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Laboratory Testing for Resistance to
Environmentally-Assisted Hydrogen Stress
Cracking in Welds

This AMPP standard represents a consensus of those individual members who have reviewed this document, its scope,
and provisions. Its acceptance does not in any respect preclude anyone, whether he or she has adopted the standard
or not, from manufacturing, marketing, purchasing, or using products, processes, or procedures not in conformance with
this standard. Nothing contained in this AMPP standard is to be construed as granting any right, by implication or other-
wise, to manufacture, sell, or use in connection with any method, apparatus, or product covered by Letters Patent, or as
indemnifying or protecting anyone against liability 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 all cases relating to the subject. Unpredictable circumstances may negate the use-
fulness of this standard in specific instances. AMPP assumes no responsibility for the interpretation or use of this stan-
dard by other parties and accepts responsibility for only those official AMPP interpretations issued by AMPP in accor-
dance with its governing procedures and policies which preclude the issuance of interpretations by individual volunteers.

Users of this AMPP standard are responsible for reviewing appropriate health, safety, environmental, and regulatory
documents and for determining their applicability in relation to this standard prior to its use. This AMPP standard may
not necessarily address all potential health and safety problems, or environmental hazards associated with the use of
materials, equipment, and/or operations detailed or referred to within this standard. Users of this AMPP standard are
also responsible for establishing appropriate health, safety, and environmental protection practices, in consultation with
appropriate regulatory authorities, if necessary, to achieve compliance with any existing applicable regulatory require-
ments prior to the use of this standard.

CAUTIONARY NOTICE: AMPP standards are subject to periodic review and may be revised or withdrawn at any time in
accordance with AMPP technical committee procedures. AMPP requires that action be taken to reaffirm, revise, or with-
draw this standard no later than five years from the date of initial publication and subsequently from the date of each
reaffirmation or revision. The user is cautioned to obtain the latest edition. Purchasers of AMPP standards may receive
current information on all standards and other AMPP/NACE/SSPC publications by contacting AMPP Customer Support,
15835 Park Ten Place, Houston, Texas 77084-5145 (Tel: +1-281-228-6200, email: customersupport@ampp.org).

Document History:

2023-11-30: Approved by AMPP Standards Committee (SC) 08, Metallic Material Selection & Testing

AMPP values your input. To provide feedback on this standard, please contact: standards@ampp.org
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Foreword

This standard addresses the testing of welds for resistance to cracking failure under the combined action of tensile stress
and environmentally generated and charged hydrogen which ingresses into the weld during service. This phenomenon is
generally termed environmentally induced hydrogen stress cracking when operating at ambient or low temperature. For
the purposes of this standard, environmentally assisted cracking (EAC) includes only hydrogen stress cracking (HSC).

When hydrogen atoms are evolved on the surface of a metal or weld by corrosion or cathodic charging, they enter the
metal or weld and diffuse to regions of high triaxial tensile stress or to some microstructural configurations where they
become trapped and decrease the ductility of the welded joint. Although there are several kinds of cracking damage that
can occur in metals and their welds, delayed brittle fracture of metals resulting from the combined action of hydrogen
charging and tensile stresses is known as HSC.

Certain ASTM and NACE standard test methods have been listed as references for supplementary tests, creating
a comprehensive test method standard. This standard is intended for use by laboratory and materials personnel to
facilitate conformity in testing. HSC of welds exposed to cathodic protection while in subsea environments is widely
recognized as a possible damage mechanism. Laboratory data and field experience have demonstrated that while
extremely rare, failures of welds susceptible to HSC can occur, if directly exposed to a hydrogen charging source, even
at applied loads well within design conditions. However, laboratory and operating experiences have also indicated to
materials engineers the optimum selection and specification of welding solutions having minimum susceptibility to HSC.
This standard covers a test method for HSC at ambient and low (subsea) temperature.

The primary purpose of this standard is to facilitate conformity in testing so that data from different sources can be
compared on a common basis. Consequently, this standard aids the evaluation of all types of metals and alloys and
welding processes, regardless of their form or application, for service in hydrogen charging environments. This stan-
dard contains methods for testing metals using specially designed tension test specimens.’? The design is to allow for
a large area of the weld zone to be evaluated while reducing the stresses due to test specimen edges to allow the most
sensitive region of the weld to be evaluated.

