
ASME BPVC. I I I .1 .NB-2015

Div is ion 1 — Subsect ion NB
Class 1 Components

SECTION I I I
Rules for  Construct ion of
Nuclear  Faci l i ty  Components

2015 ASME Boiler and
Pressure Vessel Code
An International Code

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:08:51 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



III
RULES FOR CONSTRUCTION
OF NUCLEAR FACILITY
COMPONENTS

Division 1 - Subsection NB

Class 1 Components
ASME Boiler and Pressure Vessel Committee
on Nuclear Power

AN INTERNATIONAL CODE

2015 ASME Boiler &
Pressure Vessel Code
2015 Edition July 1, 2015

Two Park Avenue  •  New York, NY  •  10016 USA

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:08:51 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



Date of Issuance: July 1, 2015

This international code or standard was developed under procedures accredited as meeting the criteria for
American National Standards and it is an American National Standard. The Standards Committee that approved
the code or standard was balanced to assure that individuals from competent and concerned interests have
had an opportunity to participate. The proposed code or standard was made available for public review and com-
ment that provides an opportunity for additional public input from industry, academia, regulatory agencies, and
the public-at-large.
ASME does not “approve,” “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 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 representative(s) or person(s) 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 es-

tablished 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

Certification Mark

The above ASME symbol is registered in the U.S. Patent Office.

“ASME” is the trademark of The American Society of Mechanical Engineers.

No part of this document may be reproduced in any form, in an electronic
retrieval system or otherwise, without the prior written permission of the

publisher.

Library of Congress Catalog Card Number: 56-3934
Printed in the United States of America

Adopted by the Council of The American Society of Mechanical Engineers, 1914; latest edition 2015.

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

Copyright © 2015 by
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS

All rights reserved

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:08:51 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



TABLE OF CONTENTS

List of Sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x
Foreword . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xii
Statement of Policy on the Use of the Certification Mark and Code Authorization in Advertising . . . . . . . . . . xiv
Statement of Policy on the Use of ASME Marking to Identify Manufactured Items . . . . . . . . . . . . . . . . . . . . . . xiv
Submittal of Technical Inquiries to the Boiler and Pressure Vessel Standards Committees . . . . . . . . . . . . . . . xv
Personnel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xvii
Organization of Section III . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xxxiv
Summary of Changes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xxxvii
List of Changes in Record Number Order . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xl
Cross-Referencing and Stylistic Changes in the Boiler and Pressure Vessel Code . . . . . . . . . . . . . . . . . . . . . . . xli

Article NB-1000 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
NB-1100 Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

NB-1110 Aspects of Construction Covered by These Rules . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
NB-1120 Temperature Limits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
NB-1130 Boundaries of Jurisdiction Applicable to This Subsection . . . . . . . . . . . . . . . . . . . . . . . . . 1
NB-1140 Electrical and Mechanical Penetration Assemblies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

Article NB-2000 Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
NB-2100 General Requirements for Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

NB-2110 Scope of Principal Terms Employed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
NB-2120 Pressure-Retaining Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
NB-2130 Certification of Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
NB-2140 Welding Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
NB-2150 Material Identification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
NB-2160 Deterioration of Material in Service . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
NB-2170 Heat Treatment to Enhance Impact Properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
NB-2180 Procedures for Heat Treatment of Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
NB-2190 Nonpressure-Retaining Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

NB-2200 Material Test Coupons and Specimens for Ferritic Steel Material . . . . . . . . . . . . . . . . . . 10
NB-2210 Heat Treatment Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
NB-2220 Procedure for Obtaining Test Coupons and Specimens for Quenched and Tempered Ma-

terial . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
NB-2300 Fracture Toughness Requirements for Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

NB-2310 Material to Be Impact Tested . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
NB-2320 Impact Test Procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
NB-2330 Test Requirements and Acceptance Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
NB-2340 Number of Impact Tests Required . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
NB-2350 Retests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
NB-2360 Calibration of Instruments and Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

NB-2400 Welding Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
NB-2410 General Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
NB-2420 Required Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
NB-2430 Weld Metal Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
NB-2440 Storage and Handling of Welding Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

NB-2500 Examination and Repair of Pressure-Retaining Material . . . . . . . . . . . . . . . . . . . . . . . . . . 20
NB-2510 Examination of Pressure-Retaining Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
NB-2520 Examination After Quenching and Tempering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
NB-2530 Examination and Repair of Plate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
NB-2540 Examination and Repair of Forgings and Bars . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

iii

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:08:51 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



NB-2550 Examination and Repair of Seamless andWelded (Without Filler Metal) Tubular Products
and Fittings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

NB-2560 Examination and Repair of Tubular Products and Fittings Welded With Filler Metal . . 27
NB-2570 Examination and Repair of Statically and Centrifugally Cast Products . . . . . . . . . . . . . . . 28
NB-2580 Examination of Bolts, Studs, and Nuts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

NB-2600 Material Organizations’ Quality System Programs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
NB-2610 Documentation and Maintenance of Quality System Programs . . . . . . . . . . . . . . . . . . . . . 35

NB-2700 Dimensional Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

Article NB-3000 Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
NB-3100 General Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
NB-3110 Loading Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
NB-3120 Special Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
NB-3130 General Design Rules . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

NB-3200 Design by Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
NB-3210 Design Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
NB-3220 Stress Limits for Other Than Bolts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
NB-3230 Stress Limits for Bolts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

NB-3300 Vessel Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
NB-3310 General Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
NB-3320 Design Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
NB-3330 Openings and Reinforcement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
NB-3340 Analysis of Vessels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
NB-3350 Design of Welded Construction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
NB-3360 Special Vessel Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

NB-3400 Pump Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
NB-3410 General Requirements for Centrifugal Pumps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
NB-3420 Definitions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
NB-3430 Design Requirements for Centrifugal Pumps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
NB-3440 Design of Specific Pump Types . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

NB-3500 Valve Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
NB-3510 Acceptability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
NB-3520 Design Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
NB-3530 General Rules . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
NB-3540 Design of Pressure-Retaining Parts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
NB-3550 Cyclic Loading Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
NB-3560 Design Reports . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100
NB-3590 Pressure Relief Valve Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100

NB-3600 Piping Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104
NB-3610 General Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104
NB-3620 Design Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106
NB-3630 Piping Design and Analysis Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
NB-3640 Pressure Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
NB-3650 Analysis of Piping Products . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117
NB-3660 Design of Welds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124
NB-3670 Special Piping Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124
NB-3680 Stress Indices and Flexibility Factors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126
NB-3690 Dimensional Requirements for Piping Products . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139

Article NB-4000 Fabrication and Installation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140
NB-4100 General Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140
NB-4110 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140
NB-4120 Certification of Materials and Fabrication by Certificate Holder . . . . . . . . . . . . . . . . . . . . 140
NB-4130 Repair of Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141

NB-4200 Forming, Fitting, and Aligning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141
NB-4210 Cutting, Forming, and Bending . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141
NB-4220 Forming Tolerances . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 142

iv

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:08:51 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



NB-4230 Fitting and Aligning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145
NB-4240 Requirements for Weld Joints in Components . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147
NB-4250 Welding End Transitions — Maximum Envelope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 148

NB-4300 Welding Qualifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 148
NB-4310 General Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 148
NB-4320 Welding Qualifications, Records, and Identifying Stamps . . . . . . . . . . . . . . . . . . . . . . . . . 152
NB-4330 General Requirements for Welding Procedure Qualification Tests . . . . . . . . . . . . . . . . . . 155
NB-4350 Special Qualification Requirements for Tube-to-Tubesheet Welds . . . . . . . . . . . . . . . . . . 161
NB-4360 Qualification Requirements for Welding Specially Designed Welded Seals . . . . . . . . . . . 161

NB-4400 Rules Governing Making, Examining, and Repairing Welds . . . . . . . . . . . . . . . . . . . . . . . . 162
NB-4410 Precautions to Be Taken Before Welding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162
NB-4420 Rules for Making Welded Joints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163
NB-4430 Welding of Attachments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164
NB-4440 Welding of Appurtenances . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167
NB-4450 Repair of Weld Metal Defects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167

NB-4500 Brazing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167
NB-4510 Rules for Brazing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167
NB-4520 Brazing Qualification Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169
NB-4530 Fitting and Aligning of Parts to Be Brazed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 170
NB-4540 Examination of Brazed Joints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 170

NB-4600 Heat Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 170
NB-4610 Welding Preheat Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 170
NB-4620 Postweld Heat Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 170
NB-4630 Heat Treatment of Welds Other Than the Final Postweld Heat Treatment . . . . . . . . . . . 178
NB-4650 Heat Treatment After Bending or Forming for Pipes, Pumps, and Valves . . . . . . . . . . . . 178
NB-4660 Heat Treatment of Electroslag Welds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178

NB-4700 Mechanical Joints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178
NB-4710 Bolting and Threading . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178
NB-4720 Bolting Flanged Joints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178
NB-4730 Electrical and Mechanical Penetration Assemblies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178

Article NB-5000 Examination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 179
NB-5100 General Requirements for Examination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 179

NB-5110 Methods, Nondestructive Examination Procedures, and Cleaning . . . . . . . . . . . . . . . . . . 179
NB-5120 Time of Examination of Welds and Weld Metal Cladding . . . . . . . . . . . . . . . . . . . . . . . . . 179
NB-5130 Examination of Weld Edge Preparation Surfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 180
NB-5140 Examination of Welds and Adjacent Base Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181

NB-5200 Required Examination of Welds for Fabrication and Preservice Baseline . . . . . . . . . . . . 181
NB-5210 Category A Vessel Welded Joints and Longitudinal Welded Joints in Other Components 181
NB-5220 Category B Vessel Welded Joints and Circumferential Welded Joints in Piping, Pumps, and

Valves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181
NB-5230 Category C Vessel Welded Joints and Similar Welded Joints in Other Components . . . . 181
NB-5240 Category D Vessel Welded Joints and Branch and Piping Connections in Other Compo-

nents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181
NB-5250 Weld Metal Buildups to Form Nozzles, Branch and Piping Connections and for Closure

Opening Reinforcement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 182
NB-5260 Fillet, Partial Penetration, Socket, and Attachment Welded Joints . . . . . . . . . . . . . . . . . . 182
NB-5270 Special Welded Joints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 182
NB-5280 Preservice Examination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 183

NB-5300 Acceptance Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 183
NB-5320 Radiographic Acceptance Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 183
NB-5330 Ultrasonic Acceptance Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184
NB-5340 Magnetic Particle Acceptance Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184
NB-5350 Liquid Penetrant Acceptance Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184
NB-5360 Eddy Current Preservice Examination of Installed Nonferromagnetic Steam Generator

Heat Exchanger Tubing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185
NB-5370 Visual Acceptance Standards for Brazed Joints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185

v

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:08:51 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



NB-5380 Bubble Formation Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185
NB-5400 Final Examination of Vessels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185
NB-5410 Examination After Hydrostatic Test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185

NB-5500 Qualifications and Certification of Nondestructive Examination Personnel . . . . . . . . . . . 185
NB-5510 General Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185
NB-5520 Personnel Qualification, Certification, and Verification . . . . . . . . . . . . . . . . . . . . . . . . . . . 185
NB-5530 Records . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 186

Article NB-6000 Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187
NB-6100 General Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187
NB-6110 Pressure Testing of Components, Appurtenances, and Systems . . . . . . . . . . . . . . . . . . . . 187
NB-6120 Preparation for Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 188

NB-6200 Hydrostatic Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 188
NB-6210 Hydrostatic Test Procedure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 188
NB-6220 Hydrostatic Test Pressure Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 188

NB-6300 Pneumatic Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189
NB-6310 Pneumatic Testing Procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189
NB-6320 Pneumatic Test Pressure Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189

NB-6400 Pressure Test Gages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189
NB-6410 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189

NB-6600 Special Test Pressure Situations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 190
NB-6610 Components Designed for External Pressure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 190
NB-6620 Pressure Testing of Combination Units . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 190

Article NB-7000 Overpressure Protection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191
NB-7100 General Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191
NB-7110 Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191
NB-7120 Integrated Overpressure Protection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191
NB-7130 Verification of the Operation of Reclosing Pressure Relief Devices . . . . . . . . . . . . . . . . . 191
NB-7140 Installation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191
NB-7150 Acceptable Pressure Relief Devices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 192
NB-7160 Unacceptable Pressure Relief Devices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 192
NB-7170 Permitted Use of Pressure Relief Devices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 192

NB-7200 Overpressure Protection Report . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193
NB-7210 Responsibility for Report . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193
NB-7220 Content of Report . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193
NB-7230 Certification of Report . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193
NB-7240 Review of Report After Installation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193
NB-7250 Filing of Report . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 194

NB-7300 Relieving Capacity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 194
NB-7310 Expected System Pressure Transient Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 194
NB-7320 Unexpected System Excess Pressure Transient Conditions . . . . . . . . . . . . . . . . . . . . . . . . 194

NB-7400 Set Pressures of Pressure Relief Devices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 194
NB-7410 Set Pressure Limitations for Expected System Pressure Transient Conditions . . . . . . . . 194
NB-7420 Set Pressure Limitation for Unexpected System Excess Pressure Transient Conditions 195

NB-7500 Operating and Design Requirements for Pressure Relief Valves . . . . . . . . . . . . . . . . . . . . 195
NB-7510 Safety, Safety Relief, and Relief Valves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 195
NB-7520 Pilot Operated Pressure Relief Valves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 196
NB-7530 Power-Actuated Pressure Relief Valves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 197
NB-7540 Safety Valves and Pilot Operated Pressure Relief Valves With Auxiliary Actuating De-

vices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 197
NB-7550 Alternative Test Media . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 198

NB-7600 Nonreclosing Pressure Relief Devices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199
NB-7610 Rupture Disk Devices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199
NB-7620 Installation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199

NB-7700 Certification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200
NB-7710 Responsibility for Certification of Pressure Relief Valves . . . . . . . . . . . . . . . . . . . . . . . . . 200

vi

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:08:51 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



NB-7720 Responsibility for Certification of Nonreclosing Pressure Relief Devices . . . . . . . . . . . . . 200
NB-7730 Capacity Certification Pressure Relief Valves — Compressible Fluids . . . . . . . . . . . . . . . 200
NB-7740 Capacity Certification of Pressure Relief Valves — Incompressible Fluids . . . . . . . . . . . 203

NB-7800 Marking, Stamping With Certification Mark, and Data Reports . . . . . . . . . . . . . . . . . . . . . 205
NB-7810 Pressure Relief Valves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 205
NB-7820 Rupture Disk Devices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 205
NB-7830 Certificate of Authorization to Use Certification Mark . . . . . . . . . . . . . . . . . . . . . . . . . . . . 206

Article NB-8000 Nameplates, Stamping With Certification Mark, and Reports . . . . . . . . . . . . . . . . . . 207
NB-8100 General Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 207

FIGURES
NB-1132.2-1 Attachments in the Component Support Load Path That Do Not Perform a

Pressure-Retaining Function . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
NB-1132.2-2 Attachments That Do Not Perform a Pressure-Retaining Function and Are Not in the

Component Support Load Path (Nonstructural Attachments) . . . . . . . . . . . . . . . . . . . 4
NB-1132.2-3 Attachments That Perform a Pressure-Retaining Function . . . . . . . . . . . . . . . . . . . . . . . 5
NB-1132.2-4 Attachments Within the Reactor Pressure Vessel (Core Support Structures) That Do Not

Perform a Pressure-Retaining Function . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
NB-2433.1-1 Weld Metal Delta Ferrite Content . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
NB-2552-1 Axial Propagation of Sound in Tube Wall . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
NB-2575.2-1 Typical Pressure-Retaining Parts of Pumps and Valves . . . . . . . . . . . . . . . . . . . . . . . . . . 32
NB-3213.10-1 Example of Acceptable Local Primary Membrane Stress Due to Pressure . . . . . . . . . . . 43
NB-3213-1 Examples of Reversing and Nonreversing Dynamic Loads . . . . . . . . . . . . . . . . . . . . . . . 46
NB-3221-1 Stress Categories and Limits of Stress Intensity for Design Conditions . . . . . . . . . . . . . 51
NB-3222-1 Stress Categories and Limits of Stress Intensity for Level A and Level B Service Limits 53
NB-3224-1 Stress Categories and Limits of Stress Intensity for Level C Service Limits . . . . . . . . . 58
NB-3227.8-1 Local Thin Area in a Cylindrical Shell . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
NB-3332.2-1 Chart for Determining Value of F . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
NB-3338.2(a)-1 Direction of Stress Components . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68
NB-3338.2(a)-2 Nozzle Dimensions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
NB-3339.1(b)-1 Examples of Acceptable Transition Details . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
NB-3339.4-1 Limits of Reinforcing Zone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
NB-3351-1 Welded Joint Locations Typical of Categories A, B, C, and D . . . . . . . . . . . . . . . . . . . . . . 74
NB-3352-1 Typical Butt Joints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
NB-3361-1 Category A and B Joints Between Sections of Unequal Thickness . . . . . . . . . . . . . . . . . . 76
NB-3423-1 Typical Single Volute Casing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
NB-3423-2 Typical Double Volute Casing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
NB-3433.4-1 Minimum Tangential Inlet and Outlet Wall Thickness . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
NB-3441.1-1 Type A Pump . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
NB-3441.1-2 Type A Pump . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
NB-3441.2-1 Type B Pump . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
NB-3441.3-1 Type C Pump . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
NB-3441.3-2 Type C Pump . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
NB-3441.4(a)-1 Type D Pump . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
NB-3441.5-1 Type E Pump . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
NB-3441.6(a)-1 Type F Pump . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
NB-3544.1(a)-1 Fillets and Corners . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
NB-3544.1(c)-1 Ring Grooves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
NB-3544.3-1 Lugs and Protuberances . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
NB-3544.7-1 Flat Wall Limitation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89
NB-3545.1(a)-1 Pressure Area Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
NB-3545.2(a)-1 Critical Sections of Valve Bodies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
NB-3545.2(c)-1 Model for Determining Secondary Stress in Valve Crotch Region . . . . . . . . . . . . . . . . . . 95
NB-3545.2(c)-3 Thermal Stress Index Versus Thickness Continuity Run or Branch . . . . . . . . . . . . . . . . 96
NB-3545.2(c)-4 Secondary Stress Index Versus Thickness Discontinuity Run or Branch . . . . . . . . . . . . 97
NB-3545.2(c)-5 C4 Versus Te1/te . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98

vii

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:08:51 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



NB-3545.2(c)-6 Stress Index for Thermal Fatigue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98
NB-3591.1-1 Typical Pressure Relief Devices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
NB-3591.1-2 Typical Pressure Relief and Safety Relief Devices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
NB-3594.3-1 Valve Nozzle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104
NB-3622-1 Examples of Reversing and Nonreversing Dynamic Loads . . . . . . . . . . . . . . . . . . . . . . . 107
NB-3643.3(a)-1 Branch Connection Nomenclature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112
NB-3643.3(a)-2 Typical Reinforcement of Openings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113
NB-3643.3(a)-3 Typical Reinforced Extruded Outlet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114
NB-3644(b)-1 Miter Joint Geometry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
NB-3647.2-1 Types of Permanent Blanks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117
NB-3653.2(b)-1 Decomposition of Temperature Distribution Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120
NB-3683.1(c)-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129
NB-3683.1(d)-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130
NB-3683.6-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133
NB-3684-1 Direction of Stress Components . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135
NB-3685.2-1 Elbow Nomenclature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138
NB-3686.1-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138
NB-3686.2-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138
NB-3686.5-1 Branch Connections in Straight Pipe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139
NB-3686.6-1 Reducers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139
NB-4221.1-1 Maximum Difference in Cross-Sectional Diameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143
NB-4221.2(a)-1 Maximum Permissible Deviation e From a True Circular Form . . . . . . . . . . . . . . . . . . . 143
NB-4221.2(a)-2 Maximum Arc Length for Determining Plus or Minus Deviation . . . . . . . . . . . . . . . . . . 144
NB-4233(a)-1 Butt Weld Alignment and Mismatch Tolerances for Unequal I.D. and O.D. When Com-

ponents Are Welded From One Side and Fairing Is Not Performed . . . . . . . . . . . . . . 146
NB-4243-1 Acceptable Full Penetration Weld Details for Category C Joints (NB-3352.3) . . . . . . . . 148
NB-4244(a)-1 Nozzles Joined by Full Penetration Butt Welds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149
NB-4244(b)-1 Nozzles Joined by Full Penetration Corner Welds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150
NB-4244(c)-1 Deposited Weld Metal Used as Reinforcement of Openings for Nozzles . . . . . . . . . . . . 151
NB-4244(d)-1 Partial Penetration Nozzles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 152
NB-4244(d)-2 Partial Penetration Nozzle for Coaxial Cylinders . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153
NB-4244(e)-1 Oblique Connections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154
NB-4246(a)-1 Typical Piping Branch Connections Joined by Full Penetration Welds . . . . . . . . . . . . . . 155
NB-4246(b)-1 Typical Piping Branch Connections Joined by a Fillet Weld or a Partial Penetration

Weld . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156
NB-4250-1 Welding End Transitions — Maximum Envelope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157
NB-4250-2 Component to Pipe Weld . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158
NB-4250-3 Pipe to Pipe Weld . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158
NB-4427-1 Fillet and Socket Weld Details and Dimensions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165
NB-4433-1 Types of Attachment Welds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166
NB-4440-1 Appurtenance Weld Joint Details Size NPS 2 (DN 50) and Smaller . . . . . . . . . . . . . . . . 168
NB-4511-1 Brazed Connections for Appurtenances and Piping, NPS 1 (DN 25) and Less . . . . . . . 169
NB-4622.9(d)(1)-1 Dissimilar Metal Repair Cavity Measurement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177

TABLES
NB-2332(a)-1 Required Cv Values for Piping, Pumps, and Valves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
NB-2333-1 Required Cv Values for Bolting Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
NB-2432.1-1 Sampling of Welding Materials for Chemical Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
NB-2432.2(a)-1 Chemical Analysis for Reactor Vessel Welding Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
NB-2432.2(a)-2 Chemical Analysis for Welding Material for Other Than Reactor Vessel Welds . . . . . . . . . 19
NB-2571-1 Required Examinations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
NB-3217-1 Classification of Stress Intensity in Vessels for Some Typical Cases . . . . . . . . . . . . . . . . . . . 48
NB-3217-2 Classification of Stress Intensity in Piping, Typical Cases . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
NB-3228.5(b)-1 Values of m , n , and Tmax for Various Classes of Permitted Materials . . . . . . . . . . . . . . . . . 63
NB-3338.2(c)-1 Stress Indices for Nozzles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
NB-3339.3-1 Required Minimum Reinforcing Area, Ar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

viii

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:08:51 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



NB-3339.7(c)-1 Stress Indices for Internal Pressure Loading . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
NB-3641.1(a)-1 Values of A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
NB-3642.1(b)-1 Bend Radius Versus Thickness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
NB-3681(a)-1 Stress Indices for Use With Equations in NB-3650 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127
NB-3685.1-1 Curved Pipe or Welding End Elbows, Internal Pressure . . . . . . . . . . . . . . . . . . . . . . . . . . . . 136
NB-3685.1-2 Curved Pipe or Welding End Elbows, Moment Loading ( ) . . . . . . . . . . . . . . . . . . . 137
NB-4232-1 Maximum Allowable Offset in Final Welded Joints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145
NB-4524-1 Maximum Design Temperatures for Brazing Filler Metal . . . . . . . . . . . . . . . . . . . . . . . . . . . 170
NB-4622.1-1 Mandatory Requirements for Postweld Heat Treatment of Welds . . . . . . . . . . . . . . . . . . . . 172
NB-4622.4(c)-1 Alternative Holding Temperatures and Times . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173
NB-4622.7(b)-1 Exemptions to Mandatory PWHT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 174
NB-5111-1 Thickness, IQI Designations, Essential Holes, and Wire Diameters . . . . . . . . . . . . . . . . . . . . 180

ENDNOTES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 209

ix

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:08:51 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



ð15Þ LIST OF SECTIONS
SECTIONS
I Rules for Construction of Power Boilers

II Materials
• Part A — Ferrous Material Specifications
• Part B — Nonferrous Material Specifications
• Part C — Specifications for Welding Rods, Electrodes, and Filler Metals
• Part D — Properties (Customary)
• Part D — Properties (Metric)

III Rules for Construction of Nuclear Facility Components
• Subsection NCA — General Requirements for Division 1 and Division 2
• Appendices
• Division 1
– Subsection NB — Class 1 Components
– Subsection NC — Class 2 Components
– Subsection ND — Class 3 Components
– Subsection NE — Class MC Components
– Subsection NF — Supports
– Subsection NG — Core Support Structures
– Subsection NH — Class 1 Components in Elevated Temperature Service*

• Division 2 — Code for Concrete Containments
• Division 3 — Containments for Transportation and Storage of Spent Nuclear Fuel and High Level Radioactive
Material and Waste

• Division 5 — High Temperature Reactors

IV Rules for Construction of Heating Boilers

V Nondestructive Examination

VI Recommended Rules for the Care and Operation of Heating Boilers

VII Recommended Guidelines for the Care of Power Boilers

VIII Rules for Construction of Pressure Vessels
• Division 1
• Division 2 — Alternative Rules
• Division 3 — Alternative Rules for Construction of High Pressure Vessels

IX Welding, Brazing, and Fusing Qualifications

X Fiber-Reinforced Plastic Pressure Vessels

XI Rules for Inservice Inspection of Nuclear Power Plant Components

XII Rules for Construction and Continued Service of Transport Tanks

* The 2015 Edition of Section III is the last edition in which Section III, Division 1, Subsection NH, Class 1 Components in Elevated Temperature
Service, will be published. The requirements located within Subsection NH have been moved to Section III, Division 5, Subsection HB, Subpart B
for the elevated temperature construction of Class A components.

x

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:08:51 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



INTERPRETATIONS

Interpretations of the Code have historically been posted in January and July at http://cstools.asme.org/interpreta-
tions.cfm. Interpretations issued during the previous two calendar years are included with the publication of the applic-
able Section of the Code in the 2015 Edition. Interpretations of Section III, Divisions 1 and 2 and Section III Appendices
are included with Subsection NCA.

Following the 2015 Edition, interpretations will not be included in editions; they will be issued in real time in ASME's
Interpretations Database at http://go.asme.org/Interpretations. Historical BPVC interpretations may also be found in
the Database.

CODE CASES

The Boiler and Pressure Vessel Code committees meet regularly to consider proposed additions and revisions to the
Code and to formulate Cases to clarify the intent of existing requirements or provide, when the need is urgent, rules for
materials or constructions not covered by existing Code rules. Those Cases that have been adopted will appear in the
appropriate 2015 Code Cases book: “Boilers and Pressure Vessels” or “Nuclear Components.” Supplements will be sent
or made available automatically to the purchasers of the Code Cases books up to the publication of the 2017 Code.

xi
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ð15Þ FOREWORD*

In 1911, The American Society of Mechanical Engineers established the Boiler and Pressure Vessel Committee to for-
mulate standard rules for the construction of steam boilers and other pressure vessels. In 2009, the Boiler and Pressure
Vessel Committee was superseded by the following committees:
(a) Committee on Power Boilers (I)
(b) Committee on Materials (II)
(c) Committee on Construction of Nuclear Facility Components (III)
(d) Committee on Heating Boilers (IV)
(e) Committee on Nondestructive Examination (V)
(f) Committee on Pressure Vessels (VIII)
(g) Committee on Welding, Brazing, and Fusing (IX)
(h) Committee on Fiber-Reinforced Plastic Pressure Vessels (X)
(i) Committee on Nuclear Inservice Inspection (XI)
(j) Committee on Transport Tanks (XII)
(k) Technical Oversight Management Committee (TOMC)
Where reference is made to “the Committee” in this Foreword, each of these committees is included individually and

collectively.
The Committee’s function is to establish rules of safety relating only to pressure integrity, which govern the

construction** of boilers, pressure vessels, transport tanks, and nuclear components, and the inservice inspection of nu-
clear components and transport tanks. The Committee also interprets these rules when questions arise regarding their
intent. The technical consistency of the Sections of the Code and coordination of standards development activities of the
Committees is supported and guided by the Technical Oversight Management Committee. This Code does not address
other safety issues relating to the construction of boilers, pressure vessels, transport tanks, or nuclear components, or
the inservice inspection of nuclear components or transport tanks. Users of the Code should refer to the pertinent codes,
standards, laws, regulations, or other relevant documents for safety issues other than those relating to pressure integ-
rity. Except for Sections XI and XII, and with a few other exceptions, the rules do not, of practical necessity, reflect the
likelihood and consequences of deterioration in service related to specific service fluids or external operating environ-
ments. In formulating the rules, the Committee considers the needs of users, manufacturers, and inspectors of pressure
vessels. The objective of the rules is to afford reasonably certain protection of life and property, and to provide a margin
for deterioration in service to give a reasonably long, safe period of usefulness. Advancements in design and materials
and evidence of experience have been recognized.
This Code contains mandatory requirements, specific prohibitions, and nonmandatory guidance for construction ac-

tivities and inservice inspection and testing activities. The Code does not address all aspects of these activities and those
aspects that are not specifically addressed should not be considered prohibited. The Code is not a handbook and cannot
replace education, experience, and the use of engineering judgment. The phrase engineering judgement refers to tech-
nical judgments made by knowledgeable engineers experienced in the application of the Code. Engineering judgments
must be consistent with Code philosophy, and such judgments must never be used to overrule mandatory requirements
or specific prohibitions of the Code.
The Committee recognizes that tools and techniques used for design and analysis change as technology progresses

and expects engineers to use good judgment in the application of these tools. The designer is responsible for complying
with Code rules and demonstrating compliance with Code equations when such equations are mandatory. The Code
neither requires nor prohibits the use of computers for the design or analysis of components constructed to the

* The information contained in this Foreword is not part of this American National Standard (ANS) and has not been processed in accordance
with ANSI's requirements for an ANS. Therefore, this Foreword may contain material that has not been subjected to public review or a con-
sensus process. In addition, it does not contain requirements necessary for conformance to the Code.

