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Foreword

{20 (the International Organization for Standardizetion} is 2 worldwlde federation of
patfonal standards bodies (IS0 memher bodies]. The work of prepering Internaticnal
Stanclards is normally carded out through (SO techrical committees. Each mamber
hody Interested in 2 subjsct far which a tachnical committee hag been sstablished has
the right to be represented on thet committce. International arganizations, govem-
mental and non-govemmental, In llalson with 150, elso teke part In Lhe werk. 150
collabaratas closely with the Intsenational Electrotechnical Commisslon HEL) on all
matters of cleatroteshnlical standardization,

Draft {ntatnationa! Standards adopted by the tachnlzal committees are ciroulated to
tha member bodies for approval beforo their acoeptance as [nternationsl Standards by
the 150 Council. They are approved in acoordancs with |50 proceduires requlting at
lcast 76 % approval by the member hodias voting.

internetlon el Standard |50 7529-5 was preparad by Technleal Committaa ISC/TC 155,
Comrosivn of maisls and elloys.

150 7530 consista of the follewlng perts, undar tha goneral title Corroséen of metals
and alfoys — Stress corrosion testing |

—  Pan I: Generaf guidsnce on festing procediires

—  Part 2! Preparation and usa of bent-beatn spechnans

—  Part 3 Proparation end wsg of U-band specimens

—  Part<; Preperation and use of unisxdally loaded tensian specimens
—  Part ¢ Freparation snd wse of C-ring spacimens

— Azt B Frepesbon and yse of pre-cracked spacimens

—  Part 7r Slow strain rete testing

—  Part 8; Preparation and use of welifsd specimens

Annex A forms en intagral part of this part of 150 7639

@ 150 198
Ali dghts rasorved, Mo part of this puslication mey be reproduced o utlilzed in any for of by any
yneans, elecironic or meshanical, insluding phetacepyng and micrafim, withmit prrmiasinn in
wiiting from the publishar,
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Introduction

This part of IS0 75639 i one of a serdes giving procadures far desipning, prapating and
tising warious forms of tast specimen to carry eut taets to astabllsh a motals reslatenca
to 3iress CDEFDEiUn

Emch of tha standards in the serics nc:cds 1o be read in assaciation wlih 150 7638-1.
Thiz helps In the choice of an appropriate test procedurs to suit particular

citcumstances as wall a5 giving guidance towards assesalng the significance of the
resUlts of tha tasts.

it
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Corrosion of metals and alloys — Stress corrosion

testing —

Parth:

Preparation and use of C-ring specimens

1 Scops

1.1 This part of IS0 7638 covers procedures for destyning,
prepating, stresflng, exposing and inspeEcting C-dng test
specimens for investigating the surcaptibility of a metal to
stress corrosion. Anatysis of tha state and distribution of streas
in the C-ring is proesantad,

The tarmt “matal” a5 usad in this part of B0 TEEEI inchudas
alloys.

12& The G-ring is a varsatils, sconomical spesimen for deter-
mining the susceptibilty to stress corrosion cracking of all
types of matals in & wids varety of product forms including
parts joined by walding. It Is particularly suitable for tests of
tube, vard and pfate (see figure 11, Motchod spacimens may alse
ba uasd [see 53,8

1.3 Cing specimons may Yo stresesd to predetemmined
levels, using simple sguipment for epplication of either cone
stant lozd or constant atrain.

2 Normatlve refarences

The following standards contain provisions which, through
referance in this text, consllte provisluns ol this part of
150 7638, At the timg of publication, the editions indicated
wiere valid. All standards are sublect to revision, snd partias to
agrecments based on this pert of 180 7839 are encoursged 1o
investigata tha possibliity of spplying the most recant aditions
of the standards indicated below, Mambers of 1EC and 15D
malntaln registers of currantly valid Intarnetlonal Standards.

120 ¥530-1 1 1887, Corosion of melals and affoys — Stress
corresion testing — Fart f; General gidance on testing pro-
tedures.

