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Special Notes

API publications necessarily address problems of a general nature. With respect to particular circumstances, local,
state, and federal laws and regulations should be reviewed.

Neither APl nor any of API's employees, subcontractors, consultants, committees, or other assignees make any
warranty or representation, either express or implied, with respect to the accuracy, completeness, or usefulness of
the information contained herein, or assume any liability or responsibility for any use, or the results of such use, of
any information or process disclosed in this publication. Neither APl nor any of API's employees, subcontractors,
consultants, or other assignees represent that use of this publication would not infringe upon privately owned rights.

Classified areas may vary depending on the location, conditions, equipment, and substances involved in any given
situation. Users of this technical report should consult with the appropriate authorities having jurisdiction.

Users of this technical report should not relay exclusively on the information contained in this document. Sound
business, scientific, engineering, and safety judgment should be used in employing the information contained herein.

API publications may be used by anyone desiring to do so. Every effort has been made by the Institute to assure the
accuracy and reliability of the data contained in them; however, the Institute makes no representation, warranty, or
guarantee in connection with this publication and hereby expressly disclaims any liability or responsibility for loss or
damage resulting from its use or for the violation of any authorities having jurisdiction with which this publication may
conflict.

API publications are published to facilitate the broad availability of proven, sound engineering and operating practices.
These publications are not intended to obviate the need for applying sound engineering judgment regarding when and
where these publications should be used. The formulation and publication of API publications is not intended in any
way to inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking requirements of an AP| standard
is solely responsible for complying with all the applicable requirements of that standard. APl does not represent,
warrant, or guarantee that such products do in fact conform to the applicable API standard.

All rights reserved. No part of this work may be reproduced, translated, stored in a retrieval system, or transmitted by any
means, electronic, mechanical, photocopying, recording, or otherwise, without prior written permission from the publisher.
Contact the Publisher, API Publishing Services, 200 Massachusetts Avenue, NW, Suite 1100, Washington, DC 20001-5571.

Copyright © 2019 American Petroleum Institute Doc um ents
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Foreword

Nothing contained in any API publication is to be construed as granting any right, by implication or otherwise, for the
manufacture, sale, or use of any method, apparatus, or product covered by letters patent. Neither should anything
contained in the publication be construed as insuring anyone against liability for infringement of letters patent.

The verbal forms used to express the provisions in this document are as follows.
Shall: As used in a standard, “shall” denotes a minimum requirement to conform to the standard.

Should: As used in a standard, “should” denotes a recommendation or that which is advised but not required to
conform to the standard.

May: As used in a standard, “may” denotes a course of action permissible within the limits of a standard.
Can: As used in a standard, “can” denotes a statement of possibility or capability.

Thisdocumentwas produced under APl standardization procedures thatensure appropriate notification and participation
in the developmental process and is designated as an API standard. Questions concerning the interpretation of the
content of this publication or comments and questions concerning the procedures under which this publication was
developed should be directed in writing to the Director of Standards, American Petroleum Institute, 200 Massachusetts
Avenue, Suite 1100, Washington, DC 20001. Requests for permission to reproduce or translate all or any part of the
material published herein should also be addressed to the director.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every five years. A one-time
extension of up to two years may be added to this review cycle. Status of the publication can be ascertained from
the API Standards Department, telephone (202) 682-8000. A catalog of API publications and materials is published
annually by API, 200 Massachusetts Avenue, Suite 1100, Washington, DC 20001.

Suggested revisions are invited and should be submitted to the Standards Department, API, 200 Massachusetts
Avenue, Suite 1100, Washington, DC 20001, standards@api.org.
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Introduction

Fasteners are manufactured to a variety of standards covering dimensions, tolerances, materials, mechanical
properties, testing procedures, coating, and other manufacturing processes. This document is intended to provide
guidance for the proper selection of materials and manufacturing processes for the oil and gas industry where
materials selection and key manufacturing processes are critical barriers to the failure of fasteners. Understanding the
failure modes and their associated barriers is critical to the proper selection of fasteners for the specific environmental
conditions where they will be installed.

“Bolting” and “bolt” are terms used in this document to collectively describe fasteners, including screws, nuts, bolts,
washers, and studs. The use of the terms “bolt” or “bolting” includes all of the fasteners listed above, unless otherwise
specifically noted herein.
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Materials Selection for Bolting

1 Scope

This document provides guidance for the selection of materials and manufacturing processes for low-alloy
steel bolting manufactured in accordance with API Specification 20E and nickel-based and stainless alloys
manufactured in accordance with API Specification 20F. Table 2 and Table 3 are provided as guidance for the
material selection of fasteners.

