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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-governmentab—ir—haisor—with—SO—also—take—par—in—the—werk—SO—cellaborates—elosely—with the

International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tgsk of technical committees is to prepare International Standards. Draft International Standards

adopted by [the technical committees are circulated to the member bodies for votingPublication as an

International Standard requires approval by at least 75 % of the member bodies casting a‘vote.

Attention is frawn to the possibility that some of the elements of this document¢may be the subject of patent

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

ISO 7539-9 as prepared by Technical Committee ISO/TC 156, Corrosion ‘of metals and alloys.

ISO 7539 consists of the following parts, under the general title Caorrosion of metals and alloys — Sfress

corrosion testing:

— Part 1: General guidance on testing procedures

— Part 2: Preparation and use of bent-beam specimens

— Part 3: Preparation and use of U-bend speciniens

— Part 4: Preparation and use of uniaxially loaded tension specimens

— Part 5: Preparation and use of C+ring’specimens

— Part 6: |Preparation and uSe,"0f pre-cracked specimens for tests under constant load or constant
displaceément

— Part 7: Slow strain rate testing

— Part 8: Preparation and use of specimens to evaluate weldments

— Part 9: Preparation and use of pre-cracked specimens for tests under rising load or rising displacement

© ISO 2003 — Al rights reserved
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Corrosion of metals and alloys — Stress corrosion testing —

Part 9:
Preparation and use of pre-cracked specimens for tests under
rising load or rising displacement

1
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Scope

This part of ISO 7539 covers procedures for designing, preparing and using pre-cracked s
tigating the susceptibility of metal to stress corrosion cracking by means-of tests conducted
or rising displacement. Tests conducted under constant load or constant displacement are
7539-6.
erm “metal” as used in this part of ISO 7539 includes alloys:

Because of the need to confine plasticity to the crack tipy/pre-cracked specimens are not su

nd forgings. They can also be used for parts joined‘by welding.

Pre-cracked specimens may be stressed” quantitatively with equipment for appli
btonically increasing load or displacement at the loading points.

A particular advantage of pre-cracked specimens is that they allow data to be acquired
al defect sizes, above which stress jcorrosion cracking may occur, can be estimated for co

btermined.

A principal advantage.of-the test is that it takes into account the potential impact of dynamig
nreshold for stress corrosion cracking.

At sufficientlydow’loading rates, the K|gcc determined by this method can be less than or
ned by constantfoad or displacement methods and can be determined more rapidly.

Normative references

becimens for
under rising
dealt with in

itable for the

luding plate,

tation of a

from which
mponents of

n geometry subjected to known stresses. They also enable rates of stress corrosion crack propagation to

straining on

equal to that

The

fottowingTeferenceddocuments—are indispensabte for the—applicatiom—of this—documen

. For dated

references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 7539-1:1987, Corrosion of metals and alloys — Stress corrosion testing — Part 1. General guidance on
testing procedures

ISO 7539-6:—1), Corrosion of metals and alloys — Stress corrosion testing —Part 6: Preparation and use of
pre-cracked specimens for tests under constant load or constant displacement

1) To be published. (Revision of ISO 7539-6:1989)
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ISO 7539-7:—32), Corrosion of metals and alloys — Stress corrosion testing — Part 7: Slow strain rate testing

ISO 11782-2:1998, Corrosion of metals and alloys — Corrosion fatigue testing — Part 2: Crack propagation

testing using precracked specimens

3 Terms and definitions

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

31
rate of charge of crack opening displacement at loading plane

an
deflection at|the loading point access measured over a fixed period

3.2
stress intersity factor at crack initiation
Kinit
stress intendity applied at the commencement of measurable crack growth

3.3
range of stress intensity factor
AKj, in fatigpe
algebraic difference between the maximum and minimum stress intensity factors in a cycle

3.4
displacement rate
dg/d¢
rate of increase of the deflection either measured at thé_loading point axis or away from the loading line

4 Principle

wing

4.1 The Use of pre-cracked specimens acknowledges the difficulty of ensuring that crack-like defects,

introduced during either manufacture\or subsequent service, are totally absent from structures. Furthern
the presencg of such defects can ‘cause a susceptibility to stress corrosion cracking, which in some mats
(e.g. titanium) may not be evident from tests on smooth specimens under constant load. The principl
linear elastiq fracture mechaniCs can be used to quantify the stress situation existing at the crack tip in &
cracked spegimen or strueture in terms of the plane strain-stress intensity.

