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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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Introduction

This International Standard has been prepared as a sub-set of [ISO 7539 which consists of the following
parts, under the general title Corrosion of metals and alloys — Stress 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 specimens

— PartZ Preparation and use of uniaxially loaded tension specimens
— Part 5: Preparation and use of C-ring specimens

— Part6: Preparation and use of precracked specimens for tests under constantload oxconstant dlisplacement
— Fart 7: Method for 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 undeyr rising load or rising displacement
— Part 10: Reverse U-bend method

— Fart 11: Guidelines for testing the resistance of metals~and alloys to hydrogen embriftlement and
hydrogen-assisted cracking
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rrosion of metals and alloys — Methodology for

determining the resistance of metals to stress corrosion
cracking using the four-point bend method
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Scope

International Standard provides guidelines for the use of four-point bend testing to
tance of metals including carbon steel, low alloy steels, and corrosion resistant-alloy
s corrosion cracking. The method gives guidance on testing of both parent plate an

hs metals with a distinct yield point. The emphasis in this International Standard is of

odology of the four-point bend test. Service application will be varied\and the relev:
lard is to be consulted where appropriate.

Normative references

following documents, in whole or in part, are normativéely’referenced in this documnj
pensable for its application. For dated references, only the edition cited applies. |
ences, the latest edition of the referenced document*(including any amendments) appl

407, Corrosion of metals and alloys — Removal of.corrosion products from corrosion test

Terms and definitions

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

psion resistant alloy

designed to be resistantto general and localized corrosion in environments that a

affected zone

on of the)'base metal that is not melted during brazing, cutting, or welding,
bstructure and properties are altered by the heat of these processes

bvaluate the
s (CRAs) to
1 welds and
ehaviour as
the generic
int industry

ent and are
Ffor undated
es.

specimens

re corrosive

but whose

Zone cracking

form of sulphide stress cracking that may occur when a steel contains a local “soft zone” of low yield
strength material and is exposed under stress to environments containing H,S

Note 1 to entry: Under service loads, soft zones may yield and accumulate plastic strain locally increasing the
susceptibility to cracking of an otherwise cracking resistant material. Such soft zones are typically associated
with welds in carbon steels.

4

Principle

The four-point bend test is a constant displacement test that is performed by supporting a beam
specimen on two loading rollers (bearing cylinders) and applying a load through two other loading
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rollers so that one face of the specimen is in tension (and uniformly stressed between the inner rollers)
and the other is in compression. The stress at mid-thickness is zero and there will be significant
gradients in stress through the thickness, this being most marked for thin specimens. As a consequence,
cracks may initiate, but then arrest or their growth rate decrease. Hence, complete fracture might not
always occur during the test exposure period. Important parameters are roller spacing, ratio between
outer and inner span, specimen dimensions, width-to-thickness ratio, and roller diameter. Testing of as-
welded specimens presents a particular challenge due to significant variations in root profile, surface
roughness, extent of micro-cracks, and degree of misalignment.

5 Loading jig design

5.1 Aload
specimen. T

5.2 Speciy
can be easily
the followin

spacing|

spacing|

roller d

5.3 Thickd
there is a b{
accommoda
vessel. This

ing jig similar to that shown in Figure 1 shall be used to apply a constant deflection™t
he dimensions are often chosen so that A = H/4.

hens of thickness up to 5 mm present few problems for parent material spécimens as
y accommodated in test vessels of modest size with typical dimensions fer‘the loading

e
5.

between inner rollers: 50 mm-60 mm;
between outer rollers: 100 mm-130 mm;

ameter: 6 mm-10 mm.

br specimens, up to full wall thickness, are advisable for testing welded specimens.
ilance between minimizing the load by increasing the spacing between span support
ting the increased size of the jig with possible constraints associated with the size of th
s an individual judgement.