2 Normative References

There are no referenced documents that are indispensable for the application of this document.

3 Terms, Definitions, Acronyms, Abbreviations, and Symbols

3.1 Terms and Definitions

3.141

aging
A thermal cycle that usually follows solution annealing in precipitation hardening materials.

NOTE Aging can be performed at different temperatures and times to strengthen precipitation hardening materials, such
as some stainless steel grades and nickel-based alloys.

3.1.2

annealing

Athermal cycle involving heating and holding material at or above its solutionizing temperature, and then cooling
at a slow rate, for such purposes as reducing hardness, improving machinability, facilitating cold working,
producing a desired microstructure, or obtaining desired mechanical or other properties.

313

austenitize, quench, and temper

A heat treatment process commonly associated with steels that strengthens by martensitic transformation, then
restores toughness.

NOTE The process consists of heating the material to its solutionizing temperature and holding, followed by rapid cooling
(commonly in water, polymer, or oil media). When martensitic structure is obtained, the material is very strong, but extremely
brittle. The tempering process reduces stresses and changes the microstructure to tempered martensite, which gives a very
desirable combination of high strength and toughness.

314
banding
The microstructural manifestation of segregated alloy elements.

315

barrier coating

A coating that is not anodic to the base metal in the intended service environment and that provides protection
by isolating the base metal from the environment.

3.1.6

bolt

Atype of fastener with a head on one end of a shank or body and a thread on the other end designed for insertion
through holes in assembly parts; it is mated with a tapped nut (see Figure 1).
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2 API| TECHNICAL REPORT 21TR1

NOTE Tension is normally induced in the bolt to compress the assembly by rotating the nut. This may also be done by
rotation of the bolt head.

31.7

case hardening

One or more processes of hardening steel in which the outer portion, or case, is made substantially harder than
the inner portion, or core.

NOTE Most of the processes involve either enriching the surface layer with carbon, nitrogen, or boron, usually followed
by quenching and tempering, or the selective hardening of the surface layer by means of flame or induction hardening.

3.1.8
cold working
The process of deforming metal to a desired shape at a temperature below its recrystallization temperature.

3.1.9
cooling rates
The time it takes steel to solidify from the molten state to solid state.

3.1.10

corrosion

(general mass loss)

Temperature plus the presence of water on the steel surfaces (aqueous phase) and oxygen to drive the reaction
producing iron oxide (Fe,O, or Fe,O,).

3.1.11

creep

The tendency of metal to deform slowly and permanently under the influence of mechanical stresses. It can occur
as a result of continuous exposure to high levels of stress that are still below the yield strength of the material.

NOTE Creep is pronounced in materials that are subjected to heat and stress for extended periods. Creep generally
increases as the materials near their melting point.

3.1.12
dies
Tools used in manufacturing to shape by cutting or pressing the raw material.

3.1.13

fatigue

Progressive cracking or crack growth that occurs at some existing defect in the metal at a point of high stress
(such as a notch), and grows in length over time with subsequent loading and unloading.

3.1.14
galling
A severe form of adhesion wear that results in the transfer of metal from one part to the mating part.

3.1.15
hardness
A unit of measure related to the resistance to plastic deformation from indentation.

3.1.16

hot working

The process of deforming metal to a desired shape after the metal has been heated above its recrystallization
temperature.
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MATERIALS SELECTION FOR BOLTING 3

3.1.17

hydrogen embrittlement

HE

A permanent loss of ductility in a metal caused by hydrogen with or without stress.

3.1.18
immersion zone
Aregion where a component or assembly would remain continuously submerged in seawater.

3.1.19
marine atmosphere
Located above the water level and above tidal and wave action.

3.1.20

marine fouling

The accumulation of aquatic organisms, such as microorganisms, plants, and animals, on surfaces and structures
immersed in or exposed to the aquatic environment U'l.

3.1.21
mud zone
The region at the bottom of a body of marine saltwater that includes a sediment layer and some of the sublayers.

3.1.22

normalizing

A thermal cycle involving heating to and holding at a solutionizing temperature, then cooling in air, to produce
material uniformity resulting in improved machinability, strength, and toughness.

NOTE This process is often used in combination with quench and temper.

3.1.23
proof load
The point to which a material may be loaded without evidence of permanent deformation.

