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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
otherwise, 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 usefulness of this standard in specific instances. AMPP assumes no responsibility for the interpretation or use of
this standard by other parties and accepts responsibility for only those official AMPP interpretations issued by AMPP
in accordance 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 appro-
priate regulatory authorities, if necessary, to achieve compliance with any existing applicable regulatory requirements 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CAUTIONARY NOTICE: AMPP standards are subject to periodic review and may be revised or withdrawn at any time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
withdraw 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 Sup-
port, 15835 Park Ten Place, Houston, Texas 77084-5145 (Tel: +1-281-228-6200, email: customersupport
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Foreword

Carbon and low-alloy steels in plate form and their welded products may be susceptible to one or more forms of envi-
ronmental cracking when exposed to wet H,S service conditions. These include, for example, (1) sulfide stress crack-
ing (SSC) of hard zones and welds; (2) hydrogen-induced cracking (HIC) in the parent metal; and (3) stress-oriented
hydrogen-induced cracking (SOHIC) in the region adjacent to welds of nominally acceptable hardness. Extensive work
has been conducted over many years to understand various fundamental and applied aspects of these phenomena.
Experiences in refinery wet H,S operations have directed particular attention to understanding SOHIC and the various
metallurgical and environmental parameters that govern its occurrence.

Scope

This standard was prepared to provide a test method for consistent evaluation of pipeline and pressure vessel steels
to SOHIC caused by hydrogen absorption from aqueous sulfide corrosion. The test conditions are not designed to
simulate any specific service environment. The test is intended to evaluate resistance to SOHIC only, and not to other
adverse effects of sour environments such as sulfide stress cracking (SSC), pitting, or mass loss from corrosion.

Rationale

A number of AMPP technical publications'® and technical reports have focused on several issues related to the service-
ability of carbon steel equipment in wet H,S service. One of these issues is the evaluation of steels to determine their
resistance to SOHIC. Other test methods have been standardized for evaluation of SSC and HIC; NACE Standards
TMO0177, TM0316, and TM0284 are extensively utilized in the evaluation and qualification of steels for determination of
resistance to SSC and HIC respectively. However, none of these test methods deals directly with the specific mecha-
nism and mode of cracking inherent to SOHIC.

The following situation illustrates the shortcomings of the existing test methods in the evaluation of SOHIC. Cracking
observed in steel equipment resulting from SOHIC appears to be mechanistically related to HIC because it involves the
formation of small HIC cracks in the steel (from the recombination of atomic hydrogen to molecular hydrogen) and the
development of interconnecting cracks that link adjacent HIC cracks on different planes in the steel. The small cracks
characteristic of HIC typically form parallel to the plate surface (see Figure 1).
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Figure 1: HIC in Carbon Steel without Applied Stress

However, in SOHIC, the orientation of these cracks is much different. The presence of an applied or residual tensile
stress in the steel (such as may be found adjacent to the weld Heat Affected Zone [HAZ]) produces stacked arrays
of these cracks and the interconnecting cracking is oriented in the through-thickness direction (see Figure 2). NACE
Standard TM0284, while being an acceptable test method for evaluation of HIC, lacks the application of tensile stress
and therefore cannot provide an evaluation of this through-thickness cracking process involved in SOHIC.

Figure 2: SOHIC in Carbon Steel under Applied Stress

Direction of Tensile Stress is Normal to Cracks Linking the Blisters
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The test methods defined by NACE Standards TM0177 and TM0316 utilize stressed specimens and have been ef-
fective in evaluating SSC susceptibility in high-strength, low-alloy steels where rupture by SSC usually occurs without
extensive internal cracking. However, when testing lower-strength steels, both test methods have also been shown
to produce internal arrays of HIC cracks with interconnecting through-thickness cracks (i.e., SOHIC) in some, but not
all, test specimens. The differentiation in susceptibility of lower-strength steels to SOHIC using SSC test methods can
therefore be somewhat ambiguous.

A number of recent AMPP technical publications®® have linked the occurrence of SOHIC in full-scale components to
the presence of tri-axial stresses, particularly those occurring close to welds. Although significant tri-axial stresses are
unlikely to remain in small-scale SSC test specimens, additional stresses associated with HIC cracks within stressed
SSC test specimens may result in highly localized tri-axial stresses and can produce SOHIC of susceptible materials.