4.2 The test involves/subjecting a specimen, in which a crack has been developed from a machined 1
by fatigue, tb an increasing load or displacement during exposure to a chemically aggressive environr
The objective is*to*quantify the conditions under which environmentally-assisted crack extension can ocqg

hore,
erials
ps of
pre-

otch
nent.
urin

terms of thp“threshold stress intensity for stress corrosion cracking, K;qce, and the kinetics of

crack

propagation.

4.3 Tests may be conducted in tension or in bending. The most important characteristic of the test is the

low loading/displacement rate that is applied.

4.4 Because of the dynamic straining which is associated with this method, the data obtained may differ
from those obtained for pre-cracked specimens with the same combination of environment and material when

the specimens are subjected to static loading only.

2) To be published. (Revision of ISO 7539-7:1989)
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4.5 The empirical data can be used for design or life prediction purposes in order to ensure either that 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 application to more complex geometries. Gradients
in regiduatstressima specimen may resuttimnon=umniformr crack growthratongthecrackfront:

4.8 | Kgcc is a function of the environment, which should simulate that in service, and of the gonditions of
loading.

5 BSpecimens

5.1 | General
5.1.1 A wide range of standard specimen geometries of the type‘used in fracture toughness fests may be
used. Those most commonly used are described in ISO 7539-6. 4 he particular type of specimen|used will be
depgndent upon the form, the strength and the susceptibility to.stress corrosion cracking of the material to be
testgd and also on the objective of the test.
5.1.31 A basic requirement is that the dimensions be.sufficient to maintain predominantly trjaxial (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|, meéasurement, both the crack length, @, and the thickness, B,
shallbe not less than

2
b5 Kic
Rpo2

and that, where possible, larger'specimens where both ¢ and B are at least

2
4 K|C
Rp0,2

shalllbe used4o\ensure adequate constraint.

Fron the view of fracture mechanics, a minimum thickness from which an invariant value of K¢ is obtained
cannot_eutrently be specified. The presence of an aggressive environment during stress corrosion may reduce
the Ci i i i i i limit plastic
deformation. However, in order to minimize the risk of inadequate constraint, it is recommended that similar
criteria to those employed during fracture toughness testing used regarding specimen dimensions, i.e. both a
and B shall be not less than

2
2,5 K
Rp0,2

© 1SO 2003 — Al rights reserved 3
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and preferably shall be not less than

4[ s

where K| is t

Rp0,2

T

he stress intensity to be applied during testing, in MPa/m.

As a test for its validity, the threshold stress intensity value eventually determined shall be substituted for X in

the first of th

ese expressions.

51.3 Ift
Kscc value
application

permissible
value obtain
stress corro

on an estimate of the highest stress intensity at which crack growth rates are to be measured.

514 A w
experimenta
a) thosein
b) those in

This means

can be used for either the determination of K;gcc by thelnitiation of a stress corrosion crack from a

existing fatig
specimens 3
avoided.

5.1.5 Craq
such as the

5.1.6 Ben
specimens s

5.2 Spec

5.21 The
loaded speg
tension typ¢g
loaded types

iy
based on a

specimens are to be used for the determination of Kigcc, the initial specimen size shg
estimate of the K|gcc of the material (in the first instance, it being better to over-estimat
and therefore use a larger specimen than may eventually be found necessary). Wheré)the se
nvolves the use of material of insufficient thickness to satisfy the conditions foryvalidity,
o test specimens of similar thickness, provided that it is clearly stated that the threshold intg
ed, Kqsce, is of relevance only to that specific application. Where it is reguired to deter
sion crack growth behaviour as a function of stress intensity, the specimen size should be b

ide choice of specimen geometries is available to suit the fortn of the test material
facilities available and the objectives of the test. Two basic types of specimen can be used
ended for being loaded by means of a tensile force;

ended for being loaded by means of a bending force.

that crack growth can be studied under either bend or tension loading conditions. The specit

ue crack using a series of specimens and“for measurements of crack growth rates. Sincs

re loaded during exposure to the test environment, the risk of unnecessary incubation perio
k length measurements can be.readily made with a number of continuous monitoring mef

blectrical resistance technique.

 specimens can in principle be tested in relatively simple cantilever beam equipmen
ubjected to tension loading require a tensile test machine.

men design

imens can/experience stresses at the crack tip which are predominantly tensile (as in re
s such-as the centre-cracked plate) or contain a significant bend component (as in crag
such'as compact tension specimens). The presence of significant bending stress at the cra

Il be
b the
rvice
it is
nsity
mine
ased

the

nens
pre-
e the
ds is

hods

but

specimens_¢an be subjected to either tension or bend loading. Depending on the design, temsion

mote
kline
Ck tip

can advers

v affect the crack path stability during stress corrosion testing and can facilitate crack bran

thing

in certain materials. Bend specimens can be loaded in 3-point, 4-point or cantilever bend fixtures.

