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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. The use of API publications is voluntary. In some cases,
third parties or authorities having jurisdiction may choose to incorporate API standards by reference and may mandate
compliance.

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.

API publications may be used by anyone desiring to do so. Every effort has been made by the Institute to ensure 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 API 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 © 2024 American Petroleum Institute



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, NW, 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, NW, Suite 1100, Washington, DC 20001.

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

This Third Edition is the result of updating requirements from the Second Edition of API Specification 20E. API
Specification 20E, Third Edition was developed based on input from the API 20E task group of technical experts. The
technical revisions have been made to accommodate the needs of industry to move this specification to a higher level
of service to the petroleum and natural gas industry.

Highlights of some of the significant changes between the Second and Third Editions include:

— metric equivalencies for thread descriptions have been added;

— essential variables were identified and added;

— labs performing qualification lot testing for all bolting specification levels (BSLs) and final acceptance testing of
BSL-2 and BSL-3 product are now required to be ISO 17025 accredited;

— grade 2H and 2HM nuts have been limited to BSL-1 applications;

— grade 43 nuts have been added,;

— grade B22 and B23 bolting has been restricted to classes 3, 4, and 5;

— grade B21 classes 3, 4, & 5 bolting has been added for BSL-1 and BSL-2;

— grade B16 bolting has been added for BSL-1 and BSL-2;

— allowable outsourced activities have been defined,;

— bolting requalification requirements have been added;

— supplier audit frequencies have been defined;

— a specific process for verification of incoming raw material using defined testing criteria is now required;

— bolting grade, raw material casting method, raw material forming method, and quench method have been added
as required MPS process control parameters;

— API 20H and 20N have been added as acceptable furnace qualification methodologies;

— ASTM A1100 has been added as the acceptable induction heating process qualification methodology;
— AMS-H-6875 was removed from the acceptable furnace qualification methodologies;

— a maximum furnace to quench tank transfer time of 90 seconds has been added;

— coating and plating processes have been identified as critical and will require validation per APl Q1;
— removed zinc electroplating prohibition in splash zone or subsea service;

— ASTM F519 testing has been replaced with ASTM F606/F606M-21 Section 7 testing, as the method to verify that
a plating process does not cause internal hydrogen embrittlement;

— top pouring of ingots has been prohibited in all cases other than the vacuum induction melting (VIM) process;
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— vanadium and niobium are limited to .05 % for BSL-3 product;

— ASTM A962/A962M-22 S53 is now required for all continuous cast BSL-2 product;

— a maximum yield strength limit of 135 ksi (930 MPa) has been imposed for BSL-2 and BSL-3;
— nondestructive examination (NDE) process qualification shall now conform with API 20D;

— guidance for the allowance of oversizing of internal threads has been added;

— oversized nuts are required to be stamped with an “O” for purposes of identification;

— final documentation to include copies of the original bolting manufacturer’s test reports, product marking, and
production lot quantity;

— use of the heat number as the manufacturing lot number has been prohibited;

— technical mill audit requirements were added as Annex A.
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Alloy and Carbon Steel Bolting for Use in the Petroleum and Natural Gas
Industries

1 Scope

1.1 Purpose

This standard specifies requirements for the qualification, production, and documentation of alloy and carbon
steel bolting used in the petroleum and natural gas industries.

1.2 Applicability

This standard applies when required by an applicable APl equipment standard or otherwise specified as a
requirement for conformance.

1.3 Bolting Specification Levels
This standard establishes requirements for three bolting specification levels (BSLs). These three BSL designations

define different levels of technical, quality, and qualification requirements: BSL-1, BSL-2, and BSL-3. The BSLs
are numbered in increasing levels of requirements to reflect increasing technical, quality, and qualification criteria.

2 Normative References

The following documents are referred to in the text in such a way that some or all of their content constitutes
requirements of this document. For dated references, only the edition cited applies. For undated references, the
latest edition of the referenced document (including any addenda) applies.

APl Specification Q1, Specification for Quality Management System Requirements for Manufacturing
Organizations for the Petroleum and Natural Gas Industry

API 6A, Specification for Wellhead and Tree Equipment

API 6HT, Heat Treatment and Testing of Carbon and Low Alloy Steel Large Cross Section and Critical Section
Components

API Specification 20B, Open Die Shaped Forgings for Use in the Petroleum and Natural Gas Industry

API 20D, Qualification of Nondestructive Examination Services for Equipment Used in the Petroleum and Natural
Gas Industry

API 20H, Heat Treatment Services - Batch Type for Equipment Used in the Petroleum and Natural Gas Industry
API 20J, Qualification of Distributors of Metallic Materials for Use in the Petroleum and Natural Gas Industries

API 20N, Heat Treatment Services—Continuous Furnace for Equipment Used in the Petroleum and Natural Gas
Industry

ASNT SNT-TC-1A," Personnel Qualification and Certification in Nondestructive Testing

' ASNT American Society for Nondestructive Testing, 1711 Arlingate Lane, P.O. Box 28518, Columbus, Ohio 43228, www.
asnt.org.


http://www.asnt.org
http://www.asnt.org
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ASTM A193/A193M,2 Standard Specification for Alloy-Steel and Stainless Steel Bolting Materials for High
Temperature or High Pressure Service and Other Special Purpose Applications

ASTM A194/A194M, Standard Specification for Carbon Steel, Alloy Steel, and Stainless Steel Nuts for Bolts for
High Pressure or High Temperature Service or Both

ASTM A320/A320M, Standard Specification for Alloy-Steel and Stainless Steel Bolting Materials for Low
Temperature Service

ASTM A370-21, Standard Test Method and Definitions for Mechanical Testing of Steel Products

ASTM A540/A540M, Standard Specification for Alloy Steel Bolting for Special Applications

ASTM A751, Standard Test Methods, Practices, and Terminology for Chemical Analysis of Steel Products
ASTM A941, Standard Terminology Relating to Steel, Stainless Steel, Related Alloys and Ferroalloys

ASTM A962/A962M-22, Standard Specification for Common Requirements for Steel Fasteners or Fastener
Materials, or Both, Intended for Use at Any Temperature from Cryogenic to the Creep Range

ASTM A1100, Standard Guide for Qualification and Control of Induction Heat Treating
ASTM E18, Standard Test Method for Rockwell Hardness of Metallic Materials

ASTM E29, Standard Practice for Using Significant Digits in Test Data to Determine Conformance with
Specifications

ASTM E45, Standard Test Method for Determining the Inclusion Content of Steel

ASTM E112, Standard Test Method for Determining Average Grain Size

ASTM E140, Standard Hardness Conversion Tables for Metals Relationship Among Brinell Hardness, Vickers
Hardness, Rockwell Hardness, Superficial Hardness, Knoop Hardness, Scleroscope Hardness, and Leeb
Hardness

ASTM E381, Standard Method of Macroetch Testing Steel Bars, Billets, Blooms, and Forgings

ASTM E384, Standard Test Method for Microindentation Hardness of Materials

ASTM E566, Standard Practice for Electromagnetic (Eddy Current/Magnetic Induction) Sorting of Ferrous Metals

ASTM F606/F606M-21, Standard Test Methods for Determining the Mechanical Properties of Externally and
Internally Threaded Fasteners, Washers, Direct Tension Indicators, and Rivets

ASTM F788, Standard Specification for Surface Discontinuities of Bolts, Screws, Studs, and Rivets, Inch and
Metric Series

ASTM F812, Standard Specification for Surface Discontinuities of Nuts, Inch and Metric Series

ASTM F1470-19, Standard Practice for Fastener Sampling for Specified Mechanical Properties and Performance
Inspection

ANSI/ASME B1.1, Unified Inch Screw Threads (UN and UNR Thread Form)

2 ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, Pennsylvania 19428-2949, www.astm.
org.


http://www.astm.org
http://www.astm.org
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ISO 965-1,° ISO General Purpose Metric Screw Threads—Tolerances—~Part 1: Principles and Basic Data
ISO 9001, Quality Management Systems—Requirements
ISO 9712, Non-destructive Testing—Qualification and Verification of NDT Personnel

ISO 17020, Conformity Assessment—Requirements for the Operation of Various Types of Bodies Performing
Inspection

ISO 17025, General Requirements for the Competence of Testing and Calibration Laboratories
SAE AMS2750,* Pyrometry

SAE AMSHG6875, Heat Treatment of Steel Raw Materials

3 Terms, Definitions, and Abbreviations

3.1 Terms and Definitions
For the purposes of this document, the following terms and definitions apply.

3.11

banding

The separation of one or more phases or constituents in a two-phase or multiphase microstructure, or of
segregated regions in a single phase or constituent microstructure into distinct layers parallel to the deformation
axis due to elongation of microsegregation.