In this test method, controlled tri-axial stresses are established in small-scale SSC test specimens by applying a minor
torsional load in addition to the conventional tensile load. This methodology has been shown to consistently produce
extensive SOHIC of susceptible materials, enabling the unambiguous differentiation in susceptibility of lower-strength
steels to SOHIC.

This test may be used for many purposes, and the applications of the results are beyond the scope of this standard.
Those who use the test should be aware that in some cases, test results can be influenced by variations in properties
among different locations in a single length of pipe, or individual plate, or weld, as well as by variations within a heat
of steel. When the test is used as a basis for purchasing, the number and location of test specimens must be carefully
considered. This standard is intended for end users, manufacturers, fabricators, and testing laboratories.

Referenced Standards and Other Consensus Documents

The latest edition, revision, or amendment of the referenced standards in effect shall govern unless otherwise dated.

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

ANSI/NACE MR0175/1ISO 15156-2 Petroleum and Natural Gas Industries—Materials for Use in
H_,S-containing Environments in Oil and Gas Production—Part 2:
Cracking-resistant Carbon and Low-alloy Steels, and the Use of
Cast Irons

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

NACE TM0316 Four-Point Bend Testing of Materials for Oil and Gas Applications

NACE TM0284 Evaluation of Pipeline and Pressure Vessel Steels for Resistance
to Hydrogen-Induced Cracking

American Petroleum Institute (API),
www.api.org:
API Spec 5L Specification for Line Pipe

ASTM International (ASTM), www.astm.org:

ASTM A516 Standard Specification For Pressure Vessel Plates, Carbon Steel,
For Moderate- And Lower-Temperature Service

ASTM D1193 Standard Specification For Reagent Water

ASTM F21 Standard Test Method for Hydrophobic Surface Films by the

Atomizer Test
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ASTM G1 Standard Practice for Preparing, Cleaning, and Evaluating
Corrosion Test Specimens

ASTM E1444/E1444M Standard Practice for Magnetic Particle Testing

European Federation of Corrosion (EFC),
www.efcweb.org:

EFC Publication 16 Guidelines on Materials Requirements for Carbon and Low Alloy
Steels for H,S-Containing Environments in Oil and Gas Production

International Organization for Standardization
(ISO), www.iso.org:

ISO 4287 Surface roughness - Terminology — Part 1: Surface and its pa-
rameters

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.

Section 1: General

11 This standard provides a test method for evaluating the resistance of pipeline and pressure vessel steels to
SOHIC caused by hydrogen absorption from aqueous sulfide corrosion. Details are provided on the size,
number, location, and orientation of test specimens to be taken from pipes and plates.

1.2 The test method consists of exposing tri-axially stressed four-point bend test specimens to a standard test
environment - NACE TM0177 Test Solution A, an acidified brine solution consisting of sodium chloride (NaCl)
and acetic acid (CH,COOH) dissolved in distilled or deionized water, saturated with 100 kPa pH,S under am-
bient conditions. At the completion of the 14 day (336 hour) test duration, the test specimens are removed and
evaluated.

NOTE: The length of the test may not be sufficient to develop maximum cracking in any given steel but has been
found to be adequate for the purpose of this test.

1.3 This standard does not include acceptance criteria; however, guidance is provided in ANSI/NACE MRO0175/
ISO 15156-2, Clause B.4.2.3.

Section 2: Reagents

21 The test reagents shall be an inert gas (nitrogen, argon, or other suitable non-reactive gas) for purging, H,S
gas, NaCl, CH,COOH, and distilled or deionized water.

NOTE: H,Sis highly toxic and should be handled with caution. See Appendix A (nonmandatory).

2.2 The NaCl and CH,COOH shall be reagent grade chemicals.

23 The inert gas purity shall be 99.998% or greater. The H,S gas shall be chemically pure (CP grade) 99.5% min-
imum purity. The test water shall be distilled or deionized and of quality equal to or greater than that specified
by ASTM D1193 Type IV. See Appendix B (nonmandatory).
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