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Foreword

ISO {the Intemational Organizatlon for Standardization! is a worldwide federation of
nationa! standards bodies (ISO membar bodies). The work of preparing International
Standards Is normally carried out through 1SO technical committees. Each member
body interested in a subject for which a technical committee has heen established has
the right to ba rapresented on that committee. Intermational organizations, govern-
mental and non-governmental, in lNaison with 18O, also take part in the work. 150
collaboratas closely with the International Electrotechnical Commission iIEC) on all
matters of electrotechnical standardization,

Draft International Standards adopted by the technical committees are circulated 1o
the member bodies for approval before thair acceptance as International Standards by
the ISO Council. They are approved in accordance with 1SO procedures requiring at
least 75 9% approval by the member bodiss voting.

International Standard ISO 7639-4 was prepared by Technlcal Committes 1SO/TC 1586,
Corrosion of metals and alloys.

1SO 7539 conslsts of the following parts, under the genaral title Corresion of matals
and alloys — Stress corrosion testing

—  Part 1: General guidance on testing procedures

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

—~  Part 3; Preparstion and use of U-bend specimens

—  Part 4: Preparation and use of uniaxially leaded tension specimens
—  Part 5: Preparation and use of C-ring spacimens

—  Part 8! Praparation and use of pre-cracked specimens

—  FPart 7: Slow strain rate testing

-~ Part 8: Preparation and use of welded specimens
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introduction

This part of IS0 7539 is ane of a seriss giving procedures for designing, preparing and
using various forms of test specimen to carry out tests to establish a metals resistance
to stress corrosion.

Each of the standards in the series neads to be read In assoclation with 1SO 7639-1.
This helps In the choice of an appropriate test procedure to suit particular cir-
cumstances as well as giving guidance towards assessing tha significance of the
results of the tests.
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Corrosion of metals and alloys — Stress corrosion

testing —

Part 4:

Preparation and use of uniaxially loaded tension specimens

1 Scope

1.1 This part of ISO 7539 covers procedures for designing,
preparing and usihg unfaxially loaded tension test spacimens
for investigating the susceptibility of a metal to stress cor-
rasion.

The term "metal” as used in this part of 1S0O 7539 includes
alloys.

1.2 Tension test specimens are adaptable for testing a wide
variety of product forms, including plate, rod, wite, sheet and
twbes, as well 83 parts joined by welding, riveting, or other
methods. Notched specimens may also be used {see 5.1.3).

1.3 Uniaxially lpaded tensite specimens may be stressed
quantitatively with equipment for application of either a con-
stant load, a constant strain or an increasing load or strain.

2 Normative references

The following standards contain provisions which, through
reference in this text, constitute provisions of this part of
IS0 7539. At the time of publication, the editions indicatad
wore valid. All standards are subject to revision, and partles to
agreements based on this part of 1SO 7539 are encouraged to
investigate the possibility of applying the most recent editions
of the standards indicated below. Members of IEC and IS0
maintaln registers of curvantly valid international Standards.

1S0Q 6892 : 1984, Metaliic materials — Tensile testing.

1SO 7630-1 1 1987, Corrosion of metals and alloys — Stress

coriasion testing — Part 1: General guidance on testing pro-
eedures.

IS0 7539-6 ; 1989, Corresion of metals and alloys — Strass
corrosion testing — Part 8: Proparation and use of pre-cracked
specimans.
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3 Definitions

For the purposes of this part of SO 7539, the definitions given
in IS0 7539-1 ars applicable.

4 Principle

41 The test congists in subjecting a specimen to constant
load, constant strain or increasing load or strain with a view to
determining stress corrosion susceptibility by reference to one
or more of the parameters enumeratad in clause 7.

4.2 Corrosive environments may cause a deterioration of the
properties of stressed materials beyond those observed with
the same combination of environment and matarial when the
latter is not subjected to stress. This enhanced detetioration
may be expressed in a number of different ways for the purpose
of assessing stress corrosion susceptibility.

4.3 The commonest fonm of detarioration due to stress cor-
rosion invalves the jnitiation and growth of cracks, one or more
of which ray eventually lead to total failure of a specimen if the
tost is conducted for an appropriate time. In the absence of
ptal failura, the machanical properties of the specimens will be
impaired by an amount depending upon the extent of crack
development or the growth of pits or fissures.

4.4 Wide variations in test results may be obtained for a
given metal and environment even when festing nominally
jdentical specimens and the replication of tests Is frequently
necessary. if specimens ara prepared to different sizes ar orien-

- tations or are subjected to different stressing pressures, test

results may be even more variable.