3.1.24

reduction ratio

The change in cross-section of material from its initial stock (example: ingot or billet) size to its final size after
being hot worked or cold worked.

3.1.25

sacrificial coating

A coating that is anodic to the base metal in the intended service environment and that will corrode preferentially
to the base metal, thereby protecting the base metal even if it is exposed.

3.1.26

screw

A headed and threaded bolt used without a nut that is inserted into an internally tapped hole; tension is induced
by the rotation of the screw head (see Figure 1).

3.1.27
shear
The transverse rupture caused by a pushing or pulling force 90 degrees from the axis of the bolt.

3.1.28

solution annealing

A process of heating the metal to a temperature that allows for alloying elements to be in solution (solutionizing
temperature).
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4 API| TECHNICAL REPORT 21TR1

NOTE This process is generally followed by controlled cooling; for alloys, which have tendency to form intermetallic
phases, it is common to quench after solution annealing to prevent or minimize their formation.

3.1.29
splash zone
Part of a structure that is intermittently exposed to air and immersed in the sea due to wave action.

3.1.30
stress concentration
Local surface region that results in an area of increased tensile stress, such as a notch or a fillet.

3.1.31
stress relaxation
The decrease of stress with time in a material that has been strained to a constant amount.

3.1.32

stress relieving

A thermal cycle involving heating to a suitable temperature, usually below the tempering temperature, holding
long enough to reduce residual stresses from either cold deformation or thermal treatment, and then cooling
slowly enough to minimize the development of new residual stresses.

3.1.33

stud

A fastener with no head that is threaded at both ends with an unthreaded shank in between (double-end or tap-
end), or is threaded from end to end (continuous or full-thread), and is secured into a tapped hole; the other end
is used with a nut to create tension (see Figure 1).

3.1.34
stud bolt
A fastener with both ends secured with a nut (double-end and continuous studs) (see Figure 1).

3.1.35
tensile strength
The maximum tensile stress that a material is capable of sustaining.

3.1.36
transition temperature
The transition from ductile to brittle behavior with change in temperature.

3.1.37

tidal zone

A region where a component or assembly is exposed to air or seawater environment, due to the rise and fall of
the water level attributed to tidal changes.

3.1.38

torque

The twisting load applied to the bolt.

3.1.39

yield strength

The stress at which a material exhibits a specified deviation from the proportionality of stress to strain.

NOTE The deviation is expressed in terms of strain, and in the offset method, usually a strain of 0.2 percent is specified.

3.2 Acronyms, Abbreviations, and Symbols

Cermet ceramic-metal DOCLI ments
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MATERIALS SELECTION FOR BOLTING 5

CP cathodic protection
CRA corrosion-resistant alloy
CSCC chloride stress corrosion cracking
EAC environmentally assisted cracking
EMS electromagnetic stirring
FFS fast fracture strength
HIC hydrogen-induced cracking
HPHT high pressure, high temperature
HRC Rockwell C hardness
HSC hydrogen stress cracking
ISL incremental step load (maximum in air or immersed in a 3.5 % NaCl solution)
LME liquid metal embrittlement
NFS (%) notch fracture strength
OCP open circuit potential
PH precipitation hardening
PREN pitting-resistance equivalent number
SCC stress corrosion cracking
SSC sulfide stress cracking
wit weight
HEX HEAD BOLT HEX CAP SCREW
|
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Figure 1—Types of Fasteners
4 General Design Information

41 General
During the bolting selection process, one should consider:

a) applicable design codes;
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6 API| TECHNICAL REPORT 21TR1

b) design load case;
c) environment; and
d) material selection.
4.2 Applicability

This document may be useful for material selection in applications such as, but not limited to, those described
in the documents listed in Table 1.

Table 1—Applicable API Standards

Standard Title
API 6A Wellhead and Tree Equipment
API 6D Specification for Pipeline and Piping Valves

API 16A Specification for Drill-Through Equipment
API 16C Choke and Kill Equipment

Specification for Control Systems for Drilling Well Control Equipment and
Control Systems for Diverter Equipment

APl 16D

API 16F Specification for Marine Drilling Riser Equipment

Recommended Practice for Design, Selection, Operation, and Maintenance of

API16Q | \arine Drilling Riser Systems

Design and Operation of Subsea Production Systems—Subsea Wellhead and

API17D Tree Equipment

API 17TR8 High-pressure High-temperature Design Guidelines

AP| 6DSS Specification for Subsea Pipeline Valves

4.3 Risk Assessment
4.3.1 General

The risk associated with the use of bolting in the oil and gas industry depends largely on the functional categories
and environments in which the bolting is intended to be used.