P

-
-
=

D the

they
jig of

Here,
and
b test

Key
t
A
H distance

distance

specimen thickness

between the inner and outer supports
between the outer supports

Figure 1 — Typical four-point bend loading jig design
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5.4 The specimen shall be electrically isolated from the loading jig in order to avoid undesirable
galvanic and crevice corrosion. This is best achieved by the use of ceramic rollers as these also satisfy the
additional requirement that the rollers should not exhibit any yielding or creep during the test.

5.5 Friction between the rollers (bearing cylinders) and the specimen should be minimised to ensure
that frictional constraint does not impact on the stress distribution in the specimen. This is best achieved
by the use of ceramic rollers that have a low friction contact surface and can be further reduced if they
are free to rotate while loading the test specimen. In the absence of free rotation, there will be some effect
of friction on the force required to achieve the required strain. However, provided the specimen is strain
gauged and the frictional forces are not excessive, this will not impact on the test results. Nevertheless,
i in fricti ill i i i inner loading
e Clause 11).
at region for

ical test condition.

5.6
test ¢

The material of construction of the loading jig shall be resistant to stress;cerrosion crg
environment and the jig should be sufficiently rigid. Contamination of the solution wi

icking in the
th corrosion

prod
achid
carb
poss
is no|
For t
ensu
to mi

N

6
6.1

6.1.1
and

cond
matg
mate

6.1.2
This

6.1.3
discH
If th{

Licts from the jig material shall be minimized to avoid impacting oh_the test results.
ved by the use of corrosion resistant alloys or by application of a.eoating to the jig. V|
bn and low alloy steels with higher alloyed jigs, electrical bridging from corrosion
bility and electrical resistance checks shall be made at test fermination. Where elect
t undertaken, then the material of construction of the jigsyshall be similar to that of th¢
psting of carbon and low alloy steel specimens, adoption of low alloy steel jigs may be
'e an absence of galvanic interaction. In this case, a suitable inert coating may be applig
nimize accumulation of corrosion products.

bpecimen preparation
General

Four-point bend specimens shall be flat strips of metal of uniform rectangular ¢

lition for which a non-uniform cross section is inherent, or when testing the inner surfg
rial in its original surface state (for which the surface would be concave) or outer surfag
rial in its original surface state (for which the surface would be convex).

Identificatién)marks or numbers shall be permanently inscribed on each end of th
is the region“oflowest stress and the identification marks should therefore not initiate (

Specimen preparation techniques which generate hydrogen at the specimen surface
arge machining, should not be used on materials that are susceptible to hydrogen-indu

SI

This can be
Vhen testing
roducts is a
cal isolation
P Specimens.
preferred to
bd to the jigs

ross section

hiniform thickness except in.the case of testing welded specimens with one face in the as-welded

ice of piping
e of a piping

e specimen.
racking.

e.g. electric
ed damage.

e USe of such techniques is necessary, a final grinding of the outer surfaces of the spgcimen shall

be carried out to remove material containing retained hydrogen. The grinding shall be carried out as
soon as possible to minimize the time available for the hydrogen to diffuse into the specimen from the
outer surface. The thickness removed should reflect conservative evaluation of the effective hydrogen
diffusivity in the material. For most corrosion resistant alloys, removal of 500 pm from each surface of
the specimen is sufficient. Baking out of the hydrogen can also be considered, but only where this does
not introduce changes in the material microstructure/microchemistry.

6.2 Parent material specimens

6.2.1 Parent material specimens shall be machined, avoiding sharp edges, from the pipe or plate in the
longitudinal direction unless otherwise specified.

© ISO 2015 - All rights reserved
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6.2.2 Atypical four-point bend parent material specimen is shown in Figure 2 a).

6.2.3 The specimen width shall be 1,5 to 5 times the thickness of the specimen. Any deviation from
this requirement, e.g. for very thick C-steel sections, requires demonstration that out-of-plane bending is
not significant.

