
Stress Intensification 
Factors (i-Factors), 
Flexibility Factors 
(k-Factors), and Their 
Determination for 
Metallic Piping 
Components

ASME Code for Pressure Piping, B31

A N  A M E R I C A N  N A T I O N A L  S T A N D A R D

ASME B31J-2023
(Revision of ASME B31J-2017)



ASME B31J-2023
(Revision of ASME B31J-2017)

Stress Intensification
Factors (i-Factors),
Flexibility Factors
(k-Factors), and Their
Determination for
Metallic Piping
Components

ASME Code for Pressure Piping, B31

AN AMERICAN NATIONAL STANDARD

Two Park Avenue  •  New York, NY  •  10016 USA
x



Date of Issuance: February 7, 2024

The next edition of this Standard is scheduled for publication in 2028.

This codeor standardwas developedunder procedures accredited asmeeting the criteria for AmericanNational Standards. The
standards committee that approved the code or standard was balanced to ensure that individuals from competent and
concerned interests had an opportunity to participate. The proposed code or standard was made available for public
review and comment, which provided an opportunity for additional public input from industry, academia, regulatory agencies,
and the public-at-large.

ASME does not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary device, or activity. ASME does not
take any position with respect to the validity of any patent rights asserted in connection with any items mentioned in this
document, and does not undertake to insure anyone utilizing a standard against liability for infringement of any applicable
letters patent, nor does ASME assume any such liability. Users of a code or standard are expressly advised that determination of
the validity of any such patent rights, and the risk of infringement of such rights, is entirely their own responsibility.

Participation by federal agency representatives or persons affiliated with industry is not to be interpreted as government or
industry endorsement of this code or standard.

ASME accepts responsibility for only those interpretations of this document issued in accordance with the established ASME
procedures and policies, which precludes the issuance of interpretations by individuals.

The endnotes and preamble in this document (if any) are part of this American National Standard.

ASME Collective Membership Mark

All rights reserved.“ASME” and the above ASME symbol are registered trademarks of The American Society ofMechanical Engineers. No part
of this documentmaybecopied,modified, distributed, published, displayed,orotherwise reproduced inany formorbyanymeans, electronic,
digital, or mechanical, now known or hereafter invented, without the express written permission of ASME. No works derived from this
documentor any content thereinmaybe createdwithout theexpresswrittenpermissionofASME.Using this documentor any content therein
to train, create, or improve any artificial intelligence and/or machine learning platform, system, application, model, or algorithm is strictly
prohibited.

The American Society of Mechanical Engineers
Two Park Avenue, New York, NY 10016-5990

Copyright © 2024 by
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS



CONTENTS

Foreword . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v

Committee Roster . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vi

Correspondence With the B31 Committee . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vii

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . viii

Summary of Changes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x

1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
2 Definitions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
3 Contents Of Standard . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
4 Reference . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

Nonmandatory Appendices
A Stress Intensification Factor (SIF) Test Procedure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
B Test Method for Determining Branch Connection Flexibility Factors . . . . . . . . . . . . . . . . . . 27
C Use Of Branch Connection Flexibility Factors in Piping System Analysis . . . . . . . . . . . . . . . 36
D Sustained Load Test Procedure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

Figures
1-1 Orientations for Sketches 2.1 Through 2.6 of Table 1-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
1-2 Orientations for Bends . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
1-3 Branch Dimensions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
1-4 Flexibility and Stress Intensification Factors for Bends and Miters . . . . . . . . . . . . . . . . . . . 16
1-5 Flanged End Corrections for Bends and Miters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
1-6 Flexibility Element Locations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
1-7 Fillet Weld Contours . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
A-1.1-1 Representative Cantilever Test Arrangements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
A-1.3-1 Displacement and Force or Moment Recorded During Loading and Unloading of a Test Specimen

in Both Positive and Negative Directions, With Linear Displacement . . . . . . . . . . . . . . . . 20
B-1-1 Branch Connection Specimen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
B-1-2 Multiple k-Factor Tests on Single Assembled Position . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
B-2-1 Example Flexibility Factor Branch Load Assembly Orientation . . . . . . . . . . . . . . . . . . . . . . 29
B-4.4-1 Detailed Beam Model for Through-Branch k-Factor Test . . . . . . . . . . . . . . . . . . . . . . . . . . 31
B-4.4-2 Beam Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
B-4.6-1 Load-Displacement Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
B-6-1 Unreinforced Branch Connection With (Left) and Without Ovalization Restraint Plates in Place 34
C-2-1 Rotational Stiffness Location Between Two Nodes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
C-2-2 Branch Connection In-Plane Direction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
C-2-3 Branch Connection Flexibilities Used on Branch Side Only . . . . . . . . . . . . . . . . . . . . . . . . . 38
C-2-4 Branch Connection Flexibilities Used on Run Side Only . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

iii



C-2-5 Branch and Run Flexibilities Used Together (in Series) . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
C-2-6 Rotational Flexibility Definitions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
C-2-7 Branch and Run SIF and k-Factor Intersection Orientations . . . . . . . . . . . . . . . . . . . . . . . . 39
D-1-1 Standard Sustained Load Setup . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
D-1-2 Bend Sustained Load Setup . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
D-2-1 Load-Displacement Diagram Illustrating Typical Pressure-Sensitive, Not Pressurized, and Not-

Pressure-Sensitive Load-Deflection Behavior . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
D-3-1 Load-Displacement Diagram at ds = 2de Limit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

Tables
1-1 Flexibility and Stress Intensification Factors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1-2 Moment-Rotation Relationships for Sketches 2.1 Through 2.6 of Table 1-1 . . . . . . . . . . . . . 14
1-3 Flanged End Correction Coefficients for Sketches 2.1 Through 2.6 of Table 1-1 . . . . . . . . . . 14
A-2.4-1 Stress Intensification Increase Factor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
B-1-1 Load-Deflection Pairs for Single Assembled Orientation Shown in Figure B-1-2 . . . . . . . . . . 28
D-8.1-1 Distance and Precaution for Pressurized Twice Elastic Slope Test . . . . . . . . . . . . . . . . . . . . 49
D-8.1-2 Inadvertent Air Volumes in Test Specimens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

iv