IS0 76390 - 1089, Corosion of metals snd sffoys — Niress
Corrosion festing — Fert 6! Preperation and use of pre-nrackedd
SIS,
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3 Definitions

For the purpesss of this part of 150 7530, the deflmtluns gr.rmn
in 1503 ?’539-1 are appHeable,

4 Principle

4.1 Tha test conslats of subfecting 3 specimen to constant
load o 1o censlant strain with a view ta determining stress cor
voslon suscepdibility by reforonce 10 one or more of the
prerameters enumerated in clauss 7.

4.2 Corroshve environments ray cause a datorioration of the
properties of strezsed matarals hayond those observed with
the same combingtion of cnwironmeont and oigtaerial when the
latter {9 not subjected o stress. This enhanced deterloration
may be expressed in a number of different ways fot the pumoas
of asscesing ctrass corrogion susceptibiliy.

4,3 Tha commonest form of daterioration due to stress cor
rosion ifvolvas tha nitiation and growth of cracks; one or more
of which may cvantually lead 1o tota! feiluee of 8 specimen if the
test iz conductad for an appropriste time.

4.4  Wide varigtions in test resuits may be obtained for a
given metal and enviranment sven when testing nominalty
identicat spacimens and the replication of tests is froquently
nacessary. if apecimens are prepared to diffarent sizes or orlen-
tatiang or are subjected to different stressing procedures, test
results may be sven meors variable.

4.5 Tha time required for cracks to appear after exposure of
strasged specimens to the test environment or the threshold
stress belgw which cracks do niot appear can be used as a
measure of the strass ¢orrosion resiastance of the material in the
teet anvironment at the stress evel emptoyad.
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Flgure 1 — Sampling progedure far testing varlous products
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5 Specimens

5.1 "Speclmen design

5.1.1 The siza of C-vings may be varied over owida rangs, but
C-rings with an outslde diameter less then 15 mem are not
recommended bkecaise of increasad difficultles In machining

and decreased precision io stressing. The dimensions of the |

Mty ¢en affect the stress state, and these considaratbons arg
tiscussed in 5.2, Figure 2 is a drawing showing typteal dimen-
stons for the manufactare of a Caring,

B.1.2 in tasting thick sections that have g directionsl grain
structura, it [z essential that the C-ring should be arfentatad in
the section so that the directlon of the principal stross |8 normal
ta the plane of minimum reslstance to stress cOITOSion crack-
ing. If the ring is not 5o anentated it will tend to crack off-centre
at a2 location where the strase is unknown and lower than the
calculated stress (see B.A.3). Appropdate instructions shooie
thetafore be given 1o waorkshop personnel. C-rfing specimens
may be Used as nntehad or fatigue pre-cracked specimens, the
siress staws of which are considered in 5.3.8 for notched
specimens and In 150 76386 for pre-cracked specimens.

h.2 Stress consldarations

5.2.1 The atress of principal interast in the C-ting spegdimen is
the clreunmferential stress. This is not uniform: there is 3
gradient through the thickness, vanving from & maximom in
tension on ong sUface to & maxium In somprazsion on the
opposita sudface. The stiess wvarkes also arcund the ¢
cutniamance of the G-ring from zero at each balt hole to a maxi-
rnlrm at the centra of tha are opposite the strossing belt, The
#tress calculatod acoording to annex A i= pressnt enly along B
line across the fing at the middle of the arg., Thus, if the atress is
detarminad by measuring tha sirdin on the tension surface of
the C-tlmg, the strain gauge should be positioned at the middle
of the arc in order to indleats the maximum strain. The stress

.19 min. 204
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varies across the width of the ring to an cxtent whish depends

“oh Wb wikdth-to-thickness and diamatar-ta-thlcknesa ratios, In

generdl, if loaded a= shawn in flgure 2a) and B}, the tensile
strexa on the outer surface |5 greater st the edges than at the
centre, while if Icaded a5 shown in figure 3cl, the lanslls strecs
on the inner surfacs is lezs i the edges than at the contre.