6.2.4 The specimen can be tested with the tensile test surface in its original surface state with no
subsequent surface preparation. This recognizes that grinding always induces some change in the
near-surface material properties and this may be undesirable. Otherwise, the surface of the specimen
shall be prepared to a consistent repeatable finish as agreed with the end-user, but usually with an Ra
Value, 50,2'- T, for dIry momr=wetded apcuiuu::u. The—test apcuilucu shattbemachimed—carefully at an
appropriate|rate to avoid overheating and unnecessary cold working of the surface. If a lubrica 49 lsed,
this could affect the surface chemistry of the specimen. The test specimen shall be degr with a
suitable degreasing solution and rinsed with an appropriate solvent such as acetone. The 1ven(*ss of
all cleaning procedures adopted in this International Standard shall be demonstrated mple 1sing
an atomizer|test.[2]

6.2.5 Deblirring of the edges of the specimen can be undertaken by light ma\@ré%rinding.

b
a) parent e&terial specimen
N\

?\
S

b) as-welded specimen

Figure 2 — Typical four-point bend specimens

6.3 Welded specimens

6.3.1 Unless specified otherwise, welded specimens shall be taken transverse to the weld where
feasible with the weld bead at the centre of the specimen.

6.3.2 A typical four-point bend welded specimen is shown in Figure 2 b).

4 © IS0 2015 - All rights reserved
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6.3.3 When testing with one surface in the as-welded state (in this context this means without further
surface treatment by grinding), machining from one side only can often result in variation in thickness on
either side of the weld, because of misalignment of the sections during welding, and the extent of this shall
be recorded. This variation in thickness will cause non-uniform straining of the specimen, but the impact
should be less for thicker specimens. For this case, testing of near full-thickness specimens is preferred.

6.3.4 When testing specimens with one surface in the as-welded state, the locations in contact with the
outer rollers should be machined flat to prevent high stress localization on the ceramic supports due to

specimen curvature. Otherwise, cracking of the roller can occur.

6.3.5—TForbothrfully machtredanmd-as=wetded specimrens; thespecimrerwidthrshattbe 15t

thick
C-ste

6.3.6
weld

6.3.7
as cl

throyigh-thickness. In particular, the root pass (or final pass if testing relates to the weld

shall
priof
ident
thick
shall
6.2.4
The

and ynnecessary cold working of the surface. If alubricant is used, this could affect the surfa

of th
and 1

6.3.9

6.4

6.4.1
the d
spec

NOTH
for ey

ness of the parent region of the specimen. Any deviation from this requirement, e;
el sections, requires demonstration that out-of-plane bending is not significant.

g/ 1

The variation in thickness of the specimen due to tapering, misalignment;*and cury
is machined from a pipe) shall be recorded.

When testing welds under fully machined conditions, the surface under tensio
hse as possible to the original surface as there might be hardnéss and microstructur

be retained. Thus, it is useful to conduct a detailed hardn€ss' and microstructure cha
to testing in order to assess the extent of variation, give guidance on specimen prep|
ify any possible influence on test results. There can also-be variations in residual stress
ness. Accordingly, the location of the specimen surface'in tension with respect to the ori
be noted and specimens cut in a consistent way:{The surface shall be prepared in accg
to a consistent repeatable finish as agreed with end-user, but usually with an Ra valu
fest specimen shall be fabricated carefully-at)an appropriate machining rate to avoid

b specimen. The lubricant shall be clearied from the surface of the specimen using a suif
insed with acetone as per 6.2.4.

Deburring of the edges of the.specimen can be undertaken by light manual grinding.
Clad product specimens

When testing-‘eorrosion resistant alloy specimens from clad pipe or pressure
arbon steel backing shall be completely removed by machining. This inevitably mea
mens need to’b€ used.

The'efficacy of removal of the carbon steel backing can be checked by using the coppe
ample,[8]

6.4.