3.1.2
bolting
All-thread studs, tap-end studs, double-ended studs, headed bolts, cap screws, screws, and nuts.

313

bolting manufacturer

An organization that, through the use of manufacturing equipment and processes, transforms raw material into
finished bolting.

314

cold-formed bolts, screws, and nuts

Parts formed through the mechanical cold (at a temperature below the recrystallization temperature) up-setting
of wire, rod, or bar to generate the bolt or screw head (cold heading) or the configuration of the nut.

3.1.5

final heat treatment

The heat treatment, inclusive of stress relieving, setting the final microstructure and mechanical properties of the
bolting.

NOTE This definition does not extend to curing or baking operations for coatings/platings.

3 International Organization for Standardization, ISO Central Secretariat, Chemin de Blandonnet 8, CP 401 - 1214 Vernier,
Geneva, Switzerland, www.iso.org.
4 SAE International, 400 Commonwealth Drive, Warrendale, Pennsylvania 15096, www.sae.org.


http://www.iso.org
http://www.sae.org
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3.1.6

hard banding

A banded microstructure that exhibits a white, featureless phase when examined using etchants such as various
nital solutions. These white, featureless bands have extremely high hardness levels (typically > 100 HK difference
from adjacent bands) due to microsegregation.

317
heat
Material originating from a final melt, or for remelted alloys, the raw material originating from a single remelted
ingot.

3.1.8

heat treatment lot

Batch furnace: bolting or raw material of a single heat and diameter, heat treated together as a single austenitizing,
quenching, tempering, or stress-relieving charge.

Continuous furnace: bolting or raw material of a single heat and diameter, heat treated without interruption in a
continuous charge (see 5.7).

3.1.9

hot-formed bolts, screws, and nuts

Parts formed through the mechanical hot (at a temperature above the recrystallization temperature) up-setting of
wire, rod, or bar to generate the bolt or screw head (hot heading) or the configuration of the nut.

3.1.10

machined bolts, screws and nuts

Parts manufactured by machining from raw material to generate the bolt, screw head, or the configuration of the
nut.

3.1.11

manufacturing process specification

MPS

A written document describing the complete production sequence and method.

NOTE Manufacturing process specification is usually proprietary by bolting manufacturer and not for general publication
but is available for review by customers or authorized third parties.

3.1.12
nominal diameter
The bolting thread size, as referred to in the description of the bolting.

NOTE For example, the nominal diameter of a %”-10 bolt is %"

3.1.13
outsource activity
A function or process that is performed by an external supplier on behalf of the bolting manufacturer.

3.1.14

production lot

Parts from the same heat treatment lot, grade, and nominal diameter that are grouped or processed together
during the manufacturing process.

3.1.15
raw material
Bar, coil, rod, or wire used to manufacture bolting.
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3.1.16

raw material manufacturer

The organization(s) responsible for melting, refining, or hot working of steel used to produce raw material as
defined in 3.1.15.

NOTE A raw material distributor is not considered a raw material manufacturer.

3.1.17
supplier
A provider of subcontracted products or services associated with the essential variables of this specification.

3.1.18

technical authority

A competent and technically qualified person or organization with the expertise, skills, and experience regarding
quality and manufacturing processes necessary to perform the required verification(s).

NOTE Technical authority may also be considered a subject matter expert (SME).

3.1.19
wrought structure
Structure that contains no cast dendritic elements.

3.2 Abbreviations

BSL bolting specification level

MPS manufacturing process specification
NDE nondestructive examination

QMS quality management system

UNS unified numbering system

TUS temperature uniformity survey

4 Bolting Qualification

41 General

4.1.1 The bolting manufacturer shall qualify to one or more of the nine bolting types listed below and to one or
more of the three BSLs.

— Bolting Type A: machined studs;

— Bolting Type B: machined bolts, screws, and nuts;

— Bolting Type C: cold-formed bolts, screws, and nuts with cut or cold-formed threads (BSL-1 only);
— Bolting Type D: hot-formed bolts and screws <1.5 in. (M36) nominal diameter;

— Bolting Type E: hot-formed bolts and screws =1.5 in. (M36) nominal diameter;

— Bolting Type F: roll threaded studs, bolts, and screws <1.5 in. (M36) diameter;

— Bolting Type G: roll threaded studs, bolts, and screws 21.5 in. (M36) diameter;

— Bolting Type H: hot-formed nuts <1.5 in. (M36) nominal diameter;
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— Bolting Type [: hot-formed nuts 21.5 in. (M36) nominal diameter.

NOTE Alternate geometry bolting manufactured in accordance with this specification may be specified by the purchaser,
provided the bolting can be classified under one of the categories above.

4.1.2 The bolting manufacturer shall have a quality management system that conforms to the requirements of
API Q1.

4.1.3 Qualification to a higher BSL shall qualify to a lower BSL.

4.1.4 The activities identified as “Not Permitted” in Table 1 shall not be outsourced. Activities that may be
outsourced are identified with “Permitted” in the applicable column.

Table 1—Outsourced Activities

. Bolting Specification Level
Activity
BSL-1 BSL-2 and 3
Receiving inspection Not Permitted Not Permitted
Forging Permitted Permitted
Heat treating Permitted Permitted
Rough machining Permitted Permitted
Final machining Permitted Not Permitted
Threading cutting and rolling Permitted Not Permitted
Mechanical testing Permitted Permitted
Metallography Permitted Permitted
Chemical analysis Permitted Permitted
Hardness testing Permitted Permitted
NDE surface Permitted Permitted
NDE volumetric Permitted Permitted
Final marking® Permitted Not Permitted
Coating and Plating Permitted Permitted
Final inspection Not Permitted Not Permitted
@2 Final marking as per 8.2

4.1.5 Bolting shall be produced from raw material manufactured by a qualified raw material manufacturer as
defined in 4.7.4.

4.1.6 Bolting shall be manufactured in accordance with an applicable manufacturing process specification
(MPS) from a bolting material grade listed in 4.4. The MPS shall address all of the applicable essential variables
listed in Table 2 and variables/parameters listed in 5.2.

4.1.7 If no products of a qualified bolting type listed in 4.1 are manufactured to a qualified MPS within five
years of the previous qualification or manufacturing of that bolting type, requalification shall be required prior to
manufacturing the given bolting type.

4.1.8 The bolting manufacturer shall retain and have available an MPS (see 5.2) and qualification records (see
4.6) for each bolting type qualified. The qualification records shall show all of the products, processes, and sizes
qualified in addition to all of the results of tests and inspections required per Table 3.

4.2 Essential Variables

4.2.1 For final product manufacturing, raw material manufacturer, and supplier qualifications to remain valid, all
BSL-2 and BSL-3 production shall be within the essential variables listed in Table 2.
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4.2.2 A process change to any parameter in Table 2, outside of the limits defined at qualification, shall require
product requalification per the requirements of Section 4.

NOTE This product requalification is not meant to impact the scope of product types approved under a bolting
manufacturer’s Monogram license.