** Construction, as used in this Foreword, is an all-inclusive term comprising materials, design, fabrication, examination, inspection, testing,
certification, and pressure relief.

xii
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requirements of the Code. However, designers and engineers using computer programs for design or analysis are cau-
tioned that they are responsible for all technical assumptions inherent in the programs they use and the application of
these programs to their design.

The rules established by the Committee are not to be interpreted as approving, recommending, or endorsing any pro-
prietary or specific design, or as limiting in any way the manufacturer's freedom to choose any method of design or any
form of construction that conforms to the Code rules.

The Committee meets regularly to consider revisions of the rules, new rules as dictated by technological development,
Code Cases, and requests for interpretations. Only the Committee has the authority to provide official interpretations of
this Code. Requests for revisions, new rules, Code Cases, or interpretations shall be addressed to the Secretary in writing
and shall give full particulars in order to receive consideration and action (see Submittal of Technical Inquiries to the
Boiler and Pressure Vessel Standards Committees). Proposed revisions to the Code resulting from inquiries will be pre-
sented to the Committee for appropriate action. The action of the Committee becomes effective only after confirmation
by ballot of the Committee and approval by ASME. Proposed revisions to the Code approved by the Committee are sub-
mitted to the American National Standards Institute (ANSI) and published at http://go.asme.org/BPVCPublicReview to
invite comments from all interested persons. After public review and final approval by ASME, revisions are published at
regular intervals in Editions of the Code.

The Committee does not rule on whether a component shall or shall not be constructed to the provisions of the Code.
The scope of each Section has been established to identify the components and parameters considered by the Committee
in formulating the Code rules.

Questions or issues regarding compliance of a specific component with the Code rules are to be directed to the ASME
Certificate Holder (Manufacturer). Inquiries concerning the interpretation of the Code are to be directed to the Commit-
tee. ASME is to be notified should questions arise concerning improper use of an ASME Certification Mark.

When required by context in this Section, the singular shall be interpreted as the plural, and vice versa, and the fem-
inine, masculine, or neuter gender shall be treated as such other gender as appropriate.

xiii
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STATEMENT OF POLICY ON THE USE OF THE CERTIFICATION
MARK AND CODE AUTHORIZATION IN ADVERTISING

ASME has established procedures to authorize qualified organizations to perform various activities in accordance
with the requirements of the ASME Boiler and Pressure Vessel Code. It is the aim of the Society to provide recognition
of organizations so authorized. An organization holding authorization to perform various activities in accordance with
the requirements of the Code may state this capability in its advertising literature.
Organizations that are authorized to use the Certification Mark for marking items or constructions that have been

constructed and inspected in compliance with the ASME Boiler and Pressure Vessel Code are issued Certificates of
Authorization. It is the aim of the Society to maintain the standing of the Certification Mark for the benefit of the users,
the enforcement jurisdictions, and the holders of the Certification Mark who comply with all requirements.
Based on these objectives, the following policy has been established on the usage in advertising of facsimiles of the

Certification Mark, Certificates of Authorization, and reference to Code construction. The American Society of Mechanical
Engineers does not “approve,” “certify,” “rate,” or “endorse” any item, construction, or activity and there shall be no state-
ments or implications that might so indicate. An organization holding the Certification Mark and/or a Certificate of
Authorization may state in advertising literature that items, constructions, or activities “are built (produced or per-
formed) or activities conducted in accordance with the requirements of the ASME Boiler and Pressure Vessel Code,”
or “meet the requirements of the ASME Boiler and Pressure Vessel Code.”An ASME corporate logo shall not be used
by any organization other than ASME.
The Certification Mark shall be used only for stamping and nameplates as specifically provided in the Code. However,

facsimiles may be used for the purpose of fostering the use of such construction. Such usage may be by an association or
a society, or by a holder of the Certification Mark who may also use the facsimile in advertising to show that clearly spe-
cified items will carry the Certification Mark. General usage is permitted only when all of a manufacturer’s items are
constructed under the rules.

STATEMENT OF POLICY ON THE USE OF ASME MARKING TO
IDENTIFY MANUFACTURED ITEMS

The ASME Boiler and Pressure Vessel Code provides rules for the construction of boilers, pressure vessels, and nuclear
components. This includes requirements for materials, design, fabrication, examination, inspection, and stamping. Items
constructed in accordance with all of the applicable rules of the Code are identified with the official Certification Mark
described in the governing Section of the Code.
Markings such as “ASME,” “ASME Standard,” or any other marking including “ASME” or the Certification Mark shall not

be used on any item that is not constructed in accordance with all of the applicable requirements of the Code.
Items shall not be described on ASME Data Report Forms nor on similar forms referring to ASME that tend to imply

that all Code requirements have been met when, in fact, they have not been. Data Report Forms covering items not fully
complying with ASME requirements should not refer to ASME or they should clearly identify all exceptions to the ASME
requirements.

xiv
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ð15ÞSUBMITTAL OF TECHNICAL INQUIRIES TO THE BOILER AND
PRESSURE VESSEL STANDARDS COMMITTEES

1 INTRODUCTION

(a) The following information provides guidance to Code users for submitting technical inquiries to the committees.
See Guideline on the Approval of New Materials Under the ASME Boiler and Pressure Vessel Code in Section II, Parts C
and D for additional requirements for requests involving adding new materials to the Code. Technical inquiries include
requests for revisions or additions to the Code rules, requests for Code Cases, and requests for Code Interpretations, as
described below.

(1) Code Revisions. Code revisions are considered to accommodate technological developments, address administra-
tive requirements, incorporate Code Cases, or to clarify Code intent.

(2) Code Cases. Code Cases represent alternatives or additions to existing Code rules. Code Cases are written as a
question and reply, and are usually intended to be incorporated into the Code at a later date. When used, Code Cases
prescribe mandatory requirements in the same sense as the text of the Code. However, users are cautioned that not
all jurisdictions or owners automatically accept Code Cases. The most common applications for Code Cases are:

(-a) to permit early implementation of an approved Code revision based on an urgent need

(-b) to permit the use of a new material for Code construction

(-c) to gain experience with new materials or alternative rules prior to incorporation directly into the Code

(3) Code Interpretations. Code Interpretations provide clarification of the meaning of existing rules in the Code, and
are also presented in question and reply format. Interpretations do not introduce new requirements. In cases where
existing Code text does not fully convey the meaning that was intended, and revision of the rules is required to support
an interpretation, an Intent Interpretation will be issued and the Code will be revised.

(b) The Code rules, Code Cases, and Code Interpretations established by the committees are not to be considered as
approving, recommending, certifying, or endorsing any proprietary or specific design, or as limiting in any way the free-
dom of manufacturers, constructors, or owners to choose any method of design or any form of construction that con-
forms to the Code rules.

(c) Inquiries that do not comply with these provisions or that do not provide sufficient information for a committee’s
full understanding may result in the request being returned to the inquirer with no action.

2 INQUIRY FORMAT

Submittals to a committee shall include:

(a) Purpose. Specify one of the following:

(1) revision of present Code rules

(2) new or additional Code rules

(3) Code Case

(4) Code Interpretation

(b) Background. Provide the information needed for the committee’s understanding of the inquiry, being sure to in-
clude reference to the applicable Code Section, Division, edition, addenda (if applicable), paragraphs, figures, and tables.
Preferably, provide a copy of the specific referenced portions of the Code.

(c) Presentations. The inquirer may desire or be asked to attend a meeting of the committee to make a formal presen-
tation or to answer questions from the committee members with regard to the inquiry. Attendance at a committee meet-
ing shall be at the expense of the inquirer. The inquirer’s attendance or lack of attendance at a meeting shall not be a
basis for acceptance or rejection of the inquiry by the committee.
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3 CODE REVISIONS OR ADDITIONS

Requests for Code revisions or additions shall provide the following:
(a) Proposed Revisions or Additions. For revisions, identify the rules of the Code that require revision and submit a copy

of the appropriate rules as they appear in the Code, marked up with the proposed revision. For additions, provide the
recommended wording referenced to the existing Code rules.
(b) Statement of Need. Provide a brief explanation of the need for the revision or addition.
(c) Background Information. Provide background information to support the revision or addition, including any data

or changes in technology that form the basis for the request that will allow the committee to adequately evaluate the
proposed revision or addition. Sketches, tables, figures, and graphs should be submitted as appropriate. When applic-
able, identify any pertinent paragraph in the Code that would be affected by the revision or addition and identify para-
graphs in the Code that reference the paragraphs that are to be revised or added.

4 CODE CASES

Requests for Code Cases shall provide a Statement of Need and Background Information similar to that defined in 3(b)
and 3(c), respectively, for Code revisions or additions. The urgency of the Code Case (e.g., project underway or imminent,
new procedure, etc.) must be defined and it must be confirmed that the request is in connection with equipment that will
bear the Certification Mark, with the exception of Section XI applications. The proposed Code Case should identify the
Code Section and Division, and be written as a Question and a Reply in the same format as existing Code Cases. Requests
for Code Cases should also indicate the applicable Code editions and addenda (if applicable) to which the proposed Code
Case applies.

5 CODE INTERPRETATIONS

(a) Requests for Code Interpretations shall provide the following:
(1) Inquiry. Provide a condensed and precise question, omitting superfluous background information and, when

possible, composed in such a way that a “yes” or a “no” Reply, with brief provisos if needed, is acceptable. The question
should be technically and editorially correct.

(2) Reply. Provide a proposed Reply that will clearly and concisely answer the Inquiry question. Preferably, the Reply
should be “yes” or “no,” with brief provisos if needed.

(3) Background Information. Provide any background information that will assist the committee in understanding
the proposed Inquiry and Reply.
(b) Requests for Code Interpretations must be limited to an interpretation of a particular requirement in the Code or a

Code Case. The committee cannot consider consulting type requests such as the following:
(1) a review of calculations, design drawings, welding qualifications, or descriptions of equipment or parts to de-

termine compliance with Code requirements;
(2) a request for assistance in performing any Code-prescribed functions relating to, but not limited to, material

selection, designs, calculations, fabrication, inspection, pressure testing, or installation;
(3) a request seeking the rationale for Code requirements.

6 SUBMITTALS

Submittals to and responses from the committees shall meet the following:
(a) Submittal. Inquiries from Code users shall be in English and preferably be submitted in typewritten form; however,

legible handwritten inquiries will also be considered. They shall include the name, address, telephone number, fax num-
ber, and e-mail address, if available, of the inquirer and be mailed to the following address:
Secretary
ASME Boiler and Pressure Vessel Committee
Two Park Avenue
New York, NY 10016-5990
As an alternative, inquiries may be submitted via e-mail to: SecretaryBPV@asme.org or via our online tool at

http://go.asme.org/InterpretationRequest.
(b) Response. The Secretary of the appropriate committee shall acknowledge receipt of each properly prepared in-

quiry and shall provide a written response to the inquirer upon completion of the requested action by the committee.
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ð15Þ ORGANIZATION OF SECTION III

1 GENERAL

Section III consists of Division 1, Division 2, Division 3, and Division 5. These Divisions are broken down into Subsec-
tions and are designated by capital letters preceded by the letter “N” for Division 1, by the letter “C” for Division 2, by the
letter “W” for Division 3, and by the letter “H” for Division 5. Each Subsection is published separately, with the exception
of those listed for Divisions 2, 3, and 5.
• Subsection NCA — General Requirements for Division 1 and Division 2
• Appendices
• Division 1

– Subsection NB — Class 1 Components
– Subsection NC — Class 2 Components
– Subsection ND — Class 3 Components
– Subsection NE — Class MC Components
– Subsection NF — Supports
– Subsection NG — Core Support Structures
– Subsection NH — Class 1 Components in Elevated Temperature Service*

• Division 2 — Code for Concrete Containments
– Subsection CC — Concrete Containments

• Division 3 — Containments for Transportation and Storage of Spent Nuclear Fuel and High Level Radioactive Material
and Waste
– Subsection WA — General Requirements for Division 3
– Subsection WB — Class TC Transportation Containments
– Subsection WC — Class SC Storage Containments

• Division 5 — High Temperature Reactors
– Subsection HA — General Requirements

Subpart A — Metallic Materials
Subpart B — Graphite Materials
Subpart C — Composite Materials

– Subsection HB — Class A Metallic Pressure Boundary Components
Subpart A — Low Temperature Service
Subpart B — Elevated Temperature Service

– Subsection HC — Class B Metallic Pressure Boundary Components
Subpart A — Low Temperature Service
Subpart B — Elevated Temperature Service

– Subsection HF — Class A and B Metallic Supports
Subpart A — Low Temperature Service

– Subsection HG — Class A Metallic Core Support Structures
Subpart A — Low Temperature Service
Subpart B — Elevated Temperature Service

– Subsection HH — Class A Nonmetallic Core Support Structures
Subpart A — Graphite Materials
Subpart B — Composite Materials

2 SUBSECTIONS

Subsections are divided into Articles, subarticles, paragraphs, and, where necessary, subparagraphs and
subsubparagraphs.

* The 2015 Edition of Section III is the last edition in which Section III, Division 1, Subsection NH, Class 1 Components in Elevated Temperature
Service, will be published. The requirements located within Subsection NH have been moved to Section III, Division 5, Subsection HB, Subpart B
for the elevated temperature construction of Class A components.

xxxiv

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:08:51 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



3 ARTICLES

Articles are designated by the applicable letters indicated above for the Subsections followed by Arabic numbers, such
as NB-1000. Where possible, Articles dealing with the same topics are given the same number in each Subsection, except
NCA, in accordance with the following general scheme:

Article Number Title

1000 Introduction or Scope
2000 Material
3000 Design
4000 Fabrication and Installation
5000 Examination
6000 Testing
7000 Overpressure Protection
8000 Nameplates, StampingWith Certification Mark, and Reports

The numbering of Articles and the material contained in the Articles may not, however, be consecutive. Due to the fact
that the complete outline may cover phases not applicable to a particular Subsection or Article, the rules have been pre-
pared with some gaps in the numbering.

4 SUBARTICLES

Subarticles are numbered in units of 100, such as NB-1100.

5 SUBSUBARTICLES

Subsubarticles are numbered in units of 10, such as NB-2130, and generally have no text. When a number such as
NB-1110 is followed by text, it is considered a paragraph.

6 PARAGRAPHS

Paragraphs are numbered in units of 1, such as NB-2121.

7 SUBPARAGRAPHS

Subparagraphs, when they aremajor subdivisions of a paragraph, are designated by adding a decimal followed by one
or more digits to the paragraph number, such as NB-1132.1. When they are minor subdivisions of a paragraph, subpar-
agraphs may be designated by lowercase letters in parentheses, such as NB-2121(a).

8 SUBSUBPARAGRAPHS

Subsubparagraphs are designated by adding lowercase letters in parentheses to the major subparagraph numbers,
such as NB-1132.1(a). When further subdivisions of minor subparagraphs are necessary, subsubparagraphs are desig-
nated by adding Arabic numerals in parentheses to the subparagraph designation, such as NB-2121(a)(1).

9 REFERENCES

References used within Section III generally fall into one of the following four categories:
(a) References to Other Portions of Section III.When a reference is made to another Article, subarticle, or paragraph, all

numbers subsidiary to that reference shall be included. For example, reference to NB-3000 includes all material in
Article NB-3000; reference to NB-3200 includes all material in subarticle NB-3200; reference to NB-3230 includes all
paragraphs, NB-3231 through NB-3236.

(b) References to Other Sections. Other Sections referred to in Section III are the following:
(1) Section II, Materials.When a requirement for a material, or for the examination or testing of a material, is to be in

accordance with a specification such as SA-105, SA-370, or SB-160, the reference is to material specifications in Section
II. These references begin with the letter “S.”
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(2) Section V, Nondestructive Examination. Section V references begin with the letter “T” and relate to the nondes-
tructive examination of material or welds.

(3) Section IX, Welding and Brazing Qualifications. Section IX references begin with the letter “Q” and relate to weld-
ing and brazing requirements.

(4) Section XI, Rules for Inservice Inspection of Nuclear Power Plant Components. When a reference is made to inser-
vice inspection, the rules of Section XI shall apply.

(c) Reference to Specifications and Standards Other Than Published in Code Sections

(1) Specifications for examination methods and acceptance standards to be used in connection with them are pub-
lished by the American Society for Testing and Materials (ASTM). At the time of publication of Section III, some such
specifications were not included in Section II of this Code. A reference to ASTM E94 refers to the specification so desig-
nated by and published by ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428.

(2) Dimensional standards covering products such as valves, flanges, and fittings are sponsored and published by
The American Society of Mechanical Engineers and approved by the American National Standards Institute.** When a
product is to conform to such a standard, for example ASME B16.5, the standard is approved by the American National
Standards Institute. The applicable year of issue is that suffixed to its numerical designation in Table NCA-7100-1, for
example ASME B16.5-2003. Standards published by The American Society of Mechanical Engineers are available from
ASME (https://www.asme.org/).

(3) Dimensional and other types of standards covering products such as valves, flanges, and fittings are also pub-
lished by the Manufacturers Standardization Society of the Valve and Fittings Industry and are known as Standard Prac-
tices. When a product is required by these rules to conform to a Standard Practice, for example MSS SP-100, the Standard
Practice referred to is published by the Manufacturers Standardization Society of the Valve and Fittings Industry, Inc.
(MSS), 127 Park Street, NE, Vienna, VA 22180. The applicable year of issue of such a Standard Practice is that suffixed
to its numerical designation in Table NCA-7100-1, for example MSS SP-89-2003.

(4) Specifications for welding and brazing materials are published by the American Welding Society (AWS), 8669
Doral Boulevard, Suite 130, Doral, FL 33166. Specifications of this type are incorporated in Section II and are identified
by the AWS designation with the prefix “SF,” for example SFA-5.1.

(5) Standards applicable to the design and construction of tanks and flanges are published by the American Petro-
leum Institute and have designations such as API-605. When documents so designated are referred to in Section III, for
example API-605–1988, they are standards published by the American Petroleum Institute and are listed in Table NCA-
7100-1.

(d) References to Appendices. Section III uses two types of appendices that are designated as either Section III Appen-
dices or Subsection Appendices. Either of these appendices is further designated as either Mandatory or Nonmandatory
for use. Mandatory Appendices are referred to in the Section III rules and contain requirements that must be followed in
construction. Nonmandatory Appendices provide additional information or guidance when using Section III.

(1) Section III Appendices are contained in a separate book titled "Appendices." These appendices have the potential
for multiple subsection applicability. Mandatory Appendices are designated by a Roman numeral followed, when appro-
priate, by Arabic numerals to indicate various articles, subarticles, and paragraphs of the appendix, such as II-1500 or
XIII-2131. Nonmandatory Appendices are designated by a capital letter followed, when appropriate, by Arabic numerals
to indicate various articles, subarticles, and paragraphs of the appendix, such as D-1200 or Y-1440.

(2) Subsection Appendices are specifically applicable to just one subsection and are contained within that subsec-
tion. Subsection-specific mandatory and nonmandatory appendices are numbered in the same manner as Section III Ap-
pendices, but with a subsection identifier (e.g., NF, NH, D2, etc.) preceding either the Roman numeral or the capital letter
for a unique designation. For example, NF-II-1100 or NF-A-1200 would be part of a Subsection NF mandatory or non-
mandatory appendix, respectively. For Subsection CC, D2-IV-1120 or D2-D-1330 would be part of a Subsection CC man-
datory or nonmandatory appendix, respectively.

(3) It is the intent of this Section that the information provided in both Mandatory and Nonmandatory Appendices
may be used to meet the rules of any Division or Subsection. In case of conflict between Appendix rules and Division/
Subsection rules, the requirements contained in the Division/Subsection shall govern. Additional guidance on Appendix
usage is provided in the front matter of Section III Appendices.

** The American National Standards Institute (ANSI) was formerly known as the American Standards Association. Standards approved by the
Association were designated by the prefix “ASA” followed by the number of the standard and the year of publication. More recently, the Amer-
ican National Standards Institute was known as the United States of America Standards Institute. Standards were designated by the prefix
“USAS” followed by the number of the standard and the year of publication. While the letters of the prefix have changed with the name of
the organization, the numbers of the standards have remained unchanged.
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SUMMARY OF CHANGES

After publication of the 2015 Edition, Errata to the BPV Code may be posted on the ASMEWeb site to provide corrections
to incorrectly published items, or to correct typographical or grammatical errors in the BPV Code. Such Errata shall be
used on the date posted.

Information regarding Special Notices and Errata is published by ASME at http://go.asme.org/BPVCerrata.

Changes given below are identified on the pages by a margin note, (15), placed next to the affected area.

The Record Numbers listed below are explained in more detail in “List of Changes in Record Number Order” following
this Summary of Changes.

Page Location Change (Record Number)

x List of Sections Revised

xii Foreword (1) Revised
(2) New footnote added by errata (13–860)

xv Submittal of Technical
Inquiries to the Boiler
and Pressure Vessel
Standards Committees

In last line of 6(a), URL revised

xvii Personnel Updated

xxxiv Organization of Section III (1) New footnote added
(2) 9(d)(3) added (13–1032)

8 NB-2126.1 Subparagraph (e) revised (14-1713)

16 NB-2420 In first paragraph, Section IX cross-reference corrected by errata to
read “QG-109” (14-1700)

27 NB-2561 In subpara. (b)(2), first two cross-references corrected by errata to
read “NB-2565” and “NB-2566,” respectively (14-1700)

36 NB-3112.2 Subparagraph (b) revised (11-1074)

42 NB-3213.10 Last two paragraphs added (11-486)

43 Figure NB-3213.10-1 Added (11-486)

45 NB-3215 In subparagraph (b), first paragraph revised and penultimate
paragraph added (11-2140)

47 NB-3221.1 Revised (11-2140)

47 NB-3221.3 Last paragraph added (11-2140)

48 Table NB-3217-1 Row for cladding corrected by errata (13-1994)

52 NB-3222.2 (1) Revised (12-67)
(2) Former endnote 11 deleted; subsequent endnotes renumbered

(12-67)

53 Figure NB-3222-1 (1) Notes (1) and (3) revised (12-90)
(2) Note (8) added (12-90)

56 NB-3222.4(e)(2) Revised (11-2140)

57 NB-3223 Subparagraph (b)(2) revised (12-90)
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Page Location Change (Record Number)

57 NB-3224.3 Revised (12-1269)

57 NB-3224.7 Revised (12-90)

58 Figure NB-3224-1 Note (5) and both callouts referencing it revised (12-1269)

59 NB-3225 Subparagraph (b) revised (12-90)

59 NB-3226 Subparagraphs (a) through (c) revised (13-894)

61 NB-3227.8 Added (11-486)

62 NB-3228.1 Revised (11-486)

62 Figure NB-3227.8-1 Added (11-486)

62 NB-3228.2 Revised (11-486)

62 NB-3228.3 Second paragraph revised (11-486)

63 NB-3231 Subparagraph (a) revised (12-1105)

63 NB-3232.1 Revised (12-1105)

64 NB-3232.2 Revised (12-1105)

64 NB-3232.3 Subparagraph (b)(1) revised (12-1105)

64 NB-3236 Revised (12-1105)

76 NB-3361 Title corrected by errata (14-1224)

110 NB-3642.1 Subparagraph (b) revised (13-621)

110 Table NB-3642.1(b)-1 Deleted (13-621)

114 Figure NB-3643.3(a)-3 Legend corrected by errata to read reinforcement (13-1943)

115 NB-3646 Subparagraph (b) revised (12-1046)

118 NB-3652 Revised (13-1280)

118 NB-3653.1 Subparagraph (c) revised (11-142)

119 NB-3653.2 Subparagraph (b)(1) revised (12-1046)

120 NB-3653.6 Subparagraphs (a) and (b) revised (11-142)

121 NB-3654.2 Subparagraph (a) revised (13-1280)

121 NB-3655.2 Subparagraph (a) revised (13-1280)

122 NB-3656 Subparagraphs (a)(2), (b)(2), (b)(3), and (b)(4) revised (12-1046,
13-832, 13-1280)

127 Table NB-3681(a)-1 In first row, entries in eighth and ninth columns revised and added,
respectively (13-1036)

134 NB-3683.8 Subparagraphs (a)(5) through (d) revised (10-1819)

144 NB-4223.1 Subparagraph (b) deleted (13-621)

149 Figure NB-4244(a)-1 In sketch (d), arrows for “30 deg max.” relocated by errata (14-768)

154 NB-4324 Cross-references to specific Section IX paragraphs deleted by errata
(14-1700)

159 NB-4334.2 In subparagraph (c), second cross-reference corrected by errata to
read “NB-4335.2(b)” (13-212)
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Page Location Change (Record Number)

183 NB-5282 In subparagraph (a), cross-references corrected by errata to read
“IWB-2500” (14-1700)

185 NB-5521 In subparagraph (a), first paragraph and subparas. (3) and (4)
revised (12-454)

191 NB-7111 Subparagraph (b) revised (14-873)

199 NB-7611 Cross-reference corrected by errata to read “NB-7612” (14-1562)

203 NB-7738 Revised (14-873)

205 NB-7746 Revised (14-873)

NOTE: Volume 63 of the Interpretations to Section III, Divisions 1 and 2, of the ASME Boiler and Pressure Vessel Code
follows the last page of Subsection NCA.
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LIST OF CHANGES IN RECORD NUMBER ORDER

Record Number Change

10-1819 Revised stress indices for branch connections with r/R ≤ 0.5.
11-142 Revised definitions ofMi in NB-3653.1(c), andMi andMi* in NB-3653.6. Added “all other vari-

ables as defined in NB-3653.1” to NB-3653.6 for clarity.
11-486 Added text to NB-3213.10, added NB-3227.8, and added Figures NB-3213.10-1 and

NB-3227.8-1 to reflect the added text.
11-1074 Revised NB-3112.2(b) by changing “Centigrade” to “Celsius” and “Subsection” to “Article.”
11-2140 The technical content of Note (1) of Figures NB-3221-1 and NB-3222-1 was rephrased and

added to NB-3221.1 and NB-3221.3. The technical content of part of Note (7) of Figure NB-
3222-1 was rephrased and added to NB-3215(b) and NB-3222.4(e)(2). In addition, endnote
10, which referred to Tables NB-3217-1 and NB-3217-2, was deleted since it is redundant to
the last sentence of NB-3215(b).

12-67 NB-3222.2 endnote 11 and Note (4) from Figure NB-3222-1 were incorporated into the text of
NB-3222.2. Endnote 11 was deleted. Note (4) remains part of Figure NB-3222-1. The word
"Range" was added to the NB-3222.2 title.

12-90 Revised Figure NB-3222-1 and paragraphs NB-3223(b)(2), NB-3224.7(b), and NB-3225(b) to
provide detailed design by analysis rules for NB-3200 for reversing dynamic loads.

12-454 Incorporated acceptance of the ASNT SNT-TC-1A 2011 standard into NB-5500. The require-
ment for the near-vision acuity examination was clarified.

12-1046 Editorial and stylistic revisions to correct changes made during the XML conversion.
12-1105 Revised NB-3230 to utilize Sy for service stresses to account for the revised criteria for Sm val-

ues for bolting.
12-1269 Revised NB-3224.3 and Figure NB-3224-1.
13-212 Errata correction. See Summary of Changes for details.
13-621 Deleted Table NB-3642.1(b)-1 and replaced with new Nonmandatory Appendix. Changed refer-

ence to this Table in NB-3642 to reference the new Appendix. Deleted NB-4223.1(b).
13-832 Additions were made to the definition of ME in NB-3656(b)(3) to definitively state that it in-

cludes weight and inertial loading, which is implied by the initial discussion in this section
but not clearly stated in the definition.