5.2.2 The occurrence of crackline bending with an associated tendency for crack growth out of plane can be

curbed by th

e use of side grooves.

5.2.3 A number of specimen geometries have specific advantages, which have caused them to be
frequently used for rising load/displacement stress corrosion testing. These include:

a) compac

b)

t tension (CTS) specimens, which minimize the material requirement;

cantilever bend specimens, which are easy to machine and inexpensive to test;

© ISO 2003 — Al rights reserved
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c) C-shaped specimens, which can be machined from thick walled cylinders in order to study the radial
propagation of longitudinally oriented cracks.

Details of standard specimen designs for each of these types of specimen are given in Figures 1 to 3.

5.2.4 If required, e.g. if fatigue crack initiation and/or propagation is 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°.

5.2.5 Where it is necessary to measure crack opening displacements, knife edges for the location of
displacement gauges can be machined into the mouth of the notch, as shown in Figure 5a). Alternatively,
sepdrate Rnife edges can either be screwed or giued o to the Specimen at opposite sides of the notch, as
shown in Figure 5b). Details of a suitable tapered beam displacement gauge are given in Figure 6

5.3 | Stress intensity factor considerations

5.3.1 It can be shown, using elastic theory, that the stress intensity, K|, acting’at the tip df a crack in
spegimens or structures of various geometries can be expressed by relationships'‘of the form

K| =0xo0ox Ja
where
D is a dimensionless geometrical constant;
o is the applied stress in MPa;
L is the crack length in metres.

5.3.4 The solutions for K, for specimens of particular geometry and loading method can be egtablished by
meaps of finite element stress analysis, or_by“either experimental or theoretical determinations |of specimen
compliance.

5.3.3 K| values can be calculated ‘by means of a dimensionless stress intensity coefficient, |, related to
crack length expressed in terms ofa/I¥ through relationship of the form

YP

K = —
N 2

for gompact tensiemand C-shaped specimens, where # is the width of the specimen in metrgs and P the
applied load.

5.3.4 Where it is 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 used, the effect of the reduced thickness, B, due to the grooves on the
stress intensity can be taken into account by replacing B with\/@in the above expression. 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 are used.

5.3.5 Solutions for Y for specimens with geometries which are often used for stress corrosion testing are
given in Figures 7 to 9.

© 1SO 2003 — Al rights reserved 5
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B +0,8%

Dimensions in millimetres

W +0,4%

Ra g/
=]

L]os% wA]

> 2W+5

> 2W+5

|

Width

Thickness, B
Notch width, ]
Effective notc
Effective crac

F

N

h length, /
k length, a

=W

=05W
= 0,065 W maximum (ifV#Z> 25 mm) or 1,5 mm maximum (if W < 25 mm)
=0,25 Wto 0,45 W
=0,45 Wto 0650

gure 1 — Proportional'dimensions and tolerances for cantilever bend test pieces

[/]02% W A]
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Dimensions in millimetres

=
pad
m
[a <
X
‘E — 5
(Wa]
= ij i R Vu/
+I
w
< =
N &
X 2 s =
+ ofo w Ra 0{4&
N X'\?JI \
9 Q
®
W +0,4% B +0,8%
//]00.6% H]K ~{ L [ps% H
C
_H
Net wWidth =w
Totallwidth, C 21,25 W minimum
ThicKness, B =05wW
Half lheight, H =06WwW
Hole [diameter, D =0,25wW
Half Iistance between hole outer edges, ¥ =1,6D
Notch width, N = 0,065 W maximum
Effective notch length, / =0,25 Wto 0,40 W
Effective crack lengthi.o =0,45Wt0 0,55 W
Figure 2 — Proportional dimensions and tolerances for compact tension test pieces
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Dimensions in millimetres