4.2.3 Requalification testing may be performed on a sample from a production lot.

Table 2—Limits of Changes to Essential Variables

Process Essential Variable

Change to the casting process (ingot to continuous cast or vice versa)°

Raw Material® - - - -
2 Change to the forming method (e.g. forging to rolling or vice versa)°

Change in the method of heating
Hot Heading/Nut Forming (e.g., induction to furnace or vice versa)¢

2 Change to the forging location = ¢

Change in time and temperature parameters outside of defined limits specified in
MPSe

2 Change in equipment type (e.g., continuous to batch or vice versa)¢

Change in post-austenitizing quenching medium

Heat Treatment 3 - -
(e.g., oil to polymer or vice versa)®

Change in post-austenitizing quenching method
(e.g., immersion to spray or vice versa)®

5 Change to the heat treatment location 2 ©
Bolting Grade 1 Change to the bolting grade (e.g. L43 to L7)®

2 Achange in location is constituted by any of the following:

— moving an operation from one bolting manufacturer’s facility to another;

— moving an operation from one supplier location to another supplier or supplier location;

— moving an operation from a supplier location to the bolting manufacturer’s location or vice versa.
® Raw material supplier qualification and testing shall be in accordance with 4.7.3 and 4.7.4.

¢ Product requalification may be performed on any bolting Type, excluding bolting type C, and it shall constitute requalification of all
bolting types.

9 Product requalification shall be performed for each of the following applicable bolting types D, E, H, and I.

¢ Product requalification shall be performed for the specific bolting grade and type, per 4.1. Qualifications of bolting type shall be
grouped in the following manner and qualification of any bolting type within each group shall requalify the entire group:

—  Bolting Type Group 1: Bolting type A < 1.5 in. (M36), bolting type B <1.5 in. (M36), bolting types D, F, H;
—  Bolting Type Group 2: Bolting type A= 1.5 in. (M36), bolting type B = 1.5 in. (M36), bolting types E, G, I.

4.3 Qualification Testing

4.3.1 Bolting shall be tested and evaluated in order to establish qualification to the bolting types listed in 4.1 and
a BSL.

4.3.2 CQualification parts shall meet all the requirements indicated in Table 3 for the applicable sections of this
standard.

NOTE Qualification may be performed on parts specifically manufactured for qualification or random parts selected from
a production lot.

4.3.3 Chemical, mechanical, metallurgical, and hardness tests of qualification parts required by this specification
shall be performed by a laboratory accredited to ISO/IEC 17025.

4.3.4 All required NDE shall be performed by a laboratory accredited to either ISO/IEC 17020 or ISO/IEC
17025.
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Table 3—Bolting Test Requirements

Dimensional,
BSL | Material Cgr::r:ski:t?Ln Mechanical | Metallurgical | Hardness S:lr?aEce VoIEnD\Etric ::Le{al?s:j:l’
Inspection
BSL-1 54.1 5.6 5.7.1 5.8.2 5.8.56.2 5.9.2 5.9.2 5.10.2
BSL-2 5.4.2 5.6 5.7.2 5.8.3 5.8.5.3 5.9.3.1 5.9.3.2 5.10.3
BSL-3 5.4.3 5.6 5.7.2 5.8.4 5854 5.9.4.1 5.94.2 5.10.4

4.4 Bolting Grades

4.41 The following bolting grades are covered by this standard:

a) ASTM A193/A193M Grades B7 and B7M;

b) ASTM A193/A193M Grade B16 (BSL-1 and BSL-2 only);

c) ASTM A194/A194M Grades 7,7M, and 43;

d) ASTM A194/A194M Grades 2H and 2HM (BSL-1 only);

e) ASTM A320/A320M Grades L7, L7M, and L43;

f)  ASTM A540/A540M Grades B22 and B23, classes 3, 4, & 5;

g) ASTM A540/A540M Grades B21, classes 3, 4, & 5 (BSL-1 and BSL-2 only);

h) equipment manufacturer’s proprietary bolting material specification.

4.4.2 All requirements of the referenced ASTM specifications or the equipment manufacturer’s proprietary
bolting material specification shall be met except as modified by this standard. In the case of conflict between the
requirements of referenced specifications and this standard, the requirements of this standard shall apply.

4.5 Acceptance of Qualification Bolting

4.5.1 General

Results of the tests specified in Table 3 shall conform with the acceptance criteria specified in Section 5 and the
bolting manufacturer’s written specification. Results shall be documented in accordance with 4.6.

4.5.2 Qualification Samples

4.5.21 Samples failing to meet acceptance criteria shall be cause for reevaluation of the MPS and the processes
and procedures used, and requalification is required.

4.5.2.2 When a qualification sample selected from a production lot (see 3.1.14) fails to meet acceptance criteria,
the entire lot shall be rejected.

4.5.2.3 Should the bolting manufacturer choose to continue the qualification process with the same production
lot, the entire production lot shall be reprocessed. A maximum of three full heat treatments is permitted.

NOTE There is no limitation on the number of temper operations. Multiple tempers are often required to achieve final
mechanical properties.



ALLOY AND CARBON STEEL BOLTING FOR USE IN THE PETROLEUM AND NATURAL GAS INDUSTRIES 9

4.5.2.4 Forreprocessed lots, all qualification tests shall be repeated. Should any of the qualification tests fail to
meet the acceptance criteria, the entire lot shall be rejected.

4.5.2.5 If reprocessing results in any changes to the MPS, the MPS shall be revised to reflect the new process
control variables.

4.6 Records of Qualification

The following information shall be documented and retained for qualification:
a) BSL;

b) bolting type (see 4.1);

c) ASTM specification number and grade or the equipment manufacturer’s proprietary bolting material
specification (see 4.4.1);

d) heat number and heat treatment lot identifier;

e) raw material manufacturer;

f) raw material refining method;

g) size;

h) essential variables (see Table 2);

i)  MPS;

j) record of test results, as applicable per Table 3;

k) evidence of lab accreditation;

[) records of qualification test failures and corrective action;
m) supplier(s) name and address and records of qualification for each subcontracted process.
4.7 Suppliers

471 BSL-1

4.7.1.1 The bolting manufacturer shall have a documented and fully implemented procedure for qualifying
suppliers performing processes listed in Table 1.

4.7.1.2 Raw material manufacturers shall be qualified in accordance with 4.7.4.
4.7.1.3 Only qualified suppliers shall be used to perform outsourced processes.
4.7.1.4 Supplier qualification shall be in accordance with APl Q1.

4.7.1.5 Suppliers shall have an appointed technical authority with documented competency, per the requirements
of ISO 9001 or API Q1.

4.7.1.6 Suppliers shall have a quality management system in conformance with ISO 9001 or APl Q1, and the
quality management system (QMS) scope shall be relevant to the service being supplied.
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4.7.2 BSL-2
4.7.21 Requirements specified for BSL-1 shall be required for BSL-2.
4.7.2.2 Suppliers performing processes listed in Table 1 shall be evaluated by a technical authority.

4.7.2.3 The initial qualification process shall include an on-site audit and technical evaluation performed by a
technical authority.

4.7.2.4 Suppliers shall be reaudited, at a minimum, by the bolting manufacturer’s technical authority every
three years.

4.7.2.5 Suppliers of NDE services shall have a quality management system accredited to ISO 17020 or ISO
17025 and other lab service providers shall have a quality management system accredited to ISO 17025.

4.7.2.6 For NDE services, verifying current accreditation to ISO 17020 or ISO 17025, specific to the testing
performed by the supplier, may be used in lieu of on-site audits. For other lab services, verifying current
accreditation to ISO 17025, specific to the testing performed by the supplier, may be used in lieu of on-site audits.