Scope

This standard covers the testing of welds subjected to tensile stresses for resistance to cracking in aqueous environ-
ments containing a source of hydrogen charging. Carbon and low alloy steels and their matching welds are commonly
tested for EAC resistance at room temperature where susceptibility is typically high. For other types of alloys, the cor-
relation of EAC susceptibility with temperature is more complicated. For example, dissimilar welds of nickel alloy on
carbon or low alloy steel have shown susceptibility at low, seabed temperatures (4 °C [39 °F]). Matching welds made
on duplex stainless steels have shown similar susceptibility (DNV RP-F112).

This standard describes the reagents, test specimen (base material, weld, and specimen properties), equipment to

use, and specifies the test procedure to follow. This standard describes one test method: Delayed Hydrogen Cracking
Test (DHCT)."2
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Rationale

While extremely rare, in-service failures of oil and gas extraction and petroleum refining systems, caused by environ-
mentally assisted HSC in matching and dissimilar metal welds, may lead to extensive environmental damages and
expensive shutdowns and repairs. HSC initiates and propagates in microstructures susceptible to hydrogen embrittle-
ment that form during welding and post-weld heat treatment.' Laboratory data and field experience have demonstrat-
ed that failures of sensitive welds can occur if directly exposed to a hydrogen charging source, even at applied loads
well within design conditions. 258

The need for a better understanding of the variables involved in HSC of dissimilar welds and welds made on materials
with known HSC sensitivity in subsea and downstream process environments and better correlation of data has be-
come apparent for several reasons. New design requirements by the oil and gas production and downstream industries
call for higher-strength materials and welds that, in general, are more susceptible to EAC than lower-strength alterna-
tives. At the same time, users in the petroleum refining and synthetic fuels industries are pushing present materials
much closer to their mechanical limits.

This standard describes the Delayed Hydrogen Cracking Test (DHCT). Laboratory experience with this test has demon-
strated good resolution of measuring resistance to HSC in welds, defined by time to failure varying in up to four orders
of magnitude, high sensitivity to the effects of base metal and filler metal compositions, and welding and post-weld heat
treatment procedures."258

Referenced Standards and Other Consensus Documents

Unless specifically dated, the latest edition, revision, or amendment of the documents listed in the table below shall
apply.

AMPP/NACE/SSPC, www.ampp.org:

NACE TM0177 Laboratory Testing of Metals for Resistance to Sulfide Stress Cracking and Stress
Corrosion Cracking in H,S Environments

ASTM International, www.astm.org:

ASTM A370 Standard Test Methods and Definitions for Mechanical Testing of Steel Products
ASTM D1193 Standard Specification for Reagent Water

ASTM F21 Standard Test Method for Hydrophobic Surface Films by the Atomizer Test
ASTM G215 Standard Guide for Electrode Potential Measurement

Det Norske Veritas (DNV), www.dnv.org:
RP-F112 Duplex stainless steel — design against hydrogen induced stress cracking
International Organization for Standardization (ISO), www.iso.org:

ISO 4287 Geometrical Product Specifications (GPS) — Surface texture: Profile method —
Terms, definitions and surface texture parameters

Standards Norway (NORSOK), www.standard.no:
NORSOK M-501 Surface preparation and protective coating

In AMPP standards, the terms shall and must are used to state requirements and are considered mandatory. The
term should is used to state something that is recommended, but is not considered mandatory. The term may is used
to state something considered optional.
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Section 1: General

This standard covers the testing of welds subjected to tensile stresses for resistance to hydrogen stress crack-
ing in aqueous environments.

This standard describes the reagents, test specimen (base material, weld, and specimen properties), equip-
ment to use, and specifies the test procedure to follow. This standard describes one test method: the Delayed
Hydrogen Cracking Test (DHCT).

Welds can be tested for resistance to EAC at temperatures and pressures that are either ambient or non-ambient.

1.3.1 For testing at ambient conditions, the test procedure can be summarized as follows: stressed test
specimen is immersed in an acidified aqueous environment containing a source of atomic hydro-
gen. An applied constant tensile load is used to obtain the EAC data.

1.3.2 For testing at non-ambient temperatures, at either atmospheric or elevated pressure, NACE
TMO177 describes alternative test techniques.