13–860 In the Foreword, the subtitle has been deleted and replaced with an ANSI disclaimer as a foot-
note.

13-894 Revised NB-3226 by substituting the word “component” for “vessel” in subparagraphs (a), (b)
in two places, and (c). Note that valves are hydrostatically tested to NB-3500 requirements, and
are NOT included in this change, since the main text in NB-3226 indicates that the paragraph
does not apply to NB-3500 items.

13-1032 Added a paragraph to the introduction of Section III, Division 1, Organization of Section III,
Article 9(d), References to Appendices, to add guidance on the use of Nonmandatory Appen-
dices for Section III.

13-1036 In Table NB-3681(a)-1, replaced the current value of C3 (1.0) with 0.6 and inserted a value for
C3 ' of 0.5, both for “straight pipe, remote from welds or other discontinuities.”

13-1280 Changed NB-3652 to state that Sm is taken at Design Temperature. Changed NB-3654.2(a),
NB-3655.2(a), NB-3656(a)(2), NB-3656(b)(2), NB-3656(b)(3), and NB-3656(b)(4) to state that
Sm and Sy are taken at a temperature consistent with the load being considered.

13-1943 Errata correction. See Summary of Changes for details.
13-1994 Errata correction. See Summary of Changes for details.
14-768 Errata correction. See Summary of Changes for details.
14-873 Deleted PTC 25 year from NB-7111(b), NB-7738, and NB-7746.
14-1224 Errata correction. See Summary of Changes for details.
14-1562 Errata correction. See Summary of Changes for details.
14-1700 Errata correction. See Summary of Changes for details.
14-1713 Revised NB-2126.1(e).
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CROSS-REFERENCING AND STYLISTIC CHANGES IN THE BOILER
AND PRESSURE VESSEL CODE

There have been structural and stylistic changes to BPVC, starting with the 2011 Addenda, that should be noted to aid
navigating the contents. The following is an overview of the changes:

Subparagraph Breakdowns/Nested Lists Hierarchy

• First-level breakdowns are designated as (a), (b), (c), etc., as in the past.
• Second-level breakdowns are designated as (1), (2), (3), etc., as in the past.
• Third-level breakdowns are now designated as (-a), (-b), (-c), etc.
• Fourth-level breakdowns are now designated as (-1), (-2), (-3), etc.
• Fifth-level breakdowns are now designated as (+a), (+b), (+c), etc.
• Sixth-level breakdowns are now designated as (+1), (+2), etc.

Footnotes

With the exception of those included in the front matter (roman-numbered pages), all footnotes are treated as end-
notes. The endnotes are referenced in numeric order and appear at the end of each BPVC section/subsection.

Submittal of Technical Inquiries to the Boiler and Pressure Vessel Standards Committees

Submittal of Technical Inquiries to the Boiler and Pressure Vessel Standards Committees has been moved to the front
matter. This information now appears in all Boiler Code Sections (except for Code Case books).

Cross-References

It is our intention to establish cross-reference link functionality in the current edition and moving forward. To facil-
itate this, cross-reference style has changed. Cross-references within a subsection or subarticle will not include the des-
ignator/identifier of that subsection/subarticle. Examples follow:

• (Sub-)Paragraph Cross-References. The cross-references to subparagraph breakdowns will follow the hierarchy of
the designators under which the breakdown appears.
– If subparagraph (-a) appears in X.1(c)(1) and is referenced in X.1(c)(1), it will be referenced as (-a).
– If subparagraph (-a) appears in X.1(c)(1) but is referenced in X.1(c)(2), it will be referenced as (1)(-a).
– If subparagraph (-a) appears in X.1(c)(1) but is referenced in X.1(e)(1), it will be referenced as (c)(1)(-a).
– If subparagraph (-a) appears in X.1(c)(1) but is referenced in X.2(c)(2), it will be referenced as X.1(c)(1)(-a).

• Equation Cross-References. The cross-references to equations will follow the same logic. For example, if eq. (1) ap-
pears in X.1(a)(1) but is referenced in X.1(b), it will be referenced as eq. (a)(1)(1). If eq. (1) appears in X.1(a)(1) but
is referenced in a different subsection/subarticle/paragraph, it will be referenced as eq. X.1(a)(1)(1).

xli
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ARTICLE NB-1000
INTRODUCTION

NB-1100 SCOPE

NB-1110 ASPECTS OF CONSTRUCTION COVERED
BY THESE RULES

(a) Subsection NB contains rules for the material, de-
sign, fabrication, examination, testing, overpressure re-
lief, marking, stamping, and preparation of reports by
the Certificate Holder of items which are intended to con-
form to the requirements for Class 1 construction.

(b) The rules of Subsection NB cover the requirements
for strength and pressure integrity of items, the failure of
which would violate the pressure-retaining boundary.
The rules cover initial construction requirements, but
do not cover deterioration which may occur in service
as a result of corrosion, radiation effects, or instability
of material. NCA-1130 gives further limitations to the
rules of this Subsection.

NB-1120 TEMPERATURE LIMITS

The rules of Subsection NB shall not be used for items
which are to be subjected to metal temperatures that ex-
ceed the temperature limit in the applicability column
shown in Section II, Part D, Subpart 1, Tables 2A, 2B,
and 4 for design stress intensity values. Above those tem-
peratures, the creep and stress rupture characteristics of
materials permitted to be used become significant factors
which are not presently covered by the rules of this Sub-
section. Fatigue design curves and specified methods for
fatigue analysis are not applicable above 700°F (370°C)
for materials covered by Section III Appendices, Manda-
tory Appendix I, Figures I-9.1 and I-9.4, and above
800°F (425°C) for materials covered by Section III Appen-
dices, Mandatory Appendix I, Figures I-9.2 and I-9.3.

NB-1130 BOUNDARIES OF JURISDICTION
APPLICABLE TO THIS SUBSECTION

NB-1131 Boundary of Components

The Design Specification shall define the boundary of a
component to which piping or another component is at-
tached. The boundary shall not be closer to a vessel, tank,
pump, or valve than:

(a) the first circumferential joint in welded connections
(the connecting weld shall be considered part of the
piping);

(b) the face of the first flange in bolted connections (the
bolts shall be considered part of the piping);

(c) the first threaded joint in screwed connections.

NB-1132 Boundary Between Components and
Attachments

NB-1132.1 Attachments.
(a) An attachment is an element in contact with or con-

nected to the inside or outside of the pressure-retaining
portion of a component.

(b) Attachments may have either a pressure-retaining
or a nonpressure-retaining function.

(1) Attachments with a pressure-retaining function
include items such as pressure boundary stiffeners, and
branch pipe and vessel opening reinforcement.

(2) Attachments with a nonpressure-retaining func-
tion include items such as:

(-a) valve guides, thermal sleeves, and turning
vanes

(-b) core support structures, internal structures,
or other permanent structures within the reactor pres-
sure vessel; and

(-c) vessel saddles, support and shear lugs, brack-
ets, pipe clamps, trunnions, skirts, and other items in the
support load path.

(c) Attachments may also have either a structural or
nonstructural function.

(1) Attachments with a structural function (structur-
al attachments):

(-a) perform a pressure-retaining function;
(-b) are core support structures, internal struc-

tures, or other permanent structures within the reactor
pressure vessel; or

(-c) are in the support load path.

(2) Attachments with a nonstructural function (non-
structural attachments):

(-a) do not perform a pressure-retaining function;

(-b) are not in the support load path;
(-c) may be permanent or temporary.

Nonstructural attachments include items such as name-
plates, insulation supports, and locating and lifting lugs.

NB-1132.2 Jurisdictional Boundary. The jurisdic-
tional boundary between a pressure-retaining component
and an attachment defined in the Design Specification
shall not be any closer to the pressure-retaining portion
of the component than as defined in (a) through (g) be-
low. Figures NB-1132.2-1 through NB-1132.2-4 are pro-
v ided as an aid in de f in ing the boundary and
construction requirements of this Subsection.

1
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(a) Attachments cast or forged with the component and
weld buildup on the component surface shall be consid-
ered part of the component.
(b) Attachments, welds, and fasteners having a

pressure-retaining function shall be considered part of
the component.
(c) Except as provided in (d) and (e) below, the bound-

ary between a pressure-retaining component and an at-
tachment not having a pressure-retaining function shall
be at the surface of the component.
(d) T h e f i r s t c o n n e c t i n g w e l d o f a

nonpressure-retaining structural attachment to a compo-
nent shall be considered part of the component unless the
weld is more than 2t from the pressure-retaining portion
of the component, where t is the nominal thickness of the
pressure-retaining material. Beyond 2t from the
pressure-retaining portion of the component, the first
weld shall be considered part of the attachment.

(e) The first connecting weld of a welded nonstructural
attachment to a component shall be considered part of
t h e a t t a c hm e n t . A t o r w i t h i n 2 t f r om t h e
pressure-retaining portion of the component, the first
connecting weld shall conform to NB-4430.
(f) Mechan i c a l f a s t ene r s u sed to connec t a

nonpressure-retaining attachment to the component shall
be considered part of the attachment.
(g) The boundary may be located further from the

pressure-retaining portion of the component than as de-
fined in (a) through (f) above when specified in the De-
sign Specification.

NB-1140 ELECTRICAL AND MECHANICAL
PENETRATION ASSEMBLIES

Electrical and mechanical penetration assemblies shall
be constructed in accordance with the rules for vessels,
except that the design and the material performing the
electrical conducting and insulating functions need not
meet the requirements of this Subsection.

2
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Figure NB-1132.2-1
Attachments in the Component Support Load Path That Do Not Perform a Pressure-Retaining Function
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Cast or forged attachment or weld buildup shall 
conform to Subsection NB. 
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Bearing, clamped, or fastened attachment shall 
conform to Subsection NF [see Note (1)]. 
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Beyond 2t from the pressure-retaining portion
of the component, the design rules of Article
NF-3000 may be used as a substitute for the 
design rules of Article NB-3000.
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Beyond 2t from the pressure-retaining portion
of the component or beyond the first connect-
ing weld, the attachment shall conform to Sub-
section NF [see Note (1)].

Drilled holes shall conform to Subsection NB. 11 

Attachment connection shall conform to Sub- 
section NF [see Note (1)]. 
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GENERAL NOTE: These sketches are intended to show jurisdictional concepts and should not be considered as recommended configurations.

NOTE:
(1) If the attachment is an intervening element [NF-1110(c)], material, design, and connections, as appropriate, are outside Code jurisdiction.
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Figure NB-1132.2-2
Attachments That Do Not Perform a Pressure-Retaining Function and Are Not in the Component Support

Load Path (Nonstructural Attachments)
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GENERAL NOTE: These sketches are intended to show jurisdictional concepts and should not be considered as recommended configurations.
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Figure NB-1132.2-3
Attachments That Perform a Pressure-Retaining Function
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GENERAL NOTE: These sketches are intended to show jurisdictional concepts and should not be considered as recommended configurations.
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Figure NB-1132.2-4
Attachments Within the Reactor Pressure Vessel (Core Support Structures) That Do Not Perform a

Pressure-Retaining Function
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Subsection NB. 
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4 

Beyond 2t from the pressure-retaining
portion of the reactor pressure vessel,
the design rules of Article NG-3000 may be
used as a substitute for the design rules
of Article NB-3000.

5 

2t or within 2t from the pressure-retaining
portion of the reactor pressure vessel,
the first connecting weld shall conform to
Subsection NB.

6 

Beyond 2t from the pressure-retaining
portion of the reactor pressure vessel or
beyond the first connecting weld, the 
attachment shall conform to Subsection NG
[see Note (1)].

7 

At or within 2t from the pressure-retaining
portion of the component, the interaction
effects of the attachment on the reactor
pressure vessel shall be considered in
accordance with NB-3135.
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Bearing, clamped, or fastened attachment  
shall conform to Subsection NG [see 
Note (1)]. 
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Drilled holes within the jurisdictional 
boundary shall conform to Subsection NB. 
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Attachment connection shall conform to 
Subsection NG [see Note (1)]. 
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GENERAL NOTE: These sketches are intended to show jurisdictional concepts and should not be considered as recommended configurations.

NOTE:
(1) If the attachment is an internal structure (NG-1122), material, design, and connections, as appropriate, are outside Code jurisdiction except

when the core support structure Design Specification requires the internal structure to conform to Subsection NG.
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ARTICLE NB-2000
MATERIAL

NB-2100 GENERAL REQUIREMENTS FOR
MATERIAL

NB-2110 SCOPE OF PRINCIPAL TERMS
EMPLOYED

(a) The term material as used in this Subsection is de-
fined in NCA-1220. The term Material Organization is de-
fined in Article NCA-9000.

(b) The term pressure-retaining material as used in this
Subsection applies to items such as vessel shells, heads,
and nozzles; pipes, tubes, and fittings; valve bodies, bon-
nets, and disks; pump casings and covers; and bolting
which joins pressure-retaining items.

(c) The requirements of this Article make reference to
the term thickness. For the purpose intended, the follow-
ing definitions of nominal thickness apply:

(1) plate: the thickness is the dimension of the short
transverse direction.

(2) forgings: the thickness is the dimension defined
as follows:

(-a) hollow forgings: the nominal thickness is mea-
sured between the inside and outside surfaces (radial
thickness).

(-b) disk forgings (axial length less than the out-
side diameter): the nominal thickness is the axial length.

(-c) flat ring forgings (axial length less than the ra-
dial thickness): for axial length ≤ 2 in. (50 mm), the axial
length is the nominal thickness. For axial length > 2 in.
(50 mm), the radial thickness is the nominal thickness.

(-d) rectangular solid forgings: the least rectangu-
lar dimension is the nominal thickness.

(3) castings

(-a) Thickness t for fracture toughness testing is
defined as the nominal pipe wall thickness of the connect-
ing piping.

(-b) Thickness t for heat treatment purposes is de-
fined as the thickness of the pressure-retaining wall of the
casting, excluding flanges and sections designated by the
designer as nonpressure retaining.

NB-2120 PRESSURE-RETAINING MATERIAL
NB-2121 Permitted Material Specifications

(a) Pressure-retaining material shall conform to the re-
quirements of one of the specifications for material given
in Section II, Part D, Subpart 1, Tables 2A and 2B,

including all applicable footnotes in the table, and to all
of the requirements of this Article which apply to the pro-
duct form in which the material is used.

(b) The requirements of this Article do not apply to ma-
terial for items not associated with the pressure-retaining
function of a component, such as shafts, stems, trim, spray
nozzles, bearings, bushings, springs, and wear plates, nor
to seals, packing, gaskets, valve seats, and ceramic insulat-
ing material and special alloys used as seal material in
electrical penetration assemblies.

(c) Material made to specifications other than those
specified in Section II, Part D, Subpart 1, Tables 2A and
2B may be used for the following applications:

(1) safety valve disks and nozzles, when the nozzles
are internally contained by the external body structure;

(2) control valve disks and cages, when the valves
function for flow control only;

(3) line valve disks in valves whose inlet connections
are NPS 2 (DN 50) and smaller.

(d)Material for instrument line fittings and valves, NPS
1 (DN 25) and less, may be of material made to specifica-
tions other than those listed in Section II, Part D, Subpart
1, Tables 2A and 2B, provided that the fittings are in con-
formance with the requirements of NB-3671.4, the valves
meet the requirements of NB-3500, and the material is
determined to be adequate for the service conditions by
the piping system designer for fittings.

(e) Welding and brazing material used in the manufac-
ture of items shall comply with an SFA specification in
Section II, Part C, except as otherwise permitted in Section
IX, and shall also comply with the applicable require-
ments of this Article. The requirements of this Article
do not apply to material used as backing rings or backing
strips in welded joints.

(f) The requirements of this Article do not apply to
hard surfacing or corrosion-resistant weld metal overlay
that is 10% or less of the thickness of the base material
(NB-3122).

NB-2122 Special Requirements Conflicting With
Permitted Material Specifications

Special requirements stipulated in this Article shall ap-
ply in lieu of the requirements of the material specifica-
tion wherever the special requirements conflict with the
material specification requirements (NCA-3856). Where
the special requirements include an examination, test,
or treatment which is also required by the material spec-
ification, the examination, test, or treatment need be
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performed only once. Required nondestructive examina-
tions shall be performed as specified for each product
form in NB-2500. Any examination, repair, test, or treat-
ment required by the material specification or by this
Article may be performed by the Material Organization
or the Certificate Holder as provided in NB-4121. Any hy-
drostatic or pneumatic pressure test required by a mate-
rial specification need not be performed, provided the
material is identified as not having been pressure tested
and it is subsequently pressure tested in the system in ac-
cordance with NB-6114, except where the location of the
material in the component or the installation would pre-
vent performing any nondestructive examination re-
quired by the material specification to be performed
subsequent to the hydrostatic or pneumatic test.

(a) The stress rupture test of SA-453 and SA-638 for
Grade 660 (UNS S66286) is not required for design tem-
peratures of 800°F (427°C) and below.

NB-2124 Size Ranges

Material outside the limits of size or thickness given in
any specification in Section II may be used if the material
is in compliance with the other requirements of the spec-
ification and no size limitation is given in the rules for
construction. In those specifications in which chemical
composition or mechanical properties are indicated to
vary with size or thickness, any material outside the spec-
ification range shall be required to conform to the compo-
sition and mechanical properties shown for the nearest
specified range (NCA-3856).

NB-2125 Fabricated Hubbed Flanges

Fabricated hubbed flanges shall be in accordance with
the following:

(a) Hubbed flanges may be machined from a hot rolled
or forged billet. The axis of the finished flange shall be
parallel to the long axis of the original billet. (This is not
intended to imply that the axis of the finished flange
and the original billet must be concentric.)

(b) Hubbed flanges, except as permitted in (a) above,
shall not be machined from plate or bar stock material un-
less the material has been formed into a ring, and further
provided that:

(1) in a ring formed from plate, the original plate sur-
faces are parallel to the axis of the finished flange (this is
not intended to imply that the original plate surface must
be present in the finished flange);

(2) the joints in the ring are welded butt joints that
conform to the requirements of this Section. Thickness
to be used to determine postweld heat treatment and
radiography requirements shall be the lesser of t , or
(A − B)/2, where these symbols are as defined in Section
III Appendices, Mandatory Appendix XI, XI-3130.

(c) The back of the flange and the outer surface of the
hub shall be examined by the magnetic particle method
or the liquid penetrant method in accordance with
NB-2540 to ensure that these surfaces are free from
defects.

NB-2126 Finned Tubes

NB-2126.1 Integrally Finned Tubes. Integrally
finned tubes may be made from tubes that conform to
one of the specifications for tubes listed in Section II, Part
D, Subpart 1, Tables 2A and 2B, and to all of the special
requirements of this Article which apply to that product
form. In addition, the following requirements shall apply:

(a) The requirements of NB-2550 shall be met by the
tube before finning.

(b) The tubes after finning shall conform to the applic-
able heat treatment requirements of the basic material
specification.

(c) The design stress intensity values, design values of
yield strength, and tensile strength values shall be those
given in Section II, Part D, Subpart 1, Tables 2A and 2B,
Y-1 and Y-2, and U, respectively, for the tube material
from which the finned tube is made.

(d) After finning, each tube shall be subjected to one of
the following tests:

(1) an internal pneumatic pressure test at not less
than 250 psi (1.7 MPa) without evidence of leakage. The
test method, such as immersion of the tube underwater
during the test, shall permit visual detection of any
leakage.

(2) an individual tube hydrostatic test at 1.25 times
the Design Pressure which permits complete examination
of the tube for leakage.

(e) A visual examination shall be performed after fin-
ning. Material having discontinuities, such as laps, seams,
or cracks, is unacceptable. The visual examination per-
sonnel shall be trained and qualified in accordance with
the Material Organization’s Quality System Program or
the Certificate Holder’s Quality Assurance Program. These
examinations are not required to be performed either in
accordance with procedures qualified to NB-5100 or by
personnel qualified in accordance with NB-5500.

NB-2126.2 Welded Finned Tubes. Welded finned
tubes may be made from P-No.1 and P-No. 8 tubular pro-
ducts (pipe or tubing) that conform to one of the specifi-
cations for tubes listed in Section II, Part D, Subpart 1,
Table 2A, and to all of the special requirements of this
Article which apply to that product form. Heat transfer
fins shall be of the same P-Number as the tube and shall
be attached by a machine welding process, such as the
electric resistance welding or the high frequency resis-
tance welding process. In addition, the following require-
ments shall apply:
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(a) The heat transfer fins need not be certified material.
The material for the heat transfer fins shall be identified
and suitable for welding; however, Certified Material Test
Reports are not required.

(b) The machine welding process used to weld the heat
transfer fins to the tubular material shall be performed in
accordance with a Welding Procedure Specification.

(c) The procedure qualification shall require that a
minimum of 12 cross-sections through the weld zone
shall be examined at 5× minimum magnification. There
shall be no cracks in the base material or weld; and the
weld penetration shall be limited to 20% of the nominal
tube wall thickness.

(d) For P-No. 1 material, the weld that attaches the fins
to the tubing shall be heat treated after welding to a mini-
mum temperature of 1,000°F (540°C).

(e) The fin is not considered to provide any support to
the tube under pressure loading.

NB-2127 Seal Membrane Material

Seal membrane material (NB-4360) shall conform to
the requirements of one of the material specifications
listed in Section II, Part D, Subpart 1, Tables 2A and 2B.
The requirements of NB-2500 are applicable for the ap-
propriate product form when the material thickness is
greater than 1/4 in. (6 mm).

NB-2128 Bolting Material

(a)Material for bolts and studs shall conform to the re-
quirements of one of the specifications listed in Section II,
Part D, Subpart 1, Table 4. Material for nuts shall conform
to SA-194 or to the requirements of one of the specifica-
tions for nuts or bolting listed in Section II, Part D, Sub-
part 1, Table 4.

(b) The use of washers is optional. When used, they
shall be made of wrought material with mechanical prop-
erties compatible with the nuts with which they are to be
employed.

NB-2130 CERTIFICATION OF MATERIAL

All material used in construction of components shall
be certified as required in NCA-3861 and NCA-3862. Cer-
t i f i ed Mater ia l Tes t Repor ts are requ i red for
pressure-retaining material except as provided by
NCA-3861. A Certificate of Compliance may be provided
in lieu of a Certified Material Test Report for all other ma-
terial. Copies of all Certified Material Test Reports and
Certificates of Compliance applicable to material used in
a component shall be furnished with the material.

NB-2140 WELDING MATERIAL

For the requirements governing the material to be used
for welding, see NB-2400.

NB-2150 MATERIAL IDENTIFICATION

The identification of pressure-retaining material and
materials welded thereto shall meet the requirements of
NCA-3856. Material for small items shall be controlled
during manufacture and installation of a component so
that they are identifiable as acceptable material at all
times. Welding and brazing material shall be controlled
during the repair of material and the manufacture and in-
stallation so that they are identifiable as acceptable until
the material is actually consumed in the process
(NB-4122).

NB-2160 DETERIORATION OF MATERIAL IN
SERVICE

Consideration of deterioration of material caused by
service is generally outside the scope of this Subsection.
It is the responsibility of the Owner to select material sui-
table for the conditions stated in the Design Specifications
(NCA-3250), with specific attention being given to the ef-
fects of service conditions upon the properties of the ma-
terial. Special consideration shall be given to the influence
of elements such as copper and phosphorus on the effects
of irradiation on the properties of material (including
welding material) in the core belt line region of the reac-
tor vessel. Any special requirement shall be specified in
the Design Specifications (NCA-3252 and NB-3124).
When so specified, the check analysis shall be made in ac-
cordance with the base metal specification and in accor-
dance with NB-2420 for the welding material.

NB-2170 HEAT TREATMENT TO ENHANCE
IMPACT PROPERTIES

Carbon steels, low alloy steels, and high alloy chromium
(Series 4XX) steels may be heat treated by quenching and
tempering to enhance their impact properties. Postweld
heat treatment of the component at a temperature of
not less than 1,100°F (595°C) may be considered to be
the tempering phase of the heat treatment.

NB-2180 PROCEDURES FOR HEAT TREATMENT
OF MATERIAL

When heat treating temperature or time is required by
the material specification and the rules of this Subsection,
t h e h e a t t r e a t i n g s h a l l b e p e r f o r m e d i n
temperature-surveyed and temperature-calibrated fur-
naces or the heat treating shall be controlled by measure-
ment of material temperature by thermocouples in
contact with the material or attached to blocks in contact
with the material or by calibrated pyrometric instru-
ments. Heat treating shall be performed under furnace
loading conditions such that the heat treatment is in ac-
cordance with the material specification and the rules of
this Subsection.
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NB-2190 NONPRESSURE-RETAINING MATERIAL

(a)Material in the component support load path and
not performing a pressure-retaining function (see
NB-1130) welded to pressure-retaining material shall
meet the requirements of Article NF-2000.
(b)Material not performing a pressure-retaining func-

tion and not in the component support load path (non-
structural attachments) welded at or within 2t of the
pressure-retaining portion of the component need not
comply with Article NB-2000 or Article NF-2000, pro-
vided the requirements of NB-4430 are met.
(c) Structural steel rolled shapes, which are permitted

by this Subsection to be furnished with a Certificate of
Compliance, may be repaired by welding using the
welders, documentation, and examination requirements
specified in SA-6.

NB-2200 MATERIAL TEST COUPONS AND
SPECIMENS FOR FERRITIC STEEL
MATERIAL

NB-2210 HEAT TREATMENT REQUIREMENTS
NB-2211 Test Coupon Heat Treatment for Ferritic

Material1

Where ferritic steel material is subjected to heat treat-
ment during fabrication or installation of a component,
the material used for the tensile and impact test speci-
mens shall be heat treated in the same manner as the
component, except that test coupons and specimens for
P-No. 1 Group Nos. 1 and 2 material with a nominal thick-
ness of 2 in. (50 mm) or less are not required to be so heat
treated. The Certificate Holder shall provide the Material
Organization with the temperature and heating and cool-
ing rate to be used. In the case of postweld heat treatment,
the total time at temperature or temperatures for the test
material shall be at least 80% of the total time at tempera-
ture or temperatures during actual postweld heat treat-
ment of the material, and the total time at temperature
or temperatures for the test material, coupon, or speci-
men may be performed in a single cycle.

NB-2212 Test Coupon Heat Treatment for
Quenched and Tempered Material

NB-2212.1 Cooling Rates. Where ferritic steel mate-
rial is subjected to quenching from the austenitizing tem-
perature, the test coupons representing that material
shall be cooled at a rate similar to and no faster than
the main body of the material except in the case of certain
forgings and castings (NB-2223.2 and NB-2226). This rule
shall apply to coupons taken directly from the material as
well as to separate test coupons representing the materi-
al, and one of the general procedures described in
NB-2212.2 or one of the specific procedures described
in NB-2220 shall be used for each product form.

NB-2212.2 General Procedures. One of the general
procedures stipulated in (a), (b), and (c) belowmay be ap-
plied to quenched and tempered material or test coupons
representing the material, provided the specimens are ta-
ken relative to the surface of the product in accordance
with NB-2220. Further specific details of the methods to
be used shall be the obligation of the Material Organiza-
tion and the Certificate Holder.
(a) Any procedure may be used which can be demon-

strated to produce a cooling rate in the test material
which matches the cooling rate of the main body of the
product at the region midway between midthickness
and the surface (1/4t) and no nearer any heat-treated edge
than a distance equal to the nominal thickness t being
quenched within 25°F (14°C) and 20 sec at all tempera-
tures after cooling begins from the austenitizing
temperature.
(b) If cooling rate data for the material and cooling rate

control devices for the test specimens are available, the
test specimens may be heat treated in the device to repre-
sent the material, provided that the provisions of (a)
above are met.
(c) When any of the specific procedures described in

NB-2220 are used, faster cooling rates at the edges may
be compensated for by

(1) taking the test specimens at least t from a
quenched edge, where t equals the material thickness;

(2) attaching a steel pad at least t wide by a partial
penetration weld (which completely seals the buffered
surface) to the edge where specimens are to be removed;
or

(3) using thermal barriers or insulation at the edge
where specimens are to be removed.
It shall be demonstrated (and this information shall be

included in the Certified Material Test Report) that the
cooling rates are equivalent to (a) or (b) above.

NB-2220 PROCEDURE FOR OBTAINING TEST
COUPONS AND SPECIMENS FOR
QUENCHED AND TEMPERED
MATERIAL

NB-2221 General Requirements

The procedure for obtaining test coupons and speci-
mens for quenched and tempered material is related to
the product form. Coupon and specimen location and
the number of tension test specimens shall be in accor-
dance with the material specifications, except as required
by the following paragraphs. References to dimensions
signify nominal values.