4.7.2.7 Subcontracted NDE processes shall be qualified per the requirements of API 20D.

4.7.3 BSL-3

4.7.3.1 Requirements specified for BSL-2 shall be required for BSL-3.

4.7.3.2 Validation of subcontracted processes listed in Table 1, exclusive of testing performed by an ISO 17020-
or ISO 17025-accredited NDE service provider or ISO 17025-accredited laboratory, shall require a first article
evaluation consisting of a minimum of three pieces.

4.7.4 Raw Material Manufacturers

4.7.41 For BSL-1 raw material manufacturers, qualification of product shall consist of testing, per 4.7.5, every
5 years. The bolting manufacturer, in accordance with API Q1, shall evaluate the raw material manufacturer.

4.7.4.2 For BSL-2 raw material manufacturers, qualification of product shall consist of testing, per 4.7.5, every
3 years. The bolting manufacturer, in accordance with APl Q1, shall evaluate the raw material manufacturer.

4.7.4.3 BSL-3 raw material manufacturers, qualification of product shall consist of testing, per 4.7.5, and a
technical audit per the requirements of Annex A. These shall be performed at a minimum frequency of once every
3 years.

4.7.4.4 When raw material is supplied by a stockist or distributor, traceability shall be maintained per the
requirements of APl 20J.

4.7.4.5 The raw material manufacturer shall maintain documented evidence of technical capability to produce
materials meeting this specification and shall have documented procedures that demonstrate capability to
consistently produce acceptable product.

4.7.4.6 Raw material manufacturer shall have a quality management system in conformance with ISO 9001 or
API Q1, and the QMS scope shall be relevant to the service being supplied.

4.7.5 Raw Material Testing Requirements

4.7.51 Raw material may be supplied to the bolting manufacturer in either the heat-treated condition or a
condition requiring further heat treatment. At the intervals specified in 4.7.4, the bolting manufacturer shall perform
a technical verification of the supplied raw material for each raw material manufacturer, per the requirements of
Table 4. For the purposes of this specification, the following raw material conditions shall apply:
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a) supplied condition H: raw material received by the bolting manufacturer in its final austenitized, quenched,
and tempered state (excluding any stress relief);

b) supplied condition A: raw material to be subsequently, fully, or partially heat treated after receipt by the
bolting manufacturer (excluding any stress relief).

4.7.5.2 For condition H material, the bolting manufacturer shall perform testing on a sample heat for each
bolting grade used by the manufacturer in 4.4, as applicable to the raw material manufacturer. Additionally, the
bolting manufacturer shall verify all heat treatment processes used meet the requirements for the applicable
BSL.

4.7.5.3 For condition A material, the bolting manufacturer shall perform testing on a sample heat for each
unified numbering system (UNS) designation associated with the bolting grades listed in 4.4, as applicable to the
raw material manufacturer.

4.7.5.4 Testing of material in supplied condition H shall also qualify supplied condition A. Testing of material in
supplied condition A shall not qualify supplied condition H.

4.7.5.5 Qualification to a higher BSL shall qualify to a lower BSL.

Table 4—Raw Material Retesting & Validation Requirements for Technical Verification

Supplied Chemical Heat . .
BSL Condition Composition Treatment Tensile | Charpy | Hardness Metallurgical
H 54.1 5.3.2 571 571 5.8.5.2 5.8.22
BSL-1
A 54.1 — — — — 5.8.22
H 54.2 5.3.3 5.7.2 5.7.2 5.8.5.3 5.8.3
BSL-2 5.8.3.2 and
A 542 o o o o 5.8.3.5
H 543 53.4 5.7.2 5.7.2 5.8.5.4 5.8.3
BSL-3 5.8.3.2 and
A 543 — — — — 5835
2 Refer to macroetch testing and acceptance criteria in ASTM A962/A962M-22.

5 Production of Qualified Bolting

5.1 Material Specifications

5.1.1 In addition to the requirements of 4.4, the bolting manufacturer shall prepare and document raw material
requirements in the form of a material specification. For BSL-1, this may be the applicable ASTM specification.
For BSL-2 and BSL-3, material specifications shall include the following, as applicable to the BSL:

a) material grade, including chemical composition limits;

b) melt practices and ladle refinements;

c) hot work reduction ratio;

d) cleanliness level;

e) heat treatment requirements, when supplied to the bolting manufacturer in condition H;

f)  mechanical properties, when supplied to the bolting manufacturer in condition H;
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g) inspection practices and criteria.

5.1.2 The bolting manufacturer shall document acceptance of incoming raw material to the requirements of the
material specification prior to use in the production of bolting.

5.2 Manufacturing Process Specification

5.2.1 General

The bolting manufacturer shall prepare an MPS to include, as a minimum, allowable levels for all bolting
manufacturing parameters, including the process control variables listed in 5.2.2, the forging/hot heading
parameters listed in 5.2.3, and the heat treatment parameters listed in 5.2.4.

5.2.2 Process Control Variables

The following are process control variables, as applicable:

a) bolting grade(s);

b) heading equipment;

c) hot-forming heating method;

d) heat treating equipment and processes;

e) machining and threading equipment—single point (lathe), multiple chaser, roll, cutting tap, form tap;
f)  machining and threading control methods;

g) mill source (name and address);

h) raw material casting method (i.e., ingot or continuous cast);

i) raw material forming method (i.e., forging or rolling);

j) outsourced activity supplier (name and address).

5.2.3 Forging/Hot Heading Parameters

The following are forging/hot heading parameters, as applicable:

a) equipment;

b) heating method (furnace, induction);

c) temperature control (thermocouple, optical or infrared pyrometer, fail-safe cut-off);

d) times and temperatures;

e) product dimensional control.

5.2.4 Heat Treatment Parameters

The following are heat treat parameters, as applicable:

a) equipment (batch, continuous, induction);
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b) times and temperatures;

c) cooling media (e.g., type, polymer concentration, quench temperature, agitation);

d) control and calibration methods;

e) maximum transfer time;

f) quench media start and finish temperature;

g) quench method (i.e. immersion or spray);

g) furnace load diagrams or representative photos.

5.3 Manufacturing Requirements

5.3.1 General

5.3.1.1 The bolting manufacturer shall meet all manufacturing parameters specified for the applicable BSL.
5.3.1.2 The bolting manufacturer shall maintain heat treatment lot traceability.

5.3.2 BSL-1 Requirements

5.3.2.1 Forging and hot heading shall be in accordance with the manufacturer’s standard procedure.

5.3.2.2 Manufacturing processes shall be performed so as to minimize the potential for the introduction of
stress risers that can occur from sharp angles and tool marks.

NOTE Stress risers can result in premature failure of bolting. Examples of stress risers that commonly occur in bolting
manufacturing are tool marks in the load path, sharp angles in the head-to-shank fillet of a bolt, and high-stress stamping
practices. See ASTM F788 and ASTM F812 for additional examples.

5.3.2.3 Threads may be cut or rolled. Unified national threads shall be “R” (UNR controlled radius series) for
external threads and UN for internal threads (ANSI/ASME B1.1). Metric threads shall incorporate a nonreversing
curvature root profile, in accordance with ISO 965-1, regardless of mechanical properties. Other thread forms
may be applied when specified by the purchaser.

5.3.2.4 Heat treatment shall be in accordance with the applicable standard listed in 4.4.1, except that direct
resistance heating is not permitted.

5.3.2.5 A maximum of three full heat treatments is permitted, inclusive of incoming condition.

NOTE There is no limitation on the number of temper operations. Multiple tempers are often required to achieve final
mechanical properties

5.3.2.6 Furnace temperature uniformity surveys (TUSs) and instrument calibration shall be in conformance with
one or more of the standards listed:

a) Batch Heat Treatment: API 20H, API 6A, AMS 2750 (class 1, 2, 3, 4, or 5 for normalizing and austenitizing,
class 1, 2, or 3 for tempering furnaces);

b) Continuous Heat Treatment: APl 20N, APl 6A, SAE AMS2750 (class 1, 2, 3, 4, or 5 for normalizing and
austenitizing, class 1, 2, or 3 for tempering furnaces);

c) Induction Heat Treatment: ASTM A1100.
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5.3.2.7 Induction heat treatment processes cannot undergo a TUS; as such, the manufacturing procedure
validation testing requirements of ASTM A1100 shall be followed for heat treatment to achieve final mechanical
properties.