5.2.2 Anather characteristic of the stress system In the
C-rings is the prosence of biaxial strosses; that is, tranaverse as
walk as circumferential strasess ara developed, The transversa
axial stress varies from a maximum at the mid-ywldih to zero at
the edges, and has the same slgn as tha circumfarandlal atress,
In general, the transverse stross decreases with deeressing
width-ta-thickness and increasing dismater-to-thickness ratios,

B.2.3 In the case of the ngiched Coring a trlaxial strezs =1ate s
present scdjaeent to the ot of the notch, In addition, the ¢lr-
ciynferential stress at the rout of the notch will ba greater than
ihe nominzal sags and generally ray be axpected to be in the
plastic range.

524 When C-rings are machined from products that contain
apprecialda residual stress or aro subjected to hest treatmant
invalving quenching sfter being machined, intarna stresses
may be present. These rmay introducs errors in the caloulatad
Stress.

It s necesssry to moasura tha tublng diemeter before and after
tha axial cut is mede and to use these messurernants io calou-
late the residual strasses In the tUbe.

5.2.5 The possibility of rolaxatlon during the exposure parod
should be considered, eepeclally when specimens are axposed
at slevited temperatures. Belaxation can be estimatad if creep
data are svailable for hoth the ring and the stressing bolt.

NOTE — If the ring Anel bolk hevs diiferent cosfflclents of thormal

expanzion, o applied sweas may be slgrfleartly chengsd when
testing at elevaled toenpertures. Also, if plastlc insulotors are ssed 1o

Oimznsions i miimetras

Pext, to05

@int, +0,05 .
—=lfli

Jbmin.

—

7N

X
-

I

Hgure 2 — Exampte of C-ring speclman
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avoald galvanle corraslan, tho posslbilty of stross rolaxation shoald bo
antkelpatad,

5.3 Stressing methods

5.3.1 C-fny speclmeans are vsvally loaded under constant
displacement conditicns with tenslle gtress produced on the
axtarigr of the 1ing by tightening & bolt centred on the diametar
of the ring [see flgurs Jall.

§83.2 C-ringr can altarnatively ba strasssd in tha reverss dirsc-
tler by apreadd|ng the dng and creating 2 tenaile strasa on thein-
side suraca as n figure 3o} oF, prafarahly, by the use of a
wedge opening technigue to displace the arma of the C-rings as
Inv flgura &, |n tha [atter case the necessary displacamaent is pro-
vidadl by inserting an acourately machined wadga of the same
materlal aa the C-tlng, 50 avolding galwanfc effects. A suitable
jig for inearting the wedgs i= shown in figure 4.

§3.3 Tha C-ring test can a modifiod for approximately con-
stant load condlitlons by the use of a suitably cailbratad spring
placed on the Ioading bolt [2ee figura 381

534 The most accurate stressing procedore is to sttach oir-
cumferential and trangvergs slactrigal strain gauges to tha sur
face stressed in tension and to tighten the bolt urtl the siraln
moasursrmantz indicate the desired clreumferantis] stress,

The circurmiarentist @, and transverss o, stresses are caloulated
as followe provided that they sra within the slestic range:

r
o= '_._.ﬁ_ﬁtg" + pee,

.1}
ﬂ't = -—_'_'2 1'Et + 'HEG}
1 -

al Constant strain

b} Constant load

where

F 15 the modulus of slasticity, i newtons par squarn
metre;

p |5 Polssen's ratlo;
£, s tha cireumforcntial strain;
g, = the Tansverse straln.

Whan using olectriesl strain gauges on thin walled C-rings,
corractlon should be allowsd for tha displacemont of tha gaupe
[rom the surkace al e dng. Al races of he gauge and
adheslve must be removed from the C-ring before it 1s exposed.