5 times the
r very thick

ature (if the

h should be
hl variations
cap surface)
acterization
aration, and
through the
binal surface
rdance with
e, <0,25 um.
overheating
Ce chemistry
able solvent

vessel wall,
ns that thin

 sulfate test,

ment (hratrucian) chall ho rom
Tt SO —S o181t

embved unless

erat oo p et L A Y o o

otherwise specified by the end-user. Removal of the reinforcement should be conducted in such a way as
to minimize damage to the adjacent HAZ/parent regions since the surface condition of these regions, in

parti

cular the heat tint, can influence the result.

7 Strain gauging

7.1 Strain gauging is required when the loading of the specimen is such that it could induce plastic
deformation. Guidance on strain gauging is given in Annex B.

7.2 For testing of parent material specimens at stresses where plastic deformation is induced, the
strain gauge shall be attached to the calibration specimen at the centre of the face in tension.

© ISO
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7.3 For testing of welded specimens, strain gauges shall be attached to the parent material in the centre
of the specimen, symmetrically on either side of the weld metal, as close as possible to the weld toes,
but sufficiently far from them that the measured strain is not directly affected by any local stress/strain
concentration, non-uniformity of the surface, or by the mechanical properties of the heat affected zone
(HAZ). A distance of the strain gauge sensors of between 3 mm and 5 mm from the weld toe is often
adopted. The position of the strain gauges relative to the weld toe shall be recorded.

7.4 In strain gauging of as-welded material, attachment and subsequent removal of the gauges shall be
undertaken in such a way so as to minimize changes in the surface state. Degreasing may be sufficient with
the solvents adopted having been validated as in 6.2.4. Care shall be taken to minimize the area affected.

8 Loadilllg '\<0

8.1 Strainlevel @

The strain tp be applied shall correspond to the required stress.

O

8.2 Setting the total strain value g\\c~>
O

8.2.1 For parent material specimens, the objective is to achieve a sp@ ic value of strain at the centre

of the face of the specimen in tension. Q

N\

8.2.2 Thelrequired deflection shall be measured at the cent s%?the face of the specimen in terjsion.

The deflectipn shall be measured using a suitable displace monitor such as a dial gauge or ljnear

variable displacement transducer (LVDT) attached to the l&a ing jig as shown in Figure 3.
+ (/

Figure 3 — Loading jig with dial gauge attached for measurement of deflection

8.2.3 For applied stresses below the elastic limit, Formula (1) should be used to set the deflection, y.

6 © IS0 2015 - All rights reserved
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(3H2—4A2)6
12E¢

e8]

where o is the required tensile stress, E is the modulus of elasticity, t is the specimen thickness, 4 is
the distance between the inner and outer supports, and H is the distance between the outer supports
(see Figure 1). For carbon and low alloy steels and other materials that exhibit a distinct yield point
in the tensile stress-strain curve, Formula (1) is then valid up to the yield point (the lower yield point

rve, the total

in this case).
8.2. For materials that do not dicp]nv a distinct vield paint in the tensile stress-strain cu
straih (elastic and plastic) to give the required degree of plastic deformation (typically-0

strai
sepa

) shall be identified using uniaxial stress-strain data. The uniaxial data shall be, bag
Fate tensile tests using specimens prepared from the same heat treatment batch close to

of source material and with the same orientation from which the four-point bend test sp

obta
surfa

8.2.5
strai
data

Key
!

!

ned. The tensile specimens shall be the form of parent material fully machined and g
ce finish specified in 6.2.4.

The required deflection of the specimen is obtained when the-magnitude of the
n measured on the four-point bend specimen corresponds to the'total strain from the
(average of the three tests).