5.3.2.8 For forging furnaces, TUS and calibration requirements shall be in accordance with the manufacturer’s
written procedures.

5.3.2.9 Welding of raw material and bolting shall not be permitted.
5.3.3 BSL-2 Requirements
5.3.3.1 Requirements specified for BSL-1 shall be required for BSL-2.

5.3.3.2 The manufacturer shall have written forging/hot heading and heat treatment procedures defining, at a
minimum, the forging/hot heading parameters listed in 5.2.3.

5.3.3.3 When forging/hot heading or heat treatment is outsourced, the supplier’s forging or heat treatment
procedures shall be approved by the bolting manufacturer.

5.3.3.4 When induction heating is used for forging, the manufacturer’s equipment shall include temperature-
monitoring equipment and an automatic fail-safe system to prevent overheating.

5.3.3.5 ASTM A320/A320M grade L43, ASTM A540/A540M grade B23, ASTM A194/A194M grade 43, and the
equipment manufacturer’s proprietary bolting material specification based on AISI 4340 material shall be double
tempered. Minimum tempering temperature requirements shall only apply to the first temper unless otherwise
specified in the applicable material specification.

5.3.3.6 When threads are rolled, parts shall subsequently be stress relieved at a temperature 25 °F-50 °F
(14 °C—-28 °C) below the final tempering temperature, which is intended to establish mechanical properties. This
stress relief requirement is also met if the final temper heat treatment is done after any type of thread forming.
5.3.3.7 For heat treatment operations, the following apply.

a) Stacking or bundling of materials shall not be permitted. Stacking of racks or baskets in which single layers
of materials are placed is permitted.

b) Materials shall not be placed directly on the furnace hearth (floor).
c) Materials shall be within the working zone of the furnace that was established in the TUS.

d) Materials shall be loaded in such a manner that avoids any flame impingement from the burners (open-fired
furnaces only).

NOTE Improper loading of parts can deleteriously affect the heat treatment of each part.

5.3.3.8 Furnace loading diagram or photo shall be prepared for each load configuration.

5.3.3.9 Water, oil, and polymer quenchant media shall be controlled in accordance with AP 6HT.

5.3.3.10 The transfer time from furnace to the quench tank shall be no more than 90 seconds. The transfer time
shall be measured from the time the furnace door is fully opened or the furnace roof is fully removed until the
component(s) is completely submerged into the quenching bath.

5.3.4 BSL-3 Requirements

5.3.4.1 Requirements specified for BSL-2 shall be required for BSL-3.
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5.3.4.2 A minimum of one contact thermocouple attached to a part shall be used to monitor heat treatment
times and temperatures. This referenced thermocouple part shall be placed either in a location deemed to have
the slowest heating rate or centrally in the furnace load.

5.3.4.3 Heat treatment shall be performed by the batch process.

5.3.5 Plating and Coating

5.3.5.1 Plating and coating shall be provided only when specified by the purchaser.

5.3.5.2 ForBSL-2 and BSL-3 bolting, plating and coating processes are critical and shall be validated/revalidated
in conformance with APl Q1.

5.3.5.3 Plating and coating application process validations shall be valid unless a gap of three years in supply
has elapsed.

5.3.5.4 Plating and coating shall be specified in accordance with industry or the equipment manufacturer’s
proprietary bolting material specification.

5.3.5.5 All electroplated parts, except parts of grades B7M, L7M, 2HM, and 7M, shall be baked within two hours
after plating at 375 °F—425 °F (191 °C-218 °C) for eight hours minimum at temperature.

5.3.5.6 The requirements of 5.3.2.6 shall apply to the ovens used for baking.

5.3.5.7 Items a) through c) shall be specified by the bolting manufacturer when ordering plating or coating and
items a) through f) shall be reported on the plating/coating certificate of conformance:

a) part description;

b) specification number and revision (year date for ASTM specifications);

c) description of plating/coating including type, thickness, finish, and other applicable requirements;

d) statement of conformance to 5.3.5;

e) date of plating completion;

f)  reference to the purchase order, when applicable.

5.3.5.8 The bolting manufacturer shall validate that the electroplating process does not induce hydrogen
embrittlement. Validation shall consist of performing a sustained load test per ASTM F606/F606M-21, Section 7.
The test shall be performed a minimum of once every 12 months for each electroplating process, as defined by
5.3.5.8 a) through e). A change to any of these variables will require another test per this section. Record of this
embrittlement testing shall be kept by the bolting manufacturer.

a) type of electroplating;

b) specified thickness (testing of a thicker plating qualifies a thinner plating);

c) bath type: acid vs alkaline;

d) plating process: rack vs barrel;

e) plating supplier and facility address.
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5.4 Raw Material

5.4.1 BSL-1

5.4.1.1 The steel shall be fully wrought.

5.4.1.2 The hot work reduction ratio based on starting material diameter shall be a minimum of 4.0:1.

5.4.1.3 The steel shall conform to the requirements of the standards listed in 4.4.1, as applicable.

5.4.1.4 Boron shall not be intentionally added.

5.4.1.5 All elements intentionally added to the heat shall be reported.

5.4.2 BSL-2

5.4.2.1 The requirements specified for BSL-1 shall be required for BSL-2.

5.4.2.2 Melting method of the raw material shall be fine grain practice as defined by ASTM A941. Steel shall
be produced by electric furnace or vacuum induction melting followed by secondary refining practices or ladle
refining.

5.4.2.3 The allowable sulfur content shall be 0.025 % maximum, and the allowable phosphorus content shall
be 0.025 % maximum.

5.4.2.4 Residual boron content shall not exceed 0.0005 %.

5.4.2.5 For ingot cast practices, top pouring shall not be permitted unless the VIM (vacuum induction melting)
process is used.

5.4.2.6 For continuous cast product, ASTM A962/A962M-22 S53 shall apply.

5.4.3 BSL-3

5.4.3.1 The requirements specified for BSL-2 shall be required for BSL-3 except as specified in this section.
5.4.3.2 The hot work reduction ratio based on starting material diameter shall be 10.0:1 minimum.

5.4.3.3 Additional chemical composition requirements shall be as defined in items a) through d).

a) sulfur content shall be 0.015 % maximum;

b) phosphorus content shall be 0.015 % maximum;

c) vanadium content shall be 0.05 % maximum;

d) niobium content shall be 0.05 % maximum.

5.4.3.4 The continuous cast steel making process shall not be permitted.

5.4.3.5 In addition to the heat analysis performed by the raw material manufacturer, the bolting manufacturer
shall perform a product analysis in accordance with ASTM A751.



ALLOY AND CARBON STEEL BOLTING FOR USE IN THE PETROLEUM AND NATURAL GAS INDUSTRIES 17

5.5 Examination and Test Requirements

5.5.1 When inspecting or testing production lots, per the requirements of Table 3, a sample that fails to meet the
applicable requirements shall result in the rejection of the entire lot. The rejected lot shall be dispositioned by one
of the following methods:

a) scrapped;

b) retested per ASTM A962/A962M-22;

c) inspected 100 % and the defective parts removed; or

d) reworked.

5.5.2 Inthe case of rework or 100 % inspection, the lot shall be reinspected or tested for the failed characteristic
and any characteristics affected by the rework.

5.5.3 Parts modified after inspection has occurred shall be reinspected or retested, as applicable.

NOTE To determine conformance with the specified requirements, observed or calculated values are rounded to the
nearest unit in the last right-hand place of figures used in expressing the limiting value, in conformance with the rounding
method of ASTM E29.

