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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. Esch 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, govern- 
mental 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. 

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

International Standard ISO 7539-5 was prepared by Technical Committee ISO/TC 156, 
Corrosion of metals and alloys. 

ISO 7539 consists of the following Parts, under the general title Corrosion of metals 
and altoys - S tress corrosion tes ting : 

- 

- 

- 

- 

- 

- 

- 

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 

Part 4: Preparation and use of uniaxialy loaded tension specimens 

Part 5: Preparation and use of C-ring specimens 

Part 6: Preparation and use of pre-cracked specimens 

Part 7: Slow strain rate testing 

- Part 8: Preparation and use of welded specimens 

Annex A forms an integral part of this part of ISO 7539. 

0 ISO 1989 
All rights reserved. No patt of this publication may be reproduced or utilized in any form or by any 
means, electronie or mechanical, including photocopying and microfiim, without Permission in 
writing from the publisher. 

International Organization for Standardization 
Case postale 56 l CH-121 1 Geneve 20 l Switzerland 

Printed in Switzerland 
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Introduction 

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

Esch of the Standards in the series needs to be read in association with ISO 7539-1. 
This helps in the choice of an appropriate test procedure to suit particular 
circumstances as well as giving guidance towards assessing the significance of the 
results of the tests. 
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INTERNATIONAL STANDARD ISO 7539-5 : 1989 (E) 

Corrosion of metals and alloys - Stress corrosion 
testing - 

Part 5: 
Preparation and use of C-ring specimens 

1 Scope 

1.1 This part of ISO 7539 covers procedures for designing, 
preparing, stressing, exposing and inspecting C-ring test 
specimens for investigating the susceptibility of a metal to 
stress corrosion. Analysis of the state and distribution of stress 
in the C-ring is presented. 

The term “metal” as used in this part of ISO 7539 includes 
alloys. 

1.2 The C-ring is a versatile, economical specimen for deter- 
mining the susceptibility to stress corrosion cracking of all 
types of metals in a wide variety of product forms including 
Parts joined by welding. lt is particularly suitable for tests of 
tube, rod and plate (sec figure 1). Notched specimens may also 
be used (sec 5.3.8). 

1.3 C-ring specimens may be stressed to predetermined 
levels, using simple equipment for application of either con- 
stant load or constant strain. 

2 Normative references 

The following Standards contain provisions which, through 
reference in this text, constitute provisions of this part of 
ISO 7539. At the time of publication, the editions indicated 
were valid. All Standards are subject to revision, and Parties to 
agreements based on this part of ISO 7539 are encouraged to 
investigate the possibility of applying the most recent editions 
of the Standards indicated below. Members of IEC and ISO 
maintain registers of currently valid International Standards. 

ISO 7539-1 : 1987, Corrosion of metals and alle ys - Stress 
corrosion testing - Part 1: General guidance on testing pro- 
cedures. 

ISO 7539-6 : 1989, Corrosion of metals and alloys - Stress 
corrosion testing - Part 6: Preparation and use of pre-cracked 
specimens. 

3 Definitions 

For the purposes of this part of ISO 7539, the definitions given 
in ISO 7539-1 are applicable. 

4 Principle 

4.1 The test consists of subjecting a specimen to constant 
load or to constant strain with a view to determining stress cor- 
rosion susceptibility by reference to one or more of the / 
Parameters enumerated in clause 7. 

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

4.3 The commonest form of deterioration due to stress cor- 
rosion involves the initiation and growth of Cracks, one or more 
of which may eventually lead to total failure of a specimen if the 
test is conducted for an appropriate time. 

4.4 Wide variations in test results may be obtained for a 
given metal and environment even when testing nominally 
identical specimens and the replication of tests is frequently 
necessary. If specimens are prepared to different sizes or orien- 
tations or are subjected to different stressing procedures, test 
results may be even more variable. 

4.5 The time required for Cracks to appear after exposure of 
stressed specimens to the test environment or the threshold 
stress below which Cracks do not appear tan be used as a 
measure of the stress corrosion resistance of the material in the 
test environment at the stress level employed. 

1 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 75

39
-5:

19
89

https://standardsiso.com/api/?name=a9cc9ca04dd528530a434f5d7d9802bc


ISO 7539-5 : 1989 (E) 

Rod and bar 

Long 

Figure 1 - Sampling procedure for testing various products 
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5 Spetimens 

5.1 Specimen design 

5.1 .l The size of C-rings may be varied over a wide range, but 
C-rings with an outside diameter less than 15 mm are not 
recommended because of increased diff iculties in machining 
and decreased precision in stressing. The dimensions of the 
ring tan affect the stress state, and these considerations are 
discussed in 5.2. Figure 2 is a drawing showing typical dimen- 
sions for the manufacture of a C-ring. 