4.3.2 Functional Categories
Some examples of functional categories are:

— pressure-containing: part exposed to wellbore fluids whose failure to function as intended would result in a
release of wellbore fluid to the environment;

— pressure-retaining: part not exposed to wellbore fluids whose failure to function as intended will result in a
release of wellbore fluid to the environment;

— pressure-controlling: parts intended to control or regulate the movement of wellbore fluids;
— fatigue sensitive: susceptible to fatigue loads;
— structural: primary and non-primary load path.

Bolting generally falls into the pressure-retaining category; however, they also may be classified as fatigue-
sensitive, primary load path, closure bolting, and external loading from environment (vortex-induced vibration).
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MATERIALS SELECTION FOR BOLTING 7

Specifications may have different functional categories. These functional categories should be considered
in assessing the criticality of components. Based on this assessment, fasteners may be assigned bolting
specification levels (BSL) in accordance with API 20E or API 20F specifications.

In addition to the functional categories, service environments can compound the criticality of fastener components.
The primary service environments in the oil and gas industry are surface, splash zone, and subsea.

Subsea environments can be categorized further into more specific environments that encompass different
hazards and risks.

4.3.3 Environmental Considerations
4.3.3.1 General

The environment in which the bolting operates can have a profound effect on the performance of the selected
bolting.

4.3.3.2 Offshore Environments
The following are examples of offshore environments:

a) Marine atmosphere: Corrosion is a function of the amount of salt or seawater mist that collects on the metal’s
surface in a marine atmosphere. Corrosion may be particularly severe in crevices or low spots where mist
or runoff can collect. The concentration of salts in these areas may be much higher than in seawater due to
evaporation. Oxygen is readily available to accelerate corrosion. Rainfall may increase or reduce the rate
of corrosion depending on circumstances. Heavy rainfall may reduce corrosive attack by rinsing off salt
residues on metal surfaces. Rainfall may also accelerate corrosion by providing the moisture necessary for
salts on the metal’s surface to stay in an aqueous solution.

b) Splash zone: For low-alloy steels, the splash zone is the most corrosive. The seawater is well oxygenated.
The impingement of the waves may mechanically remove corrosion products from the steel’s surface,
thereby exposing fresh metal to further attack and erosion. Metals such as stainless steels and nickel-based
alloys that rely on a thin chromium oxide surface layer for their corrosion resistance fare much better in the
splash zone than low-alloy steels because the well-aerated seawater immediately supplies oxygen to repair
any damage done to the oxide film. There is little or no marine fouling in the splash zone.

c) Tidal zone: Steel corrosion is often relatively low in the tidal zone because of the formation of oxygen
concentration cells. Metal surfaces in the tidal zone are exposed to well-aerated seawater, while adjacent
metal surfaces that are submerged are exposed to less oxygen (especially if covered with marine growth).
This establishes an oxygen concentration cell, with the submerged metal being anodic to the metal in the
tidal zone. The submerged metal just below the tidal zone will corrode, but in doing so suppresses corrosion
of the metal in the tidal zone (the cathode of the cell). Small, isolated panels of steel in the tidal zone are
rapidly attacked by the highly oxygenated seawater. Marine fouling may be present in the tidal zone.

d) Immersion zone: The rate of corrosion in the immersion zone is primarily dependent on the rate at which
oxygen can diffuse through rust, other surface deposits, marine growth, etc., to reach and react with the
metal’s surface. Water near the surface of the ocean is usually saturated with oxygen. The oxygen content
at other depths varies by region. In the Pacific Ocean, the oxygen content at great depths is much lower than
at the surface, while in the Atlantic Ocean there is little difference between the two. Marine fouling may be
heavy in shallow depths. Marine fouling can produce varied corrosion effects. It may form an effective barrier
to the environment under some circumstances or cause accelerated corrosion through oxygen concentration
cells in others. At depths below 300 feet where sunlight does not penetrate, there is no plant fouling and
greatly reduced animal fouling.

e) Mud zone: There are several competing processes that make the rate of corrosion in the mud zone difficult
to predict. Oxygen concentration cells may establish themselves at the mud-line water interface. Anaerobic
bacteria in or on the mud may cause corrosion. The reduction in the corrosion rate of se @Criments
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