5.6 Chemical Analysis

Methods and practices relating to chemical analysis shall be in accordance with ASTM A751. The frequency for
chemical analysis shall be one per heat. Results shall be documented on the test report.

5.7 Mechanical Properties

5.7.1 General

5.7.1.1 Mechanical properties testing shall be performed by the raw material manufacturer or bolting manufacturer
after all thermal treatments including stress relief. When heat treated without interruption in continuous furnaces,
as defined in 3.1.8, testing shall be as follows: Not fewer than two tests for the first 20,000 Ib (9000 kg) or less,
and an additional test for every 10,000 Ib (4500 kg) or fraction thereof.

5.7.1.2 The specimen location for destructive mechanical testing shall be as defined in the applicable ASTM
product specification or material specification and based on the geometry of the final product.

5.7.1.3 Results shall be documented on the test report.
5.7.2 BSL-2 and BSL-3

5.7.2.1 For bolting grades requiring tensile results, actual tested yield strength shall not exceed 135 ksi (930
MPa).

NOTE Refer to API Technical Report 21TR1:2019, Annex A for additional information regarding strength and hardness
limits in subsea environments.

5.7.2.2 When any of the testing has been performed by the raw material manufacturer, the bolting manufacturer
shall perform a retest.
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5.8 Metallurgical Requirements

5.8.1 General

The following tests shall be performed, as applicable to the specified BSL. Any of the specified tests not performed
by the raw material manufacturer shall be performed by the bolting manufacturer. Results shall be documented
on the test report.

The specimen location for metallurgical testing shall be based on the nominal diameter of the final product.

5.8.2 BSL-1

The microstructure and macrostructure shall conform to the requirements of the standards listed in 4.4.1, as
applicable.

5.8.3 BSL-2

5.8.3.1 General

Microstructure specimens shall be tested in accordance with ASTM E45, Method A, for inclusion content. For
other microstructure evaluations, the specimens shall be taken in the longitudinal direction at 4 T. Microstructure
test acceptance criteria and sampling shall be in accordance with Table 5.

5.8.3.2 Inclusion Content

The inclusion content analysis shall conform to the requirements of Table 5.

5.8.3.3 Grain Size

Grain size shall be determined for each heat in accordance with ASTM E112 following etching with a suitable
reagent. Grain size shall conform to Table 5. Testing shall be performed after the final heat treatment.

5.8.3.4 Microstructure

The microstructure shall be predominately tempered martensite. Testing shall be performed after the final heat
treatment.

5.8.3.5 Macrostructure

Macrostructure specimens shall be prepared and evaluated in accordance with ASTM E381 and ASTM A962/
A962M-22. The results shall meet the requirements of Table 5.

5.8.3.6 Banding

Hard banding in microstructures, as shown in Figure 1, shall not be permitted, regardless of band hardness.
When a banded microstructure is observed of questionable acceptability, a minimum of 3 Knoop micro-hardness
readings per test, in accordance with ASTM E384, shall be taken on the most predominant bands. The test load
shall be 500 g, unless extremely thin bands are observed that will not permit an accurate 500 g test, in which
case it is permissible to reduce the test load to as low as 50 g to obtain an accurate reading. Individual readings
shall not exceed 470 HK. Testing shall be performed after the final heat treatment.
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50X 2% Nital
Figure 1—A Micrograph of Rejectable Hard Banding

Table 5—Microstructure and Macrostructure Requirements for BSL-2 and BSL-3

Test BSL-2 BSL-3
Inclusion content, ASTM E45 | Severity level number 2 for thin, 1.5 for | Severity level number 2 for thin, 1.5 for
Method A thick, all categories thick, all categories
Inclusion test frequency One per heat One per heat
Grain size Size 5 or finer Size 5 or finer
Grain size test frequency One per heat One per heat treatment lot
Microstructure Predominately tempered martensite Predominately tempered martensite
Microstructure test frequency | One per each heat One per heat treatment lot
Macrostructure testing ASTM E381 S1, R1, C2 ASTM E381 S1, R1, C2
Macrostructure test frequency | One per heat One per heat

a) Figure 1 is not permitted; a) Figure 1 is not permitted;
Banding b) Band hardness > 470 HK is not b) Band hardness > 470 HK is not
permitted permitted
Banding test frequency One per each heat One per heat treatment lot
5.8.4 BSL-3

5.8.4.1 Requirements specified for BSL-2 shall be required for BSL-3.

5.8.4.2 When any hard banding is observed, the hardness test evaluation required under BSL-2 shall be
required for a minimum of 2 bands.

5.8.5 Hardness Test Requirements
5.8.5.1 General

Hardness testing shall be performed in accordance with ASTM A370-21, Annex A3. In the case of electromagnetic
sorting, ASTM E566 shall apply. Results shall be documented on the test report.
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5.8.5.2 BSL-1

5.8.5.2.1 Hardness Testing of Bars and Bolting

The hardness test results shall conform to the requirements of ASTM A193/A193M, ASTM A194/A194M,
ASTM A320/A320M, ASTM A540/A540M or the equipment manufacturer’s proprietary material specification as
applicable, except that maximum hardness for grades B7, L7, 2H, 7, 43, L43, B16, B21, B22, B23 and the
equipment manufacturer’s proprietary material specification shall not exceed 34 HRC (319 HBW). Conversion
between hardness scales shall be in conformance with ASTM E140. Test frequency shall conform to ASTM
F1470-19, Table 3, sample size A except when 100 % hardness testing is required by the ASTM specification for
the grade.

Electromagnetic testing for hardness in accordance with ASTM A193/A193M is permitted.

NOTE Refer to API Technical Report 21TR1:2019, Annex A for additional information regarding strength and hardness
limits in subsea environments.

5.8.5.2.2 Hardness Testing of Bars Heat Treated by the Induction Method

For bars heated by induction, a cross section of the bar shall be taken at the same test frequency as the required
for lot testing of the heat-treated bar per ASTM A193/A193M. The cross section shall be ground and a Rockwell
hardness traverse performed with tests as close to the edge as permitted by ASTM E18, approximately mid-
radius, and approximately center. All hardness measurements in the traverse shall meet the acceptance criteria
of 5.8.5.2.1.

5.8.5.3 BSL-2

5.8.5.3.1 Hardness Testing of Bars and Bolting

Hardness testing requirements specified for BSL-1 are required for BSL-2, except that when a hardness traverse
for bars heat treated by induction is required, all readings shall be within 3 HRC.

5.8.5.3.2 Hardness Testing of Bolting

Each piece shall be tested.

5.8.5.3.3 Proof Load Testing of Nuts

Nuts shall undergo proof load testing in accordance with the applicable material specification.

In the case of ASTM A194/A194M nuts, S4 shall apply.

Alternatively, if the proof loads specified in S4 cannot be achieved due to equipment limitations, a sample nut
from each heat treatment lot shall be cross-sectional hardness tested in accordance with ASTM A370-21, Annex
A3. Hardness shall meet the acceptance criteria of the applicable material specification.

5.8.5.4 BSL-3

5.8.5.4.1 Hardness testing requirements specified for BSL-2 shall be required for BSL-3.

5.8.5.4.2 Electromagnetic testing for hardness shall not be permitted.

5.9 Nondestructive Examination Requirements

5.9.1 General

5.9.1.1 NDE processes shall be qualified per the requirements of APl 20D.
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5.9.1.2 Personnel performing surface and volumetric NDE shall be certified to Level 2 or 3 per ISO 9712, ASNT
ACCP, or ASNT SNT-TC-1A.

5.9.1.3 Personnel approving surface and volumetric NDE procedures shall be certified to Level 3 per ISO 9712,
ASNT ACCP, or ASNT SNT-TC-1A.

