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Slow Strain  Rate Test Method for Screening 

Corrosion-Resistant Al loys for Stress 

Corrosion  Cracking in  Sour Oilfeld  Service

This NACE International  standard  represents a consensus of those individual  mem-

bers who have reviewed this document,  i ts scope,  and  provisions.  I ts acceptance 

does not in  any respect preclude anyone,  whether he or she has adopted  the stan-

dard  or not,  from manufacturing,  marketing,  purchasing,  or using  products,  process-

es,  or procedures not in  conformance with  this standard.  Nothing  contained  in  this 

NACE standard  is to be construed  as granting  any right,  by implication  or otherwise,  

to manufacture,  sel l ,  or use in  connection  with  any method,  apparatus,  or product 

covered  by letters patent,  or as indemnifying or protecting  anyone against l iabi l ity for 

infringement of letters patent.  This standard  represents minimum requirements and  

should  in  no way be interpreted  as a restriction  on  the use of better procedures or 

materials.  Neither is this standard  intended to apply in  al l  cases relating  to the sub-

ject.  Unpredictable circumstances may negate the usefulness of this standard  in  

specifc instances.  NACE assumes no responsibi l ity for the interpretation  or use of 

this standard  by other parties and  accepts responsibi l ity for only those offcial  NACE 

interpretations issued by NACE in  accordance with  i ts governing  procedures and  

pol icies which  preclude the issuance of interpretations by individual  volunteers.

Users of this NACE standard  are responsible for reviewing appropriate health,  safe-

ty,  environmental,  and  regulatory documents and  for determining  their appl icabil ity in  

relation  to this standard  prior to i ts use.  This NACE standard  may not necessari ly 

address al l  potential  health  and  safety problems or environmental  hazards associat-

ed with  the use of materials,  equipment,  and/or operations detai led  or referred  to 

within  this standard.  Users of th is NACE standard  are also responsible for establ ish-

ing  appropriate health,  safety,  and  environmental  protection  practices,  in  consulta-

tion  with  appropriate regulatory authorities if necessary,  to achieve compliance with  

any existing  appl icable regulatory requirements prior to the use of this standard.

CAUTIONARY NOTICE:  NACE standards are subject to periodic review,  and  may 

be revised  or withdrawn at any time in  accordance with  NACE technical  committee 

procedures.  NACE requires that action  be taken to reaffrm,  revise,  or withdraw this 

standard  no later than fve years from the date of in itial  publ ication  and  subsequent-

ly from the date of each reaffrmation  or revision.  The user is cautioned to obtain  the 

latest edition.  Purchasers of NACE standards may receive current information  on  al l  

standards and  other NACE publications by contacting  the NACE FirstService De-

partment,  1 5835 Park Ten Place,  Houston,  TX 77084-51 45 (tel :  +1  281 -228-6200,  

email :  frstservice@nace.org).

ABSTRACT
This standard establishes a slow strain 

rate (SSR) test method for screening cor-

rosion-resistant alloys (CRAs) (i.e. ,  stain-

less steels and nickel-based alloys) for 

resistance to stress corrosion cracking 

(SCC) at elevated temperatures in sour 

oilfeld production environments.  The 

SSR test,  which is relatively short in dura-

tion,  incorporates a slow,  dynamic strain 

applied at a constant extension rate.  This 

results in acceleration of the initiation of 

cracking in susceptible materials,  thereby 

simulating rather severe conditions.

The standard specifes reagents,  test 

specimen,  test equipment,  determination 

of baseline material properties,  environ-

mental and mechanical test conditions,  

test procedure,  and analysis and report-

ing of test results.  It is intended for use by 

used by laboratory investigators for 

screening CRAs for resistance to SCC in 

sour oilfeld service.

This revision extends the scope of the stan-

dard to address the screening of precipita-

tion-hardened nickel-based alloys for resis-

tance to hydrogen induced stress cracking 

(HISC) using the SSR test method.
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Foreword

Failures of metals exposed to hydrogen sulfde (H
2
S)-containing  (sour) oi lfeld  production  environments have been reported  for 

more than 50 years and  have usual ly occurred  in  carbon or low-al loy steels. 1 ,2   Fai lures of high-strength  steels by brittle cracking 

(sulfde stress cracking [SSC]) and  of lower-strength  plate and  pipe steels by bl istering  and  hydrogen-induced (stepwise) crack-

ing  have also been reported.  As a result,  engineers and  scientists have developed test methods to evaluate steels for resistance 

to failure by these mechanisms in  sour environments.

These and  other considerations led  to the establ ishment of NACE Task Group (TG) T-1 F-9,  “Metal l ic Materials Testing  Tech-

niques for Sulfde Corrosion  Cracking,” which  original ly developed NACE Standard  TM01 773  in  1 977.  The task group (now TG 

085) has continued  to revise that standard.

An additional  interest of the original  TG T-1 F-9 was the application  of corrosion-resistant al loys (CRAs),  primari ly stainless steels 

and  nickel-based al loys,  in  oi lfeld  production  environments.  Some of these CRAs have experienced stress corrosion  cracking 

(SCC) when exposed to H
2
S,  carbon dioxide (CO

2
),  and  brine.  Therefore,  a standardized  method for screening CRAs for use in  

oi lfeld  production  environments is of extreme importance to the entire petroleum industry,  and  work group TG T-1 F-9e (now TG 

1 33) was formed to address this issue.