NB-2222 Plates
NB-2222.1 Number of Tension Test Coupons. The

number of tension test coupons required shall be in ac-
cordance with the material specification and with
SA-20, except that from carbon steel plates weighing
42,000 lb (19 000 kg) and over and alloy steel plates
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weighing 40,000 lb (18 000 kg) and over, two tension test
coupons shall be taken, one representing the top end of
the plate and one representing the bottom end of the
plate.

NB-2222.2 Orientation and Location of Coupons.
Coupons shall be taken so that specimens shall have their
longitudinal axes at least 1/4t from a rolled surface and
with the midlength of the specimen at least t from any
heat-treated edge, where t is the nominal thickness of
the material.

NB-2222.3 Requirements for Separate Test Cou-
pons. Where a separate test coupon is used to represent
the component material, it shall be of sufficient size to en-
sure that the cooling rate of the region from which the
test coupons are removed represents the cooling rate of
the material at least 1/4t deep and t from any edge of
the product. Unless cooling rates applicable to the bulk
pieces or product are simulated in accordance with
NB-2212.2(b), the dimensions of the coupon shall be
not less than 3t × 3t × t , where t is the nominal material
thickness.

NB-2223 Forgings

NB-2223.1 Location of Coupons. Coupons shall be
taken so that specimens shall have their longitudinal axes
at least 1/4t from any surface and with the midlength of
the specimens at least t from any second surface, where
t is the maximum heat-treated thickness. A thermal buffer
as described in NB-2212.2(c) may be used to achieve
these conditions, unless cooling rates applicable to the
bulk forgings are simulated as otherwise provided in
NB-2212.2.

NB-2223.2 Very Thick and Complex Forgings. Test
coupons for forgings which are both very thick and com-
plex, such as contour nozzles, thick tubesheets, flanges,
nozzles, pump and valve bodies, and other complex for-
gings that are contour shaped or machined to essentially
the finished product configuration prior to heat treatment
may be removed from prolongations or other stock pro-
vided on the product. The Certificate Holder shall specify
the surfaces of the finished product subjected to high ten-
sile stresses in service. The coupons shall be taken so that
specimens shall have their longitudinal axes at a distance
below the nearest heat-treated surface, equivalent at least
to the greatest distance that the indicated high tensile
stress surface will be from the nearest surface during heat
treatment, and with the midlength of the specimens a
minimum of twice this distance from a second
heat-treated surface. In any case, the longitudinal axes
of the specimens shall not be nearer than 3/4 in.
(19 mm) to any heat-treated surface and the midlength
of the specimens shall be at least 11/2 in. (38 mm) from
any second heat-treated surface.

NB-2223.3 Coupons From Separately Produced Test
Forgings. Test coupons representing forgings from one
heat and one heat treatment lot may be taken from a se-
parately forged piece under the conditions given in (a)
through (e) below.

(a) The separate test forging shall be of the same heat
of material and shall be subjected to substantially the
same reduction and working as the production forging
it represents.

(b) The separate test forging shall be heat treated in the
same furnace charge and under the same conditions as
the production forging.

(c) The separate test forging shall be of the same nom-
inal thickness as the production forging.

(d) Test coupons for simple forgings shall be taken so
that specimens shall have their longitudinal axes at the re-
gion midway between midthickness and the surface, and
with the midlength of the specimens no nearer any
heat-treated edge than a distance equal to the forging
thickness, except when the thickness–length ratio of the
production forging does not permit, in which case a pro-
duction forging shall be used as the test forging and the
midlength of the specimens shall be at the midlength of
the test forging.

(e) Test coupons for complex forgings shall be taken in
accordance with NB-2223.2.

NB-2223.4 Test Specimens for Forgings. When test
specimens for forgings are to be taken under the applic-
able specification, the Inspector shall have the option of
witnessing the selection, placing an identifying stamping
on them, and witnessing the testing of these specimens.

NB-2224 Bar and Bolting Material

(a) Bars. Coupons shall be taken so that specimens shall
have their longitudinal axes at least 1/4t from the outside
or rolled surface and with the midlength of the specimens
at least t from a heat-treated end, where t is either the bar
diameter or thickness.

(b) Bolting. For bolting materials, tests shall be made of
either full-size bolts or test coupons as required by the
base specification. The gage length of the tension speci-
mens and the area under the notch of Charpy specimens
shall be at least one diameter or thickness from the
heat-treated end.

NB-2225 Tubular Products and Fittings
NB-2225.1 Location of Coupons. Coupons shall be

taken so that specimens shall have their longitudinal axes
at least 1/4t from the inside or outside surface and with the
midlength of the specimens at least t from a heat-treated
end, where t is the nominal wall thickness of the tubular
product.
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NB-2225.2 Separately Produced Coupons Repre-
senting Fittings. Separately produced test coupons re-
presenting fittings may be used. When separately
produced coupons are used, the requirements of
NB-2223.3 shall be met.

NB-2226 Tensile Test Specimen Location (for
Quenched and Tempered Ferritic Steel
Castings)

NOTE: Users of this requirement should note that the hardenability
of some grades may limit the usable section size.

(a) This section applies only to quenched and tempered
ferritic steel castings with a thickness t exceeding 2 in.
( 5 0 mm ) w h e r e t i s t h e t h i c k n e s s o f t h e
pressure-retaining wall of the casting, excluding flanges
and sections designated by the designer as nonpressure
retaining. The order, inquiry, and drawing shall designate
what the thickness t is for the casting.
(b) One of the following shall apply:

(1) The longitudinal centering of the thickness of the
tension test specimen shall be taken at least 1/4t from the t
dimension surface. For cylindrical castings, the longitudi-
nal center line of the specimens shall be taken at least 1/4t
from the outside or inside surface and the gage length at
least t from the as-heat-treated end.

(2)Where separately cast test coupons are used,
their dimensions shall be not less than 3t × 3t × t and
each specimen cut from it shall meet the requirements
of (1) above. The test coupon shall be of the same heat
of steel and shall receive substantially the same casting
practices as the production casting it represents. (Centri-
fugal castings may be represented by statically cast cou-
pons.) The test coupon shall be heat treated under the
same conditions as the production casting(s). The t di-
mension of the test coupon shall be the same maximum
thickness t as defined in (a) above. Where separate test
blocks require reheat treatment, thermal buffers in accor-
dance with (1) above may be used.

(3)Where specimens are to be removed from the
body of the casting, a steel, thermal buffer pad 1t × 1t ×
at least 3t shall be joined to the casting surface by a par-
tial penetration weld completely sealing the buffered sur-
face prior to the heat treatment process. The test
specimens shall be removed from the casting in a location
adjacent to the center third of the buffer pad. They shall
be located at a minimum distance of 1/2 in. (13 mm) from
the buffered surface and 1/4t from the other heat-treated
surfaces.

(4)Where specimens are to be removed from the
body of the casting, thermal insulation or other thermal
barriers shall be used during the heat treatment process
adjacent to the casting edge where specimens are to be
removed. It shall be demonstrated that the cooling rate
of the test specimen is no faster than that of specimens ta-
ken by the method described in (1) above. This informa-
tion shall be included in the test reports.

(5)Where castings are cast or machined to essen-
tially the finished product configuration prior to heat
treatment, the test specimens shall be removed from a
casting prolongation or other stock on the product at a lo-
cation below the nearest heat-treated surface indicated
on the order. The specimens shall be located with their
longitudinal axes a distance below the nearest
heat-treated surface equivalent to at least the greatest
distance that the indicated high tensile stress surface will
be from the nearest heat-treated surface and with their
midlength a minimum of twice this distance from a sec-
ond heat-treated surface. In any case, the longitudinal
axes of the test specimens shall be no nearer than 1/4 in.
(6 mm) to a heat-treated surface and the midlength shall
be at least 11/2 in. (38 mm) from a second heat-treated
surface. The component manufacturer shall specify the
surfaces of the finished product subjected to high tensile
stress in service.

NB-2300 FRACTURE TOUGHNESS
REQUIREMENTS FOR MATERIAL

NB-2310 MATERIAL TO BE IMPACT TESTED
NB-2311 Material for Which Impact Testing Is

Required

(a) Pressure-retaining material and material welded
thereto shall be impact tested in accordance with the re-
quirements of this subarticle, except that the material
listed in (1) through (7) below is not to be impact tested
as a requirement of this Subsection:

(1)material with a nominal section thickness of
5/8 in. (16 mm) and less where the thicknesses shall be ta-
ken as defined in (-a) through (-e) below:

(-a) for pumps, valves, and fittings, use the largest
nominal pipe wall thickness of the connecting pipes;

(-b) for vessels and tanks, use the nominal thick-
ness of the shell or head, as applicable;

(-c) for nozzles or parts welded to vessels, use the
lesser of the vessel shell thickness to which the item is
welded or the maximum radial thickness of the item ex-
clusive of integral shell butt welding projections;

(-d) for flat heads, tubesheets, or flanges, use the
maximum shell thickness associated with the butt weld-
ing hub;

(-e) for integral fittings used to attach process pip-
ing to the containment vessel or a containment vessel
nozzle, use the larger nominal thickness of the pipe
connections;

(2) bolting, including studs, nuts, and bolts, with a
nominal size of 1 in. (25 mm) and less

(3) bars with a nominal cross-sectional area of 1 in.2

(650 mm2) and less;
(4) all thicknesses of material for a pipe, tube, fit-

tings, pumps, and valves with a nominal pipe size NPS 6
(DN 150) and smaller;
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(5)material for pumps, valves, and fittings with all
pipe connections of 5/8 in. (16 mm) nominal wall thickness
and less;

(6) austenitic stainless steels, including precipitation
hardened austenitic Grade 660 (UNS S66286);

(7) nonferrous material.
(b) Drop weight tests are not required for the marten-

sitic high alloy chromium (Series 4XX) steels and precipi-
tation hardening steels listed in Section II, Part D, Subpart
1, Table 2A. The other requirements of NB-2332 apply for
these steels. For nominal wall thicknesses greater than
21/2 in. (64 mm), the required Charpy V-notch values shall
be 40 mils (1 mm) lateral expansion.

NB-2320 IMPACT TEST PROCEDURES
NB-2321 Types of Tests

NB-2321.1 Drop Weight Tests. The drop weight test,
when required, shall be performed in accordance with
ASTM E208. Specimen types P-No. 1, P-No. 2, or P-No. 3
may be used. The results, orientation, and location of all
tests performed to meet the requirements of NB-2330
shall be reported in the Certified Material Test Report.

NB-2321.2 Charpy V-Notch Tests. The Charpy
V-notch test (Cv), when required, shall be performed in
accordance with SA-370. Specimens shall be in accor-
dance with SA-370, Figure 11, Type A. A test shall consist
of a set of three full-size 10 mm × 10 mm specimens. The
lateral expansion and absorbed energy, as applicable, and
the test temperature, as well as the orientation and loca-
tion of all tests performed to meet the requirements of
NB-2330 shall be reported in the Certified Material Test
Report.

NB-2322 Test Specimens
NB-2322.1 Location of Test Specimens. Impact test

specimens for quenched and tempered material shall be
removed from the locations in each product form speci-
fied in NB-2220 for tensile test specimens. For material
in other heat-treated conditions, impact test specimens
shall be removed from the locations specified for tensile
test specimens in the material specification. For all mate-
rial, the number of tests shall be in accordance with
NB-2340. For bolting, the Cv impact test specimen shall
be taken with the longitudinal axis of the specimen lo-
cated at least one-half radius or 1 in. (25 mm) below
the surface plus the machining allowance per side, which-
ever is less. The fracture plane of the specimens shall be
at least one diameter or thickness from the heat-treated
end. When the studs, nuts, or bolts are not of sufficient
length, the midlength of the specimen shall be at the mid-
length of the studs, nuts, or bolts. The studs, nuts, or bolts
selected to provide test coupon material shall be identical
with respect to the quenched contour and size except for
length, which shall equal or exceed the length of the re-
presented studs, nuts, or bolts.

NB-2322.2 Orientation of Impact Test Specimens.
(a) Specimens for Cv impact tests shall be oriented as

follows:
(1) Specimens for forgings, other than bolting and

bars used for pressure-retaining parts of vessels, pumps,
and valves, shall be oriented in a direction normal to the
principal direction in which the material was worked.
Specimens are neither required nor prohibited from the
thickness direction.

(2) Specimens from material for pipe, tube, and fit-
tings, except for those made from plate and castings, shall
be oriented in the axial direction. Specimens from pipe
material used for nozzles in vessels shall be oriented in
a direction normal to the principal direction in which
the material was worked, other than the thickness
direction.

(3) Specimens from bolting material and bars shall
be oriented in the axial direction.

(4) Specimens for all plate material, including that
used for pipe, tube, and fittings, shall be oriented in a di-
rection normal to the principal rolling direction, other
than thickness direction.

(5) Specimens for cast material shall have their axes
oriented the same as the axes of the tensile specimens
(NB-2226).

(6) In (1) through (5) above, the notch of the Cv spe-
cimen shall be normal to the surface of the material.

(b) Specimens for drop weight tests may have their
axes oriented in any direction. The orientation used shall
be reported in the Certified Material Test Report.

NB-2330 TEST REQUIREMENTS AND
ACCEPTANCE STANDARDS2

NB-2331 Material for Vessels

Pressure-retaining material for vessels, other than bolt-
ing, shall be tested as follows:

(a) Establish a reference temperature RTNDT; this shall
be done as follows:

(1) Determine a temperature TND T that is at or
above the nil-ductility transition temperature by drop
weight tests.

(2) At a temperature not greater than TNDT + 60°F
(T N D T + 33°C) , each spec imen of the Cv tes t
(NB-2321.2) shall exhibit at least 35 mils (0.89 mm) lat-
eral expansion and not less than 50 ft-lb (68 J) absorbed
energy. Retesting in accordance with NB-2350 is per-
mitted. When these requirements are met, TNDT is the re-
ference temperature RTNDT.

(3) In the event that the requirements of (2) above
are not met, conduct additional Cv tests in groups of three
specimens (NB-2321.2) to determine the temperature TCv

at which they are met. In this case the reference tempera-
ture RTNDT = TC v

− 60°F (TC v
− 33°C). Thus, the refer-

ence temperature RTND T is the higher of TND T and
[TCv

− 60°F (TCv
− 33°C)].
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(4)When a Cv test has not been performed at TNDT +
60°F (TNDT + 33°C), or when the Cv test at TNDT + 60°F
(TNDT + 33°C) does not exhibit a minimum of 50 ft-lb
(68 J) and 35 mils (0.89 mm) lateral expansion, a tem-
perature representing a minimum of 50 ft-lb (68 J) and
35 mils (0.89 mm) lateral expansion may be obtained
from a full Cv impact curve developed from the minimum
data points of all the Cv tests performed.

(b) Apply the procedures of (a) to (1), (2), and (3)
below:

(1) the base material;3

(2) the base material, the heat-affected zone, and
weld metal from the weld procedure qualification tests
in accordance with NB-4330;

(3) the weld metal of NB-2431.

(c) Bars having a width or diameter of 2 in. (50 mm)
and less which prohibit obtaining drop weight test speci-
mens shall be tested in accordance with NB-2332.

(d) Some nozzles or appurtenances in vessels, regard-
less of product form, have insufficient material for obtain-
ing impact tests after heat treatment (except postweld
heat treatment). In this case, it is not necessary to per-
form both the drop weight and transverse Cv impact tests
as required by (a). Instead, this material may be tested by
only using axial Cv specimens. The three Cv specimens so
removed shall be tested at a temperature lower than or
equal to the lowest service temperature but no higher
than the required RTNDT + 60°F (RTNDT + 33°C) for
the vessel material to which the nozzle or appurtenance
is attached. Each specimen shall exhibit at least 35 mils
(0.89 mm) lateral expansion and not less than 50 ft-lb
(68 J) absorbed energy.

(e) Consideration shall be given to the effects of irradia-
tion (NB-3124) on material toughness properties in the
core belt line region of the reactor vessel. The Design Spe-
cifications shall include additional requirements, as nec-
essary, to ensure adequate fracture toughness for the
service lifetime of the vessel. The toughness properties
may be verified in service periodically by a material sur-
veillance program using the methods of ASTM E185 and
the material conditions monitored by the inservice in-
spection requirements of Section XI.

(f) Consideration shall be given to the test temperature
requirements of hydrostatic testing of the vessel
(NB-6212).

NB-2332 Material for Piping, Pumps, and Valves,
Excluding Bolting Material

(a) Pressure-retaining material, other than bolting,
with nominal wall thickness 21/2 in. (64 mm) and less
for piping (pipe and tubes) and material for pumps,
valves, and fittings with all pipe connections of nominal
wall thickness 21/2 in. (64 mm) and less shall be tested
as required in (1) and (2) below.

(1) Test three Cv specimens at a temperature lower
than or equal to the lowest service temperature as estab-
lished in the design specification (NB-3211). All three
specimens shall meet the requirements of Table
NB-2332(a)-1.

(2) Apply the procedures of (a) to

(-a) the base material;3

(-b) the base material, the heat-affected zone, and
weld metal from the weld procedure qualification tests in
accordance with NB-4330; and

(-c) the weld metal of NB-2431.

(b) Pressure-retaining material, other than bolting,
with nominal wall thickness over 21/2 in. (64 mm) for pip-
ing (pipe and tubes) and material for pumps, valves, and
fittings with any pipe connections of nominal wall thick-
ness greater than 21/2 in. (64 mm) shall meet the require-
ments of NB-2331. The lowest service temperature shall
not be lower than RTNDT + 100°F (56°C) unless a lower
temperature is justified by following methods similar to
those contained in Section III Appendices, Nonmandatory
Appendix G.

NB-2333 Bolting Material

For bolting material, including studs, nuts, and bolts,
test three Cv specimens at a temperature no higher than
the preload temperature or the lowest service tempera-
ture, whichever is less. All three specimens shall meet
the requirements of Table NB-2333-1.

NB-2340 NUMBER OF IMPACT TESTS REQUIRED
NB-2341 Plates

One test shall be made from each plate as heat treated.
Where plates are furnished in the unheat-treated condi-
tion and qualified by heat-treated test specimens, one test
shall be made for each plate as-rolled. The term as-rolled
refers to the plate rolled from a slab or directly from an
ingot, not to its heat-treated condition.

Table NB-2332(a)-1
Required Cv Values for Piping, Pumps, and

Valves

Nominal Wall Thickness,
in. (mm) [Note (1)]

Lateral Expansion,
mils (mm)

5/8 (16) or less No test required
Over 5/8 to

3/4 (16 to 19), incl. 20 (0.50)
Over 3/4 to 11/2 (19 to 38), incl. 25 (0.64)
Over 11/2 to 21/2 (38 to 64), incl. 40 (1.00)

NOTE:
(1) For pumps, valves, and fittings, use the nominal pipe wall thick-

ness of the connecting piping.
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NB-2342 Forgings and Castings

(a)Where the weight of an individual forging or casting
is less than 1,000 lb (450 kg), one test shall be made to
represent each heat in each heat treatment lot.

(b)When heat treatment is performed in a continuous
type furnace with suitable temperature controls and
equipped with recording pyrometers so that complete
heat treatment records are available, a heat treatment
charge shall be considered as the lesser of a continuous
run not exceeding 8 hr duration or a total weight, so treat-
ed, not exceeding 2,000 lb (900 kg).

(c) One test shall be made for each forging or casting of
1,000 lb (450 kg) to 10,000 lb (4 500 kg) in weight.

(d) As an alternative to (c), a separate test forging or
casting may be used to represent forgings or castings of
different sizes in one heat and heat treat lot, provided
the test piece is a representation of the greatest thickness
in the heat treat lot. In addition, test forgings shall have
been subjected to substantially the same reduction and
working as the forgings represented.

(e) Forgings or castings larger than 10,000 lb
(4 500 kg) shall have two tests per part for Charpy
V-notch and one test for drop weights. The location of
drop weight or Cv impact test specimens shall be selected
so that an equal number of specimens is obtained from
positions in the forging or casting 180 deg apart.

(f) As an alternative to (e) for static castings, a sepa-
rately cast test coupon [NB-2226(b)(2)] may be used;
one test shall be made for Charpy V-notch and one test
for drop weight.

NB-2343 Bars

One test shall be made for each lot of bars with
cross-sectional area greater than 1 in.2 (650 mm2), where
a lot is defined as one heat of material heat treated in one
charge or as one continuous operation, not to exceed
6,000 lb (2 700 kg).

NB-2344 Tubular Products and Fittings

On products which are seamless or welded without fil-
ler metal, one test shall be made from each lot. On pro-
ducts which are welded with filler metal, one additional
test with the specimens taken from the weld area shall
also be made on each lot. A lot shall be defined as stated

in the applicable material specification, but in no case
shall a lot consist of products from more than one heat
of material and of more than one diameter, with the nom-
inal thickness of any product included not exceeding that
to be impact tested by more than 1/4 in. (6 mm); such a lot
shall be in a single heat treatment load or in the same con-
tinuous run in a continuous furnace controlled within a
50°F (28°C) range and equipped with recording
pyrometers.

NB-2345 Bolting Material
One test shall be made for each lot of material, where a

lot is defined as one heat of material heat treated in one
charge or as one continuous operation, not to exceed in
weight (mass) the following:

Diameter, in. (mm) Weight, lb (kg)

13/4 (44) and less 1,500 (400)

Over 13/4 to 21/2 (44 to 64) 3,000 (1 350)

Over 21/2 to 5 (64 to 125) 6,000 (2 700)

Over 5 (125) 10,000 (4 500)

NB-2346 Test Definitions
Unless otherwise stated in NB-2341 through NB-2345,

the term one test is defined to include the combination of
the drop weight test and the Cv test when RTNDT is re-
quired [NB-2331 and NB-2332(b)] and only the Cv test
when determination of R T N D T is not required
[NB-2332(a) and NB-2333].

NB-2350 RETESTS
(a) For Cv tests required by NB-2330, one retest at the

same temperature may be conducted provided the re-
quirements of (1) through (3) below are met:

(1) the average value of the test results meets the
minimum requirements;

(2) not more than one specimen per test is below the
minimum requirements;

(3) the specimen not meeting the minimum require-
ments is not lower than 10 ft-lb (14 J) or 5 mils
(0.13 mm) below the specified requirements.

(b) A retest consists of two additional specimens taken
as near as practicable to the failed specimens. For accep-
tance of the retest, both specimens shall meet the mini-
mum requirements.

NB-2360 CALIBRATION OF INSTRUMENTS AND
EQUIPMENT

Calibration of temperature instruments and Cv impact
test machines used in impact testing shall be performed
at the frequency given in (a) and (b) below.

(a) Temperature instruments used to control the test
temperature of specimens shall be calibrated and the re-
sults recorded to meet the requirements of NCA-3858.2 at
least once in each 3-month interval.

Table NB-2333-1
Required Cv Values for Bolting Material

Nominal Diameter,
in. (mm)

Lateral Expansion,
mils (mm)

Absorbed Energy,
ft-lb (J)

1 (25) or less No test required No test required
Over 1 to 4
(25 to 100), incl.

25 (0.64) No requirements

Over 4 (100) 25 (0.64) 45 (61)
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(b) Cv impact test machines shall be calibrated and the
resul t s recorded to meet the requirements of
NCA-3858.2. The calibrations shall be performed using
the frequency and methods outlined in ASTM E23 and
employing standard specimens obtained from the Na-
tional Institute of Standards and Technology, or any sup-
plier of subcontracted calibration services accredited in
accordance with the requirements of NCA‐3126 and
NCA‐3855.3(c).

NB-2400 WELDING MATERIAL

NB-2410 GENERAL REQUIREMENTS

(a) All welding material used in the construction and
repair of components or material, except welding materi-
al used for cladding or hard surfacing, shall conform to
the requirements of the welding material specification
or to the requirements for other welding material as per-
mitted in Section IX. In addition, welding material shall
conform to the requirements stated in this subarticle
and to the rules covering identification in NB-2150.
(b) The Certificate Holder shall provide the organiza-

tion performing the testing with the information listed be-
low, as applicable.

(1)welding process;
(2) SFA Specification and classification;
(3) other identification if no SFA Specification

applies;
(4)minimum tensile strength [NB-2431.1(e)] in the

as -we lded or hea t - t r ea ted cond i t i on or bo th
[NB-2431.1(c)];

(5) drop weight test for material as-welded or heat
treated, or both (NB-2332);

(6) Charpy V-notch test for material as-welded or
heat treated, or both (NB-2331); the test temperature
and the lateral expansion or the absorbed energy shall
be provided;

(7) the preheat and interpass temperatures to be
used during welding of the test coupon [NB-2431.1(c)];

(8) postweld heat treatment time, temperature
range, and maximum cooling rate, if the production weld
will be heat treated [NB-2431.1(c)];

(9) elements for which chemical analysis is required
per the SFA Specification or Welding Procedure Specifica-
tion and NB-2432;

(10)minimum delta ferrite (NB-2433).

NB-2420 REQUIRED TESTS

The required tests shall be conducted for each lot of
covered, flux cored, or fabricated electrodes; for each heat
of bare electrodes, rod, or wire for use with the OFW,
GMAW, GTAW, PAW, and EGW (electrogas welding) pro-
cesses (Section IX, QG-109); for each heat of consumable
inserts; for each combination of heat of bare electrodes
and lot of submerged arc flux; for each combination of
lot of fabricated electrodes and lot of submerged arc flux;

for each combination of heat of bare electrodes or lot of
fabricated electrodes, and dry blend of supplementary
powdered filler metal, and lot of submerged arc flux; or
for each combination of heat of bare electrodes and lot
of electroslag flux. Tests performed on welding material
in the qualification of weld procedures will satisfy the
testing requirements for the lot, heat, or combination of
heat and batch of welding material used, provided the
tests required by Article NB-4000 and this subarticle
are made and the results conform to the requirements
of this Article. The definitions in (a) through (h) below
apply.
(a) A dry batch of covering mixture is defined as the

quantity of dry covering ingredients mixed at one time
in one mixing vessel; a dry batch may be used singly or
may be subsequently subdivided into quantities to which
the liquid binders may be added to produce a number of
wet mixes [(c) below].
(b) A dry blend is defined as one or more dry batches

mixed in a mixing vessel and combined proportionately
to produce a uniformity of mixed ingredients equal to that
obtained by mixing the same total amount of dry ingredi-
ents at one time in one mixing vessel.
(c) A wet mix is defined as the combination of a dry

batch or dry blend [(a) and (b) above, respectively], and
liquid binder ingredients at one time in one mixing vessel.
(d) A lot of covered, flux-cored, or fabricated electrodes

is defined as the quantity of electrodes produced from
the same combination of heat of metal and dry batch,
dry blend, or chemically controlled mixes of flux or core
materials. Alternatively, a lot of covered, flux-cored, or
fabricated electrodes may be considered one type and
size of electrode, produced in a continuous period, not
to exceed 24 hr and not to exceed 100,000 lb
(45,000 kg), from chemically controlled tube, wire, or
strip and a dry batch, a dry blend, or chemically con-
trolled mixes of flux, provided each container of welding
material is coded for identification and traceable to the
production period, the shift, line, and the analysis range
of both the mix and the rod, tube, or strip used to make
the electrode.

(1) Chemically controlled tube, wire, or strip is defined
as consumable tube, wire, or strip material supplied on
coils with a maximum of one splice per coil that has been
chemically analyzed to ensure that the material conforms
to the electrode manufacturer’s chemical control limits
for the specific type of electrode. Both ends of each coil
shall be chemically analyzed, except that those coils which
are splice free need only be analyzed on one end of the
coil.

(2) Chemically controlled mixes of flux are defined as
flux material that has been chemically analyzed to ensure
that it conforms to the percent allowable variation from
the electrode manufacturer’s standard for each chemical
element for that type electrode. A chemical analysis shall
be made on each mix made in an individual mixing vessel
after blending.
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(e) A heat of bare electrode, rod, wire, or consumable in-
sert is defined as the material produced from the same
melt of metal.

(f) Alternatively, for carbon and low alloy steel bare
electrode, rod, wire, or consumable inserts for use with
SAW, OFW, GMAW, GTAW, PAW, and EGW processes, a
heatmay be defined as either the material produced from
the same melt of metal or the material produced from one
type and size of wire when produced in a continuous per-
iod [not to exceed 24 hr and not to exceed 100,000 lb
(45,000 kg)] from chemically controlled wire, subject to
requirements of (1), (2), and (3) below.

(1) For the chemical control of the product of the rod
mill, coils shall be limited to a maximum of one splice
prior to processing the wire. Chemical analysis shall be
made from a sample taken from both ends of each coil
of mill-coiled rod furnished by mills permitting spliced
coil practice of one splice maximum per coil. A chemical
analysis need be taken from only one end of rod coils
furnished by mills prohibiting spliced coil practice.

(2) Carbon, manganese, silicon, and other intention-
ally added elements shall be identified to ensure that
the material conforms to the SFA or user’s material
specification.

