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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.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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e main changes compared with the previous edition are as follows:

ecimen preparation, ires how RUB specimens are machined, bent and fastened, has b
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the pojt-expasure evaluation of how specimens are observed has been revised in Clause 7;

information has been added for the test report in Clause 8;

erimental procédure of how specimens are tested in a multiple immersion test with diffe
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Figures A.1, A.2 and B.3 and Table B.1 have been revised;

parts in the ISO 7539 series can be found on the ISO website.

new Figures A.3 and B.4 have been added to illustrate the RUB specimen before and after fastening.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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INTERNATIONAL STANDARD ISO 7539-10:2020(E)

Corrosion of metals and alloys — Stress corrosion
testing —

Part 10:
Reverse U-bend method

WARNING — This document can involve hazardous materials, operations and equianent. It is
the|responsibility of the user of this document to consult and establish appropriate safety and
hedlth practices and to determine the applicability of regulatory limitations priof to yse.

1 [Scope

This document specifies procedures for designing, preparing and usingyreversed U-bend |(RUB) test
spefrimens for investigating the susceptibility of the metal to stress)corrosion cracking| The term
“mgtal” as used in this document includes alloys.

2 |Normative references

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

[SO|7539-1, Corrosion of metals and alloys — Stress corrosion testing — Part 1: General guidancp on testing
progedures

[S0|8407, Corrosion of metals and alloys Removal of corrosion products from corrosion test §pecimens

3 |Terms and definitions
For|the purposes of this document, the terms and definitions given in ISO 7539-1 apply.
[SOJand IEC maintain.fepminological databases for use in standardization at the following addresses:

— |ISO Online brawsing platform: available at https://www.iso.org/obp

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

4 |Principle

The RUB test is a particularly severe test for assessing susceptibility to stress corrosion cracking.
The test is intended primarily for application to metals with high corrosion resistance, such as Ni-
based alloys, with the advantage, compared to methods such as the conventional U-bend test, of
having significantly less stress relaxation. It is used primarily as a screening test for tubing, piping,
plate, bar and other products including welded materials. It may also be used as an acceptance test for
performance in service subject to agreement between the parties.

The principle of the test is to introduce very severe stresses in a high corrosion resistance metal, with
minimum relaxation, in order to enhance the likelihood of inducing stress corrosion cracking.

The test involves exposing a piece of metal of a semi-circular section bent back on itself (i.e. reversed
bent) into a U-shape to the corroding medium and holding it in a manner that ensures that there are
initial tensile stresses in excess of the yield strength over a large proportion of the inner surface. The

© IS0 2020 - All rights reserved 1
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test is accelerated by the presence of complex bi-axial stresses that may or may not exist in service. In
the act of forming specimens, varying amounts of cold work may be introduced, and this deformation
can influence the stress corrosion cracking tendency as compared to that of the material in the original
condition.

The test is normally performed in a laboratory by exposing the specimens to simulated service
conditions.

A further objective of the test is to compare and evaluate the influence of different material parameters.

The principal advantages of the test are its simplicity and its ability to provide a rapid screening. If
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al U-bend or C-I'll’lg specimens are used for screening testsin a ngn Eemperature solution of

gher, marked stress relaxation occurs and a long testing time is needed for the evaluat

he stress relaxation in RUB specimens is smaller than that in conventional U-bendand C-
due to the bi-axial stresses in RUB specimens. Therefore, screening tests can be-done wi
short time through the use of RUB specimens.

tage is that the stress state is complicated and is difficult to quantify @vith accuracy. I
ress state is desired, an alternative method should be used.

tions in test results can be obtained for a given metal and envirgiment even when tes
dentical specimens and the replication of tests is frequently necessary.

1s are prepared from tubing of different dimensions or ar€\subjected to different stres
, test results can be even more variable.

5 Specimens
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increasing

Two-stage
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nens are prepared from pieces of proeduction tubing, piping and other hollow cylindy
it into half longitudinally or from a-plate, bar or other products formed into a semi-circ
b the axial direction. The specimens should be cut by sawing or other such methods tha
he material properties. Then they’should be shaped into their dimensions by machining.
the specimens should be debuirred and then finished by sequentially coarse-to-fine gring
5ive papers or cloths to a(surface finish such as P600 (see ISO 3366 or ISO 21948) wit}
the temperature of the specimens.