700 y=6545 M

600

500
400 —_— 2
300
200

100 -
x=0.49

Iniaxial stress (MPa)
Iniaxial strain

,2 % plastic
ed on three
the location
ecimens are
round to the

longitudinal
uniaxial test

dota

N R X<

43301 Az areiig aat
ciudar bAkl\,l TIITrIcIitdr udtda

0,2 % offset

Figure 4 — Typical example of stress-strain data for a corrosion resistant alloy showing
determination of total strain to be applied to achieve 0,2 % plastic strain in four-point bend

testing

8.2.6 When testing parent material, the deflection to be applied to the four point bend specimen shall
be determined by undertaking a calibration test in which the deflection is measured as a function of
applied load until the required total strain is achieved. For calibration specimens, the deflection shall
be measured using a suitable displacement monitor (6.2.2). Since the strain gauge on the calibration
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2015 - All rights reserved


https://standardsiso.com/api/?name=27ea42daddf6387ce431759ba21cd5e2

ISO 16540:2015(E)

specimen is also positioned at the centre of the face in tension, an adaptor shall be attached to the
displacement monitor so that it bridges the strain gauge.

8.2.7 For welded specimens, the objective is to achieve the required level of strain in the parent
material on at least one side of the weld. For fully machined welded specimens, a single calibration test
may be sufficient to define the required deflection, but this should be validated. Since every as-welded
specimen can be different, it is not possible to assign a specific deflection based on a particular calibration
specimen. Each as-welded specimen shall be individually strain gauged. When loading welded specimens,
the deflection is fixed when one of the strain gauges on either side of the weld first registers the required

total strain derived from the uniaxial tensile test.

8.2.8 In t}Ile case of dissimilar metal joints, the required strain shall be fixed in the lower stre

parent mate

8.2.9 Any
overstraineq

8.3 Testil

8.3.1 The
decreasing.
martensitic

rial.

specimen strained beyond 1 % of the intended level shall be discarded,or* tested i
| condition.

ng at elevated temperature

mechanical properties of the material will change with température, the proof stress ug
[his decrease is more marked for austenitic and duplex stainless steel (DSS) compared
stainless steels and carbon and low alloy steels. Creep mayralso be a significant factor, e.

duplex stainfless steels.

8.3.2 For
specified te
tensile test
test specimg

festing at elevated temperature, the total strain cerresponding to 0,2 % plastic strain 4
5t temperature shall be determined from the'stress-strain curve derived from a un
bn a reference specimen of the parent material at the test temperature (see Annex B)
n shall then be loaded at room temperature to the value of the total strain determined

ngth

0 the

ually
with
o. for

t the
axial

The
from

the high temperature test. There will also be some differential expansion of specimen and jig thaft can

result in son|

8.3.3 Wh{
method woy

NOTE Cy
stress gradie

9 Testel

9.1 Gene

e under-straining of the specimen,but the effect is insignificant.

re creep at temperature isssignificant, a constant load rather than constant displace
1d be more conservative.

eep in four-point bend(tests can be less than would be expected based on uniaxial tests becau
ht in the four-point bend test specimen provides a constraint to deformation.

nvironment

ral

ment

e the

9.1.1 The

P : — - £ 41 A IR iy A 1 11 Ful
LESU THVITUHIIICIIU IIT tCTIILS O UIC SOIULIUIT COMITPOUSIUUIT dIIU LESL 5d5C5 SITUUIU It

intended application. General guidance is given in ISO 7539-1.

t the

9.1.2 The test vessel material shall not lead to contamination of the test environment for the specified
test conditions and shall not compromise safety.

9.1.3 Tests at atmospheric pressure can be carried out in a glass vessel. Tests at elevated pressure shall
be carried out in an autoclave.

9.1.4 For tests in deaerated solution using glass vessels, a nitrogen cabinet can be used as sealing of
the lid might not be as effective as that on an autoclave. The oxygen concentration in the test solution
shall be maintained below 10 parts per billion by mass. In some applications, a slightly higher oxygen
concentration can be tolerated provided it is demonstrated that there is no effect on the test result.
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9.1.5 Validation of the methodology for attaining the required oxygen concentration shall be
demonstrated in a separate test using the same apparatus and procedure, but with an oxygen
concentration monitor.