B Specimens

. 51 Generai

6.1.1 Spscimens of constant cross-section may be circular,
aquare, rectangular, annular or, in special cases, of othar forms.
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5.1.2 Specimens having tapered gauge lengths may be
aemployed for the purpose of obtaining a range of initial
stresees,

5.1.3 Tension specimens containing a machined notch or in
which a mechanical pra-crack has been started may also be
usad. In the case of notched speclmens, a triaxlal stress state is
prasent in tha viginity of the notch. in addition, the axial stress
at the root of the notch wilt be greater than the nominal stress
derived using the minimum cross-sectional area at the root of
the noteh. The maximum strass at the notch can be caleulated
from the product of this nominal stres and the stress concen-
tration factor K for the specific notch. Pre-cracked specimens
are dealt with separately in 1SO 7539-6.

B.14 Finishad products may be tested in the menufactured
condition by agreement between the parties.

B5AS The proportionality of machined specimens used for
tensile testing in general is fess important in stress corrosion
testing, but for purposas of comparison [t is desirable to use
specimens as used for tensile tests complying with 150 6832,

5.1.6 To minimi2ze stress canhcentration, whereby crack inlti-
ation may be facilitated, machined specimens should incar-
porate a transition radius between tha gripped end and the
parallel length, if these are of different dimensions, The value of
this transition radiug ig at least as important In stress corrosion
testing as In tensile testing In gensral and, unless otherwise
specifled, should conform to the requirements of the
sppropriste International Standard. Crack initiation may also be
facllitated at sharp corners In specimens having such cross-
sections as squara or rectangular if such corners are not
appropriately rounded.

B.1.7 The gripped ends may be of any shape to suit the
holders of the testing machine. Problams may arise unless the
giipped portien of the specimen ks isolatad from the corrosive
test environment (goe 6.3).

6.18 A wide range of sizes of specimens is possible, depend-
ing primarily upon the dimensions of the product to be testsd.
Because the expression of the results from stress corrosion
tests can be markedly influenced by the cross-sectional area of
the specimen, thig factor should ba glven carsful consideration
with regard to the object of the investigation.

5.1.9 The number of constant load test machines can be
minimized by testing chains of specimens. These may be con-
nected by loading links which are deslgned to prevent
unloading on tha failure of specimens.

5.1.10 Small cross-section spacimens may be used beacause
they

8} are directly related to product form;
b} permit greater convenience Tn testing;
c} usually glva test results more quickly;

d} usually have a greater sensitivity to the presence of
small stress corrosion cracks.
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On the other hand, small cross-section spacimens are more dif-
ficult to machine and their performance is more likely to be
infiuenced by extransous stress concentrations resulting from
non-axial loading, corrosion pits or other forms of attack, for
axample ganeral cottesion. In the case of machined specimens,
dimensions greater than 10 mm in gauge length and 3,0 mm n
section are preferred.

5.2 Preparation of spacimens

5.21 The pronounced effect of surface conditions on the
time required {o inhiate stress corrosion cracking in certain
combinations of metal and envirohmant is well established. Of
particular imporiance is the avoidance of stress concentratiens,
machining damage and chamical contanination. tnless it is
desired to evaluate the as-supplied or as-fabricated surface, the
final praparation usually preferrad is a machanical process
followed by degreasing, Siress intensification at surface
imegularities is usually mora important in the initiation of stress
corrosion cracks In high strength alloys than in lower strength,
ductile allays, but & surface quatity of 1 Um root mean sguare
or better should always be tho aim.

6.2.2 Care should ba taken to avoid over-heating or excessive
ptessure during the final preparation, which may otherwlse
induce residual strasses or metallurgical changes in the surface.
Post-preparation heat treatment, chernical palishing or electro-
patishing may be appropriate 1o overcome such effects in some
cases. Care should also be taken to minimize contamination of
the surface by polishing residues.

5.2.3 it should not be assumed that electropofishing will
invariably give the correct reauits, .o, dovoid of the prablems
mentioned above detiving from mechanical preparation of
surfaces.

5.2.4 If the final surface preparation involves a chemical treat-
ment, cara must be {aken 10 ensure that the conditions used do
not result in salective phase attack on the metal or laave a
deposit of undesirable residuss on the surface.

5.2.6 Chemical or slectrochemical treatments that generate
hydrogen must not be used on materials that are susceptible to
hydrogen-induced damage.

6.2.8 Where it i8 necessary to mark the specimen for pur-
poses of identificatlon, the methads given in IS0 7538-1 should
be followed.

6 Procedure

6.1 The environmental testing conditions selected depend
upon the purpose of the tast but, ideally, should be the same as
those prevailing far the intendad use of tha alloy or comparable
to the anticipated service condition. In practice, a number of
standard environments are used for ranking purposes, but the
results obtained require cautious interpretation in relation to the
anticipated service conditions.

6.2 If practical, it is recommended that the specimens be
stressed efter belng brought into contact with the test environ-
ment. Otherwise, the stressed specimens should be exposad to
the test environment as soon as possible after stressing.