(3) Each container of wire shall be coded for identifi-
cation and traceability to the lot, production period, shift,
line, and analysis of rod used to make the wire.

(g) A lot of submerged arc or electroslag flux is defined
as the quantity of flux produced from the same combina-
tion of raw materials under one production schedule.

(h) A dry blend of supplementary powdered filler metal
is defined as one or more mixes of material produced in
a continuous period, not to exceed 24 hr and not to ex-
ceed 20,000 lb (9 000 kg) from chemically controlled
mixes of powdered filler metal, provided each container
of powdered metal is coded for identification and trace-
able to the production period, the shift, and the mixing
vessel. A chemically controlled mix of powdered filler metal
is defined as powdered filler metal material that has been
chemically analyzed to assure that it conforms to the per-
cent allowable variation from the powdered filler metal
manufacturer’s standard, for each chemical element, for
that type of powdered filler metal. A chemical analysis
shall be made on each mix made in an individual mixing
vessel after blending. The chemical analysis range of the
supplemental powdered filler shall be the same as that
of the welding electrode, and the ratio of powder to elec-
trode used to make the test coupon shall be the maximum
permitted for production welding.

NB-2430 WELD METAL TESTS
NB-2431 Mechanical Properties Test

Tensile and impact tests shall be made, in accordance
with this paragraph, of welding materials which are used
to join P-Nos. 1, 3, 4, 5, 6, 7, 9, and 11 base materials in
any combination, with the exceptions listed in (a) through
(d) below:

(a) austenitic stainless steel and nonferrous welding
material used to join the listed P-Numbers;

(b) consumable inserts (backing filler material);
(c) welding material used for GTAW root deposits with

a maximum of two layers;
(d) welding material to be used for the welding of base

material exempted from impact testing by NB-2311 shall
likewise be exempted from the impact testing required by
NB-2330 and this paragraph.

NB-2431.1 General Test Requirements. The welding
test coupon shall be made in accordance with (a) through
(f) below, using each process with which the weld mate-
rial will be used in production welding.

(a) Test coupons shall be of sufficient size and thick-
ness such that the test specimens required herein can
be removed.

(b) The weld metal to be tested for all processes except
electroslag welding shall be deposited in such a manner
as to eliminate substantially the influence of the base ma-
terial on the results of the tests. Weld metal to be used
with the electroslag process shall be deposited in such a
manner as to conform to one of the applicable Welding
Procedure Specifications (WPS) for production welding.
The base material shall conform to the requirements of
Section IX, QW-403.1 or QW-403.4, as applicable.

(c) The welding of the test coupon shall be performed
within the range of preheat and interpass temperatures
that will be used in production welding. Coupons shall
be tested in the as-welded condition, or they shall be
tested in the applicable postweld heat-treated condition
when the production welds are to be postweld heat treat-
ed. The postweld heat treatment holding time1 shall be at
least 80% of the maximum time to be applied to the weld
metal in production application. The total time for post-
weld heat treatment of the test coupon may be applied
in one heating cycle. The cooling rate from the postweld
heat treatment temperature shall be of the same order
as that applicable to the weld metal in the component.
In addition, weld coupons for weld metal to be used with
the electroslag process, which are tested in the as-welded
condition or following a postweld heat treatment within
the holding temperature ranges of Table NB-4622.1-1
or Table NB-4622.4(c)-1, shall have a thickness within
the range of 0.5 to 1.1 times the thickness of the welds
to be made in production. Electroslag weld coupons to
be tested following a postweld heat treatment, which will
include heating the coupon to a temperature above the
Holding Temperature Range of Table NB-4622.1-1 for
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the type of material being tested, shall have a thickness
within the range of 0.9 to 1.1 times the thickness of the
welds to be made in production.

(d) The tensile specimens, and the Cv impact specimens
where required, shall be located and prepared in accor-
dance with the requirements of SFA-5.1 or the applicable
SFA specification. Drop weight impact test specimens,
where required, shall be oriented so that the longitudinal
axis is transverse to the weld with the notch in the weld
face or in a plane parallel to the weld face. For impact spe-
cimen preparation and testing, the applicable parts of
NB-2321.1 and NB-2321.2 shall apply. The longitudinal
axis of the specimen shall be at a minimum depth of 1/4t
from a surface, where t is the thickness of the test weld.

(e) One all weld metal tensile specimen shall be tested
and shall meet the specified minimum tensile strength re-
quirements of the base material specification. When base
materials of different specifications are to be welded, the
tensile strength requirements shall conform to the speci-
fied minimum tensile strength requirements of either of
the base material specifications.

(f) Impact specimens of the weld metal shall be tested
where impact tests are required for either of the base ma-
terials of the production weld. The weld metal shall con-
form to the parts of NB-2331(a) or NB-2332 applicable to
the base material. Where different requirements exist for
the two base materials, the weld metal may conform to
either of the two requirements.

NB-2431.2 Standard Test Requirements. In lieu of
the use of the General Test Requirements specified in
NB-2431.1, tensile and impact tests may be made in ac-
cordance with this subparagraph where they are required
for mild and low alloy steel covered electrodes; the mate-
rial combinations to require weld material testing, as
listed in NB-2431, shall apply for this Standard Test Re-
quirements option. The limitations and testing under this
Standard Test option shall be in accordance with (a)
through (f) below.

(a) Testing to the requirements of this subparagraph
shall be limited to electrode classifications included in
Specifications SFA-5.1 or SFA-5.5.

(b) The test assembly required by SFA-5.1 or SFA-5.5,
as applicable, shall be used for test coupon preparation,
except that it shall be increased in size to obtain the num-
ber of Cv specimens and the drop weight test specimens
required by NB-2331(a) or NB-2332, where applicable.

(c) The welding of the test coupon shall conform to the
requirements of the SFA Specification for the classifica-
tion of electrode being tested. Coupons shall be tested
in the as-welded condition and also in the postweld
heat-treated condition. The PWHT temperatures shall
be in accordance with Table NB-4622.1-1 for the applic-
able P-Number equivalent. The time at PWHT tempera-
ture shall be 8 hr. (This qualifies PWHT of 10 hr or

less.) When the PWHT of the production weld exceeds
10 hr, or the PWHT temperature is other than that re-
quired above, the general test of NB-2431.1 shall be used.
(d) The tensile and Cv specimens shall be located and

prepared in accordance with the requirements of
SFA-5.1 or SFA-5.5, as applicable. Drop weight impact test
specimens, where required, shall be located and oriented
as specified in NB-2431.1(d).
(e) One all weld metal tensile specimen shall be tested

and shall meet the specified minimum tensile strength re-
quirement of the SFA Specification for the applicable elec-
trode classification.
(f) The requirements of NB-2431.1(f) shall be applic-

able to the impact testing of this option.

NB-2432 Chemical Analysis Test

Chemical analysis of filler metal or weld deposits shall
be made in accordance with NB-2420 and as required by
the following subparagraphs.

NB-2432.1 Test Method. The chemical analysis test
shall be performed in accordance with this subparagraph
and Table NB-2432.1-1, and the results shall conform to
NB-2432.2.
(a) A-No. 8 welding material to be used with GTAW and

PAW processes and any other welding material to be used
with any GTAW, PAW, or GMAW process shall have chem-
ical analysis performed either on the filler metal or on a
weld deposit made with the filler metal in accordance
with (c) or (d) below.
(b) A-No. 8 welding material to be used with other than

the GTAW and PAW processes and other welding material
to be used with other than the GTAW, PAW, or GMAW
process shall have chemical analysis performed on a weld
deposit of the material or combination of materials being
certified in accordance with (c) or (d) below. The removal
of chemical analysis samples shall be from an undiluted
weld deposit made in accordance with (c) below. As an al-
ternative, the deposit shall be made in accordance with
(d ) be low for mate r i a l tha t w i l l be used fo r
corrosion-resistant overlay cladding. Where the Welding

Table NB-2432.1-1
Sampling of Welding Materials for Chemical

Analysis

GTAW/PAW GMAW

All Other
Proces-
ses

A-No. 8 filler metal Filler metal
or weld
deposit

Weld
deposit

Weld
deposit

All other filler metal Filler metal
or weld
deposit

Filler metal
or weld
deposit

Weld
deposit
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Procedure Specification or the welding material specifica-
tion specifies percentage composition limits for analysis,
it shall state that the specified limits apply for the filler
metal analysis, the undiluted weld deposit analysis, or
in situ cladding deposit analysis in conformance with
the above required certification testing.

(c) The preparation of samples for chemical analysis of
undiluted weld deposits shall comply with the method gi-
ven in the applicable SFA Specification. Where a weld de-
posit method is not provided by the SFA specification, the
sample shall be removed from a weld pad, groove, or
other test weld4 made using the welding process that will
be followed when the welding material or combination of
welding materials being certified is consumed. The weld
for A-No. 8 material to be used with the GMAW or EGW
process shall be made using the shielding gas composition
specified in the Welding Procedure Specifications that
will be followed when the material is consumed. The test
sample for ESW shall be removed from the weld metal of
the mechanical properties test coupon. Where a chemical
analysis is required for a welding material which does not
have a mechanical properties test requirement, a chemi-
cal analysis test coupon shall be prepared as required
by NB-2431.1(c), except that heat treatment of the cou-
pon is not required and the weld coupon thickness re-
quirements of NB-2431.1(c) do not apply.

(d) The alternative method provided in (b) above for
the preparation of samples for chemical analysis of weld-
ing material to be used for corrosion resistant overlay
cladding shall require a test weld made in accordance
with the essential variables of the Welding Procedure
Specification that will be followed when the welding ma-
terial is consumed. The test weld shall be made in confor-
mance with the requirements of Section IX, QW-214.1.
The removal of chemical analysis samples shall conform
with Section IX, Table QW-453 for the minimum thickness
for which the welding procedure specification is qualified.

NB-2432.2 Requirements for Chemical Analysis.
The chemical elements to be determined, the composition
requirements of the weld metal, and the recording of re-
sults of the chemical analysis shall be in accordance with
(a) through (c) below.

(a) See below.

(1) All welding material to be used in the reactor ves-
sel shall be analyzed for the elements listed in Table
NB-2432.2(a)-1.

(2) All welding material of ferrous alloys A-No. 8 and
A-No. 9 (Section IX, Table QW-442) to be used in other
components shall be analyzed for the elements listed in
Table NB-2432.2(a)-2 and for any other elements speci-
fied in the welding material specification referenced by
the WPS or in the WPS.

(3) All other welding material shall be analyzed for
the elements specified in either the welding material
specification referenced by the WPS or in the WPS.

(b) The chemical composition of the weld metal or filler
metal shall conform to the welding material specification
for elements having specified percentage composition
limits. Where the Welding Procedure Specification con-
tains a modification of the composition limits of SFA or
other referenced welding material specifications, or pro-
vides limits for additional elements, these composition
limits of the welding procedure specification shall apply
for acceptability.

(c) The results of the chemical analysis shall be re-
ported in accordance with NCA-3862.1. Elements listed
in Table NB-2432.2(a)-1 or Table NB-2432.2(a)-2 but
not specified in the welding material specification or
WPS shall be reported for information only.

NB-2433 Delta Ferrite Determination

A determination of delta ferrite shall be performed on
A-No. 8 weld material (Section IX, Table QW-442) backing
filler metal (consumable inserts); bare electrode, rod, or
wire filler metal; or weld metal, except that delta ferrite
determinations are not required for SFA-5.9 and
SFA-5.4, Type 16-8-2, or A-No. 8 weld filler metal to be
used for weld metal cladding.

NB-2433.1 Method. Delta ferrite determinations of
welding material, including consumable insert material,
shall be made using a magnetic measuring instrument
and weld deposits made in accordance with (b) below. Al-
ternatively, the delta ferrite determinations for welding
materials may be performed by the use of chemical analy-
sis of NB-2432 in conjunction with Figure NB-2433.1-1.

(a) Calibration of magnetic instruments shall conform
to AWS-A4.2.

(b) The weld deposit for magnetic delta ferrite determi-
nation shall be made in accordance with NB-2432.1(c).

Table NB-2432.2(a)-1
Chemical Analysis for Reactor Vessel

Welding Material

Materials Elements

Carbon and low alloy
materials

C, Cr, Mo, Ni, Mn, Si, P, S, V, Cu

Chromium and Cr–Ni
stainless material

C, Cr, Mo, Ni, Mn, Si, P, S, V, Cb + Ta, Ti,
Cu

Table NB-2432.2(a)-2
Chemical Analysis for Welding Material for

Other Than Reactor Vessel Welds

Material Elements

Chromium–Nickel
stainless steels

C, Cr, Mo, Ni, Mn, Si, Cb
+ Ta
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(c) A minimum of six ferrite readings shall be taken on
the surface of the weld deposit. The readings obtained
shall be averaged to a single Ferrite Number (FN).

NB-2433.2 Acceptance Standards. The minimum ac-
ceptable delta ferrite shall be 5FN. The results of the delta
ferrite determination shall be included in the Certified
Material Test Report of NB-2130 or NB-4120.

NB-2440 STORAGE AND HANDLING OF
WELDING MATERIAL

Suitable storage and handling of electrodes, flux, and
other welding material shall be maintained. Precautions
shall be taken to minimize absorption of moisture by
fluxes and cored, fabricated, and coated electrodes.

NB-2500 EXAMINATION AND REPAIR OF
PRESSURE-RETAINING MATERIAL

NB-2510 EXAMINATION OF
PRESSURE-RETAINING MATERIAL

(a) Pressure-retaining material and material welded
thereto shall be examined by nondestructive methods ap-
plicable to the material and product form as required by
the rules of this subarticle, except for pumps and valves
with inlet piping connections NPS 2 (DN 50) and less.
Seamless pipe, tubes, and fittings, NPS 1 (DN 25) and less,
need not be examined by the rules of this subarticle. The
NPS 1 (DN 25) size exemption does not apply to heat ex-
changer tubing.

(b) For forged and cast pumps and valves with inlet
piping connections over NPS 2 (DN 50), up to and includ-
ing NPS 4 (DN 100), magnetic particle or liquid penetrant
examinations may be performed in lieu of volumetric ex-
amination, except that the welding ends for cast pumps

Figure NB-2433.1-1
Weld Metal Delta Ferrite Content
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GENERAL NOTES:
(a) The actual nitrogen content is preferred. If this is not available, the following applicable nitrogen value shall be used:

(1) GMAW welds—0.08%, except that when self-shielding flux cored electrodes are used—0.12%.
(2) Welds made using other processes—0.06%.

(b) This diagram is identical to the WRC-1992 Diagram, except that the solidification mode lines have been removed for ease of use.
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and valves shall be radiographed for a minimum distance
of t (when t is the design section thickness of the weld)
from the final welding end.

(c) The requirements of this subarticle for repair by
welding, including examination of the repair welds, shall
b e me t whe r e v e r r ep a i r we l d s a r e made t o
pressure-retaining material and material welded thereto.
The exceptions in (a) and (b) above do not apply to repair
welds.

NB-2520 EXAMINATION AFTER QUENCHING
AND TEMPERING

Ferritic steel products that have their properties en-
hanced by quenching and tempering shall be examined
by the methods specified in this subarticle for each pro-
duct form after the quenching and tempering phase of
the heat treatment.

NB-2530 EXAMINATION AND REPAIR OF PLATE
NB-2531 Required Examination

All plates 2 in. (50 mm) nominal thickness and less
used for piping, pumps, and valves shall be examined by
the angle beam ultrasonic method in accordance with
NB-2532.2. All plates for vessels and all plates greater
than 2 in. (50 mm) thickness shall be examined by the
straight beam ultrasonic method in accordance with
NB-2532.1.

NB-2532 Examination Procedures
NB-2532.1 Straight Beam Examination. The re-

quirements for straight beam examination shall be in ac-
cordance with SA-578, Specification for Straight Beam
Wave Ultrasonic Testing and Inspection of Plain and Clad
Steel Plates for Special Applications, as shown in Section
V, except that the extent of examination and the accep-
tance standards to be applied are given in (a) and (b)
below.

(a) Extent of Examination. One hundred percent of one
major plate surface shall be covered by moving the search
unit in parallel paths with not less than a 10% overlap.

(b) Acceptance Standards
(1) Any area where one or more imperfections pro-

duce a continuous total loss of back reflection accompa-
nied by continuous indications on the same plane that
cannot be encompassed within a circle whose diameter
is 3 in. (75 mm) or one-half of the plate thickness, which-
ever is greater, is unacceptable.

(2) In addition, two or more imperfections smaller
than described in (1) above shall be unacceptable unless
separated by a minimum distance equal to the greatest
diameter of the larger imperfection, or unless they may
be collectively encompassed by the circle described in
(1) above.

NB-2532.2 Angle Beam Examination. The require-
ments for angle beam examination shall be in accordance
with SA-577, Specification for Ultrasonic Beam Wave

Inspection of Steel Plates, as shown in Section V and sup-
plemented by (a) and (b) below. The calibration notch, ex-
tent of examination, and acceptance standards to be
applied are given in (a) through (c) below.

(a) Calibration. Angle beam examination shall be cali-
brated from a notch.

(b) Extent of Examination. One hundred percent of one
major plate surface shall be covered by moving the search
unit in parallel paths with not less than 10% overlap.

(c) Acceptance Standards. Material which shows one or
more imperfections which produce indications exceeding
in amplitude the indication from the calibration notch is
unacceptable unless additional exploration by the straight
beammethod shows the imperfections are laminar in nat-
ure and are acceptable in accordance with NB-2532.1(b).

NB-2537 Time of Examination

Acceptance examinations shall be performed at the
time of manufacture as required in (a) through (c) below.

(a) Ultrasonic examination shall be performed after
rolling to size and after heat treatment, except for post-
weld heat treatment.

(b) Radiographic examination of repair welds, when re-
quired, may be performed prior to any required postweld
heat treatment.

(c) Magnetic particle or liquid penetrant examination
of repair welds shall be performed after final heat treat-
ment, except that the examination may be performed
prior to postweld heat treatment of P-No.1 material
2 in. (50 mm) and less nominal thickness.

NB-2538 Elimination of Surface Defects

Surface defects shall be removed by grinding or ma-
chining, provided the requirements of (a) through (d) be-
low are met.

(a) The depression, after defect elimination, is blended
uniformly into the surrounding surface.

(b) After defect elimination, the area is examined by the
magnetic particle method in accordance with NB-2545 or
the liquid penetrant method in accordance with NB-2546
to ensure that the defect has been removed or reduced to
an imperfection of acceptable size.

(c) Areas ground to remove oxide scale or other me-
chanically caused impressions for appearance or to facil-
itate proper ultrasonic testing need not be examined by
the magnetic particle or liquid penetrant test method.

(d)When the elimination of the defect reduces the
thickness of the section below the minimum required to
satisfy Article NB-3000, the product shall be repaired in
accordance with NB-2539.

NB-2539 Repair by Welding

The Material Organization may repair by welding mate-
rial from which defects have been removed, provided the
depth of the repair cavity does not exceed one-third the
nominal thickness and the requirements of the following
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subparagraphs are met. Prior approval of the Certificate
Holder shall be obtained for the repair of plates to be used
in the manufacture of vessels.

NB-2539.1 Defect Removal. The defect shall be re-
moved or reduced to an imperfection of acceptable size
by suitable mechanical or thermal cutting or gouging
methods and the cavity prepared for repair (NB-4211.1).

NB-2539.2 Qualification of Welding Procedures and
Welders. The welding procedure and welders or welding
operators shall be qualified in accordance with Article
NB-4000 and Section IX.

NB-2539.3 Blending of Repaired Areas. After repair,
the surface shall be blended uniformly into the surround-
ing surface.

NB-2539.4 Examination of Repair Welds. Each re-
pair weld shall be examined by the magnetic particle
method (NB-2545) or by the liquid penetrant method
(NB-2546). In addition, when the depth of the repair cav-
ity exceeds the lesser of 3/8 in. (10 mm) or 10% of the sec-
tion thickness, the repair weld shall be radiographed after
repair in accordance with NB-5110 and to the acceptance
standards of NB-5320. The image quality indicator (IQI)
and the acceptance standards for radiographic examina-
tion of repair welds shall be based on the section thick-
ness at the repair area.

NB-2539.5 Heat Treatment After Repairs. The pro-
duct shall be heat treated after repair in accordance with
the heat treatment requirements of NB-4620.

NB-2539.6 Material Report Describing Defects and
Repairs. Each defect repair exceeding in depth the lesser
of 3/8 in. (10 mm) or 10% of the section thickness shall be
described in the Certified Material Test Report. The Certi-
fied Material Test Report for each piece shall include a
chart which shows the location and size of the prepared
cavity, the welding material identification, the welding
procedure, the heat treatment, and the examination re-
sults, including radiographs.

NB-2539.7 Repair of Cladding by Welding. The Ma-
terial Organization may repair defects in cladding by
welding, provided the requirements of (a) through (d) be-
low are met.

(a) Qualification of Welding Procedures and Welders.
The welding procedure and the welders or welding op-
erators shall be qualified in accordance with Article
NB-4000 and with Section IX.

(b) Defect Removal and Examination of Cavity. The de-
fect shall be removed, and the cavity prepared for repair
shall be examined by the liquid penetrant method
(NB-2546).

(c) Examination of Repaired Areas. The repaired area
shall be examined by a liquid penetrant method
(NB-2546).

(d) Report of Repairs. Each defect repair shall be de-
scribed in the Certified Material Test Report for each
piece, including a chart which shows the location and size
of the repair, the welding material identification, welding
procedure, heat treatment, and examination results.

NB-2540 EXAMINATION AND REPAIR OF
FORGINGS AND BARS

NB-2541 Required Examinations
(a) Forgings and bars shall be examined by the ultraso-

nic method in accordance with NB-2542, except forgings
or sections of forgings which have coarse grains, or con-
figurations which do not yield meaningful examination
results by ultrasonic methods, shall be examined by
radiographic methods in accordance with Section V,
Article 2, using the acceptance standards of NB-5320. In
addition, all external surfaces and accessible internal sur-
faces shall be examined by a magnetic particle method
(NB-2545) or a liquid penetrant method (NB-2546).
(b) Forged flanges and fittings, such as elbows, tees,

and couplings, shall be examined in accordance with the
requirements of NB-2550.
(c) Bar material used for bolting shall be examined in

accordance with NB-2580.
(d) Forgings and forged or rolled bars which are to be

bored to form tubular products or fittings shall be exam-
ined in accordance with the requirements of NB-2550
after boring.
(e) Forgings and forged or rolled bars, which will sub-

sequently be bored to form pump and valve parts, shall
be examined in accordance with (a) after boring.

NB-2542 Ultrasonic Examination
NB-2542.1 Examination Procedure. All forgings in

the rough-forged or finished condition, and bars, shall
be examined in accordance with Section V, Article 5 and
the following supplemental requirements. The techniques
of (a) through (d) below are required, as applicable.
(a) Forgings may be examined by the use of alternative

ultrasonic methods which utilize distance amplitude cor-
rections, provided the acceptance standards are shown to
be equivalent to those listed in NB-2542.2.
(b) Cylindrical section bars shall be scanned from the

entire external circumference.
(c) Noncylindrical section bars shall be scanned in two

perpendicular directions to the maximum extent possible
(through each pair of parallel sides).
(d) Bar products do not require recording and report-

ing of indications smaller than the acceptance standard,
except when so specified for specialized applications.

NB-2542.2 Acceptance Standards.
(a) Straight Beam General Rule. A forging shall be unac-

ceptable if the results of straight beam examinations
show one or more reflectors which produce indications
accompanied by a complete loss of back reflection not as-
sociated with or attributable to geometric configurations.
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Complete loss of back reflection is assumed when the
back reflection falls below 5% of full calibration screen
height.

(b) Straight Beam Special Rule for Vessel Shell Sections

(1) A ring forging made to fine grain melting practice
and used for vessel shell sections shall be unacceptable if
the results of the straight beam radial examination show
one or more reflectors producing a continuous complete
loss of back reflection accompanied by continuous indica-
tions on the same plane that cannot be encompassed with
a circle whose diameter is 3 in. (75 mm) or one-half of the
wall thickness, whichever is greater.

(2) In addition, two or more reflectors smaller than
described in (1) above shall be unacceptable unless sepa-
rated by a minimum distance equal to the greatest dia-
meter of the larger reflector or unless they may be
collectively encompassed by the circle described in (1)
above.

(c) Angle Beam Rule. A forging shall be unacceptable if
the results of angle beam examinations show one or more
reflectors which produce indications exceeding in ampli-
tude the indication from the appropriate calibration
notches.

NB-2545 Magnetic Particle Examination

NB-2545.1 Examination Procedure. The procedure
for magnetic particle examination shall be in accordance
with the methods of Section V, Article 7. In lieu of mag-
netic particle examination methods required by the mate-
rial specification, magnetic particle examination using the
alternating current yoke technique is permitted in accor-
dance with Section V, Article 7, when performed on final
machined surfaces of the material.

NB-2545.2 Evaluation of Indications.

(a)Mechanical discontinuities at the surface are re-
vealed by the retention of the examination medium. All in-
dications are not necessarily defects, however, since
certain metallurgical discontinuities and magnetic perme-
ability variations may produce similar indications which
are not relevant.

(b) Any indication in excess of the NB-2545.3 accep-
tance standards, which is believed to be nonrelevant, shall
be reexamined by the same or other nondestructive ex-
amination methods to verify whether or not actual de-
fects are present. Surface conditioning may precede the
reexamination. Nonrelevant indications which would
mask defects are unacceptable.

(c) Relevant indications are indications which result
from imperfections. Linear indications are indications in
which the length is more than three times the width.
Rounded indications are indications which are circular
or elliptical with the length equal to or less than three
times the width.

NB-2545.3 Acceptance Standards.
(a) Only imperfections producing indications with ma-

jor dimensions greater than 1/16 in. (1.5 mm) shall be con-
sidered relevant imperfections.

(b) Imperfections producing the following relevant in-
dications are unacceptable:

(1) any linear indications greater than 1/16 in.
(1.5 mm) long for material less than 5/8 in. (16 mm) thick,
greater than 1/8 in. (3 mm) long for material from 5/8 in.
(16 mm) thick to under 2 in. (50 mm) thick, and 3/16 in.
(5 mm) long for material 2 in. (50 mm) thick and greater;

(2) rounded indications with dimensions greater
than 1/8 in. (3 mm) for thicknesses less than 5/8 in.
(16 mm) and greater than 3/16 in. (5 mm) for thicknesses
5/8 in. (16 mm) and greater;

(3) four or more relevant indications in a line sepa-
rated by 1/16 in. (1.5 mm) or less edge to edge;

(4) ten or more relevant indications in any 6 in.2

(4 000 mm2) of area whose major dimension is no more
than 6 in. (150 mm) with the dimensions taken in the
most unfavorable location relative to the indications
being evaluated.

NB-2546 Liquid Penetrant Examination
NB-2546.1 Examination Procedure. The procedure

for liquid penetrant examination shall be in accordance
with the methods of Section V, Article 6.

NB-2546.2 Evaluation of Indications.
(a)Mechanical discontinuities at the surface are re-

vealed by bleeding out of the penetrant; however, loca-
lized surface discontinuities, such as may occur from
machining marks, surface conditions, or an incomplete
bond between base metal and cladding, may produce sim-
ilar indications which are not relevant.

(b) Any indication in excess of the NB-2546.3 accep-
tance standards, which is believed to be nonrelevant, shall
be reexamined to verify whether or not actual defects are
present. Surface conditioning may precede the reexami-
nation. Nonrelevant indications and broad areas of pig-
mentation, which would mask defects, are unacceptable.

(c) Relevant indications are indications which result
from imperfections. Linear indications are indications in
which the length is more than three times the width.
Rounded indications are indications which are circular
or elliptical with the length equal to or less than three
times the width.

NB-2546.3 Acceptance Standards.
(a) Only imperfections producing indications with ma-

jor dimensions greater than 1/16 in. (1.5 mm) shall be con-
sidered relevant imperfections.

(b) Imperfections producing the following relevant in-
dications are unacceptable:
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(1) any linear indications greater than 1/16 in.
(1.5 mm) long for material less than 5/8 in. (16 mm) thick,
greater than 1/8 in. (3 mm) long for material from 5/8 in.
(16 mm) thick to under 2 in. (50 mm) thick, and 3/16 in.
(5 mm) long for material 2 in. (50 mm) thick and greater;

(2) rounded indications with dimensions greater
than 1/8 in. (3 mm) for thicknesses less than 5/8 in.
(16 mm) and greater than 3/16 in. (5 mm) for thicknesses
5/8 in. (16 mm) and greater;

(3) four or more relevant indications in a line sepa-
rated by 1/16 in. (1.5 mm) or less edge to edge;

(4) ten or more relevant indications in any 6 in.2

(4 000 mm2) of area whose major dimension is no more
than 6 in. (150 mm) with the dimensions taken in the
most unfavorable location relative to the indications
being evaluated.