9.1.6 The test temperature shall be maintained within *3 °C, unless otherwise specified.

9.1.7 When calculating the total pressure in tests at elevated temperature, the partial pressure of each
gas should be used rather than its fugacity as this approach is generally conservative. In cases where this
is deemed not appropriate, for instance when simulating a specific high pressure service environment,
the alternative approach used shall be documented in detail.

9.1.8 All chemicals used shall be high purity grades.

10 Procedure for four-point bend testing

10.1| Determine the required deflection for the specimen as described in Elause 8.

10.2
with

10.3

10.4
Ifrel
at 5
chan
and
stres|

10.5
10.6

10.7
soluf]
A pel

10.8
reser

Before testing, the test specimen shall be degreased with a suitable degreasing solutio
an appropriate solvent, such as acetone, then stored in a dessicator.

Place the specimen in the loading jig and load the specimen to the required deflection

Check for any strain relaxation as follows. For elastically loaded alloys, measure the str
hxation has occurred, adjust the deflection and repeat after 1 h. In all other cases, measu
min intervals and adjust the deflection until-the strain is constant for at least 30 min.
bed, the test can be started. Otherwise, thedeflection shall be adjusted to attain the reg
thecked after 1 h to ensure no significanb relaxation has occurred. In all cases, the ext
s relaxation together with descriptionlof the adjustments made shall be reported.

Place the loading jig in the test vessel, then seal the lid and ensure there are no leaks.
For tests in aerated solutien, it is sufficient to simply add the test solution to the test v

For tests in deaerated solution, the procedure adopted shall avoid transient exposure

riod of 1 h penrlitre of test solution is usually sufficient at typical flow rates (~0,1 L/min

The testwessel and connecting tubes shall be deaerated prior to injection of the solut
voir with the method chosen to ensure no impact on the test specimen.

h and rinsed

or strain.

ain after 1 h.
re the strain
If it has not
[uired strain
ent of initial

bssel.

to oxygen in

ion. In this case, place the test solution in a separate reservoir and deaerate by purging with nitrogen.

N>2).

on from the

For g

orrosion resistant alloys, it can be sufficient to connect the gas outlet from the reservd

ir to the gas

inlet of the test vessel. The outlet gas from the test vessel should be passed through an outlet trap (e.g.
Dreschel bottle) to prevent oxygen ingress. For carbon steels, carry-over of water with some oxygen
initially present in the gas stream could cause corrosion and this method is not appropriate.

10.9 Pump the solution into the test vessel using the pressure of the purging gas. Saturate the solution
with the test gas. The gas concentration in solution shall be maintained at the required level during the
test. This can be achieved by continuous or periodic replenishment.

10.10 For testing at elevated temperature, bring the test vessel/autoclave to the test temperature and
then increase the gas partial pressures to the required level as appropriate. Alternatively, set the gas
partial pressures at ambient temperature to attain the desired partial pressures at the test temperature.
The methodology for calculating the partial pressure at temperature shall be documented.
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10.11 Upon attainment of steady conditions, expose for the required period (typically 30 days).

10.12 Subsequently remove the specimens, clean with water, and dry with acetone.

10.13 Photograph the specimen, if required by the end-user, prior to removal of corrosion product.

10.14 Ifne

cessary, remove any corrosion product following the procedures in ISO 8407.

11 Failure appraisal

111 Caer)n steel

11.1.1 Test
cracks, sub-

cracking (S7

11.1.2 The

surface/surface breaking stress oriented hydrogen-induced cracking (SOHIC), and soft
C).

where no sufrface cracking is observed:

a) initial vj
b) non-deq
inspect
c) sectioni
d) otherw
(typical
unetchg
confirm
11.1.3 All¢
NOTE Sy

specimen edg
occur preferd
that in the st

11.1.4 The

isual examination at x10 magnification;

tructive assessment of the presence of cracks using, for example, magnetic pa

ng of the specimens at any suspicious featuresinoted in steps a) and b);

[y at 1/3 and 2/3 of width) followed by, metallographic preparation and examination i

ed in the etched condition.

racks identified shall be reported identifying the type of crack and location.

e may induce cracking©n the specimen edge that might not otherwise occur. Similarly, crackin
‘essed region betwegen the rollers.

visual observation of corrosion pits or other notable features shall be recorded.