5.1.2 In testing thick sections that have a directional grain 
structure, it is essential that the C-ring should be orientated in 
the section so that the direction of the principal stress is normal 
to the plane of minimum resistance to stress corrosion crack- 
ing. If the ring is not so orientated it will tend to Crack off-centre 
at a location where the stress is unknown and lower than the 
calculated stress (sec 5.3.3). Appropriate instructions should 
therefore be given to Workshop personnel. C-ring specimens 
may be used as notched or fatigue pre-cracked specimens, the 
stress states of which are considered in 5.3.8 for notched 
specimens and in ISO 7539-6 for pre-cracked specimens. 

5.2 Stress considerations 

5.2.1 The stress of principal interest in the C-ring specimen is 
the circumferential stress. This is not uniform: there is a 
gradient through the thickness, varying from a maximum in 
tension on one surface to a maximum in compression on the 
opposite surface. The stress varies also around the cir- 
cumference of the C-ring from zero at each bolt hole to a maxi- 
mum at the centre of the arc opposite the stressing bolt. The 
stress calculated according to annex A is present only along a 
line across the ring at the middle of the arc. Thus, if the stress is 
determined by measuring the strain on the tension surface sf 
the C-ring, the strain gauge should be positioned at the middle 
of the arc in Order to indicate the maximum strain. The stress 

19 min. 20,4 

varies across the width of the ring to an extent which depends 
on the width-to-thickness and diameter-to-thickness ratios. In 
general, if loaded as shown in figure 3a) and b), the tensile 
stress on the outer surface is greater at the edges than at the 
centre, while if loaded as shown in figure 3~1, the tensile stress 
on the inner surface is less at the edges than at the centre. 

5.2.2 Another characteristic of the stress System in the 
C-rings is the presence of biaxial Stresses; that is, transverse as 
well as circumferential Stresses are developed. The transverse 
axial stress varies from a maximum at the mid-width to zero at 
the edges, and has the same sign as the circumferential stress. 
In general, the transverse stress decreases with decreasing 
width-to-thickness and increasing diameter-to-thickness ratios. 

5.2.3 In the case of the notched C-ring a triaxial stress state is 
present adjacent to the root of the notch. In addition, the cir- 
cumferential stress at the root of the notch will be greater than 
the nominal stress and generally may be expected to be in the 
plastic range. 

5.2.4 When C-rings are machined from products that contain 
appreciable residual stress or are subjected to heat treatment 
involving quenching after being machined, internal Stresses 
may be present. These may introduce errors in the calculated 
stress. 

lt is necessary to measure the tubing diameter before and after 
the axial tut is made and to use these measurements to calcu- 
late the residual Stresses in the tube. 

5.2.5 The possibility of relaxation during the exposure period 
should be considered, especially when specimens are exposed 
at elevated temperatures. Relaxation tan be estimated if creep 
data are available for both the ring and the stressing bolt., 

NOTE - If the ring and bolt have different coefficients of thermal 
expansion, the applied stress may be significantly changed when 
testing at elevated temperatures. Also, if plastic insulators are used to 

Dimensions in millimetres 

@ext t0,05 

Figure 2 - Example of C-ring specimen 
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avoid galvanic corrosion, the possibility of stress relaxation should be 
anticipated. 

5.3 Stressing methods 

5.3.1 C-ring specimens are usually loaded under constant 
displacement conditions with tensile stress produced on the 
exterior of the ring by tightening a bolt centred on the diameter 
of the ring [sec figure 3a)l. 

5.3.2 C-rings tan alternatively be stressed in the reverse direc- 
tion by spreading the ring and creating a tensile stress on the in- 
side surface as in figure 3c) or, preferably, by the use of a 
wedge opening technique to displace the arms of the C-rings as 
in figure 4. In the latter case the necessary displacement is pro- 
vided by inserting an accurately machined wedge of the same 
material as the C-ring, so avoiding galvanic effects. A suitable 
jig for inserting the wedge is shown in figure 4. 

5.3.3 The C-ring test tan be modified for approximately con- 
stant load conditions by the use of a suitably calibrated spring 
placed on the loading bolt [sec figure 3 b)]. 