NB-2547 Time of Examination

Acceptance examinations, including those for repair
welds, shall be performed at the time of manufacture as
required in (a) through (f) below.
(a) Ultrasonic examination may be performed at any

time after forging [NB-2541(d)], and the maximum prac-
tical volume, including weld repairs, if required, shall be
examined after final heat treatment, excluding postweld
heat treatment.
(b) Radiographic examination of repair welds, if re-

quired, may be performed prior to any required postweld
heat treatment.
(c) Magnetic particle or liquid penetrant examination

shall be performed in the finished condition, except repair
welds of P-No. 1 material, 2 in. (50 mm) nominal thick-
ness and less, may be examined prior to postweld heat
treatment.
(d) Forgings and rolled bars which are to be bored or

turned to form tubular parts or fittings shall be examined
after boring or turning, except for threading.
(e) Forgings and forged or rolled bars which will subse-

quently be bored or turned to form pump and valve parts
shall be examined after boring or turning, except for
threading.
(f) The requirement for surface examination may be

postponed for bars, 1 in. (25 mm) and less in diameter,
[NB-2541(a)] for material used to fabricate tube plugs
for heat exchangers. Bar material, 1 in. (25 mm) and less
in diameter, shall be surface-examined after final machin-
ing into tube plugs for heat exchangers.

NB-2548 Elimination of Surface Defects

Elimination of surface defects shall be made in accor-
dance with NB-2538.

NB-2549 Repair by Welding

Repair by welding shall be in accordance with
NB-2539, except that:

(a) the depth of repair that is permitted is not limited;
and

(b) for ferritic steel forgings, the completed repair may
be examined by the ultrasonic method in accordance with
the requirements of NB-2542 in lieu of radiography.

NB-2550 EXAMINATION AND REPAIR OF
SEAMLESS AND WELDED (WITHOUT
FILLER METAL) TUBULAR PRODUCTS
AND FITTINGS

NB-2551 Required Examination

In addition to the requirements of the material specifi-
cation and of this Article, seamless and welded (without
filler metal) tubular products (including pipe flanges
and fittings machined from forgings and bars) shall com-
ply with the following:

(a)Wrought seamless and welded (without filler me-
tal) pipe and tubing shall be examined over the entire
volume5 of the material in accordance with (1), (2), (3),
or (4), as follows. Tubular products may require both out-
side and inside surface conditioning prior to examination.

(1) Pipe and Tubing

(-a) Pipe and tubing smaller than 21/2 in. (64 mm)
O.D. shall be examined by the ultrasonic method in accor-
dance with NB-2552(a)(1) in two opposite circumferen-
tial directions5 and by the eddy current method in
accordance with NB-2554, provided the product is limited
to sizes, materials, and thicknesses for which meaningful
results can be obtained by eddy current examination as
evidenced by detection of required standards.

(-b) As an alternative to the eddy current exami-
nation or when the eddy current examination does not
yield meaningful results, an axial scan ultrasonic exami-
nation in two opposite axial directions,6 in accordance
with NB-2552(a)(2), shall be made.

(2) Pipe and tubing 21/2 in. (64 mm) O.D. and larger
shall be examined by the ultrasonic method in accordance
with NB-2552(a)(1) in two opposite circumferential di-
rections, and in accordance with NB-2552(a)(2) in two
opposite axial directions. Alternatively, for welded with-
out filler metal pipe larger than 63/4 in. (170 mm) O.D.,
the plate shall be examined by the ultrasonic method in
accordance with NB-2530 prior to forming and the weld
shall be examined by the radiographic method in accor-
dance with NB-2553. Radiographic examination of welds,
including repair welds, shall be performed after final roll-
ing and forming and may be performed prior to any re-
quired postweld heat treatment.

(3) Copper–nickel alloy and nickel alloy seamless
pipe and tubing shall be examined as follows:

(-a) Except as provided in (-d) below, each pipe
and tube, all sizes shall be ultrasonically examined in ac-
cordance with NB-2552(a)(1) in two opposite circumfer-
ential directions.
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(-b) Except as provided in (-d) below, pipe and
tubing smaller than 21/2 in. (64 mm) O.D. shall be exam-
ined by the eddy current method in accordance with
NB-2554 if meaningful indications can be obtained from
the reference specimen notches. If meaningful indications
cannot be obtained from the reference specimen, an axial
scan ultrasonic examination in two opposite axial direc-
tions, in accordance with NB-2552(a)(2), shall be made.

(-c) Except as provided in (-d) below, pipe and
tubing 21/2 in. (64 mm) O.D. and larger shall be examined
by an axial scan ultrasonic examination in two opposite
axial directions in accordance with NB-2552(a)(2).

(-d) For pipe and tubing which is specified to be
coarse grain structure, radiographic examination in ac-
cordance with NB-2553 may be performed in lieu of ultra-
sonic examination.

(4) Tubing used in steam generator fabrication shall
be examined as follows:

(-a) each tube shall be ultrasonically examined in
accordance with NB-2552(a)(1) in two opposite circum-
ferential directions, and

(-b) by eddy current in accordance with NB-2554
if meaningful indications can be obtained from the refer-
ence specimen notches. If meaningful results cannot be
obtained from the reference specimen, an axial scan ultra-
sonic examination in two opposite axial directions, in ac-
cordance with NB-2552(a)(2), shall be made.

(b)Wrought seamless and welded without filler metal
fittings (including pipe flanges and fittings machined from
forgings and bars) shall be examined in accordance with
the material specification, and in addition by the magnetic
particle method in accordance with NB-2555, or the li-
quid penetrant method in accordance with NB-2556 on
all external surfaces and all accessible internal surfaces
(excluding bolt holes and threads). Additionally, for fit-
tings over NPS 6 (DN 150) nominal size, the entire volume
shall be examined by the ultrasonic method, if feasible, in
accordance with NB-2552, or the radiographic method in
accordance with NB-2553. Alternatively, the plate shall
be examined by the ultrasonic method in accordance with
NB-2530 prior to forming and the weld shall be examined
by the radiographic method in accordance with NB-2553.
Radiographic examination of welds, including repair
welds, shall be performed after final rolling and forming,
and may be performed prior to any required postweld
heat treatment.

(c) Tubular products used for vessel nozzles shall be
examined over the entire volume of material by either
the ultrasonic method in two opposite circumferential di-
rections in accordance with NB-2552(b) or the radio-
graphic method in accordance with NB-2553, and shall
be examined on all external and all accessible internal
surfaces by either the magnetic particle method in accor-
dance with NB-2555 or the liquid penetrant method in ac-
cordance with NB-2556.

NB-2552 Ultrasonic Examination5

(a) Examination Procedure for Pipe and Tubing. Inde-
pendent channels or instruments shall be employed for
circumferential and axial scans.

(1) Circumferential Direction. The procedure for ul-
trasonic examination of pipe and tubing in the circumfer-
ential direction shall be in accordance with SE-213. The
procedure shall provide a sensitivity which will consis-
tently detect defects that produce indications equal to,
or greater than, the indications produced by the standard
defects specified in (c).

(2) Axial Direction. When required by NB-2551, the
ultrasonic examination of pipe and tubing shall include
angle beam scanning in the axial direction. The procedure
for the axial scans shall be in accordance with SE-213, ex-
cept that the propagation of sound in the tube or pipe wall
shall be in the axial direction instead of the circumferen-
tial direction. Figure NB-2552-1 illustrates the character-
istic oblique entry of sound into the pipe or tube wall and
the axial direction of ultrasonic energy propagation to de-
tect transverse notches or similar surface discontinuities.

(3) Acceptance Standards. Products with defects that
produce indications in excess of the indications produced
by the standard defects in the reference specimen are un-
acceptable unless the defects are eliminated or repaired
in accordance with NB-2558 or NB-2559.

(b) Examination Procedure for Fittings
(1) Procedure. The procedure for ultrasonic examina-

tion of fittings shall be in accordance with Section V,
Article 5 for straight beam examination and, where feasi-
ble, angle-beam examination in two circumferential
directions.

(2) Acceptance Standards. Fittings shall be unaccep-
table if straight beam examination shows one or more re-
flectors which produce indications accompanied by
complete loss of back reflection not associated with or at-
tributable to the geometric configuration, or if angle beam
examination results show one or more reflectors which

Figure NB-2552-1
Axial Propagation of Sound in Tube Wall
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produce indications exceeding in amplitude the indica-
tions from the calibrated notch. Complete loss of back re-
flection is assumed when the back reflection falls below
5% of full calibration screen height.
(c) Reference Specimens

(1) The reference specimen shall be of the same
nominal diameter and thickness, and of the same nominal
composition and heat-treated condition as the product
which is being examined. For circumferential scanning,
the standard defects shall be axial notches or grooves
on the outside and inside surfaces of the reference speci-
men, and shall have a length of approximately 1 in.
(25 mm) or less, a width not to exceed 1/16 in. (1.5 mm)
for a square notch or U-notch, a width proportional to
the depth for a V-notch, and a depth not greater than
the larger of 0.004 in. (0.10 mm) or 5% of the nominal
wall thickness. For axial scanning in accordance with
SE-213, a transverse (circumferential) notch shall be in-
troduced on the inner and outer surfaces of the standard.
Dimensions of the transverse notch shall not exceed those
of the longitudinal notch. The reference specimen may be
the product being examined.

(2) The reference specimen shall be long enough to
simulate the handling of the product being examined
through the examination equipment. When more than
one standard defect is placed in a reference specimen,
the defects shall be located so that indications from each
defect are separate and distinct without mutual interfer-
ence or amplification. All upset metal and burrs adjacent
to the reference notches shall be removed.
(d) Checking and Calibration of Equipment. The proper

functioning of the examination equipment shall be
checked and the equipment shall be calibrated by the
use of the reference specimens, as a minimum:

(1) at the beginning of each production run of a given
size and thickness of a given material.

(2) after each 4 hr or less during the production run.
(3) at the end of the production run.
(4) at any time that malfunctioning is suspected. If,

during any check, it is determined that the examination
equipment is not functioning properly, all of the products
that have been examined since the last valid equipment
calibration shall be reexamined.

NB-2553 Radiographic Examination
(a) General. When radiographic examination is per-

formed as an alternative for ultrasonic examination of
the entire volume of the material, it shall apply to the en-
tire volume of the pipe, tube, or fitting material. Accep-
tance standards specified for welds shall apply to the
entire volume of material examined.
(b) Examination Procedure. The radiographic examina-

tion shall be performed in accordance with Section V,
Article 2, as modified by NB-5111.
(c) Acceptance Standard. Welds that are shown by

radiography to have any of the following types of discon-
tinuities are unacceptable:

(1) any type of crack or zone of incomplete fusion or
penetration;

(2) any other elongated indication which has a length
greater than:

(-a) 1/4 in. (6 mm) for t up to 3/4 in. (19 mm),
inclusive

(-b) 1/3t for t from 3/4 in. (19 mm) to 21/4 in.
(57 mm), inclusive

(-c) 3/4 in. (19 mm) for t over 21/4 in. (57 mm)

where t is the thickness of the thinner portion of the
weld;

(3) any group of aligned indications having an aggre-
gate length greater than t in a length of 12t , unless the
minimum distance between successive indications ex-
ceeds 6L , in which case the aggregate length is unlimited,
L being the length of the largest indication;

(4) rounded indications in excess of that shown as
acceptable in Section III Appendices, Mandatory Appen-
dix VI.

NB-2554 Eddy Current Examination

(a) General. This examination method is restricted to
materials with uniform magnetic properties and of sizes
for which meaningful results can be obtained.

(b) Examination Procedure. The procedure for eddy
current examination shall be in accordance with SE-426
or SE-571. The procedure shall provide a sensitivity that
will consistently detect defects by comparison with the
standard defects included in the reference specimen in
(d).

(c) Acceptance Standards. Products with defects that
produce indications in excess of the reference standards
are unacceptable.

(d) Reference Specimens. The reference specimen shall
be of the same nominal diameter and thickness, and of
the same nominal composition and heat-treated condition
as the product that is being examined. The standard shall
contain transverse (circumferential) notches on the out-
side surface plus a 1/16 in. (1.5 mm) diameter hole drilled
through the wall. For copper–nickel alloy and nickel alloy
materials, the standard shall have one notch extending
circumferentially on the outside surface and one notch ex-
tending circumferentially on the inside surface plus a
1/16 in. (1.5 mm) diameter hole drilled through the wall.
These shall be used to establish the rejection level for
the product to be tested. The reference notches shall have
a depth not greater than the larger of 0.004 in. (0.10 mm)
or 5% of the wall thickness. The width of the notch shall
not exceed 1/16 in. (1.5 mm). The length shall be approxi-
mately 1 in. (25 mm) or less. The size of reference speci-
mens shall be as specified in NB-2552(c). Additional
examination using either transverse notches or axial
notches shall be performed when required by the design
specification.
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(e) Checking and Calibration of Equipment. The check-
ing and calibration of examination equipment shall be
the same as in NB-2552(d).

NB-2555 Magnetic Particle Examination
Magnetic particle examination shall be performed in ac-

cordance with the requirements of NB-2545.

NB-2556 Liquid Penetrant Examination

Liquid penetrant examination shall be performed in ac-
cordance with the requirements of NB-2546.

NB-2557 Time of Examination

(a) Products that are quenched and tempered shall be
examined, as required, after the quenching and tempering
heat treatment.

(b) Products that are not quenched and tempered shall
receive the required examinations as follows:

(1) Ultrasonic or eddy current examination, when re-
quired, shall be performed after final heat treatment re-
quired by Section II material specification. Other heat
treament including postweld treament, may be per-
formed either prior to or after the examination.

(2) Radiographic examination, when required, may
be performed prior to any required postweld heat
treatment.

(3)Magnetic particle or liquid penetrant examina-
tion, including repair welds, shall be performed after final
heat treatment, except that the examination may be per-
formed prior to postweld heat treatment for P-No. 1 (Sec-
tion IX of the Code) materials of 2 in. (50 mm) and less
nominal thickness.

(4) Forgings and rolled bars which are to be bored
and/or turned to form tubular parts or fittings shall be ex-
amined after boring and/or turning, except for threading.
Fittings shall be examined after final forming.

NB-2558 Elimination of Surface Defects
Surface defects shall be removed by grinding or ma-

chining, provided the requirements of (a) through (c) be-
low are met.

(a) The depression, after defect elimination, is blended
uniformly into the surrounding surface.

(b) After defect elimination, the area is examined by the
method which originally disclosed the defect to assure
that the defect has been removed or reduced to an imper-
fection of acceptable size.

(c) If the elimination of the defect reduces the thickness
of the section below the minimum required to satisfy the
rules of Article NB-3000, the product shall be repaired in
accordance with NB-2559.

NB-2559 Repair by Welding
Repair of defects shall be in accordance with NB-2539,

except repair by welding is not permitted on copper–
nickel alloy and nickel alloy heat exchanger tubes.

NB-2560 EXAMINATION AND REPAIR OF
TUBULAR PRODUCTS AND FITTINGS
WELDED WITH FILLER METAL

NB-2561 Required Examinations

(a)Welded tubular products (with filler metal) such as
pipe made in accordance with SA-358, SA-409, SA-671,
SA-672, and SA-691, and fittings made in accordance with
the WPW grades of SA-234, SA-403, and SA-420, which
are made by welding with filler metal, shall be treated
as material; however, inspection by an Inspector and
stamping with a Certification Mark with NPT Designator
shall be in accordance with Section III requirements. In
addition to the Certification Mark with NPT Designator,
a numeral 1 shall be stamped below and outside the offi-
cial Certification Mark.

(b) In addition to the requirements of the material
specification and of the Article, pipe and fittings shall
comply with the following:

(1) The plate shall be examined in accordance with
NB-2530 prior to forming, or alternatively, the finished
product shall be examined by the ultrasonic method in ac-
cordance with NB-2562.

(2) All welds shall be examined 100% by radiogra-
phy in accordance with the method and acceptance re-
quirements of the base material specification, and by
either the magnetic particle method in accordance with
NB-2565 or the liquid penetrant method in accordance
with NB-2566. If radiographic examination of welds is
not specified in the basic material specification, the welds
shall be examined by the radiographic method in accor-
dance with NB-2563. The radiographs and a radiographic
report showing exposure locations shall be provided with
the Certified Material Test Report.

NB-2562 Ultrasonic Examination

The ultrasonic examination shall be performed in ac-
cordance with the requirements of NB-2552.

NB-2563 Radiographic Examination

The radiographic examination shall be performed in ac-
cordance with the requirements of NB-2553.

NB-2565 Magnetic Particle Examination

The magnetic particle examination shall be performed
in accordance with the requirements of NB-2545.

NB-2566 Liquid Penetrant Examination

The liquid penetrant examination shall be performed in
accordance with the requirements of NB-2546.

NB-2567 Time of Examination

The time of examination shall be in accordance with the
requirements of NB-2557, except that for magnetic parti-
cle or liquid penetrant examination of welds, including
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repair welds, for P-No. 1 (Section IX of the Code), exami-
nation may be performed prior to postweld heat
treatment.

NB-2568 Elimination of Surface Defects

Unacceptable surface defects shall be removed in ac-
cordance with the requirements of NB-2558.

NB-2569 Repair by Welding

When permitted by the basic material specification,
base material defects shall be repair welded in accor-
dance with the requirements of NB-2559. Repair welding
of weld seam defects shall be in accordance with
NB-4450.

NB-2570 EXAMINATION AND REPAIR OF
STATICALLY AND CENTRIFUGALLY
CAST PRODUCTS

In addition to the requirements of the material specifi-
cation and of this Article, statically and centrifugally cast
products shall comply with the following subparagraphs.

NB-2571 Required Examination

Cast products shall be examined by the radiographic
method, except cast ferritic steels which shall be exam-
ined by either the radiographic or ultrasonic method, or
a combination of both methods, as required for the pro-
duct form by Table NB-2571-1.
In addition, all cast products shall be examined on all

external surfaces and all accessible internal surfaces by
either the magnetic particle or liquid penetrant method.
Machined surfaces, except threaded surfaces, of a cast
product shall be examined by either the liquid penetrant
or magnetic particle method after machining.

NB-2572 Time of Nondestructive Examination
NB-2572.1 Acceptance Examinations. Acceptance

examinations shall be performed at the time of manufac-
ture as stipulated in the following and Table NB-2571-1.
(a) Ultrasonic Examination. Ultrasonic examination, if

required, shall be performed at the same stage of manu-
facture as required for radiography.
(b) Radiographic Examination. Radiography may be

performed prior to heat treatment and may be performed
prior to or after finish machining at the following limiting
thicknesses.

(1) For finished thicknesses under 21/2 in. (64 mm),
castings shall be radiographed within 1/2 in. (13 mm) or
20% of the finished thickness, whichever is greater. The
IQI and the acceptance reference radiographs shall be
based on the finished thickness.

(2) For finished thickness from 21/2 in. (64 mm) up to
6 in. (150 mm), castings shall be radiographed within
20% of the finished thickness. The IQI and the acceptance
reference radiographs shall be based on the finished
thickness.

(3) For finished thicknesses over 6 in. (150 mm),
castings shall be radiographed within 1/2 in. (13 mm) or
15% of the finished thickness, whichever is greater. The
IQI and the acceptance reference radiographs shall be
based on the finished thickness.

(c) Radiography of castings for pumps and valves may
be performed in as-cast or rough machined thickness ex-
ceeding the limits of (b)(1), (b)(2), or (b)(3) above, sub-
ject to the following conditions.

(1)When the thickness of the as-cast or rough ma-
chined section exceeds 2 in. (50 mm), acceptance shall
be based on reference radiographs for the next lesser
thickness; e.g., if the section being radiographed exceeds
41/2 in. (114 mm), use reference radiographs of ASTM
E186. The IQI shall be based on the thickness of the sec-
tion being radiographed.

(2)When the thickness of the as-cast or rough ma-
chined section is 2 in. (50 mm) or less, the reference
radiographs of ASTM E446 shall be used, and the IQI shall
be based on the final section thickness.

(3)Weld ends for a minimum distance of t or 1/2 in.
(13 mm), whichever is less (where t is the design section
thickness of the weld), from the final welding end shall be
radiographed at a thickness within the limits given in
(b)(1), (b)(2), or (b)(3) above as applicable. As an alterna-
tive, the weld ends may be radiographed in the as-cast or
rough machined thickness in accordance with (1) and (2)
above, and the IQI shall be based on the final section
thickness.

(d) Magnetic Particle or Liquid Penetrant Examination.
Magnetic particle or liquid penetrant examination shall
be performed after the final heat treatment required by
the material specification. Repair weld areas shall be ex-
amined after postweld heat treatment when a postweld
heat treatment is performed, except that repair welds in
P-No. 1 (see Section IX of the Code) material 2 in.
(50 mm) nominal thickness and less may be examined
prior to postweld heat treatment. For cast products with
machined surfaces, all finished machined surfaces, except
threaded surfaces and small deep holes, shall also be ex-
amined by the magnetic particle or the liquid penetrant
method.

NB-2573 Provisions for Repair of Base Material
by Welding

The Material Organization may repair, by welding, pro-
ducts from which defects have been removed, provided
the requirements of this Article are met.

NB-2573.1 Defect Removal. The defects shall be re-
moved or reduced to an imperfection of acceptable size
by suitable mechanical or thermal cutting or gouging
methods, and the cavity prepared for repair. When ther-
mal cutting is performed, consideration shall be given to
preheating the material.
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Table NB-2571-1
Required Examinations

Nominal Pipe Size Item Applicable Special Requirements for Class 1 Castings

Inlet piping connections of NPS 2
(DN 50) and less

Cast products other than
pumps and valves

Cast products shall be examined by the radiographic method, except
cast ferritic steels, which shall be examined by either the
radiographic or ultrasonic method, or a combination of both
methods. Castings or sections of castings that have coarse grains or
configurations that do not yield meaningful examination results by
the ultrasonic method shall be examined by the radiographic
method. In addition, all cast products shall be examined on all
external surfaces and all accessible internal surfaces by either the
magnetic particle or the liquid penetrant method. Machined surfaces,
except threaded surfaces, of a cast product shall be examined by
either the liquid penetrant or the magnetic particle method after
machining.

Cast pumps and valves None

Repair welds in pumps and
valves of P-No. 1 or P-No. 8
material

None

Repair welds in cast products,
excluding repair welds in
pumps and valves of P-No.
1 or P-No. 8 material

Each repair weld shall be examined by the magnetic particle method or
by the liquid penetrant method. In addition, repair welds in cavities
the depth of which exceed the lesser of 3/8 in. (10 mm) or 10% of the
section thickness shall be radiographed in accordance with NB-2575.

Inlet piping connections over NPS
2 (DN 50) up to and including
NPS 4 (DN 100)

Cast products — See Cast
pumps and valves below for
exceptions

Cast products shall be examined by the radiographic method, except
cast ferritic steels, which shall be examined by either the
radiographic or the ultrasonic method, or a combination of both
methods. Castings or sections of castings that have coarse grains or
configurations that do not yield meaningful examination results by
the ultrasonic method shall be examined by the radiographic
method. In addition, all cast products shall be examined on all
external surfaces and all accessible internal surfaces by either the
magnetic particle or the liquid penetrant method. Machined surfaces,
except threaded surfaces, of a cast product shall be examined by
either the liquid penetrant or the magnetic particle method after
machining.

Cast pumps and valves Magnetic particle or liquid penetrant examination may be performed,
in lieu of volumetric examination, except the welding ends of cast
pumps and valves shall be radiographed for a minimum distance of t
(when t is the design section thickness of the weld) from the final
weld end.

Repair welds Each repair weld shall be examined by the magnetic particle method or
by the liquid penetrant method. In addition, repair welds in cavities
the depth of which exceed the lesser of 3/8 in. (10 mm) or 10% of the
section thickness shall be radiographed in accordance with NB-2575.

Inlet piping connections over NPS
4 (DN 100)

Cast products Cast products shall be examined by the radiographic method, except
cast ferritic steels, which shall be examined by either the
radiographic or the ultrasonic method, or a combination of both
methods. Castings or sections of castings that have coarse grains or
configurations that do not yield meaningful examination results by
the ultrasonic method shall be examined by the radiographic
method. In addition, all cast products shall be examined on all
external surfaces and all accessible internal surfaces by either the
magnetic particle or the liquid penetrant method. Machined surfaces,
except threaded surfaces, of a cast product shall be examined by
either the liquid penetrant or the magnetic particle method after
machining.

Repair welds Each repair weld shall be examined by the magnetic particle method or
by the liquid penetrant method. In addition, repair welds in cavities
the depth of which exceed the lesser of 3/8 in. (10 mm) or 10% of the
section thickness shall be radiographed in accordance with NB-2575.
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NB-2573.2 Repair by Welding. The Material Organi-
zation may repair castings by welding after removing the
material containing unacceptable defects. The depth of
the repair is not limited. A cored hole or access hole
may be closed by the Material Organization by welding
in accordance with the requirements of this paragraph,
provided the hole is closed by filler metal only. If the hole
is closed by welding in a metal insert, the welding shall be
performed by a holder of a Certificate of Authorization in
accordance with the requirements of the Code.

NB-2573.3 Qualification of Welding Procedures and
Welders. Each manufacturer is responsible for the weld-
ing done by his organization and shall establish the proce-
dures and conduct the tests required by Article NB-4000
and by Section IX of the Code in order to qualify both the
welding procedures and the performance of welders and
welding operators who apply these procedures. He is also
responsible for the welding performed by his subcontrac-
tors and shall assure himself that the subcontractors con-
duct the tests required by Article NB-4000 and by Section
IX of the Code in order to qualify their welding proce-
dures and the performance of their welders and welding
operators.

NB-2573.4 Blending of Repaired Areas. After repair,
the surface shall be blended uniformly into the surround-
ing surface.

NB-2573.5 Examination of Repair Welds.
(a) Each repair weld shall be examined by the magnetic

particle method in accordance with the requirements of
NB-2577 or by the liquid penetrant method in accordance
with the requirements of NB-2576. In addition, when
radiography is specified in the order for the original cast-
ing, repair cavities, the depth of which exceeds the lesser
of 3/8 in. (10 mm) or 10% of the nominal wall thickness,
shall be radiographed after repair except that weld slag,
including elongated slag, shall be considered as inclusions
under Category B of the applicable reference radiographs.
The total area of all inclusions, including slag inclusions,
shall not exceed the limits of the applicable severity level
of Category B of the reference radiographs. The IQI and
the acceptance standards for radiographic examination
of repair welds shall be based on the actual section thick-
ness at the repair area.

(b) Examination of repair welds in P-No. 1 and P-No. 8
material is not required for pumps and valves with inlet
piping connections NPS 2 (DN 50) and less.

NB-2573.6 Heat Treatment After Repairs. The mate-
rial shall be heat treated after repair in accordance with
the heat treatment requirements of NB-4620, except that
the heating and cooling rate limitations of NB-4623 do
not apply.

NB-2573.7 Elimination of Surface Defects. Surface
defects shall be removed by grinding or machining pro-
vided the requirements of (a) through (c) below are met.

(a) The depression, after defect elimination, is blended
uniformly into the surrounding surface.
(b) After defect elimination, the area is reexamined by

the magnetic particle method in accordance with
NB-2577 or the liquid penetrant method in accordance
with NB-2576 to assure that the defect has been removed
or reduced to an imperfection of acceptable size.
(c) If the elimination of the defect reduces the section

thickness below the minimum required by the specifica-
tion or drawing, the casting shall be repaired in accor-
dance with NB-2539.

NB-2573.8 Material Report Describing Defects and
Repairs. Each defect repair exceeding in depth the lesser
of 3/8 in. (10 mm) or 10% of the nominal wall thickness
shall be described in the Certified Material Test Report.
The Certified Material Test Report for each piece shall in-
clude a chart that shows the location and size of the pre-
pared cavity, the welding material identification, the
welding procedure, the heat treatment, and the examina-
tion results, including radiographs, when radiography is
specified in the order for the original casting.

NB-2574 Ultrasonic Examination of Ferritic Steel
Castings

Ultrasonic examination shall be performed in accor-
dance with Section V, Article 5, T-571.4. Each manufac-
turer shall certify that the procedure is in accordance
with the requirements of NB-2574 and shall make the
procedure available for approval upon request.

NB-2574.1 Acceptance Standards.
(a) The Quality Levels of SA-609 as shown in Section V

shall apply for the casting thicknesses indicated
(1) Quality Level 1 for thicknesses up to 2 in.

(50 mm)
(2) Quality Level 3 for thicknesses 2 in. (50 mm) to

4 in. (100 mm)
(3) Quality Level 4 for thicknesses greater than 4 in.