This standard may be used for acceptance testing of a Welding Procedure Specification (WPS) / Procedure
Qualification Record (PQR) or a joining process (base metal, consumable, and welding process inclusive of
any post-weld heat treatment) to ensure that the joint meets a certain minimum level of EAC resistance as
prescribed by the user or purchaser.

1.4.1 This standard may also provide a quantitative measure of the weld joint’'s EAC resistance for re-
search or informational purposes. This rating may be based on:
(a) The highest no-failure stress in 1,080 hours (45 days).
(b) The longest time run at a given stress and test environment related to the application; the
test duration in such case shall be agreed upon between the user or purchaser.

1.4.2 Test specimens loaded to a particular stress level give failure/no-failure test results. When multiple
test specimens are tested at varying stress levels, an apparent threshold stress for HSC can be
obtained. Tensile stresses applied to the test specimens shall be provided by the user or purchaser.

Section 2: EAC Testing Variability

The test method contained in this standard is severe, with accelerated testing making the evaluation and in-
terpretation of HSC extremely difficult. The reproducibility of the test method among different laboratories may
be affected by several undesirable side effects as noted below:

2141 Material anisotropy affecting mechanical properties and EAC susceptibility can be an important param-
eter. Material inhomogeneity, such as weldments and segregation, can affect test results. The fracture
path in the test specimen should be representative of what is anticipated in the actual component.

21.2 The test environment may corrode some materials that normally do not corrode in actual field
service and thereby induce EAC failures in alloys that ordinarily do not fail by EAC.

213 Test temperature may affect cracking susceptibility.

21.4 EAC is sensitive to applied tensile loads.

21.5 Some combinations of test environments and applied loads may require considerably longer test
durations.

21.6 EAC test results can show statistical variability. Replicate testing may be needed to obtain a rep-

resentative value characterizing resistance to EAC.
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Section 3: Test Environments

31 General

3141 All chemicals shall be reagent grade or chemically pure (99.5% minimum purity).

31.2 The test water shall be distilled or deionized and of quality equal to or greater than ASTM D1193
Type IV. Tap water shall not be used.

313 All reagents added to the test solutions shall be measured to + 1.0% of the quantities specified for
the specific test solution.

314 The test solution shall be maintained at 24 + 3 °C (75 + 5 °F) unless otherwise agreed upon with
the purchaser.

3.1.5 Solutions and temperatures other than those detailed in Paragraphs 3.2 and 3.3 may also be used
for fit-for-purpose testing. Details of the test solution and temperature shall be reported.

3.1.6 The initial pH and final pH shall be measured using a calibrated pH meter and reported.

Note: Test solutions A and B as referenced in this standard are not the same as those ref-
erenced in NACE TM0177 and TM0284. When test solutions from TM21453 are se-
lected, they shall be reported as “AMPP TM21453 Solution A” and “AMPP TM21453
Solution B,” respectively.

3.2 Test Solution A

3.21 Test Solution A is an acidic electrolytic hydrogen-charging solution with a hydrogen recombination
poison.

3.2.2 Test Solution A shall consist of 3.5 mL/L sulfuric acid (H,SO,) and 0.1 g/L sodium thiosulfate
(Na,S,0.,). Test solution pH before contact with a test specimen shall be between 1.1 and 1.3 ad-
justed by using either H,SO, or distilled or deionized water.

3.23 The final pH shall be 1.2 £ 0.2.

3.24 The test solution shall be prepared before each test. Test solution shall not be reused.

3.3 Test Solution B

3.3.1 Test Solution B consists of 3.5 wt.% sodium chloride (NaCl) dissolved in distilled or deionized water.
3.3.2 The initial pH shall be in the range of 8.1 to 8.3.
34 Deaeration Requirements and Procedures
3.41 Deaeration Requirements
3.4.11 The deaeration is not required for Solution A and may be required for Solution B.
3.4.1.2 The method of solution deaeration and solution transfer used for testing shall have

the dissolved oxygen levels in the test solution as specified by the user or purchaser.
Each laboratory shall have a demonstrated and documented procedure to achieve
the required dissolved oxygen level and ensure stability of the test solution through-
out the test, including regulation of pH.
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