Calcutation of stresses sbove the limit of elaaticity mey be car-
Fed aut on the basls of an slectric-plastlc anakysis,

6.3 6 ‘When several rngs of the same alloy and dimensions
ar 10 bo loaded, it is conyvenient to determing a callbration
aurve of pirourrferential strass warsus ring deflection to awvoid
the inconvenisnce of straln-ganging sach rng.

6.38 The amount of compression required on the C-ting to
praduce elastic stralning only, and the degme of eldstic strain
can bo predioted theoretficaily. Thersfore, C-rings may be
strossod by caloulating the deflection required 1o develop a
dezlred easlic slress by ugdng he individust ring dimensiansa in
a modified curved beam fornula as shown In annek A,
Experionoe shows good agreement between the strasses
caleulatod in this way and those messured by Fixing atraln
gauges to spacimans.

T
—T
|

]|

¢} Constant strain

Figure 3 — Methods of steessing C-rings
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5.3.7 Alernatively the stross strain distriibation throughout
the spacimean, for varous applled displacements of tha C-indg,

may be calculated using the finite elemont method of sttess
analysiz. Such snalyses zhould bo done using well setablished
finite glement prograrmmes anc by persornel fully conversant

with the finite clamant techinigua, The method would normally
ba used for spechnans with rmate cornplex geomatries or
foading sanfigurations far which simple theorotical analysls s
not applicabte.

5.3.8 Far notched spacimans (sas 5.2.3] a nominal stress §s
gesurned using the fing outsido diameter measured at the root
of the notch. The maxdoium siress ar the notch’ is then
calculated from the prodiict of the nominal stress and the strags
soncentietion factar K for the specific notch,

%4 Machining and surface preparation

541 A high guality machined surface is the most desirable
fur corrosion test purposes uniess 1t s desiradt 1o vest the as-
manufactured surface of a tube or bar. When rings #@e
machingd from splid stock, precautions should be takon to
avold practices that overheat, plastically deform, or develon
resicual stress in the metal surface. Machining should ba dobs

L
Copyrighi by the Mtcrnational Deganization For Standardization
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in stuges 3o that the final eut leenves the principal aurface with a
claan finish of 1 wm s or bogg:.

Lapplng, mechanical polishing, &nd similar operations that pro-
duce flovw of the metal should be awoided.

54,2 Tha surfaca of tha spadimen should be degreaserd
beforo ceposura. Chamical or eleetrochemica! trastments mey
e usad to rermove oxlde fllms or thin layers of surface metal
which have become distorted during machining. If chemical or
olpctrochamical reatments are smployad, care must ba takan
to ensute thal the condiElons used o net result in selecive
phase attack < the metal or leave 8 deposit of undesirable
residues on the surface, Treatmcnts that ganarate Wydrogen on
the specimen surface must not be uscd for matedals that are
suscaptible to hydiogan-induced damaga.

5.4.3 The surfaee preparation should be compteted baforn tha
C-ring 15 stressed exgept for a posaible final degreasing of the
atressed area.

5.4.4  Bvery pracaution should ba taken to avoid fingsr
prinsling or any rouagh handling which could mar the finish of
the surface after its final preparetion.

o | ‘\)“ﬂ*
T N

Flgure 4 — Suitable Jig for the placemant of a wedge opening insart
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6.6 Specimen identificatlon

851 Bpocimen numbers may ba seribad on one of the endz
adjocent 1o the out eway seprment of tho C-ting. Mo markings of
any Kind should o rmade on the eritically stressed arc between
the bolt holes. Mon-metallic tapes may be attached to the
stroszing bolt by meaans of a second nut,

§5.2 Murmbers for wedge-opaning loaded specimens mey ha
sorbod on the outer surface of the Cering adjacent to the
wedga insert.

6 Frocedure

6.1 The C-ring, because of lts emall size and the aimple
methods of stressing, can be exposed to almost any kind of
comrogive snvirenment, Tha aperimens should be supporisd so
that nothing except the corveslva mediurn contasts the critically
streszed ared.