| —

Ra O,Si

L—
N .
e
by
E
ﬁg 7
2 (i
-3 T
=
{
74 X |
Ra 0,4/
N 0
B !
—
Net width =
Thickness B =0,50 w+0,01 W
Axis of holes fo tangent to inner radius; X =0,50 w+ 0,005 w
Notch width, =1,5 mm minimum (0,1 W maximum)
Notch width, 1 =0,3w
Axis of holes fo face of specimen, Z =0,25w+0,01 W
Axis of holes foouter sutrface, T =0,25wW+0,01 W
Diameter of hples, D. =0,25 w+0,005 w
NOTE All surfaces should be perpendicular and parallel, as applicable, to within 0,002 W TIR and “E” surfaces

perpendicular to “Y” surfaces to within 0,02 W TIR:

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

8 © ISO 2003 — Al rights reserved
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Dimensions in millimetres

Y l—
X
< k
N ®
y:) 2 2W +5 >2W + 5
'<—

X N

@  Mill with 60° cutter, notch roat radius 0,3 maximum for all test piece sizes.

Figure 4 — Chevron notch
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NOTE

10

N/2

a) Integral type

/ |

©

© ©—©

Fovided adequate strength can be assured, the above knife edges may be fixed using adhesive.

b) Screw-on type

Figure 5 — Knife edges for location of displacement gauges

© ISO 2003 — Al rights reserved
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Dimensions in millimetres

i?

a) Displacement gauge mounted on a test piece

Q"
= s
= Qs ©
10
28 s,
SA
18
3,5 X -
’/ T
- - 2[5
13

20° /\

0,75

0,5

b) Dimensions of beams

© 1SO 2003 — Al rights reserved 11
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)

(5 X-Y Recorder (_5
c) Bridge measurement circuit

@  This dimgnsion should be 3,8 x the minimum initial gauge length

b Beam thi¢kness taper 0,5 to 0,8

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

Figure 6 — Details of tapered beam displacement gauge
W S=215W
P
E 9 B
5} »
x
Moment M = PS
YP
K| = mr
where r|=8,21 ! 3 {ni) in the case where S=1,5 W
g a) v

NOTE

This expression 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 0,2<%<0,6 . For greatest
confidence, it is recommended that an emprical compliance be used.

Figure 7 — Stress intensity solution for cantilever bend specimen

12
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o P
N
Where v =

E The inaccuracy of this expression is considered to be no greater than + 0,5 % over the range 0,2

2 3 4
{0,886 + 4,64(ij - 13,32[ij + 14,72[1J - 5,6[i] }
3 w w w w

(

2+2
w

1-4
w

N

SIE
n

Figure 8 — Stress intensity solution for compact tension specimen
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_{ —_—
W X
P
__
N7
a a3 a5 a7 ag X a a 7
where v|- 18,23\/i—106,2 £ 1397,7,/%— - 582,0,/ %2869, ><(1+1,54—+0,5—J>< 140,22 17\P (174]
w w w W w w /4 w rp
NOTE The inaccuracy of this expressieniis considered to be no greater than 1 % over the range 0,45<% 0,55.
However, it gan be used over the wider(fange o,3<%<o,7when 0<%<0,7and o<:—1<1 in which case the accuracy is
2
believed to bg no greater than 2 %.
Figure-9— Stress intensity solution for C-shaped specimen
5.4 Spec|men preparation
5.4.1 Res|dual siresses can have an influence on stress corrosion cracking. The effect can be significant
when test gpeCimens are removed from material in which complete stress rehef is impractical, su h as
weldments,

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 in the form of
irregular crack growth, namely excessive crack front curvature or out-of-plane crack growth, generally
indicates that residual stresses are affecting behaviour. Measurement of residual stress is desirable.

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.

14 © 1SO 2003 — Al rights reserved
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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 it is
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.

1) Radial grain flow — Axial working direction 2) Axial grain flow — Radial working direction

b) Basic fracture plane identification: cylindrical sections

© 1SO 2003 — Al rights reserved 15
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a8  Grain flov

6

6.1 Them
symmetrical
6.2 Thee
can influenc|
the introduct
from the no

corrosion cr:
determinatio
stress corro
may promot
cracking is g
corrosion fa
needed for

unless agreg¢d otherwise between(the parties, fatigue pre-cracking be conducted in the normal laborato
environment.