6.3 It is recommended that wherever possibls tha gripped
portions should be excludad from contact with the corrosive
emvironment, {f this is not possible, the problems that may arise
Include the following:

a) galvanic effects may influence results if the grips are
made from a differant materlal from that of the test piece
and elsctrlcat insulatlon is then necessary;

bl crevice corroslon may accur within the confines of the
Testricted spaces between grips and test pieces and stress
discontinulties can lead to premature stress corrosion failure
in such regions;

el creviea problems may also arise where the test piece
emerges from the test cell and these should be avoided by
appropriate design of the cell, by the use of protective
coatings at such positions or by enlargement of the cross-
sactional area of the test piece beyond the paraliel portion.

6.4 s recommended that specimens without applied stress
shautd be exposed 1o the same conditions and for the same
time as strassed specimens, so that a comparative assessment
of the results will allow the effect of applied stress to be ident-
ified. In the testing of thin sheet and specimens prepared from
fabricated Joints, e.g. by welding, resldual stresses may be suf-
ficiently high to promate stress corrosion failure in the absence
of applied stress, or at relatively small values of the latter as
compared to those necessary in the absence of residual
stresses. Meials may also suffer a deterioration in mechanical
propertios by contact with corrosive environments even in the
absence of applied stress, e.g. by pitting, intergranular car-
rosion, etc., and the affect of applisd stress can only be as-
sessed by comparison with the behaviour of unstreesed speci-
mans.

8.5 It is recommended, espacially if tests involve increasing
lpad or strain and specimens are taken to the point of total
failure, that specimens should be tested In an inert enwironment
as well as in the corrosiva test environmaent. This allows a com-
parative assessment of the affects of the comosive environ-
ment, by providing basefine data relating to inert conditions.
For some matenals, including high strength aluminium allays
and stesls, it may not be sufficient 1o assume that a test in air
constitutes & test in an inert stivironment.

6.6 If it is required 1o minimize the number of specimens
used, a binary search procedura may be employed to determina
the threshold stress. For example, the first test should be con-
ducted at an initial stress equal to half the tensile strength of
the matertal invelvad, with subsequent tests at other {ractions
of the tensiie strength according to the schadule shown in the
figure of 1S0 7639-1, depending on whether or not failure
occurred in preceding tests.

7 Assassment of results

7.1 The most fraquently used paramster for assessing crack-
ing susceptibiiity is the time to total fallure, which is usually
eagy (o measure with reasonahle accuracy. Since the tima to
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failure is dependant upon the Initial applied strass, among othar
things, and the nature of this dependency 1s not the seme for all
materials in all environments, a comparison of times to failure
at a particular Initial applied strass can be misleading. Rather
than conduct 2 large number of replicate tests at the sama
stress level 1o assess scatter, it is recommended that specimens
should ba exposed at different initial stresses to define the
thrashold stress below which total faifure does not occur, with
fawer replicate tosts at each particular initial stress.

7.2 1t is usual to terminate tests after some arbitrarily chosen
time if total Faflure has not ocourred. Such specimens may con-
tain cracks, evan though these have not propagated 1o the
point where total failure ¢an accur, All specimans that have not
progressed to total fallure should be examined for cracks, after
remaval of corroslon products if nead be.

7.3 The number of cracks per unit langth of specimen can be
used far 8 comparative assessment of susceptibility, especially
10 the initiation of stress corrosion cracks. If such a method is
used, the technique employed in determining the numbsr of
sracks should be specified because metallographic examination
of sectioned specimens, for example, is likely to reveal small
vracks not visible to the naked aye.

7.4 An average crack velocity may be determined from the
length of the longast crack, measured on the fracture surfaces
of specimens that have failed completaly or on sections
through specimens that have not proceeded to total failure,
divided by the time of testing. Although this parameter
assumas.that cracking is initiatad at the start of the test, which
is not always the case, naverthsless such a measurement is fre-
quently found to be in reasonable agreement with those made
more precisely.

7.5 Specimens that have not progressed to total failure may
be assessed by mechanical tests at the conclusion of the paricd
of axposure. The parameters most likely to reflect readily the
presence of cracks are the tensite strength and those concemed
with ductility, such as the percentage reduction of area.

B8 Test report

The test report should include the following information:
al full description of the test material, including compo-
sition and structural conditions, type of product and section

thickness from which specimens were takern;

b orientation, type and size of test specimens and their
sucface preparation;

c} stressing procedure;
di the environment and heriod of exposure;
el methods used in assessing test results (time to 1012l

failura, number and location of cracks, average crack vel-
gcity, remnant strength and ductility).
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UDC 620.194.2 : 669
Dascriptora: metals, alloys, tests, corrosion tests, stress corrosion tests.
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