B.2 Cara shoukd ho exercised fo aveld galvanic effects
tiptwaen the C-ring, the strassing balt, nuts or wedge Insert
and the expoaure racks, Protection can be provided by [n-
sulating bushing as shown in Agure Bat and b or by coatings
a3 shown in figure Bl 1t is also essentla) to pravent crevice
comosion that could devalop corrasion pradoats betwean tha
ting end its stressing assambly and thus alter the strase in the
C-ring; coating as shawn in figure 5ol bs suilable for this pur-
pose, The coatings of insuletors selacted should not con-
tarninate the cotroslva envirnmant nor be daterorated by it.

6.3 Specimens shouild be exposed o the tast arvirohment
immacdiatoly after belng stressed or should he sorad, in such a
way a& 1o aveid contarmination or deterlorgtion, untll thay can
I exposad,

7 Assessment of results

7.1 Tha tirne requirad for cracks 1o appeer after exposurc of
stressed specimens to the test anvironment or the thrashold
strans halow which cracks do not appesr gan be used as 3
measUts of stross cotrosion resistance of the materdal in tha test
emvitonmant at the stress laval employead.

1.2 Cracking is usually ohvious in highly stressed C-rings of
afloys that are suseoplible to stress corraslon cragking.

7.3 Cratking may be much |oss obvious In G-rings exposed 10
Iowor tress, or in more rasistant alloys, especially 1 corroslen
produets obscure the cracke.

7.4 ¥ a C-ring does not fracture, some arbltrary criterion of
failrre st be adopted, based on @ recognizable degree of
aracking.

It is commot practice to inspoct for cracks with tha naked aya
or 3t 8 low magnificetion.

1.8 If there vre indications notad thai cannct be estabilshed
dafinitety 08 & crack by this examination, the investigator
gshouid either

a)  hots the e and date of this first susploion of cracking
and continue the sxposure of the specimen, watching for
further growvthy 10 confirm the first Indleation as the failure
zimeé,

ar

bt dlscontinue axposure of the specimean and porform a
metallographic  cxkamination of & cross-saction  takon
through the suspectad crack to establish whethsr thorg |5
cracking.

7.6 Motallographic exemination of fracturerd or cracked
C-rings can alao be helpful In determining whether failura wha
causad by strezs corroslon cracking or by some other form of
GaMoEion.

8 Teszt report

8.1 In addition to reporting tho number of specimens failad
and the time to failurs of each specimen, particuars should ba
veported concerning the falkawing

al  tha method of stressing;

L

&t Stepped [nsulating ushing

bl Spherleal Insulatlng bushing

i Coating

Figure 6 — Protection against crevica corroslon and galvanic sffects
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b]  the magnitude of the appliad atress! B2 Complate information should also ba raportad about the
metal belng tested, including the following

gl  the sdentation of the specimen:
ab  aloy destpnation or specification nurbar:

&1 the dimensions and surface preparation; . )
bl the composition of the matarial under teat;

el the test environment; ] the fabrication history:

1 the duration of the test; ' d} the heat troatment;

gt the criterion of failurs, 6] the mechanical propartias,
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Annex A
{harmative)

Formula for caleculating stressing of C-ring specimens

The final dismatar 1, raquired to glve the desivad stress can bt
calpulatad using the Tollowing eguations:

0, =D1AD
and

AD = gndfAELE
whre

I is the outslda diameter, in millhmetres, of the C-ring
befara strassing;

D, % the outside diameter of stressed Ceting, in
milimetres, measarad at Aght angles toa centre line passng
through the point of mmaximum stress;

¢ iz the desired strass, in maganewtnns per square metre,
within the mit of propertionalty;

ALl is the change of D, in millimetres, giving the deslred
sireme,

d  is the mean diameter (43 — ), in milllmelres;

Copyrighi by the Mtcrnational Deganization For Standardization
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{5 the wall thicknesa, I millimetres;

E iz the modolds of olasticity, in raganawtons per squans
rrekea;

£ isa correction factor for curved beams {see flgure AL

Takles such as table A.7 can ke developed to avold rapatitive
calculations for invostigations invohlving many tests of a givan
size of G-ring.