6.3 Thes
crack exteng
crack may |
cracking sh3

NOTE L

Initiation and propagation of fatigue cracks

c) Non-basic fracture plane identification

Figure 10 — Fracture plane identification

achine used for fatigue cracking shall have a method of loading such that the stress distribut
about the notch and the inaccuracy in measurement of applied load is no greater than + 2,5 9

e the subsequent behaviour of the specimen during stress corrosion testing. In some mate
ion of the stress corrosion test environment during the pre-cracking operation promotes a ch
mal ductile transgranular mode of fatigue cracking to one which more closely resembles g
bcking. This may facilitate the subsequent-initiation of stress corrosion cracking and lead t
n of conservative initiation values of. Kjgcc. However, unless facilities are available to comm
bion testing immediately following the.pre-cracking operation, corrodant remaining at the cra
e blunting due to corrosive attack. Furthermore, the repeatability of results may suffer when
onducted in the presence of @naggressive environment, because of the greater sensitivity ¢
igue fracture mode to the_Cytlic loading conditions. In addition, more elaborate facilities m3
bnvironmental control purpdses during pre-cracking. For these reasons, it is recommended

becimens shall be pre-cracked by fatigue loading with an R value in the range 0 to 0,1 unt
s at least 2;5:% W or 1,25 mm beyond the notch at the side surfaces, whichever is greater
e started. at higher K| values but, during the final 0,5 mm of crack extension, the fatigue

bad_shedding procedures as described in ISO 11782-2 may be helpful when the K g~ values are exp|

Il be comipleted at as low a maximum stress intensity as possible (below the expected K;gcc)

on is

0.

hvironmental conditions applied during fatigue pre<gracking, as well as the stressing conditjons,

rials,
ange
tress
b the
ence
Ck tip
pre-
f the
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y air

| the
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pre-

ected

to be low.

6.4 The final length of the fatigue crack shall be such that the requirement for plane strain predominance is

satisfied, i.e.

a>2,5(

K,
Rp0,2

T

This condition is optimized when the final o/ ratio is in the range 0,45 to 0,55.

NOTE

16

Crack size may be important in relation to SCC.
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6.5 In order to avoid interaction of the stress field associated with the crack with that due to the notch, the
crack shall lie within the limiting envelope as shown in Figure 11, in which examples for bend and tensile
pieces are shown. For the example valid for bend or tensile test pieces, if the apex of the envelope is located
at the tip of the fatigue crack, the whole of the machined notch shall lie within the envelope as is shown in
Figure 11 c).

6.6 In order to ensure the validity of the stress intensity analysis, the fatigue crack shall be inspected on
each side of the specimen to ensure that no part of it lies in a plane the slope of which exceeds an angle of
10° from the plane of the notch and that the difference in lengths does not exceed 5 % W.

6.7 Additional guidance on fatigue pre-cracking procedures is available in ISO 11782-2.

]

S
m
a
I
a) Bend test piece
b
< ~

b) Tensile test piece

c) Bend or tensile test piece

@  Edge of test piece
b Loading line of test piece

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

7.1 General

Before testing, the thickness B and width W shall be measured to within 0,1 % W on a line no further than
10 % 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 used in assessing the pre-load required to produce the desired initial stress

intensity, K| (see 7.6).

7.2 Environmental considerations

7.21 Bec
propagation
and 7.2.4).

7.2.2 The
same as tho

7.2.3 Env
concentratio
In relation to

7.24 Tesl
dependent @

factor. Altermatively, the electrode potential may be displaced from ‘the open circuit value by potentiosta

galvanostati

7.2.5 Aux
on the speci

7.2.6 Wh4
with the tes
soon as pos

7.3 Envin

7.31 The
possible, the
galvanic effq
cell of the ty|
crack and 4
specimen er
of protective

shall be profected\against corrosion. If this is not possible, appropriate measures shall be taken through,

the use of si

huse of the specificity of metal-environment interactions, it is essential that stress corrosien
tests be conducted under environmental conditions that are closely controlled-{see

environmental testing conditions depend upon the intent of the test but, ideally; should be
5e prevailing for the intended use of the alloy or comparable to the anticipated‘service conditi
ronmental factors of importance are electrode potential, temperature{solution composition
gaseous environments a critical factor is purity of the gas.

s may be conducted under open circuit conditions in which4hevelectrode potential of the me
n the specific environmental conditions of the test, of which.the degree of aeration is an impg

C methods.

liary electrodes to apply external current shall beidesigned to produce uniform current distrib
men, i.e. the electrode potential shall be constant.