(100 mm)
(b) In addition to the Quality Level requirements stated

in (a) above, the requirements in (1) through (5) below
shall apply for both straight beam and angle beam
examination.

(1) Areas giving indications exceeding the Amplitude
Reference Line with any dimension longer than those spe-
cified in the following tabulation are unacceptable:

UT Quality Level
Longest Dimension of Area, in. (mm)

[Note (1)], [Note (2)], [Note (3)]

1 1.5 (38)
2 2.0 (50)
3 2.5 (64)
4 3.0 (75)

NOTES:
(1) The areas for the Ultrasonic Quality Levels in SA-609

refer to the surface area on the casting over which
continuous indication, exceeding the transfer cor-
rected distance amplitude curve, is maintained.
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Table continued

NOTES (CONT'D):
(2) Areas are to be measured from dimensions of the

movement of the search unit, using the center of the
search unit as the reference point.

(3) In certain castings, because of very long metal path
distances or curvature of the examination surfaces,
the surface area over which a given discontinuity is
detected may be considerably larger or smaller than
the actual area of the discontinuity in the casting; in
such cases, other criteria which incorporate a consid-
eration of beam angles or beam spread must be used
for realistic evaluation of the discontinuity.

(2) Quality Level 1 shall apply for the volume of cast-
ings within 1 in. (25 mm) of the surface regardless of the
overall thickness.

(3) Discontinuities indicated to have a change in
depth equal to or greater than one-half the wall thickness
or 1 in. (25 mm) (whichever is less) are unacceptable.

(4) Two or more imperfections producing indica-
tions in the same plane with amplitudes exceeding the
Amplitude Reference Line and separated by a distance
less than the longest dimension of the larger of the adja-
cent indications are unacceptable if they cannot be en-
compassed within an area less than that of the Quality
Level specified in (1) above.

(5) Two or more imperfections producing indica-
tions greater than permitted for Quality Level 1 for cast-
ings less than 2 in. (50 mm) in thickness, greater than
permitted for Quality Level 2 for thicknesses 2 in.
(50 mm) through 4 in. (100 mm), and greater than per-
mitted for Level 3 for thicknesses greater than 4 in.
(100 mm), separated by a distance less than the longest
dimension of the larger of the adjacent indications are un-
acceptable, if they cannot be encompassed in an area less
than that of the Quality Level requirements stated in (a)
above.

NB-2575 Radiographic Examination
NB-2575.1 Examination. Cast pressure-retaining

materials shall be examined by the radiographic method
when specified in the order for the original castings, ex-
cept that cast ferritic steels may be examined by either
the radiographic or ultrasonic method, or a combination
of both methods. Castings or sections of castings that have
coarse grains or configurations that do not yield meaning-
ful examination results by ultrasonic methods shall be ex-
amined by the radiographic method.

NB-2575.2 Extent. Radiographic examination shall
be performed on pressure-retaining castings such as ves-
sel heads and flanges, valve bodies, bonnets and disks,
pump casings and covers, and piping and fittings. The ex-
tent of radiographic coverage shall be of the maximum
feasible volume and, when the shape of the casting pre-
cludes complete coverage, the coverage shall be at least
as exemplified in the typical sketches as shown in Figure
NB-2575.2-1.

NB-2575.3 Examination Requirements. Radio-
graphic examination shall be performed in accordance
with Section V, Article 2, Mandatory Appendix VII, Radio-
graphic Examination of Metallic Castings, with the follow-
ing modifications:

(a) The geometric unsharpness limitations of Section V,
Article 2, T-274.2 need not be met.

(b) The examination procedure or report shall also ad-
dress the following:

(1) type and thickness of filters, if used
(2) for multiple film techniques, whether viewing is

to be single or superimposed, if used
(3) blocking or masking technique, if used
(4) orientation of location markers
(5) description of how internal markers, when used,

locate the area of interest
(c) The location of location markers (e.g., lead numbers

or letters) shall be permanently stamped on the surface of
the casting in a manner permitting the area of interest on
a radiograph to be accurately located on the casting and
providing evidence on the radiograph that the extent of
coverage required by NB-2575.2 has been obtained. For
castings or sections of castings where stamping is not fea-
sible, the radiographic procedure shall so state, and a
radiographic exposure map shall be provided.

NB-2575.6 Acceptance Criteria. Castings shall meet
the acceptance requirements of Severity Level 2 of ASTM
E446, Reference Radiographs for Steel Castings up to 2 in.
(50 mm) in Thickness; ASTM E186, Reference Radio-
graphs for Heavy-Walled [2 in. to 41/2 in. (50 mm
to 114 mm)] Steel Castings; or ASTM E280, Reference
Radiographs for Heavy-Walled [ 41/2 in. to 12 in.
(114 mm to 300 mm)] Steel Castings, as applicable for
the thickness being radiographed except that Category
D, E, F, or G defects are not acceptable. The requirements
of ASTM E280 shall apply for castings over 12 in.
(300 mm) in thickness.

NB-2576 Liquid Penetrant Examination

(a) Castings shall be examined, if required, on all acces-
sible surfaces by the liquid penetrant method in accor-
dance with Section V of the Code.

(b) Evaluation of Indications. All indications shall be
evaluated in terms of the acceptance standards. Mechan-
ical discontinuities intersecting the surface are indicated
by bleeding out of the penetrant; however, localized sur-
face discontinuities as may occur from machining marks,
scale, or dents, may produce indications which are not re-
levant. Any indication in excess of the acceptance stan-
dards believed to be nonrelevant shall be reexamined to
verify whether actual defects are present. Surface condi-
tioning may precede the reexamination. Nonrelevant indi-
cations and broad areas of pigmentation that would mask
indications of defects are unacceptable. Relevant indica-
tions are those which result from imperfections and have
a major dimension greater than 1/16 in. (1.5 mm). Linear
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Figure NB-2575.2-1
Typical Pressure-Retaining Parts of Pumps and Valves

RT 

RT 

Diffuser fins 

RT 

RT 

(a) Typical Volute-Type Pump Case 
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indications are those whose length is more than three
times the width. Rounded indications are those which
are circular or elliptical with the length less than three
times the width.

(c) Acceptance Standards. The following relevant indi-
cations are unacceptable:

(1) linear indications greater than 1/16 in. (1.5 mm)
long for materials less than 5/8 in. (16 mm) thick, greater
than 1/8 in. (3 mm) long for materials from 5/8 in. (16 mm)
thick to under 2 in. (50 mm) thick, and 3/16 in. (5 mm) long
for materials 2 in. (50 mm) thick and greater;

(2) rounded indications with dimensions greater
than 1/8 in. (3 mm) for thicknesses less than 5/8 in.
(16 mm) and greater than 3/16 in. (5 mm) for thicknesses
5/8 in. (16 mm) and greater;

(3) four or more indications in a line separated by
1/16 in. (1.5 mm) or less edge to edge;

(4) ten or more indications in any 6 in.2 (4 000 mm2)
of surface with the major dimension of this area not to ex-
ceed 6 in. (150 mm) taken in the most unfavorable orien-
tation relative to the indications being evaluated.

NB-2577 Magnetic Particle Examination (for
Ferritic Steel Products Only)

(a) Castings of magnetic material shall be examined, if
required, on all accessible surfaces by a magnetic particle
method in accordance with Section V of the Code.

(b) Evaluation of Indications. All indications shall be
evaluated in terms of the acceptance standards. Mechan-
ical discontinuities intersecting the surface are indicated
by retention of the examination medium. All indications
are not necessarily defects since certain metallurgical dis-
continuities and magnetic permeability variations may
produce indications that are not relevant. Any indication
in excess of the acceptance standards believed to be non-
relevant shall be reexamined to verify whether actual de-
fects are present. Nonrelevant indications which would
mask indications of defects are unacceptable. Surface con-
ditioning may precede the reexamination. Relevant indi-
cations are those which result from imperfections and
have a major dimension greater than 1/16 in. (1.5 mm).
Linear indications are those whose length is more than
three times the width. Rounded indications are those
which are circular or elliptical with the length less than
three times the width.

Figure NB-2575.2-1
Typical Pressure-Retaining Parts of Pumps and Valves (Cont'd)

(e) Typical Flange (f) Typical Gate Valve (g) Typical Globe Valve

RT

RT

CL

CL

CL
CL

CL

RT
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GENERAL NOTES:
(a) Radiographic examination areas shall be indicated by a circle at each change of direction. The examination symbol for radiography shall

be indicated as RT.
(b) For nondestructive examination areas or revolution, the area shall be indicated by the examine-all-around symbol: – RT – .
(c) The sketches are typical and are to be used as a guide for minimum required coverage. Even though a sketch may be titled, “pump” or

“valve,” the coverage shown by the configurations may be applied interchangeably.
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(c) Acceptance Standards. The following relevant indi-
cations are unacceptable:

(1) linear indications greater than 1/16 in. (1.5 mm)
long for materials less than 5/8 in. (16 mm) thick, greater
than 1/8 in. (3 mm) long for materials from 5/8 in. (16 mm)
thick to under 2 in. (50 mm) thick, and 3/16 in. (5 mm) long
for materials 2 in. (50 mm) thick and greater;

(2) rounded indications with dimensions greater
than 1/8 in. (3 mm) for thicknesses less than 5/8 in.
(16 mm) and greater than 3/16 in. (5 mm) for thicknesses
5/8 in. (16 mm) and greater;

(3) four or more relevant indications in a line sepa-
rated by 1/16 in. (1.5 mm) or less edge to edge;

(4) ten or more relevant indications in any 6 in.2

(4 000 mm2) of surface with the major dimension of this
area not to exceed 6 in. (150 mm) taken in the most un-
favorable orientation relative to the indications being
evaluated.

NB-2580 EXAMINATION OF BOLTS, STUDS, AND
NUTS

NB-2581 Required Examination

All bolting material shall be visually examined in accor-
dance with NB-2582. Nominal sizes greater than 1 in.
(25 mm) shall be examined by either the magnetic parti-
cle or the liquid penetrant method. In addition, nominal
sizes greater than 2 in. (50 mm) but not over 4 in.
(100 mm) shall be examined by the ultrasonic method
in accordance with NB-2585 and nominal sizes greater
than 4 in. (100 mm) shall be examined by the ultrasonic
method in accordance with both NB-2585 and NB-2586.

NB-2582 Visual Examination

The areas of threads, shanks, and heads of final ma-
chined parts shall be visually examined. Harmful discon-
tinuities such as laps, seams, or cracks that would be
detrimental to the intended service are unacceptable.

NB-2583 Magnetic Particle Examination (for
Ferritic Steel Bolting Material Only)

NB-2583.1 Examination Procedure. All bolts, studs,
and nuts greater than 1 in. (25 mm) nominal bolt size
shall be examined by the magnetic particle method in ac-
cordance with ASTM A275. If desired, the supplier may
perform liquid penetrant examination in accordance with
NB-2584 instead of magnetic particle examination. Such
examination shall be performed on the finished compo-
nent after threading or on the materials stock at approxi-
mately the finished diameter before threading and after
heading (if involved). This examination shall be per-
formed on all accessible surfaces.

NB-2583.2 Evaluation of Indications.
(a) All indications shall be evaluated in terms of the ac-

ceptance standards. Linear indications are those indica-
tions in which the length is more than three times the

width. Rounded indications are those which are circular
or elliptical with the length equal to or less than three
times the width.
(b) All indications are not necessarily relevant: leakage

of magnetic fields and permeability variations may pro-
duce indications that are not relevant to the detection
of unacceptable discontinuities. Indications with major
dimensions of 1/16 in. (1.5 mm) or less are not relevant.
(c) Any indication that is believed to be nonrelevant,

and that is larger than acceptable, shall be considered
to be a defect and shall be reexamined after light surface
conditioning.
(d) Any indication observed during such reexamination

shall be considered relevant and shall be evaluated in
terms of the acceptance standards.
(e) As an alternative to magnetic particle reexamina-

tion, other nondestructive examination means (such as li-
quid penetrant examination for surface discontinuities)
may be used to determine relevancy.

NB-2583.3 Acceptance Standard. Linear nonaxial in-
dications are unacceptable. Linear axial indications great-
er than 1 in. (25 mm) in length are unacceptable.

NB-2584 Liquid Penetrant Examination
NB-2584.1 Examination Procedure. All bolts, studs,

and nuts greater than 1 in. (25 mm) nominal bolt size
shall be examined by a liquid penetrant method in accor-
dance with the methods of Section V, Article 6. Such exam-
ination shall be performed on the finished component
after threading or on the materials stock at approximately
the finished diameter before threading and after heading
(if involved).

NB-2584.2 Evaluation of Indications. All indications
shall be evaluated in terms of the acceptance standards.
Linear indications are those indications in which the
length is more than three times the width. Rounded indi-
cations are those which are circular to elliptical with the
length equal to or less than three times the width. All pe-
netrant indications are not necessarily relevant. Surface
imperfections such as machining marks and scratches
may produce indications that are nonrelevant to the de-
tection of unacceptable discontinuities. Broad areas of
pigmentation, which could mask indications of defects,
are unacceptable. Indications with major dimensions of
1/16 in. (1.5 mm) or less are not relevant. Any indication
that is believed to be nonrelevant, and that is larger than
acceptable, shall be considered to be a defect and shall be
reexamined after light surface conditioning. Any area of
pigmentation also shall be reexamined after recleaning
or light surface conditioning, as appropriate. Any indica-
tion observed during such reexamination shall be consid-
ered relevant and shall be evaluated in terms of the
acceptance standards.

NB-2584.3 Acceptance Standard. Linear nonaxial
indications are unacceptable. Linear axial indications
greater than 1 in. (25 mm) long are unacceptable.
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NB-2585 Ultrasonic Examination for Sizes
Greater Than 2 in. (50 mm)

All bolts, studs, and nuts greater than 2 in. (50 mm)
nominal bolt size shall be ultrasonically examined over
the entire cylindrical surface prior to threading in accor-
dance with the following requirements.

NB-2585.1 Ultrasonic Method. Examination shall be
carried out by the straight beam, radial-scan method in
accordance with Section V, Article 23, SA-388.

NB-2585.2 Examination Procedure. Examination
shall be performed at a nominal frequency of 2.25 MHz
with a search unit not to exceed 1 in.2 (650 mm2).

NB-2585.3 Calibration of Equipment. Calibration
sensitivity shall be established by adjustment of the in-
strument so that the first back reflection is 75% to 90%
of full-screen height.

NB-2585.4 Acceptance Standard. Any discontinuity
that causes an indication in excess of 20% of the height
of the first back reflection or any discontinuity that pre-
vents the production of a first back reflection of 50% of
the calibration amplitude is not acceptable.

NB-2586 Ultrasonic Examination for Sizes Over
4 in. (100 mm)

In addition to the requirements of NB-2585, all bolts,
studs, and nuts over 4 in. (100 mm) nominal bolt size
shall be ultrasonically examined over the entire surface
of each end before or after threading in accordance with
the following requirements.

NB-2586.1 Ultrasonic Method. Examination shall be
carried out by the straight beam, longitudinal-scan
method.

NB-2586.2 Examination Procedure. Examination
shall be performed at a nominal frequency of 2.25 MHz
with a search unit having a circular cross section with a
diameter not less than 1/2 in. (13 mm) nor more than
11/8 in. (29 mm).

NB-2586.3 Calibration of Equipment. Calibration
shall be established on a test bar of the same nominal
composition and diameter as the production part and a
minimum of one-half of the length. A 3/8 in. (10 mm) dia-
meter by 3 in. (75 mm) deep flat-bottom hole shall be
drilled in one end of the bar and plugged to full depth.
A distance–amplitude curve shall be established by scan-
ning from both ends of the test bar.

NB-2586.4 Acceptance Standard. Any discontinuity
that causes an indication in excess of that produced by the
calibration hole in the reference specimen as corrected by
the distance–amplitude curve is not acceptable.

NB-2587 Time of Examination

Acceptance examinations shall be performed after the
final heat treatment required by the basic material
specification.

NB-2588 Elimination of Surface Defects

Unacceptable surface defects on finished bolts, studs,
and nuts are not permitted, and are cause for rejection.

NB-2589 Repair by Welding

Weld repairs of bolts, studs, and nuts are not permitted.

NB-2600 MATERIAL ORGANIZATIONS’
QUALITY SYSTEM PROGRAMS

NB-2610 DOCUMENTATION AND MAINTENANCE
OF QUALITY SYSTEM PROGRAMS

(a) Except as provided in (b) below, Material Organiza-
tions shall have a Quality System Program that meets the
requirements of NCA-3800.

(b) The requirements of NCA-3862 and NCA-3856 shall
be met as required by NB-2130 and NB-2150, respec-
tively. The other requirements of NCA-3800 need not be
used by Material Organizations for small products, as de-
fined in (c) below, for brazing material, and for material
which is allowed by this Subsection to be furnished with
a Certificate of Compliance. For these products, the Certi-
ficate Holder’s Quality Assurance Program (Article
NCA-4000) shall include measures to provide assurance
that the material is furnished in accordance with the ma-
terial specification and with the applicable requirements
of this Subsection.

(c) For the purpose of this paragraph, small products
are defined as given in (1) through (5) below:

(1) pipe, tube (except heat exchanger tube), pipe fit-
tings, and flanges NPS 2 (DN 50) and less;

(2) bolting material, including studs, nuts, and bolts
of 1 in. (25 mm) nominal diameter and less;

(3) bars with a nominal cross-sectional area of 1 in.2

(650 mm2) and less;
(4)material for pumps and valves with inlet pipe

connections of NPS 2 (DN 50) and less;
(5)material exempted by NB-2121(c).

NB-2700 DIMENSIONAL STANDARDS

Dimensions of standard items shall comply with the
standards and specifications listed in Table NCA-7100-1.
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ð15Þ

ARTICLE NB-3000
DESIGN

NB-3100 GENERAL DESIGN

NB-3110 LOADING CRITERIA
NB-3111 Loading Conditions

The loadings that shall be taken into account in design-
ing a component include, but are not limited to, those in
(a) through (g) below:
(a) internal and external pressure;
(b) impact loads, including rapidly fluctuating

pressures;
(c) weight of the component and normal contents un-

der operating or test conditions, including additional
pressure due to static and dynamic head of liquids;
(d) superimposed loads such as other components, op-

erating equipment, insulation, corrosion-resistant or ero-
sion resistant linings, and piping;
(e) wind loads, snow loads, vibrations, and earthquake

loads where specified;
(f) reactions of supporting lugs, rings, saddles, or other

types of supports;
(g) temperature effects.

NB-3112 Design Loadings
The Design Loadings shall be established in accordance

with NCA-2142.1 and the following subparagraphs.

NB-3112.1 Design Pressure.
(a) The specified internal and external Design Pres-

sures to be used in this Subsection shall be established
in accordance with NCA-2142.1(a). They shall be used
in the computations made to show compliance with the
stress intensity l imits of NB-3221, NB-3227.1 ,
NB-3227.2, NB-3227.4, NB-3228.1, NB-3228.2, and
NB-3231. The specified service pressure at the appropri-
ate time shall be used in the computations made to show
compliance with the stress intensity limits of NB-3222,
NB-3228.3, and NB-3232. When the occurrence of differ-
ent pressures during operation can be predicted for dif-
ferent zones of a component, the Design Pressure of the
different zones may be based on their predicted
pressures.
(b) All pressures referred to in this Article are to be ta-

ken as psi (MPa), above atmospheric pressure, unless
otherwise stated.

NB-3112.2 Design Temperature.
(a) The specified Design Temperature shall be estab-

lished in accordance with NCA-2142.1(b). It shall be used
in computations involving the Design Pressure and

coincidental Design Mechanical Loads. The actual metal
temperature at the point under consideration shall be
used in all computations where the use of the specified
service pressure is required.
(b) All temperatures referred to in this Article are the

metal temperatures expressed in degrees Fahrenheit,°F
(degrees Celsius, °C) unless otherwise stated.
(c) Where a component is heated by tracing, induction

coils, jacketing, or internal heat generation, the effect of
such heating shall be incorporated in the establishment
of the Design Temperature.

NB-3112.3 Design Mechanical Loads. The specified
Design Mechanical Loads shall be established in accor-
dance with NCA-2142.1(c). They shall be used in conjunc-
tion with the Design Pressure.

NB-3112.4 Design Stress Intensity Values. Design
stress intensity values for materials are listed in Section
II, Part D, Subpart 1, Tables 2A, 2B, and 4. The material
shall not be used at metal and design temperatures that
exceed the temperature limit in the applicability column
for which stress intensity values are listed. The values
in the Table may be interpolated for intermediate
temperatures.

NB-3113 Service Conditions
Each service condition to which the components may

be subjected shall be classified in accordance with
NCA-2142 and Service Limits [NCA-2142.4(b)] desig-
nated in the Design Specifications in such detail as will
provide a complete basis for design, construction, and in-
spection in accordance with this Article. The require-
ments of (a) and (b) below shall also apply.
(a) Level B Conditions. The estimated duration of ser-

vice conditions for which Level B Limits are specified
shall be included in the Design Specifications.
(b) Level C Conditions. The total number of postulated

occurrences for all specified service conditions for which
Level C Limits are specified shall not cause more than 25
stress cycles having an Sa value greater than that for 106

cycles from the applicable fatigue design curves of Section
III Appendices, Mandatory Appendix I.

NB-3120 SPECIAL CONSIDERATIONS
NB-3121 Corrosion
Material subject to thinning by corrosion, erosion, me-

chanical abrasion, or other environmental effects shall
have provision made for these effects during the design

36

ASME BPVC.III.1.NB-2015

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:08:51 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



or specified life of the component by a suitable increase in
or addition to the thickness of the base metal over that de-
termined by the design equations. Material added or in-
cluded for these purposes need not be of the same
thickness for all areas of the component if different rates
of attack are expected for the various areas. It should be
noted that the tests on which the design fatigue curves
(Section III Appendices, Mandatory Appendix I) are based
did not include tests in the presence of corrosive environ-
ments which might accelerate fatigue failure.

NB-3122 Cladding

The rules of the following subparagraphs apply to the
analysis of clad components constructed of material per-
mitted in Section II, Part D, Subpart 1, Tables 2A and 2B.

NB-3122.1 Primary Stresses. No structural strength
shall be attributed to the cladding in satisfying NB-3221.

NB-3122.2 Design Dimensions. The dimensions gi-
ven in (a) and (b) below shall be used in the design of
the component:

(a) For components subjected to internal pressure, the
inside diameter shall be taken at the nominal inner face of
the cladding.

(b) For components subjected to external pressure, the
outside diameter shall be taken at the outer face of the
base metal.

NB-3122.3 Secondary and Peak Stresses. In satisfy-
ing NB-3222.2 and NB-3222.4, the presence of the clad-
ding shall be considered with respect to both the
thermal analysis and the stress analysis. The stresses in
both materials shall be limited to the values specified in
NB-3222.2 and NB-3222.4. However, when the cladding
is of the integrally bonded type and the nominal thickness
of the cladding is 10% or less of the total thickness of the
component, the presence of the cladding may be
neglected.

NB-3122.4 Bearing Stresses. In sat is fy ing
NB-3227.1, the presence of cladding shall be included.

NB-3123 Welding
NB-3123.1 Dissimilar Welds. In satisfying the re-

quirements of this subarticle, caution should be exercised
in design and construction involving dissimilar metals
having different coefficients of thermal expansion in or-
der to avoid difficulties in service.

NB-3123.2 Fillet Welded Attachments. Fillet welds
conforming to Figure NB-4427-1 may be used for attach-
ments to components except as limited by NB-4433. Eva-
luation for cyclic loading shall be made in accordance
with the appropriate subarticle of Article NB-3000, and
shall include consideration of temperature differences be-
tween the component and the attachment, and of expan-
sion or contraction of the component produced by
internal or external pressure.

NB-3124 Environmental Effects
Changes in material properties may occur due to envir-

onmental effects. In particular, fast neutron irradiation
(>1 MeV) above a certain level may result in significant in-
crease in the brittle fracture transition temperature and
deterioration in the resistance to fracture at temperatures
above the transition range (upper shelf energy). There-
fore, nozzles or other structural discontinuities in ferritic
vessels should preferably not be placed in regions of high
neutron flux.

NB-3125 Configuration
Accessibility to permit the examinations required by

the Edition and Addenda of Section XI as specified in
the Design Specification for the component shall be pro-
vided in the design of the component.

NB-3130 GENERAL DESIGN RULES
NB-3131 Scope

Design rules generally applicable to all components are
provided in the following paragraphs. The design subarti-
cle for the specific component provides rules applicable
to that particular component. In case of conflict between
NB-3130 and the design rules for a particular component,
the component design rules govern.

NB-3132 Dimensional Standards for Standard
Products

Dimensions of standard products shall comply with the
standards and specifications listed in Table NCA-7100-1
when the standard or specification is referenced in the
specific design subarticle. However, compliance with
these standards does not replace or eliminate the require-
ments for stress analysis when called for by the design
subarticle for a specific component.

NB-3133 Components Under External Pressure
NB-3133.1 General. Rules are given in this paragraph

for determining the stresses under external pressure
loading in spherical and cylindrical shells with or without
stiffening rings, and tubular products consisting of pipes,
tubes, and fittings. Charts for determining the stresses in
shells, hemispherical heads, and tubular products are gi-
ven in Section II, Part D, Subpart 3.

NB-3133.2 Nomenclature. The symbols used in this
paragraph are defined as follows:

A = factor determined from Section II, Part D, Subpart
3, Figure G and used to enter the applicable materi-
al chart in Section II, Part D, Subpart 3. For the case
of cylinders having Do/T values less than 10, see
NB-3133.3(b). Also, factor determined from the ap-
plicable chart in Section II, Part D, Subpart 3 for the
material used in a stiffening ring, corresponding to
the factor B and the design metal temperature for
the shell under consideration.
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As = cross-sectional area of a stiffening ring
B = factor determined from the applicable chart in Sec-

tion II, Part D, Subpart 3 for the material used in a
shell or stiffening ring at the design metal tempera-
ture, psi (MPa)

Do = outside diameter of the cylindrical shell course or
tube under consideration

E = modulus of elasticity of material at Design Tem-
perature, psi (MPa). For external pressure and axial
compression design in accordance with this Sec-
tion, the modulus of elasticity to be used shall be ta-
ken from the applicable materials chart in Section
II, Part D, Subpart 3. (Interpolation may be made
between lines for intermediate temperatures.)
The modulus of elasticity values shown in Section
II, Part D, Subpart 3 for material groups may differ
from those values listed in Section II, Part D, Sub-
part 2, Tables TM for specific materials. Section II,
Part D, Subpart 3 values shall be applied only to ex-
ternal pressure and axial compression design.

I = available moment of inertia of the combined ring-
shell section about its neutral axis, parallel to the
axis of the shell. The width of the shell which is ta-
ken as contributing to the combined moment of in-

ertia shall not be greater than and shall

be taken as lying one-half on each side of the cen-
troid of the ring. Portions of shell plates shall not
be considered as contributing area to more than
one stiffening ring.

I s = required moment of inertia of the combined
ring-shell section about its neutral axis parallel to
the axis of the shell

L = total length of a tube between tubesheets, or the de-
sign length of a vessel section, taken as the largest
of the following:

(a) the distance between head tangent lines plus
one-third of the depth of each head if there are no
stiffening rings;

(b) the greatest center-to-center distance be-
tween any two adjacent stiffening rings; or

(c) the distance from the center of the first stif-
fening ring to the head tangent line plus one-third
of the depth of the head, all measured parallel to
the axis of the vessel

Ls = one-half the distance from the center line of the stif-
fening ring to the next line of support on one side,
plus one-half of the center line distance to the next
line of support on the other side of the stiffening
ring, both measured parallel to the axis of the com-
ponent. A line of support is:

(a) a stiffening ring that meets the requirements
of this paragraph;

(b) a circumferential line on a head at one-third
the depth of the head from the head tangent line; or

(c) circumferential connection to a jacket for a
jacketed section of a cylindrical shell

P = external design pressure, psi (MPa) (gage or abso-
lute, as required)

Pa = allowable external pressure, psi (MPa) (gage or ab-
solute, as required)

R = inside radius of spherical shell
S = the lesser of 1.5 times the stress intensity at design

metal temperature from Section II, Part D, Subpart
1, Tables 2A and 2B, or 0.9 times the tabulated yield
strength at design metal temperature from Section
II, Part D, Subpart 1, Table Y-1, psi (MPa)

T = minimum required thickness of cylindrical shell or
tube, or spherical shell

Tn = nominal thickness used, less corrosion allowance,
of cylindrical shell or tube

NB-3133.3 Cylindrical Shells and Tubular Products.
(a) The minimum thickness of cylindrical shells or tub-

ular products under external pressure having Do/T val-
ues equal to or greater than 10 shall be determined by
the procedure given in Steps 1 through 8 below.
Step 1. Assume a value for T . Determine the ratios L/Do

and Do/T .
Step 2. Enter Section II, Part D, Subpart 3, Figure G at

the value of L/Do determined in Step 1. For values of
L/Do greater than 50, enter the chart at a value of L/Do

of 50. For values of L/Do less than 0.05, enter the chart
at a value of L/Do of 0.05.
Step 3. Move horizontally to the line for the value of

Do/T determined in Step 1. Interpolation may be made
for intermediate values of Do/T . From this intersection
move vertically downward and read the value of factor A .
Step 4. Using the value of A calculated in Step 3, enter

the applicable material chart in Section II, Part D, Subpart
3 for the material/temperature under consideration.
Move vertically to an intersection with the material/tem-
perature line for the design temperature. Interpolation
may be made between lines for intermediate tempera-
tures. In cases where the value at A falls to the right of
the end of the material/temperature line, assume an in-
tersection with the horizontal projection of the upper
end of the material/temperature line. For values of A fall-
ing to the left of the material line, see Step 7.
Step 5. From the intersection obtained in Step 4 move

horizontally to the right and read the value of B .
Step 6. Using this value of B , calculate the maximum al-

lowable external pressure P a using the following
equation:

Step 7. For values of A falling to the left of the applic-
able material/temperature line, the value of Pa can be cal-
culated using the following equation:
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Step 8. Compare Pa with P . If Pa is smaller than P , se-
lect a larger value for T and repeat the design procedure
until a value for Pa is obtained that is equal to or greater
than P .