The main zource of excr In this procedure s in tha measlre-
ment ol ihe C-ting dimensions, IF in 8 typical sxemple of a
Crring of 18 mm ouisida diameter and 1,50 mm wall thickness
the messurements are made to the nearaat 0,03 rmim, the ran-
dom erot In the caloulatad walug should not exceed 3 %] and
the error would ha iegs far longer and thicker rings. Ar error of
0.0% rm in measwring to the outalde dizmetar before and aftar
stross, howsver, will have a varlebla effect upon the strass
actually developad, depending upon the magnitudes of the
desirad strass and autside diamcter of the rings. For the slze
of rings martionad the percartage arar in apphing AJS
wonld be 3 % for o = 380 MRS ranging to L 300% for
= 36 MM/ mE
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Teble A.1 — Defieation A0 for a G-ring of nominal 1% mm outside dismater and 1,50 mm
dulus of elasticity of 100 000 MN/mZ for stressing
to 500 MM/ mi

Limangigns in millimstres

wWall Qutside diameter

thlcknoss 10,88 8.5 18,84 1897 19,001 19,03 18,06 18,0 19,12
1.41 B.B2% { 0002 0,805 0,807 0,014 3,913 0,916 0,919 |- 04922
1,42 BEEZ | 0,804 0,897 0,900 0,803 0,906 0,910 0,312 0,916
1,43 nAgs | 0587 0,350 0, B3 0, 735 0,550 0,512 0,806 0,508
1,44 nA7E | 085 0,881 D887 0, Bk [ B 0,845 0,568 0,50
1.45 (3,071 0,574 087 {3, By 0 ARG (3 886 HRT T 0,852 0,835
1,46 nach | 0,563 .87 0,74 0 57E 0270 0,587 0,535 0,535
147 o888 | 0868 03,8841 0867 0270 [, 873 057G 0878 a,839
148 03 251 (0,754 0857 13, EBEd) 0 FE3 03, BaG 0,069 4,871 A1,674
1,43 .245 | 0548 0,851 0,B5% 0 B85 0, BES 0,562 0,865 1,867
1,850 0239 | 05842 0,344 0,347 0,850 0,863 0,855 883 0,851
141 02l | 08k. 0,338 0,241 0,544 0247 0,843 9,562 0,854
1,52 0227 | Q8m 0,532 0.E36 0,530 0,247 0,843 085 0,898
153 0,821 0523 0,226 0,824 0,837 0,835 0,837 B33 0,842
154 081 | 0817 0,820 0,823 0,525 0,822 0,83 3,633 1,836
1,05 neng [ man 0,214 0817 0,570 0,R7% 1,82 0857 1,830
1.68 0802 | 08K 0,802 Q811 0.814 0817 1,819 0, B29 1,824
1.57 0,787 | 0800 0,802 {305 0,505 0511 0.813 0,B15 1818
1,58 0, 7ot 07 0,797 0,704 0,802 0,705 4,307 0,810 813
.64 Q786 | 075 onm (783 0,785 0,728 0,802 LR 0,57
180 0,700 | 0783 0,785 0,748 0,79 0,783 1,754 0,753 1,801

WNOTES ’

1 To ablain the defleclon required o devalep tha intanced stress, &, T a partedar Corlng, lasnte the

numaber comesponding to the outside disrmeter and wall Uhickness for thal particular C-ring 2nd multiphy

bay =/ BOO,

2 Fot alloys with a differant madulus of elasticity £, another table could he calzulated, or the value of A1

found In tha lable caould ba dividad by & 10 -5,

20

30

&0

50

o

50

70

80

Figura A1 — Caorractlon factar for curved heams
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