n practical, it is recommended that the specimens be stressed after being brought into co
environment. Otherwise, the stressed specimens shall be exposed to the test environme
Sible after stressing.

onmental chamber

environmental chamber shall completely enclose the test section of the specimen. Whe
gripped portions shall*be excluded from contact with the solution environment in order to prg
cts and crevice corrosion. These problems can be overcome by the use of a local environm
be shown in Figusé 12 in which the environment is circulated around the vicinity of the notch

nerges from\the test cell and these can be avoided by appropriate design of the cell or by the
coatings.at such locations. If total immersion in the corrodent is contemplated, the loading p

milarmetals, electrical insulation or coatings.

crack
7.2.3

b the
bN.

pH7

h of dissolved gases, flowrate and pressure. ISO 7539-1 provides useful background information.

tal is
rtant
ic or

ution

htact
Nt as

rever
bvent
ental

pre-

nticipated crack growth region of the specimen. Crevice problems may also arise wherg the

use
oints

e.gd.,

7.3.2 An adequate volume-of-solution:metal-area ratio is required (dependent on reaction rates and
exposure time) and a circulation system is usually necessary. For conditions of applied potential or applied
current, a separate compartment for the counter electrode may be necessary in order to limit any effects
caused by reaction products from this electrode. It should be noted that potentiostatic control at the tip of a
stress corrosion crack may be subject to large variations as the crack length increases, which must be taken
into account when considering mechanisms of stress corrosion cracking.

7.3.3 Non-metallic materials are recommended for the environmental chamber and circulation system
where this is practicable. These materials shall be inert. Note that glass and certain plastics are not inert at
elevated temperatures. Where metallic chambers are necessary, these shall be electrically insulated from the
specimen in order to prevent galvanic interaction.

7.3.4 For tests in a gaseous environment, an all-metal-chamber is preferred.
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Key
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7.4

7.4.1
the
varig

7.4.2
In cl
in s§
trans
be in
be c

isplacement transducer
olution outlet
olution inlet

oad
olution flow

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

Environmental control and monitoring

The environment shall besmonitored and controlled during the test as required. In unbuffe
bH can be maintained constant using an automatic pH control system; otherwise the ¢
tions in pH on crack growth’shall be assessed.

In systems openh.to the atmosphere, aeration can be maintained by bubbling air through
psed systems, monitoring is required. The flowrates used in testing shall simulate the range
rvice becauseflow can affect the electrode potential, e.g. by influencing the flux of oxyge
fer betweenthe crack enclave and the bulk solution. The orientation of flow with respect to t
hportantiin.the latter case. Sealing of the crack sides to limit artificial through-thickness tran
bnsidered but may introduce local crevice problems.

It is strongly recommended that the electrode potential be measured with a referen

red systems,
ffect of any

the solution.
bf conditions
n and mass
he crack can
sport should

Ce electrode

7.4.3

appropriate for the application. Care shall be taken to limit IR drop in the measurement of potential. The
temperature of the solution shall be controlled to within + 2 °C of the reported value.

7.5

7.51

This

Selection of initial K value prior to dynamic loading

In cases where data from fracture toughness tests in air for the material under investigation are not
available, a preliminary test shall be performed in laboratory air. This requires that an initial specimen be used
to determine the fracture toughness of the material, K|, (or K if invalid), using recommended procedures.

value establishes the upper limit of Kigcc.
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7.5.2 The establishment of cracking conditions in a given metal/environment combination may be time-
dependent if they do not exist at the outset of the test. In such circumstances, stress corrosion cracking may
only be observed if the displacement rate is sufficiently low to ensure that failure due to pure mechanical
rupture does not occur before the necessary time has elapsed, whereby the necessary environmental
conditions for cracking have been established. These difficulties can sometimes be minimized by exposure of
the specimens to the test environment for a period prior to the initiation of dynamic strain. It is recommended
to keep the specimens under pre-load for a period of at least 24 h in the test environment before starting the
test. A typical pre-load for the first test in environment is a value which corresponds to an initial K value of 5 %
of K, (or Kq).