5.9.2 BSL-1
There are no nondestructive examination requirements for BSL-1.
5.9.3 BSL-2

5.9.3.1 Surface NDE shall be required on bolting after final heat treatment, all machining and thread rolling,
and prior to coating or plating. Either magnetic particle examination or liquid penetrant examination is permitted.
Magnetic particle examination shall be in accordance with ASTM A962/A962M-22 S55. Liquid penetrant
examination shall be in accordance with ASTM A962/A962M-22 S56. Acceptance criteria shall be per ASTM
A962/A962M-22 S57. Sampling plan shall be as per Table 6. Results shall be documented on an examination
report.

NOTE When performing liquid penetrant examination, caution should be exercised to avoid excessive washout of
penetrant from indications in threads.

5.9.3.2 Ultrasonic examination is required on heat-treated material for manufactured bolting, with a nominal
diameter greater than 2.5 in. (M64), after heat treatment and prior to threading. Stress relief or tempers performed
after threading do not require ultrasonic reexamination. Ultrasonic examination shall be performed in accordance
with AP| 6A volumetric NDE examination of stems (PSL-3 and PSL-4). The criteria for calibration shall be based
on the final product dimensions. Each piece shall be examined. Results shall be documented on the test report.

5.9.4 BSL-3

5.9.4.1 Surface NDE requirements specified for BSL-2 shall be required for BSL-3, except each piece shall be
inspected.

5.9.4.2 Ultrasonic examination is required on heat-treated material for manufactured bolting, with a nominal
diameter greater than or equal to 1 in. (M24), after heat treatment and prior to threading. Stress relief or tempers
performed after threading do not require ultrasonic reexamination. Ultrasonic examination shall be performed
in accordance with APl 6A volumetric NDE examination of stems (PSL-3 and PSL-4). The criteria for calibration
shall be based on the final product dimensions. Each piece shall be examined. Results shall be documented on
the test report.

5.10 Dimensional, Thread Fit, and Visual Inspection

5.10.1 General

All dimension, thread fit, and visual inspections shall meet the requirements of the applicable ASTM or the
equipment manufacturer’s specification. Inspections shall be performed prior to coating or plating. Results shall
be documented on an inspection report. Undersizing of external threads is not permissible. Oversizing of internal
threads shall only be provided when:

a) specified and defined by the purchaser; and

b) explicitly allowed by the API product specification or the intended application.

5.10.2 BSL-1 Sample Size

Sample size shall be as required by the applicable ASTM specification.
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5.10.3 BSL-2 Sample Size

Sample size shall be in accordance with Table 6.

5.10.4 BSL-3 Sample Size

Each piece shall undergo dimensional, thread fit, and visual inspection.

5.11 Final Acceptance Testing

5.11.1 BSL-1 Final Acceptance Testing

All testing shall be performed in accordance with this specification and the applicable material specifications.
5.11.2 BSL-2 & BSL-3 Final Acceptance Testing

5.11.2.1 All chemical, mechanical, and metallurgical tests required by this specification shall be performed by a
laboratory accredited to ISO/IEC 17025.

5.11.2.2 All hardness testing shall be performed in accordance with the bolting manufacturer’'s QMS.

5.11.2.3 All required nondestructive examination shall be performed by a laboratory accredited to either ISO/IEC
17020 or ISO/IEC 17025.

Table 6—Sampling & ®

Production Lot Size Sample Size
2t08 ALL
9to 50 8
51 to 90 13
91 to 150 20
151 to 280 32
281 to 500 50
501 to 1200 80
1201 to 3200 125
3201 to 10,000 200
10,001 to 35,000 315.n
35,001 to 150,000 500
150,001 to 500,000 800
500,001 and over 1250
NOTE  Based on ANSI/ASQ Z1.4:2003 (R2018) Table 1, general inspection level II.
@ Acceptance number shall be zero.
b Sample shall be random.

6 Calibration Systems

Inspection, measuring, and testing equipment used for acceptance shall be identified, inspected, calibrated,
and adjusted at specific intervals in accordance with ISO 17025 and this standard. Calibration standards shall
be traceable to the applicable national or international standards agency and shall be no less stringent than
the requirements included herein. Inspection, measuring, and testing equipment shall be used only within the
calibrated range. Calibration intervals shall be established based on repeatability and degree of usage and shall
meet applicable test method requirements.
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7 Test Report

7.1 General
The test report shall be supplied to the purchaser and shall include the following.
7.2 BSL-1

BSL-1 test reports shall be as required by the applicable ASTM or equipment manufacturer’s proprietary material
specification.

7.3 BSL-2 and BSL-3

7.3.1 BSL-2 and BSL-3 test reports shall be original copies from the bolting manufacturer and shall include the
following, as applicable:

a) manufacturing process specification reference number including revision;
b) copy of original mill certification;

c) hot work reduction ratio;

d) heattreat parameters including times, temperatures, quench media, and diagram or photo of furnace loading;
e) results of mechanical tests;

f)  results of macrostructure evaluations;

g) results of microstructure evaluations;

h) results of dimensional and thread fit inspection;

i) results of visual inspection;

j)  results of NDE inspections;

k) type of coating, where applicable;

[) production lot quantity, i.e., actual lot size manufactured;

m) method of thread forming, i.e., machine cut or thread rolled;

n) BSL qualification level;

0) product marking;

p) certification that the product meets the requirements of this standard; and
q) statement of no weld repair.

7.3.2 Product that has been retested or reheat treated as per ASTM A962/A962M-22, Section 16 (exclusive of
retempering) shall be identified as such on the certificates.
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8 Marking

8.1 ASTM Product Marking

Product marking shall be in accordance with ASTM A193/A193M, ASTM A194/A194M, ASTM A320/A320M,
ASTM A540/A540M, ASTM A962/A962M-22, or the equipment manufacturer’s proprietary bolting material
specification, as applicable.

NOTE The referenced ASTM specifications require physical marking of individual parts for headed bolting "/, in.
(M6) nominal diameter and larger, for studs %/, in. (M10) nominal diameter and larger, and for nuts of all sizes.

8.2 Marking Required by This Specification

8.2.1 Bolting shall be marked with unique heat treatment lot identification and the following:
a) “20E1” for BSL-1;

b) “20E2” for BSL-2;

c) “20E3” for BSL-3.

8.2.2 Araw material “cast” or “heat” number (or any part thereof) shall not be used as the unique heat treatment
lot traceability.

8.2.3 Bolting with oversized internal threads shall have a “-O” appended to the product marking. For example,
an oversized BSL-2 nut shall be marked “20E2-0O.”

8.2.4 Each piece 1 in. (M24) nominal diameter and larger shall be marked. For bolting less than 1 in. (M24)
nominal diameter, the bolting shall be securely containerized to maintain heat treatment lot identification and
traceability. Multiple heat treatment lots shall not be mixed in a single container. Containers used in the processing,
storing, and shipping of bolting not individually marked shall be clearly labeled with all marking information
required by the relevant ASTM or equipment manufacturer’s proprietary bolting material specifications and this
standard.

8.2.5 Where bolting is specified to be coated or plated, the required markings shall be applied prior to coating
or plating.

8.2.6 Markings on coated or plated fasteners shall be legible after coating or plating.

9 Record Retention

The bolting manufacturer shall establish and maintain documented procedures to control all documents and data
required by this standard. Records required by this standard shall be maintained for a minimum of 10 years from
the date of manufacture. Documents and data may be in any type of media (hard copy or electronic) and shall be:
a) maintained to demonstrate conformance with specified requirements,

b) legible,

c) retained and readily retrievable,

d) stored in an environment to prevent loss,

e) available and auditable by user/purchaser.
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10 Storage and Shipping

Bolting shall be packaged for storage and shipping in accordance with the written specifications of the bolting
manufacturer.



Annex A
(normative)

Raw Material Manufacturer Technical Audit Requirements

A.1 General

A.1.1 As a part of the technical audit, the bolting manufacturer shall ensure that a raw material manufacturer has
implemented controls for the raw material essential variables in Table 2 for each grade of raw material ordered.