5.3.4 The most accurate stressing procedure is to attach cir- 
cumferential and transverse electrical strain gauges to the sur- 
face stressed in tension and to tighten the bolt until the strain 
measurements indicate the desired circumferential stress. 

The circumferential ac and transverse at Stresses are calculated 
as follows provided that they are within the elastic range: 

a) Constant strain 

E is 
metre; 

the modulus of elasticity, in newtons Per Square 

P 

% 

% 

is Poisson’s ratio; 

is the circumferential strain; 

is the transverse strain. 

When using electrical strain gauges on thin walled C-rings, a 
correction should be allowed for the displacement of the gauge 
from the surface of the ring. All traces of the gauge and 
adhesive must be removed from the C-ring before it is exposed. 

Calculation of Stresses above the limit of elasticity may 
ried out on the basis of an electric-plastic analysis. 

be car- 

5.3.5 When several rings of the same alloy and dimensions 
are to be loaded, it is convenient to determine a calibration 
curve of circumferential stress versus ring deflection to avoid 
the inconvenience of strain-gauging each ring. 

5.3.6 The amount of compression required on the C-ring to 
produce elastic straining only, and the degree of elastic strain 
tan be predicted theoretically. Therefore, C-rings may be 
stressed by calculating the deflection required to develop a 
desired elastic stress by using the individual ring dimensions in 
a modified curved beam formula as shown in annex A. 
Experience Shows good agreement between the Stresses 
calculated in this way and those measured by fixing strain 
gauges to specimens. 

b) Constant load c) Constant strain 

Figure 3 - Methods of stressing C-rings 
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5.3.7 Alternatively the stress-strain distribution throughout 
the specimen, for various applied displacements of the C-ring, 
may be calculated using the finite element method of stress 
analysis. Such analyses should be done using well established 
finite element Programmes and by personnel fully conversant 
with the finite element technique. The method would normally 
be used for specimens with more complex geometries or 
loading configurations for which simple theoretical analysis is 
not applicable. 

5.3.8 For notched specimens (see 5.2.3) a nominal stress is 
assumed using the ring outside diameter measured at the root 
of the notch. The maximum stress at the notch is then 
calculated from the product of the nominal stress and the stress 
concentration factor K, for the specific notch. 

5.4 Machining and surface preparation 

5.4.1 A high quality machined surface is the most desirable 
for corrosion test purposes unless it is desired to test the as- 
manufactured surface of a tube or bar. When rings are 
machined from solid stock, precautions should be taken to 
avoid practices that overheat, plastically deform, or develop 
residual stress in the metal surface. Machining should be done 

in stages so that the final tut leaves the principal surface with a 
clean finish of 1 Pm rms or better. 

Lapping, mechanical polishing, and similar operations that pro- 
duce flow of the metal should be avoided. 

5.4.2 The surface of the specimen should be degreased 
before exposure. Chemical or electrochemical treatments may 
be used to remove Oxide films or thin layers of surface metal 
which have become distorted during machining. If Chemical or 
electrochemical treatments are employed, care must be taken 
to ensure that the conditions used do not result in selective 
Phase attack on the metal or leave a deposit of undesirable 
residues on the surface. Treatments that generate hydrogen on 
the specimen surface must not be used for materials that are 
susceptible to hydrogen-induced darnage. 

5.4.3 The surface preparation should be completed before the 
C-ring is stressed except for a possible final degreasing of the 
stressed area. 

5.4.4 Every precaution should be taken to avoid finger- 
printing or any rough handling which could mar the finish of 
the surface after its final preparation. 

Figure 4 - Suitable jig for the placement of a wedge opening insert 
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5.5 Specimen identification 7.2 Cracking is usually obvious in highly stressed C-rings of 
alloys that are susceptible to stress corrosion cracking. 

5.5.1 Specimen numbers may be scribed on one of the ends 
adjacent to the tut away Segment of the C-ring. No markings of 
any kind should be made on the critically stressed arc between 
the bolt holes. Non-metallic tapes may be attached to the 
stressing bolt by means of a second nut. 

7.3 Cracking may be much less obvious in C-rings exposed to 
lower stress, or in more resistant alloys, especially if corrosion 
products obscure the Cracks. 

5.5.2 Numbers for wedge-opening loaded specimens may be 
scribed on the outer surface of the C-ring adjacent to the 
wedge insert. 