Stressing consisting®f bending and fastening with a loading bolt should be performed for |
Elastic-stress relief should be avoided during fastening RUB specimens with a loading bo

5.2 Preparation-of RUB specimens
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lengths and then sectioned axially to produce specimens with a semi-circular section.

The tubing shall retain its original surface finish.
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If heat treatment is added, final heat treatment shall be performed before the reverse U-bending process
(and pre-straining, if this is adopted).

5.2.2 Other products

A variety of bar stock, plate and other forged or rolled material or welded material can be employed.
These materials shall be machined into a plate after final heat treatment and pressed into a semi-
circular shape between inner and outer formers. The surface of the specimens shall be finished by
sequentially coarse-to-fine grinding using abrasive papers or cloths up to a surface finish such as P600

2 © IS0 2020 - All rights reserved
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(see ISO 3366 or ISO 21948) without increasing the temperature of the specimens before the pressing
process. Specimen preparation from a plate is shown in Annexes A and B.

When testing welds, consideration shall be given to the orientation of the weld relative to the
longitudinal axis of the specimen and this shall be noted. Tests may be conducted on the weld metal
itself or on sections containing the weld metal and heat-affected zone.

5.2.3 Reverse U-bending process

During bending, deformation of the half tube may be constrained by the forming jig to force it to

maintain its semi-circular cross-section or its sides mav he allowed to deform freely in

vhich case

it can tend to flatten at the apex. Both methods may be used. The latter procedure resul
strgsses but has the advantage of avoiding cracking at the edges. The former type specimg
the[“half tube RUB specimen”, and the latter type specimen is called the “RUB specimen w

section”.

Wh
strg
U-b

:[::ples of the preparation of non-pre-strained and pre-strained RUB specimens with a ga
shown in Annex B.

bn testing RUB specimens with a gauge section, pre-straining can be uséed-to achieve t
ss level. The stresses generated in the RUB specimens with a gatuge section duri
ending are lower without pre-straining because of reduced constraint:

Ex

Ex
are

The apex of the pressing template has a concave curve shere the curvature is suited to t
diameter of the half tube, while the rolls have a conyex curve where the curvature is s
intdrnal diameter of the half tube.

Only RUB specimens that do not crack at the apéx when bent should be adopted.

5.3

Wh
tha

Fastening RUB specimens with a-loading bolt

bn fastening specimens with a lgading bolt after a bending operation, care shall be takel

the deflection due to the fastening operation is restored beyond that reached at the
bending operation. RUB specimens should be stressed using a vice bench as the final s
bending operation before fasténing the specimen to align its legs by attaching them wit
bolgs. The final distance between the specimen’s legs at the loading bolt shall be approxim
lesq than the minimum distance during the bending operation. The final distance should b

Es in lower
bn is called
th a gauge

he desired
hg reverse

ples of the preparation of non-pre-strained half tube RUB specimens are shown in Annex A.

hge section

e external
ited to the

1 to ensure
end of the
age of the
h nuts and
hitely 1 mm
e the same

for pll specimens ina given series. Loosening after loading should be avoided. To obtain consistency, a

micrometer measurjng device should be used.

The bolting material should have a similar or lower coefficient of thermal expansion to
sperimen. Washers with a curved surface should be used to avoid non-uniform loading on th
durjng the-screwing of the bolt. The washers help to keep the same contact point on the
of d specimen. In addition, the use of double nuts to reduce the likelihood of loosening of

that of the
P specimen
bolt-holes
he bolts is

TIrrrrerrereerr

Bolting material that avoids galvanic corrosion with RUB specimens and is resistant to corrosion in the
environment should be selected. In a high-pH environment, the same material as RUB specimens can
be adopted, but zirconia should not be adopted. In high-temperature water, the use of oxidized zircaloy
washers for insulation is recommended.

6 Experimental procedure

If more than one metal is present in a system, electrical insulation of the specimen may be necessary to
avoid galvanic corrosion, depending on the test environment. Where insulation is used, the insulating
material shall not deform during the test. Ceramic insulating materials are suitable provided that they
are compatible with the test conditions.

