millimetres (and B,, if side-grooved);
width W, in millimetres;
fatigue cracking

i) the fatigue stress intensity factor, K;, during the propagation of the final portion of the
crack,

ii) the fatigue load ratio, R, and

iii) the temperature and environment during precracking;

thelength of the fatigue pre-crack, a;
the initial stress intensity factor, K;;

thelinitial time of exposure to the environment and the total time of testing;

whether stable crack extension occurred;

crajck plane and propagation direction, identified as shown in Figure\10!

Kiscc (oF Kqscc if the validity criteria are not obeyed), stating at which displacement rate determjined

and criteria used.

Crack growth data (average values or as a function of stress intensity) where available.
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