In the abse

e of €racks, consideration should be given to whether corrosion pits could contin

propagate andAransform to cracks at longer test duration. To assess that possibility, the maximu

:

specimens shall be evaluated for any evidence of cracking including surface bre:

following methods should be used with increasingly more detailed examination adg

on (MPI) or liquid penetrant for surface cracks on the stressed test face or ultrasonic tes

se, where no surface cracks are detected, undertake longitudinal sectioning at two loca

d condition at 100x magnification ofjcut faces. The size and location of any cracks sh{

ecifying the location of ctagking is important because enhanced stress and deformation alon

ntially in the vicinit{-of the loading pins because of an elevated local stress and strain compat

nking
zone

pted

Fticle
ting;

kions
n the
11 be

g the
b may
ed to

e to
m pit

depth shoulfl be determined (see ISO 11463).

11.1.5 An unstressed reference specimen shall be evaluated for any evidence of cracking as per 11.1.2.

NOTE

confused with cracks generated during exposure testing.

11.2 Corrosion resistant alloys

Cracks or crack-like flaws may be generated in the material during processing/welding and could be

11.2.1 Examine specimens using low powered microscopy to at least x10 magnification. Photographic
evidence of any cracking shall be recorded.

10
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E

Specifying the location of cracking is important because enhanced stress and deformation along the

specimen edge may induce cracking on the specimen edge that might not otherwise occur. Similarly, cracking
may occur preferentially in the vicinity of the rollers because of an elevated local stress and strain compared to

that

in the stressed region between the rollers.

11.2.2 Visual/low powered microscopic examination can be complemented by dye penetrant
examination (DPE) or fluorescent dye penetrant examination (FDPE).

11.2.3 The visual observation of pits or other notable features shall be recorded.

In the absence of cracks, consideration should be given to whether corrosion pits could continue to

prop

depth should be determined (see ISO 11463).

ngate and transform to cracks at longer test duration. To assess that possibility, the mjaximum pit

11.2}4 Where no surface cracks are visible, undertake longitudinal sectioning at two locations (typically
at 1/B and 2/3 through-thickness) and conduct metallographic examination atupyto x100 mpgnification.

11.2

11.2

2 and 11.2.3.

NOTH

confysed with cracks generated during exposure testing

12

As a
and

a)

b)
‘)

d)

f)
g)

h)

j)

r

[est report

the following information, where applicable:

the target stress and applied deflection;

location from which specimeniwas removed, orientation of specimen, curvature (if any)

gurface preparation, photegraphs (if requested);
four-point bend testSetup data;
gtrain gauging procedure;

loading procedure;

fomposition, test temperature, and exposure time;

5 An unstressed reference specimen shall be evaluated for any\evidence of cradking as per

Cracks or crack-like flaws may be generated in the material/during processing/weldingland could be

minimum, the test report shall include a reference to this International Standard, i.g. ISO 16540

full description of the test material including heat number, heat treatmentlot, mechanical properties,
¢omposition and structural condition,type of product, welding parameters (where known)

dimensions

including any non-uniformity of thickness), commentary on root profile (for as-welded|specimens),

envirgniment composition including initial and final pH and any pH adjustmenf made, gas

method used for detecting cracks;

presence and location of any cracks on specimens, observed crack depth and path (where

determined), photographic evidence of cracking (if any);

presence and location of any pits on specimens, photographic evidence of pitting (if any), maximum

pit depth when measured.