© IS0 2020 - All rights reserved
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Specimens shall be degreased using a solvent such as acetone. Then they shall be rinsed with distilled
water or ethanol and dried prior to testing. They should be handled with care thereafter.

Specimens shall be examined, after forming, for cracks that could have developed before exposure to
the test environment. It may also be desirable to prepare additional specimens, which are stressed but
not exposed to the test environment, for use as controls for later comparison.

Where it is necessary to mark the specimen for purposes of identification, the methods given in

ISO 7539-1

As soon as

should be followed.

possible after degreasing, stressing and inspection, the specimens should be put on test.

Multiple sq
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me.
the

ecimens shall be tested for one condition in order to chart damage development over.b
wo methods shall be applied. One is a multiple immersion test with different periods'and
erial immersion test.
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Liple immersion test, multiple sets of specimens are tested for different exposure peri
detected by inspection after the immersion test. It can be useful to test a sufficient numbe

hsed with distilled water or ethanol and dried. Destructive inspection can be applie
ks. If required, a suitable cleaning method in accordance with ISO.8207 shall then be use
Fvation of possible cracks.

hl immersion test, specimens are repeatedly observed by hon-destructive inspection

raluation of the inspection time for crack detection with limited specimens than the multfiple
test.

it takes time for the corrosion potential of specimens to return back to their previous

potential in an environment after restarting thelimmersion test because oxide film on the specimens is

transformg
test witho
short that
carried ou
on surface
atmospher
back to thg
environme

7 Post-

Before spe
has not iny

d in the atmosphere. This can result'in a crack-initiation time different from the immers$ion
it intermediate inspections. When the time to return back to the previous potential if so
t can be negligible comparedwith the immersion test time, the serial immersion test can be
F without considering the(effect of intermediate inspections. A thin solid oxide film forined
of high corrosion resistant alloys such as alloys 600 and 690 is hardly transformed in|the
e after taking out from the environment. Additionally, the corrosion potential retyrns
previous potentialZafter several hours in the environment, e.g. a simulated primary whater
nt (PWR).

pxposute'evaluation

ciméns are examined, it is necessary to check that a failure or loosening of the loading polt

alidated the test.

Preliminary examination of specimens for evidence of cracks is by predetermined, non-destructive
observation methods such as a general visual inspection or a 10-to 40-fold magnification optical
microscopy without loosening the loading bolt after rinsing the specimen with distilled water or
ethanol and drying it.

If specimens are returned to the test environment in the serial immersion test, loosening of the loading
bolt and destructive inspection should be avoided. The removal of corrosion products and the electric
charging of the surface by electron microscopy change the conditions of corrosion phenomena.

High-magnification observation by scanning electron microscopy or optical microscopy on
metallographically prepared cross-sections may be useful in checking to confirm that a specimen does
not contain any cracks.

© IS0 2020 - All rights reserved
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Any cracking observed, unless positively proved to have occurred for some reason other than stress
corrosion cracking, should be considered as indicative of failure.

The test should be regarded as basically a “pass/fail” test and minor differences in behaviour, e.g. in
time to first crack detection or in size of crack, should not be considered as significant.

Presentation of the results by means of statistical analysis methods such as Weibull statistics is
recommended, i.e. plotting the cumulative number of failures as a function of time.

8 Testreport

The test report shall include the following information:

a) |a full description of the test material, including chemical composition, heat treafment and
microstructural condition;

b) [the International Standard used (including its year of publication);

c) |tubing dimensions, specimen sizes and, if specimens were pre-strained, pre-strains;
d) |afull description of the test environment;

e) |theinspection procedure, including the type of microscope@nd magnification;

f) |the time at which observations were made and when cracks became visible;

g) |adescription of the statistical methods used for the“evaluation;

h) |any deviations from the procedure;

i) |any unusual features observed;

j) |the starting and ending date of the test.

© IS0 2020 - All rights reserved 5
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Annex A
(informative)

Preparation of non-pre-strained half tube RUB specimens

The half tube is forced to maintain its original semi-circular cross-section (See Figure A.1).