A.1.2 On-site technical audits of the raw material manufacturer shall be performed and documented by the
bolting manufacturer’s technical authority (see 3.1.18). The bolting manufacturer shall document the approval of
the technical audit report.

A.1.3 Raw material manufacturers shall be qualified to a specific grade listed in 4.4.1 per facility location.

A.2 Technical Audit Questions

Table A.1 lists individual mill operations of raw material manufacturers. When an individual mill operation is
applicable to the raw material being qualified by the bolting manufacturer, the technical audit questions listed for
that operation shall be included in the raw material manufacturer technical audit.
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Table A.1—Technical Mill Audit Questions

Operation

Technical Audit Questions

Industry Guidelines

Electric Furnace (EF)

What type of furnace is used?

Electric furnace or electric-arc furnace

How is final chemical composition
controlled?

Internal melt aims; either electronic software
calculations or manual elemental reversion rate
calculations

How are the transfer ladles
maintained at temperature?

Preheating at temperatures greater than 212 °F
(100 °C)

How is pouring temperature
controlled?

Either calibrated thermocouple or optical/infrared
pyrometer

How and when is scrap tested for
radioactivity?

Either when entering the facility or prior to
building scrap load for addition to the EF; testing
by manual or automated Geiger counter or
gamma ray radiography

Vacuum Degassing (VD)

How is residual gas content
determined?

Either time under negative pressure from
empirical data or chemical analyses

How is the ladle vacuum controlled
and maintained?

Digital control; scheduled maintenance
procedures

Argon-Oxygen
Decarburization (AOD)

How are additions controlled?

Internal melt aims; either electronic software
calculations or manual elemental reversion rate
calculations

How are the argon and oxygen ratios
controlled?

Pneumatic pressure controls; use of tuyeres

How is tapping chemical composition
controlled?

Internal melt aims; either electronic software
calculations or manual elemental reversion rate
calculations

Ingot Pouring (Teeming)

What is the pouring process (top or
bottom)?

Bottom pouring acceptable for all BSLs;
Top pouring is acceptable for BSL-1 only

What are methods used to control top
pour process?

Steady state flow upon start of pouring/teeming,
no breaks or pauses allowed during pour

How is ladle temperature maintained?

Ladle hot topping insulation or cover, proper slag
layer without breaks/separation in layer, and/or
controlled superheating

Is argon shrouding used?

Recommended to prevent ladle stream oxidation

What are the hot-topping practices?

Use of insulating sideboards, insulating powder
or cover (i.e., vermiculite), a reduction in ladle
pouring rate, and/or other insulating methods

How are ingot cropping practices
controlled?

Either historical established minimums for ingot
tops and bottoms or by ultrasonic testing

27
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Table A.1—Technical Mill Audit Questions (Continued)

Operation

Technical Audit Questions

Industry Guidelines

Continuous Casting
(Concast)

What type of continuous caster
(vertical, traditional bend, etc.) is
used?

All are acceptable

What is the frequency of tundish
changes?

Shall be based on refractory life

How are heat transitions identified
and controlled?

Either historical, established minimum lengths for
transition material scrapping, chemical analyses,
or other transition material identification that is
unique from each heat

How is superheat, cast speed, and
strand cooling controlled?

Each shall be documented for the intended
grade; monitored by either calibrated
thermocouple or optical/infrared pyrometer

Is electromagnetic stirring used? If
yes, where in the cast?

At least one location is recommended prior

to the intersection of any two cast strand
solidification fronts (for square bar) or prior to the
“V” solidification point (for round bar)

NOTE The actual location and number of
setups are based on type of caster in use.

Vacuum Induction Melting
(VIM)

What is the pouring process (top or
bottom)?

Top and bottom pouring acceptable for all BSLs

How is the vacuum controlled and
maintained?

Digital pressure monitoring; automatic vacuum
pumping controls with required minimum
negative pressure value

How is final chemical composition
controlled?

Internal melt aims; either electronic software
calculations or manual elemental reversion rate
calculations

How is scrap chemical composition
controlled?

Internal melt aims; known chemical composition
prior to addition into ladle

Vacuum Arc Remelting (VAR)

How are melt rate and hot-topping
practices controlled?

Computer controlled melt rate step-down
practices; directionally controlled solidification

What is the electrode size?

All sizes acceptable

How is vacuum controlled and
maintained?

Digital pressure monitoring; automatic vacuum
pumping controls with required minimum
negative pressure value

How is final remelt ingot chemical
composition controlled?

Internal melt aims; either electronic software
calculations or manual elemental reversion rate
calculations

What is/are the final ingot size(s)?

All sizes acceptable to achieve proper hot work
ratio for applicable BSL
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Table A.1—Technical Mill Audit Questions (Continued)

Operation

Technical Audit Questions

Industry Guidelines

Electro-Slag Remelting
(ESR)

How are melt rate and hot-topping
practices controlled?

Computer controlled melt rate step-down
practices; directionally controlled solidification

How is cooling maintained in the
molds?

Copper-lining and water cooled, or other means
established by the ESR manufacturer

How is flux added and controlled?

Calculated flux dry weight based on grade
and ingot size; manual or automatic additions
acceptable

Is slag/flux cap thickness controlled?

Defined by calculated flux dry weight based on
grade and ingot size

What is the electrode size?

All sizes acceptable

How is final remelt ingot chemical
composition controlled?

Internal melt aims; either electronic software
calculations or manual elemental reversion rate
calculations

What is/are the final ingot size(s)?

All sizes acceptable to achieve proper hot work
ratio for applicable BSL

Mill Testing and Quality
Control

Is laboratory testing in-house? If yes,
is the laboratory ISO 17025-qualified?

Yes or no; identify laboratory qualifications

How are the chemical composition
samples during steelmaking identified
and controlled?

Unique identification traceable to heat

Is the laboratory capable to perform
trace element analysis?

Yes or no; identify laboratory capabilities

Is positive material identification (PMI)
capability available?

Yes or no; identify laboratory capabilities

Is NDE available? If yes, is there a
certified Level Il available?

Yes or no; identify NDE qualifications

Is ultrasonic examination available?
If yes, is ultrasonic examination
controlled per 5.9.3.2 and 5.9.4.2?

Yes or no; identify NDE capabilities and
qualifications

Hot Work/Reduction Ratios

How is hot work calculated?

Per API Specification 20B

Is hot work continuous or discrete?

Hot work shall be uniform throughout the bar
cross section

How is hot working temperature
controlled?

Either calibrated thermocouple or optical/infrared
pyrometer

What is the maximum hot work ratio
possible?

No limit

How is raw material hot worked to
achieve appropriate reduction??

All methods are acceptable as long as bars have
a wrought, homogeneous microstructure
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Table A.1—Technical Mill Audit Questions (Continued)

Operation

Technical Audit Questions

Industry Guidelines

Heat Treatment (only for
bar heat treated by the raw
material manufacturer)

Do furnaces meet the survey and
calibration requirements of API 6A,
SAE AMS2750, or SAE AMSH68757?

Furnaces surveyed annually; thermocouples
calibrated every three months

Is induction heating per ASTM A1100
used?

Yes or no; identify capabilities and qualifications

Is heat treatment controlled per 5.3.2,
5.3.3, and 5.3.47?

Yes or no; identify capabilities and qualifications

What is maximum transfer time?

Bar shall be transferred to the quench tank or full
quenching underway, within 90 seconds upon
completely exiting the furnace

What method is used to control and
maintain quench temperature?

Either calibrated thermocouple or optical/infrared
pyrometer

Traceability and Marking

How are individual bar identifications
maintained?

Bars shall be hard-stamped, tagged, or marked
with indelible ink

What is the minimum bar size for
physical stenciling/stamping of the
identification?

No limit; identify capabilities

How are bar surface defects
addressed?

Procedure for identifying surface defects; no
weld repair allowed
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