7.5.3 Selection of initial K value is important because it determines the length of the test.

754 The
considered |
If cracking s
Since dynar
initial K can
of K jpit-

7.6 Deten

7.6.1

The tests ar

initial value of K may correspond to the final K,,,, following fatigue pre-cracking. Where-Kjg
kely to be high, the load may be stepped up to an arbitrary higher value prior to dynamicfoa
ubsequently ensues without a subsequent increase in K value, a lower initial K shall be chq
hic loading usually represents an accelerated test procedure compared to static leading, 3

be adopted. However, the choice of initial X value may be refined based onihe first esti

mination of K5

Gene¢ral

e performed at displacement rates which are selected prier to each test and which shall be

constant thrpughout this test.

7.6.2 Determination schedule

7.6.2.1

applied disp
rates for the
procedure tq
the schedulg

7.6.2.2

value abovs
environment
of 1x 108

In most systems, the stress intensity factor at,efack initiation, K| 4, is likely to be a function ¢

lacement rate. Therefore, tests shall be conducted over an appropriate range of displace
system under consideration in order tq ensure that a conservative value of K g is obtained
be adopted involves subjecting a number of specimens to different displacement rates follg
outlined in 7.6.2.2 to 7.6.2.9.

An arbitrary but low displacement rate shall be chosen for the determination of a preliminary
which stress corrosion cracking is likely to initiate. This rate depends upon the material
in question and shall be agreed between parties concerned although for preliminary testing,

m/s (36 um/h) for titanium alloys and 1 x 109 m/s (3,6 um/h) for higher strength steels

aluminium alloys may be appropriate. Some recommendations for determining an appropriate

displacemer
The testis s

7.6.2.3
back face

t rate are given/in Annex A.
arted from_the pre-load chosen in section 7.5.2, without unloading the specimen.

During,testing, crack length may be monitored continuously by means of electrical resistd
sfrain, or alternative techniques, depending on the experimental circumstances. T]

measureme

cc is
ding.
sen.

low
mate

kept

f the
ment
The
wing

K-init
and
rates
and
nitial

nce,
hese

ptS—shall enable the detection of crack initiation. They also enable crack growth rates t

o be

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 start of the test

are measured and recorded. The test machine shall be stopped after either the indirect crack length
measuring method or a drop in load record indicates that crack initiation and subsequent crack growth have
occurred.

7.6.2.5 On completion of the test, the specimen is taken out of the test environment and the crack front
marked by either heat tinting or fatigue cracking in air. The fatigue cracking shall be performed at an R ratio
greater than 0,6 in order to avoid damage to the fracture surfaces from crack closure effects. The maximum
fatigue load shall not exceed three quarters of the final load measured during the test. In certain environments,
it may be apparent that the crack front at test termination is already sufficiently marked by visible remains of
the environment so that no additional marking is required.
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7.6.2.6 The specimen shall be broken and the length of the fatigue pre-crack measured at both edges
and at the following three positions: 0,25 B; 0,50 B and 0,75 B.

The average of these five measurements shall be used as the effective initial crack length a in the calculation
of Ky init-

The test is invalid if
a) the difference between any two of these last three measurements exceeds 2,5 % W;

b) the difference between the maximum and minimum crack lengths exceeds 5 % W;

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

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

2
e) the factor ZS{MJ is greater than the thickness of the specimen and/or the crack length
p0,2

f)  [here is uncertainty over the fatigue crack length.

7.6.4.7 A new specimen is tested under identical environmeftal conditions at a lower displacement rate.
The |nitial K value may be modified.

NOTE Guidance on selection of the new displacementsrate can be made if the fracture surface is|examined by
mearjs of microscopy, for evidence of stress corrosion crack extension in comparison with the fracturd surface of a
specimen that was tested in air: The percentage of envirenmental cracking on the fracture surface in the rggion of stable
cracl extension adjacent to the initial crack front can\be used as an estimate of a suitable displacement rate for the
subsequent test according to Table 1.

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

Table 1 — Recommended factors by which the strain rate shall be reduced
depending upon-the proportion of stress corrosion cracking on the fracture surfage

Proportion of SCC on fracture Factor by which the displacement
surface, % rate shall be reduced

<10 50
10 to 30 20
30 to 50 10
50 tc 80 5

> 80 2

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 K5 value), then the lower of these two values can be considered as the preliminary
value of Kqgec-

7.6.2.9 If time permits, the reliability of the preliminary value of Kogcc 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 step 7.6.2.8.
Further testing will only be necessary if this test shows evidence of a further decrease of the measured value
of Kinit- Otherwise, some indication of the displacement rate dependence of K| ,;; can be gleaned by 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 Kqgc¢ value, as illustrated in Figure 13.
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