7.4 If a C-ring does not fracture, some arbitrary criterion of 
failure must be adopted, based on a recognizable degree of 
cracking. 

6 Procedure 
lt is common practice to inspect for Cracks with the naked eye 
or at a low magnification. 

6.1 The C-ring, because of its small size and the simple 
methods of stressing, tan be exposed to almost any kind of 
corrosive environment. The specimens should be supported so 
that nothing except the corrosive medium contacts the critically 
stressed area. 

6.2 Care should be exercised to avoid galvanic effects 
between the C-ring, the stressing bolt, nuts or wedge insert 
and the exposure racks. Protection tan be provided by in- 
sulating bushing as shown in figure 5a) and b) or by coatings 
as shown in figure 5~). lt is also essential to prevent crevice 
corrosion that could develop corrosion products between the 
ring and its stressing assembly and thus alter the stress in the 
C-ring; coating as shown in figure 5c) is suitable for this pur- 
pose. The coatings or insulators selected should not con- 
taminate the corrosive environment nor be deteriorated by it. 

7.5 If there are indications noted that cannot be established 
definitely as a Crack by this examination, the investigator 
should either 

a) note the time and date of this first suspicion of cracking 
and continue the exposure of the specimen, watthing for 
further growth to tonfirm the first indication as the failure 
time; 

or 

b) discontinue exposure of the specimen and perform a 
metallographic examination of a Cross-section taken 
through the suspected Crack to establish whether there is 
cracking. 

6.3 Spetimens should be exposed to the test environment 
immediately after being stressed or should be stored, in such a 
way as to avoid contamination or deterioration, until they tan 
be exposed. 

7.6 Metallographic examination of fractured or cracked 
C-rings tan also be helpful in determining whether failure was 
caused by stress corrosion cracking or by some other form of 
corrosion. 

7 Assessment of results 8 Test report 

7.1 The time required for Cracks to appear after exposure of 
stressed specimens to the test environment or the threshold 
stress below which Cracks do not appear tan be used as a 
measure of stress corrosion resistance of the material in the test 
environment at the stress level employed. 

8.1 In addition to reporting the number of specimens failed 
and the time to failure of each specimen, particulars should be 
reported concerning the following : 

a) the method of stressing; 

b) Spherical insulating bushing c) Coating 

Protection against crevice corrosion and galvanic effects 
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b) the magnitude of the applied stress; 

c) the orientation of the specimen; 

d) the dimensions and surface preparation; 

e) the test environment; 

f) the duration of the test; 

g) the criterion of failure. 

82 
metal 

Complete information shou 
being tested, including the 

ld also be 
following 

reported about the 

a) alloy designation or specification number; 

b) the composition of the material under test; 

c) the fabrication history; 

d) the heat treatment; 

e) the mechanical properties. 
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Annex A 
(normative) 

Formula for calculating stressing of C-ring specimens 

The final diameter D, required to give the desired stress tan be 
calculated using the following equations : 

Df = D+-AD 

and 

AD = andV4EtZ 

where 

D is the outside diameter, in millimetres, of the C-ring 
before stressing; 

D, is the outside diameter of stressed C-ring, in 
millimetres, measured at right angles to a centre line passing 
through the Point of maximum stress; 

0 is the desired stress, in meganewtons per Square metre, 
within the limit of proportionality; 

AD is the Change of D, in millimetres, giving the desired 
stress; 

d is the mean diameter (D - t), in millimetres; 

8 

t is the wall thickness, in millimetres; 

E is the modulus of elasticity, in meganewtons per Square 
metre; 

. 

Z is a correction factor for curved beams (see figure A.1). 

Tables such as table A.l tan be developed to avoid repetitive 
calculations for investigations involving many tests of a given 
size of C-ring. 

The main Source of error in this procedure is in the measure- 
ment of the C-ring dimensions. If in a typical example of a 
C-ring of 19 mm outside diameter and 1,50 mm wall thickness 
the measurements are made to the nearest 0,03 mm, the ran- 
dom error in the calculated value should not exceed 3 %; and 
the error would be less for longer and thicker rings. An error of 
0,03 mm in measuring to the outside diameter before and after 
stress, however, will have a variable effect upon the stress 
actually developed, depending upon the magnitudes of the 
desired stress and outside diameter of the rings. For the size 
of rings mentioned the percentage error in applying AD 
would be + 3 % for o = 350 MN/m2 ranging to + 30 % for 
a = 35 MN/mK 
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