Several  screening methods were considered:  autoclave tests with  statical ly stressed specimens,  fracture mechanics methods,  

and  the slow strain  rate (SSR) test methods.  Each has advantages and  disadvantages that make the selection  of a  single test 

method for standardization  diffcult.  However,  the SSR test has emerged as a relatively quick,  simple method that can be used  

for the evaluation  of CRAs for resistance to a variety of environmental  cracking phenomena,  including  SCC,  hydrogen embrittle-

ment,  and  l iquid  metal  cracking. 1 ,2   The use of SSR test methods,  particularly in  screening tests,  has become more common in  

many laboratories for evaluation  of CRAs for downhole applications.

The SSR test incorporates a slow (compared with  conventional  tensi le tests),  dynamic strain  appl ied  at a constant extension  

rate.  Extension  rates of 2.54 x 1 0–9  to 2.54 x 1 0–7  m/s (1 .00 x 1 0–7  to 1 .00 x 1 0–5  in/s) are commonly used.  The principal  effect of 

the constant extension  rate,  in  combination  with  environmental  or corrosive attack,  is to accelerate the initiation  of cracking in  

susceptible CRAs.  Fai lure is obtained  within  a few days for commonly used  extension  rates.

Because of i ts relatively short test duration,  the SSR test has been found useful  in  evaluating  CRAs for resistance to SCC in  

simulated  oi lfeld  production  environments at elevated  temperatures. 4,5   By comparison,  i t has been observed that it may take 

thousands of hours of exposure time to evaluate CRAs using  more conventional  statical ly stressed specimens. 6,7

In  an  SSR test,  the test specimen is pul led  to failure.  One beneft of this method  is that the ultimate failure of the test specimen 

is a positive result.  That is,  parameters (including  reduction  in  area and  plastic strain  to failure) and  visual  observations can al-

ways be quantifed.  These results are usual ly further quantifed  by comparison with  the results of similar tests performed in  an  

inert environment.  Accelerating  the crack initiation  by this mechanical  technique tends to make the SSR test appear to be a 

rather severe test by being  able to fail  CRAs under environmental  conditions in  which  no other test method (at reasonable expo-

sure times) can produce failures.  Because the exposure time is short and  the strain  rate is somewhat arbitrary,  the results of SSR 

testing  are not intended to be used  directly to infer service performance.  I t is primari ly a screening or ranking method that should  

be used  in  combination  with  a more extensive laboratory evaluation  involving  complementary testing  for corrosion  and  environ-

mental  cracking.  Service experience should  be reviewed before material  selection  decisions are made.

A round-robin  testing  program was conducted  by former TG T-1 F-9 during  the early development of this standard  to evaluate the 

variabil ity of SSR test data and  the infuences of various testing-related  parameters.  Draft #5 of the proposed test method was 

used  as the basis for the round-robin  testing  program,  and  a total  of seven companies participated.  The results of the round-rob-

in  testing  program indicated  that large deviations in  the SSR test data were observed for some conditions.  However,  with  the 

evaluation  of the procedures used  by the round-robin  participants,  several  recommendations for changes in  SSR test proce-

dures were made.  Most of the recommended changes were included in  this standard  to reduce the amount of deviation  in  the 

test results.  These changes included:

(1 ) Ground surfaces (not turned) and  fner surface fnish  on  the test specimen reduced section;

(2) Additional  specifcations regarding  testing  machine compliance;  

(3) Improved calculation  technique for reduction  in  area;  and

(4) References to industry standards containing  accepted  procedures for autoclave and  SSR testing.
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Based on  the above-mentioned considerations,  TG T-1 F-9 developed this standard  test method  incorporating  the SSR test to be 

used  by laboratory investigators for screening CRAs for resistance to SCC in  sour oi lfeld  service.  I t was original ly developed by 

TG T-1 F-9 in  1 998 under the direction  of Unit Committee T-1 F,  “Metal lurgy of Oi lfeld  Equipment.”   I t was revised  in  2004 and  

2011  by TG 1 33,  “Review and  Revise as Necessary NACE Standard  TM01 98-2004,” which  was administered  by Specifc Tech-

nology Group (STG) 32,  “Oil  and  Gas Production—Metal lurgy.”  I t was reaffrmed in  201 6 by STG 32 and  revised  in  2020 by TG 

1 33,  now “Slow Strain  Rate Test Method for Screening Corrosion-Resistant Al loys for SCC in  Sour Oilfeld  Service.”  This stan-

dard  is issued by NACE under the auspices of STG 32.

In  NACE standards,  the terms shall,  must,  should,  and  may are used  in  accordance with  the defnitions of these terms in  

the NACE Publ ications Style Manual.  The terms shall and  must are used  to state a requirement,  and  are considered  

mandatory.  The term should is used  to state something  good  and  is recommended,  but is not considered  mandatory.  The 

term may is  used  to state something  considered  optional .