Two-stage stressing involves the following (see Figure A.2).
a) The cutting of a half tube with two holes for the maintaining screw.

b) The cutting of a half rod of carbon steel or stainless steel used to maintain the semi-circular crpss-
section of the half tube during the bending operation.

c) The bgnding of the half tube to an angle of approximately 45° between its legs using a template
and a fensile testing machine. A thin sheet of paper can be inserted between the half tube and|the
half rqd to prevent the latter from polluting the half tube inner surface-during the close fricfion
generdted by the bending operation.

d) The elimination of the half rod and the use of a vice to bring the half'tube legs to a parallel position.
RUB specimens should be stressed using a vice before fastenitg the specimen to align its legs by
attach|ng them with nuts and bolts. The final distance, L, between the specimen’s legs at the loading
bolt sHall be approximately 1 mm less than double the bend radius, Ry The difference between
twice Rpyp and L should not be more than 2 mm (see Eigure A.3).

e) The legs are fastened with a screw and washersymade of an appropriate material for avoiding
galvanfic corrosion with RUB specimens and for resisting corrosion in the environment. Zirconja is
suitable for insulating washers in high-temperature water but is not used in high-pH environments.

(19 ;\AP
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1 template 4  halfrod (support material)
2 outer former 5 rolls

3 halftube 6  body

Figure A.1 — Schematic drawing of the bending apparatus for
non-pre-strained half tube RUB specimen
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Dimensions in mm

1

Key

1 outer former 8 roll

2 platelet material 9  body

3  inner former 10 RUB specimen

4  halftube 11 vice

5 tube material a2 Machining hole.

6  halfrod (support material) b Bending parallel with both end of half tube.
7  template ¢ Fastening after parallel.

Figure A.2 — Preparation of a non-pre-strained half tube RUB specimen from tubular and plate
specimen

© IS0 2020 - All rights reserved 7
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Dimensions in mm
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Annex B
(informative)

Preparation of RUB specimens with a gauge section

Prenaration of RUBR snecimens with 2 gange section
—re 2 == D e s S

d)

n
aroartro—o 4 D P eI YV It o St C D ECtrotT
| | (=] (=]

-stage stressing involves the following (see Figure B.3).

The machining of a tensile type specimen with two holes for the maintaining the
Figure B.1).

Kcrew (see

Optional: 0 %, 5 %, 10 %, 15 %, 20 % or 25 % pre-straining of the tensile type speciimen with a

tensile testing machine.

The bending of the pre-strained tensile specimen using a template and a tensile testing machine

(see Figures B.2 and B.3).

The use of a vice to bring the legs to a parallel position. RUB specimens should be stres
vice before fastening the specimen to align its legs by attaching them with nuts and bolt

bed using a
5. The final

distance, L, between the specimen’s legs at the loading bolt shall be approximately 1 min less than

double the bend radius, Ry, The difference between twice Ry and L should not be
2 mm (see Figure B.4).

The legs are fastened with a screw and-washers made of an appropriate material f

more than

r avoiding

galvanic corrosion with RUB specimens* and for resisting corrosion in the enviromment (see

Figures B.2 and B.3). Zirconia is suitable for insulating washers in high-temperature W
not used in high-pH environments.

rater but is
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Ul s W N =

10

tensile
RUB sp
bolt
nut

washer

Dimensions in mm

Iy
I

I
N

b) After bending

specimen

Pcimen

Figure B.1 — Pre-strained RUB specimen with a gauge section
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Dimensions in cm

-‘.-—( \-.v-qu.' re

PTG I T B R e T PR .

a) Tensile type specimen

o5
c) Non-pre-strained RUBcfSﬂimen d) Pre-strained RUB specimen
with a gauge secti with a gauge section

Figure B@O Preparation of pre-strained and non-pre-strained
O ~~ RUB specimens with a gauge section
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Dimensions in mm

1  outer formér 8 roll

2 plateletmaterial 9 body

3  inner former 10 RUB specimen

4  halftube 11 vice

5 tube material a2  Machining holes.

6 tensile type specimen b Machining sides.

7  template ¢ Bending parallel with both end of half tube.

d  Fastening after parallel.

Figure B.3 — Preparation of a RUB specimen with a gauge section
from a tubular and plate specimen
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