© ISO 2015 - All rights reserved
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Annex A
(informative)

Surface preparation (see also ISO 7539-1)

A.1 General

The role of Jaboratory testing is twofold: to generate repeatable and reproducible data and tosg?tlwide
data relevant to the application. In the former case, the usual specification in standard %average
surface roughness, Ra, less than a certain maximum which can range from 0,2 um to ©,8"um, yhile
for service $imulation, the surface condition will aim to reflect the specific applicati hich will be
highly varigble depending on the material, nature of the component/product, anckb essivity df the
environment. There is a lack of general awareness of the impact of surface preparation on near-sufface
properties including not only surface roughness, but physical defects, reséjstress, near-sufface
microstructure (including phase transformation due to cold work) and meah\ cal properties, anf the
nature of the oxide (transformed by welding perhaps). << @)

QQ

A.2 Surface deformation A

A fundamental objective in surface preparation is that the prt@‘e\g adopted should be undertaken in a
step-wise mjanner so that any prior history in terms of neat\surface properties should be removed at
each stage ¢f grinding or machining. Otherwise, residu@ub-surface deformation might be retgined
in the specj}uen, which otherwise might appear to ‘g@t the requirements of the specified Ra value.
Metallographic examination in section using electr IIé\ack—scattered diffraction (EBSD) should bejused
on areferenfe specimen to assess the degree of sub=surface deformation and conformity to the reqhiired
procedure. Figure A.1 illustrates a “dressed” s\létéce[ﬂ] with an Ra value of 0,2 with very evident slip
lines showing that progressive removal of p 1\r deformation history had not been sufficient.

NOTE The scale bar on the bottom of this figure is 50 pm.

Figure A.1 — EBSD image for transverse dressed UNS S30403

Figurer A.2 shows an EBSD orientation map of a ground specimen with an Ra value of 0,6. In this case,
the slip lines are not evident, but a nanocrystalline layer is apparent that was removed effectively in
the case of the dressing process. This is not related to a smaller value for Ra since this nanocrystalline
layer exists for a ground surface with Ra of 0,2, though the finer the surface finish the less depth of
surface deformation.
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NOTH

Nanocrystalline layer between two yellow horizontal lines approximately 2 pm thick sﬁy
@3 Iy

within and above this region largely incorrectly indexed pixels) and deformation of a grain bo

NO
O

A.3 | Residual stress O

In addition to EBSD characterization, it is important to be aw e@mt different surface
produce different residual stress values (Figure A.3). Thus, th? s value in measuring res
to understand the different respond in environmentally as d cracking tests or stress
that |s relevant. \&

$‘(\
R\
xO
N
¥

Figure A.2 — EBSD orientation map of transverse ground specime%b&NS $30403

1l purple dots
(circled).

finishes can
idual stress
relieving, if
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Figure A.3 — Examples of residual stress profiles for UNS S30403 with different surface finishes

A.4 Surface defects

In addition to near-surface deformation and residual stress, it is pertinent also to recognize that the
machining/grinding process will generally introduce surface defects unless the surface is very finely
ground or polished. An example is shown in Figure A.4. There is evidence for a greater propensity for
corrosion damage to develop at such defects and it is important to be aware of their potential existence.

14 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=27ea42daddf6387ce431759ba21cd5e2

	Foreword
	Introduction
	1	Scope
	2	Normative references
	3	Terms and definitions
	4	Principle
	5	Loading jig design
	6	Specimen preparation
	6.1	General
	6.2	Parent material specimens
	6.3	Welded specimens
	6.4	Clad product specimens
	7	Strain gauging
	8	Loading
	8.1	Strain level
	8.2	Setting the total strain value
	8.3	Testing at elevated temperature
	9	Test environment
	9.1	General
	10	Procedure for four-point bend testing
	11	Failure appraisal
	11.1	Carbon steel
	11.2	Corrosion resistant alloys
	12	Test report
	Annex A (informative)  Surface preparation (see also ISO 7539‑1)
	Annex B (informative)  Procedure for strain gauging and determining uniaxial stress-strain calibration curve
	Bibliography