(b) The minimum thickness of cylindrical shells or tub-
ular products under external pressure having Do/T val-
ues less than 10 shall be determined by the procedure
given in Steps 1 through 4 below.

Step 1. Using the same procedure as given in (a) above,
obtain the value of B . For values of Do/T less than 4, the
value of factor A can be calculated using the following
equation:

For values of A greater than 0.10 use a value of 0.10.

Step 2. Using the value of B obtained in Step 1, calculate
a value Pa1 using the following equation:

Step 3. Calculate a value P a 2 using the following
equation:

Step 4. The smaller of the values of Pa1 calculated in
Step 2 or Pa2 calculated in Step 3 shall be used for the
maximum allowable external pressure Pa . Compare Pa

with P . If Pa is smaller than P , select a larger value for
T and repeat the design procedure until a value for Pa

is obtained that is equal to or greater than P .

NB-3133.4 Spherical Shells. The minimum required
thickness of a spherical shell under external pressure,
either seamless or of built-up construction with butt
joints, shall be determined by the procedure given in
Steps 1 through 6 below.

Step 1. Assume a value for T and calculate the value of
factor A using the following equation:

Step 2. Using the value of A calculated in Step 1, enter
the applicable material chart in Section II, Part D, Subpart
3 for the material under consideration. Move vertically to
an intersection with the material/temperature line for the
design temperature. Interpolation may be made between
lines for intermediate temperatures. In cases where the
value of A falls to the right of the end of the material/tem-
perature line, assume an intersection with the horizontal
projection of the upper end of the material/temperature
line. For values at A falling to the left of the material/tem-
perature line, see Step 5.

Step 3. From the intersection obtained in Step 2, move
horizontally to the right and read the value of factor B .

Step 4. Using the value of B obtained in Step 3, calculate
the value of the maximum allowable external pressure Pa

using the following equation:

Step 5. For values of A falling to the left of the applic-
able material/temperature line for the Design Tempera-
ture, the value of P a can be calculated using the
following equation:

Step 6. Compare Pa obtained in Step 4 or 5 with P . If Pa

is smaller than P , select a larger value for T , and repeat
the design procedure until a value for Pa is obtained that
is equal to or greater than P .

NB-3133.5 Stiffening Rings for Cylindrical Shells.
(a) The required moment of inertia of the combined

ring-shell section is given by the equation:

The available moment of inertia I for a stiffening ring
shall be determined by the procedure given in Steps 1
through 6 below.

Step 1. Assuming that the shell has been designed and
Do , Ls , and Tn are known, select a member to be used
for the stiffening ring and determine its area As and the
value of I defined in NB-3133.2. Then calculate B by the
equation:

Step 2. Enter the right-hand side of the applicable mate-
rial chart in Section II, Part D, Subpart 3 for the material
under consideration at the value of B determined in Step
1. If different materials are used for the shell and stiffen-
ing ring, then use the material chart resulting in the larger
value for factor A in Step 4 or Step 5 below.

Step 3. Move horizontally to the left to the material/
temperature line for the design metal temperature. For
values of B falling below the left end of the material/tem-
perature line, see Step 5.

Step 4. Move vertically to the bottom of the chart and
read the value of A .

Step 5. For values of B falling below the left end of the
material/temperature line for the design temperature,
the value of A can be calculated using the following
equation:
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Step 6. If the required I s is greater than the computed
moment of inertia I for the combined-ring shell section
selected in Step 1, a new section with a larger moment
of inertia must be selected and a new I s determined. If
the required I s is smaller than the computed I for the sec-
tion selected in Step 1, that section should be satisfactory.
(b) Stiffening rings may be attached to either the out-

side or the inside of the component by continuous
welding.

NB-3133.6 Cylinders Under Axial Compression. The
maximum allowable compressive stress to be used in the
design of cylindrical shells and tubular products sub-
jected to loadings that produce longitudinal compressive
stresses in the shell or wall shall be the lesser of the val-
ues given in (a) or (b) below:
(a) the Sm value for the applicable material at design

temperature given in Section II, Part D, Subpart 1, Tables
2A and 2B;
(b) the value of the factor B determined from the ap-

plicable chart contained in Section II, Part D, Subpart 3,
using the following definitions for the symbols on the
charts:

R = inside radius of the cylindrical shell or tubular
product

T = minimum required thickness of the shell or tubular
product, exclusive of the corrosion allowance

The value of B shall be determined from the applicable
chart contained in Section II, Part D, Subpart 3 as given in
Steps 1 through 5 below.
Step 1. Using the selected values of T and R , calculate

the value of factor A using the following equation:

Step 2. Using the value of A calculated in Step 1, enter
the applicable material chart in Section II, Part D, Subpart
3 for the material under consideration. Move vertically to
an intersection with the material/temperature line for the
design temperature. Interpolation may be made between
lines for intermediate temperatures. In cases where the
value at A falls to the right of the end of the material/tem-
perature line, assume an intersection with the horizontal
projection of the upper end of the material/temperature
line. For values of A falling to the left of the material/tem-
perature line, see Step 4.
Step 3. From the intersection obtained in Step 2, move

horizontally to the right and read the value of factor B .
This is the maximum allowable compressive stress for
the values of T and R used in Step 1.
Step 4. For values of A falling to the left of the applic-

able material/temperature line, the value of B shall be
calculated using the following equation:

Step 5. Compare the value of B determined in Step 3 or
4 with the computed longitudinal compressive stress in
the cylindrical shell or tube, using the selected values of
T and R . If the value of B is smaller than the computed
compressive stress, a greater value of T must be selected
and the design procedure repeated until a value of B is
obtained which is greater than the compressive stress
computed for the loading on the cylindrical shell or tube.

NB-3134 Leak Tightness

Where a system leak tightness greater than that re-
quired or demonstrated by a hydrostatic test is required,
the leak tightness requirements for each component shall
be set forth in the Design Specifications.

NB-3135 Attachments

(a) Except as permitted in (d), (e), or (f) below, attach-
ments and connecting welds within the jurisdictional
boundary of the component as defined in NB-1130 shall
meet the stress limits of the component or NB-3200.
(b) The design of the component shall include consid-

eration of the localized interaction effects and loads trans-
mitted through the attachment to and from the
pressure-retaining portion of the component. Localized
interaction effects include thermal stresses, stress con-
centrations, and restraint of the pressure-retaining por-
tion of the component.
(c) The first welded structural attachment within 2t of

the pressure-retaining portion of the component, where t
is the nominal thickness of the pressure-retaining materi-
al, shall be evaluated for cyclic loading. Evaluation shall be
in accordance with the appropriate subarticle of Article
NB-3000 and shall be made at the juncture of the attach-
ment to the component.
(d) Beyond 2t the appropriate design rules of Article

NF-3000 may be used as a substitute for the design rules
of Article NB-3000 for cast and forged portions of attach-
ments which are in the component support load path.
(e) Nonstructural attachments shall meet the require-

ments of NB-4435.
(f) Beyond 2t the appropriate design rules of Article

NG-3000 may be used as a substitute for the design rules
of Article NB-3000 for portions of cast or forged attach-
ments which are core support structures.

NB-3136 Appurtenances

(a) Except as permitted in (b) below, the portions of ap-
purtenances having a pressure-retaining function shall be
designed in accordance with the rules for components.
(b) Small diameter appurtenance fabrication weld

joints may be designed using weld joint details in accor-
dance with Figure NB-4440-1, provided the following re-
quirements are met.

(1) The appurtenance weld joint shall have an out-
side diameter equal to NPS 2 (DN 50) or less (see Figure
NB-4440-1).
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(2) The design of the welded joints shall be such that
the stresses will not exceed the limits described in
NB-3220 and tabulated in Section II, Part D, Subpart 1,
Tables 2A and 2B.

(3) A fatigue strength reduction factor of 4 shall be
used in the fatigue analysis of the joints.

(4) The requirements of NB-4440 and NB-5260 shall
be satisfied.

NB-3137 Reinforcement for Openings

The requirements applicable to vessels and piping are
contained in NB-3330 and NB-3643, respectively.

NB-3200 DESIGN BY ANALYSIS

NB-3210 DESIGN CRITERIA
NB-3211 Requirements for Acceptability

The requirements for the acceptability of a design by
analysis are given in (a) through (d) below.

(a) The design shall be such that stress intensities will
not exceed the limits described in this subarticle and in
NB-3100 and tabulated in Section II, Part D, Subpart 1,
Tables 2A, 2B, and 4.

(b) The design details shall conform to the rules given
in NB-3100 and those given in the subarticle applicable
to the specific component.

(c) For configurations where compressive stresses oc-
cur, in addition to the requirements in (a) and (b) above,
the critical buckling stress shall be taken into account. For
the special case of external pressure, NB-3133 applies.

(d) Protection against nonductile fracture shall be pro-
vided by satisfying one of the following provisions:

(1) performing an evaluation of service and test con-
ditions by methods similar to those contained in Section
III Appendices, Nonmandatory Appendix G; or

(2) for piping, pump, and valve material thickness
greater than 21/2 in. (64 mm) establishing a lowest service
temperature7 that is not lower than RTNDT (NB-2331) +
100°F (56°C);

(3) for piping, pump, and valve material thickness
equal to or less than 21/2 in. (64 mm), the requirements
of NB-2332(a) shall be met at or below the lowest service
temperature as established in the design specification.

NB-3212 Basis for Determining Stresses

The theory of failure, used in the rules of this Subsec-
tion for combining stresses, is the maximum shear stress
theory. The maximum shear stress at a point is equal to
one-half the difference between the algebraically largest
and the algebraically smallest of the three principal stres-
ses at the point.

NB-3213 Terms Relating to Stress Analysis

Terms used in this Subsection relating to stress analy-
sis are defined in the following subparagraphs.

NB-3213.1 Stress Intensity.8 Stress intensity is de-
fined as twice the maximum shear stress, which is the dif-
ference between the algebraically largest principal stress
and the algebraically smallest principal stress at a given
point. Tensile stresses are considered positive and com-
pressive stresses are considered negative.

NB-3213.2 Gross Structural Discontinuity. Gross
structural discontinuity is a geometric or material discon-
tinuity that affects the stress or strain distribution
through the entire wall thickness. Gross discontinuity‐
type stresses are those portions of the actual stress distri-
butions that produce net bending andmembrane force re-
sultants when integrated through the wall thickness.
Examples of a gross structural discontinuity are
head-to-shell junctions, flange-to-shell junctions, nozzles,
and junctions between shells of different diameters or
thicknesses.

NB-3213.3 Local Structural Discontinuity. Local
structural discontinuity is a geometric or material discon-
tinuity that affects the stress or strain distribution
through a fractional part of the wall thickness. The stress
distribution associated with a local discontinuity causes
only very localized deformation or strain and has no sig-
nificant effect on the shell‐type discontinuity deforma-
tions. Examples are small fillet radii, small attachments,
and partial penetration welds.

NB-3213.4 Normal Stress. Normal stress is the com-
ponent of stress normal to the plane of reference. This is
also referred to as direct stress. Usually the distribution of
normal stress is not uniform through the thickness of a
part, so this stress is considered to have two components,
one uniformly distributed and equal to the average stress
across the thickness under consideration, and the other
varying from this average value across the thickness.

NB-3213.5 Shear Stress. Shear stress is the compo-
nent of stress tangent to the plane of reference.

NB-3213.6 Membrane Stress. Membrane stress is
the component of normal stress that is uniformly distrib-
uted and equal to the average stress across the thickness
of the section under consideration.

NB-3213.7 Bending Stress. Bending stress is the
component of normal stress that varies across the thick-
ness. The variation may or may not be linear.

NB-3213.8 Primary Stress. Primary stress is any nor-
mal stress or shear stress developed by an imposed load-
ing that is necessary to satisfy the laws of equilibrium of
external and internal forces andmoments. The basic char-
acteristic of a primary stress is that it is not self-limiting.
Primary stresses that considerably exceed the yield
strength will result in failure or, at least, in gross distor-
tion. Primary membrane stress is divided into general
and local categories. A general primary membrane stress
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is one that is so distributed in the structure that no redis-
tribution of load occurs as a result of yielding. Examples
of primary stress are:
(a) general membrane stress in a circular cylindrical

shell or a spherical shell due to internal pressure or to dis-
tributed loads;
(b) bending stress in the central portion of a flat head

due to pressure;
Refer to Table NB-3217-1 for examples of primary

stress.

NB-3213.9 Secondary Stress. Secondary stress is a
normal stress or a shear stress developed by the con-
straint of adjacent material or by self-constraint of the
structure. The basic characteristic of a secondary stress
is that it is self-limiting. Local yielding and minor distor-
tions can satisfy the conditions that cause the stress to oc-
cur and failure from one application of the stress is not to
be expected. Examples of secondary stress are:
(a) general thermal stress [NB-3213.13(a)];
(b) bending stress at a gross structural discontinuity.
Refer to Table NB-3217-1 for examples of secondary

stress.

NB-3213.10 Local Primary Membrane Stress. Cases
arise in which a membrane stress produced by pressure
or other mechanical loading and associated with a discon-
tinuity would, if not limited, produce excessive distortion
in the transfer of load to other portions of the structure.
Conservatism requires that such a stress be classified as
a local primary membrane stress even though it has some
characteristics of a secondary stress.
A stressed region may be considered local if the dis-

tance over which the membrane stress intensity exceeds
1.1Sm does not extend in the meridional direction more
than , where R is the minimum midsurface radius
of curvature and t is the minimum thickness in the region
considered. Regions of local primary stress intensity in-
volving axisymmetric membrane stress distributions that
exceed 1.1Sm shall not be closer in the meridional direc-

tion than , where RL is defined as (R1 + R2)/2

and t L is defined as (t 1 + t 2 )/2 (where t 1 and t 2 are
the minimum thicknesses at each of the regions consid-
ered, and R1 and R2 are the minimum midsurface radii
of curvature at these regions where the membrane stress
intensity exceeds 1.1Sm ). Discrete regions of local pri-
mary membrane stress intensity, such as those resulting
from concentrated loads acting on brackets, where the
membrane stress intensity exceeds 1.1Sm , shall be spaced
so that there is no overlapping of the areas in which the
membrane stress intensity exceeds 1.1Sm .
Examples of local primary membrane stress are the

membrane stress in a shell produced by an external load,
stress in a shell at a permanent support or nozzle connec-
tion, and circumferential membrane stress at the inter-
section of a cylindrical shell with a conical shell due to
internal pressure, as illustrated in Figure NB-3213.10-1.

Local stressed area may also include areas of local wall
thinning. The requirements of NB-3227.8 shall be applied
for these cases.

NB-3213.11 Peak Stress. Peak stress is that incre-
ment of stress that is additive to the primary plus second-
ary stresses by reason of local discontinuities or local
thermal stress [NB-3213.13(b)] including the effects, if
any, of stress concentrations. The basic characteristic of
a peak stress is that it does not cause any noticeable dis-
tortion and is objectionable only as a possible source of a
fatigue crack or a brittle fracture. A stress that is not
highly localized falls into this category if it is of a type that
cannot cause noticeable distortion. Examples of peak
stress are:

(a) the thermal stress in the austenitic steel cladding of
a carbon steel part;

(b) certain thermal stresses that may cause fatigue but
not distortion;

(c) the stress at a local structural discontinuity;

(d) surface stresses produced by thermal shock.

NB-3213.12 Load-Controlled Stress. Load-
controlled stress is the stress resulting from application
of a loading, such as internal pressure, inertial loads, or
gravity, whose magnitude is not reduced as a result of
displacement.

NB-3213.13 Thermal Stress. Thermal stress is a
self-balancing stress produced by a nonuniform distribu-
tion of temperature or by differing thermal coefficients of
expansion. Thermal stress is developed in a solid body
whenever a volume of material is prevented from assum-
ing the size and shape that it normally would under a
change in temperature. For the purpose of establishing al-
lowable stresses, two types of thermal stress are recog-
nized, depending on the volume or area in which
distortion takes place, as described in (a) and (b) below.

(a) General thermal stress is associated with distortion
of the structure in which it occurs. If a stress of this type,
neglecting stress concentrations, exceeds twice the yield
strength of the material, the elastic analysis may be inva-
lid and successive thermal cycles may produce incremen-
tal distortion. Therefore this type is classified as
secondary stress in Table NB-3217-1. Examples of gener-
al thermal stress are:

(1) stress produced by an axial temperature distribu-
tion in a cylindrical shell;

(2) stress produced by the temperature difference
between a nozzle and the shell to which it is attached;

(3) the equivalent linear stress9 produced by the ra-
dial temperature distribution in a cylindrical shell.

(b) Local thermal stress is associated with almost com-
plete suppression of the differential expansion and thus
produces no significant distortion. Such stresses shall be
considered only from the fatigue standpoint and are
there fore c lass i f ied as peak stresses in Table
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ð15ÞFigure NB-3213.10-1
Example of Acceptable Local Primary Membrane Stress Due to Pressure
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(1) See NB-3213.10 for limits.
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NB-3217-1. In evaluating local thermal stresses the pro-
cedures of NB-3227.6(b) shall be used. Examples of local
thermal stress are:

(1) the stress in a small hot spot in a vessel wall;
(2) the difference between the actual stress and the

equivalent linear stress resulting from a radial tempera-
ture distribution in a cylindrical shell;

(3) the thermal stress in a cladding material that has
a coefficient of expansion different from that of the base
metal.

NB-3213.14 Total Stress. Total stress is the sum of
the primary, secondary, and peak stress contributions.
Recognition of each of the individual contributions is es-
sential to establishment of appropriate stress limitations.

NB-3213.15 Service Cycle. Service cycle is defined as
the initiation and establishment of new conditions fol-
lowed by a return to the conditions that prevailed at the
beginning of the cycle. The types of service conditions
that may occur are further defined in NB-3113.

NB-3213.16 Stress Cycle. Stress cycle is a condition
i n wh i c h t h e a l t e r n a t i n g s t r e s s d i f f e r e n c e
[NB-3222.4(e)] goes from an initial value through an alge-
braic maximum value and an algebraic minimum value
and then returns to the initial value. A single service cycle
may result in one or more stress cycles. Dynamic effects
shall also be considered as stress cycles.

NB-3213.17 Fatigue Strength Reduction Factor. Fa-
tigue strength reduction factor is a stress intensification
factor which accounts for the effect of a local structural
discontinuity (stress concentration) on the fatigue
strength. Values for some specific cases, based on experi-
ment, are given in NB-3338 and NB-3339. In the absence
of experimental data, the theoretical stress concentration
factor may be used.

NB-3213.18 Free End Displacement. Free end dis-
placement consists of the relative motions that would oc-
cur between a fixed attachment and connected piping if
the two members were separated and permitted to move.

NB-3213.19 Expansion Stresses. Expansion stresses
are those stresses resulting from restraint of free end dis-
placement of the piping system.

NB-3213.20 Deformation. Deformation of a compo-
nent part is an alteration of its shape or size.

NB-3213.21 Inelasticity. Inelasticity is a general
characteristic of material behavior in which the material
does not return to its original shape and size after re-
moval of all applied loads. Plasticity and creep are special
cases of inelasticity.

NB-3213.22 Creep. Creep is the special case of inelas-
ticity that relates to the stress-induced, time-dependent
deformation under load. Small time-dependent deforma-
tions may occur after the removal of all applied loads.

NB-3213.23 Plasticity. Plasticity is the special case of
ine l a s t i c i t y in wh ich the mater i a l undergoes
time-independent nonrecoverable deformation.

NB-3213.24 Plastic Analysis. Plastic analysis is that
method which computes the structural behavior under gi-
ven loads considering the plasticity characteristics of the
materials, including strain hardening and the stress redis-
tribution occurring in the structure.

NB-3213.25 Plastic Analysis — Collapse Load. A
plastic analysis may be used to determine the collapse
load for a given combination of loads on a given structure.
The following criterion for determination of the collapse
load shall be used. A load–deflection or load–strain curve
is plotted with load as the ordinate and deflection or
strain as the abscissa. The angle that the linear part of
the load–deflection or load–strain curve makes with the
ordinate is called θ . A second straight line, hereafter
called the collapse limit line, is drawn through the origin
so that it makes an angle ϕ = tan−1 (2 tan θ) with the or-
dinate. The collapse load is the load at the intersection of
the load–deflection or load–strain curve and the collapse
limit line. If this method is used, particular care should be
given to ensure that the strains or deflections that are
used are indicative of the load carrying capacity of the
structure.

NB-3213.26 Plastic Instability Load. The plastic in-
stability load for members under predominantly tensile
or compressive loading is defined as that load at which
unbounded plastic deformation can occur without an in-
crease in load. At the plastic tensile instability load, the
true stress in the material increases faster than strain
hardening can accommodate.

NB-3213.27 Limit Analysis. Limit analysis is a spe-
cial case of plastic analysis in which the material is as-
sumed to be ideally plastic (nonstrain-hardening). In
limit analysis, the equilibrium and flow characteristics
at the limit state are used to calculate the collapse load.
The two bounding methods which are used in limit analy-
sis are the lower bound approach, which is associated
with a statically admissible stress field, and the upper
bound approach, which is associated with a kinematically
admissible velocity field. For beams and frames, the term
mechanism is commonly used in lieu of kinematically ad-
missible velocity field.

NB-3213.28 Limit Analysis — Collapse Load. The
methods of limit analysis are used to compute the maxi-
mum load that a structure assumed to be made of ideally
plastic material can carry. At this load, which is termed
the collapse load, the deformations of the structure in-
crease without bound.

NB-3213.29 Collapse Load — Lower Bound. If, for a
given load, any system of stresses can be found which
everywhere satisfies equilibrium, and nowhere exceeds
the material yield strength, the load is at or below the
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collapse load. This is the lower bound theorem of limit
analysis which permits calculations of a lower bound to
the collapse load.

NB-3213.30 Plastic Hinge. A plastic hinge is an idea-
lized concept used in Limit Analysis. In a beam or a frame,
a plastic hinge is formed at the point where the moment,
shear, and axial force lie on the yield interaction surface.
In plates and shells, a plastic hinge is formed where the
generalized stresses lie on the yield surface.

NB-3213.31 Strain Limiting Load. When a limit is
placed upon a strain, the load associated with the strain
limit is called the strain limiting load.

NB-3213.32 Test Collapse Load. Test collapse load is
the collapse load determined by tests according to the cri-
teria given in Section III Appendices, Mandatory Appen-
dix II, II-1430.

NB-3213.33 Ratcheting. Ratcheting is a progressive
incremental inelastic deformation or strain which can oc-
cur in a component that is subjected to variations of me-
chanical stress, thermal stress, or both.

NB-3213.34 Shakedown. Shakedown of a structure
occurs if, after a few cycles of load application, ratcheting
ceases. The subsequent structural response is elastic, or
elastic–plastic, and progressive incremental inelastic de-
formation is absent. Elastic shakedown is the case in
which the subsequent response is elastic.

NB-3213.35 Reversing Dynamic Loads. Reversing
dynamic loads (Figure NB-3213-1) are those loads which
cycle about a mean value and include building filtered and
earthquake loads.

NB-3213.36 Nonreversing Dynamic Loads. Nonre-
versing dynamic loads (Figure NB-3213-1) are those
loads which do not cycle about a mean value and include
the initial thrust force due to sudden opening or closure
of valves and waterhammer resulting from entrapped
water in two-phase flow systems. Reflected waves in a
piping system due to flow transients are classified as non-
reversing dynamic loads.

NB-3214 Stress Analysis

A detailed stress analysis of all major structural compo-
nents shall be prepared in sufficient detail to show that
each of the stress limitations of NB-3220 and NB-3230
is satisfied when the component is subjected to the load-
ings of NB-3110. As an aid to the evaluation of these stres-
ses, equations and methods for the solution of certain
recurring problems have been placed in Section III Ap-
pendices, Nonmandatory Appendix A.

NB-3215 Derivation of Stress Intensities

One requirement for the acceptability of a design
(NB-3210) is that the calculated stress intensities shall
not exceed specified allowable limits. These limits differ
depending on the stress category (primary, secondary,

etc.) from which the stress intensity is derived. This para-
graph describes the procedure for the calculation of the
stress intensities which are subject to the specified limits.
The steps in the procedure are stipulated in (a) through
(e) below.

(a) At the point on the component which is being inves-
tigated, choose an orthogonal set of coordinates, such as
tangential, longitudinal, and radial, and designate them
by the subscripts t , l , and r . The stress components in
these directions are then designated σt , σ l , and σr for di-
rect stresses and τ l t , τ lr , and τrt for shear stresses.

(b) Calculate the stress components for each type of
loading to which the part will be subjected, and assign
each set of six stress components to one or a group of
the following categories:

(1) gene r a l p r ima ry membrane s t r e s s P m

(NB-3213.8);

(2) local primary membrane stress PL (NB-3213.10);

(3) primary bending stress P b (NB-3213.7 and
NB-3213.8);

(4) expansion stress Pe (NB-3213.19);

(5) secondary stress Q (NB-3213.9);

(6) peak stress F (NB-3213.11).

Primary, secondary, and peak stresses are distinct and
separate from each other, even though all three may exist
at the same point. Detailed stress analyses often produce
results that are the combination of all three and it is nec-
essary to separate each in order to properly compare to
the stress limits.

NB-3217 provides guidance for this step.

(c) For each category, calculate the algebraic sum of the
σ t values which result from the different types of load-
ings and similarly for the other five stress components.
Certain combinations of the categories must also be
considered.

(d) Translate the stress components for the t , l , and r
directions into principal stresses σ1 , σ2 , and σ3 . In many
pressure component calculations, the t , l , and r directions
may be so chosen that the shear stress components are
zero and σ1 , σ2 , and σ3 are identical to σ t , σ l , and σ r .

(e) Calculate the stress differences S12 , S23 , and S31

from the relations:

The stress intensity S is the largest absolute value of S12 ,
S23 , and S31 .

NOTE: Membrane stress intensity is derived from the stress compo-
nents averaged across the thickness of the section. The averaging
shall be performed at the component level in (b) or (c) above.
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Figure NB-3213-1
Examples of Reversing and Nonreversing Dynamic Loads
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NB-3216 Derivation of Stress Differences

If the specified operation of the component does not
meet the conditions of NB-3222.4(d), the ability of the
component to withstand the specified cyclic service with-
out fatigue failure shall be determined as provided in
NB-3222.4(e). The determination shall be made on the
basis of the stresses at a point of the component, and
the allowable stress cycles shall be adequate for the spe-
cified service at every point. Only the stress differences
due to cyclic service loadings as specified in the Design
Specification need be considered.

NB-3216.1 Constant Principal Stress Direction. For
any case in which the directions of the principal stresses
at the point being considered do not change during the cy-
cle, the steps stipulated in (a) through (c) below shall be
taken to determine the alternating stress intensity.

(a) Principal Stresses. Consider the values of the three
principal stresses at the point versus time for the com-
plete stress cycle taking into account both the gross and
local structural discontinuities and the thermal effects
which vary during the cycle. These are designated as
σ1 , σ2 , and σ3 for later identification.

(b) Stress Differences. Determine the stress differences
S12 = σ1 − σ2 , S23 = σ2 − σ3 , and S31 = σ3 − σ1 versus
time for the complete cycle. In what follows, the symbol
S i j is used to represent any one of these three stress
differences.

(c) Alternating Stress Intensity. Determine the extremes
of the range through which each stress difference Si j fluc-
tuates and find the absolute magnitude of this range for
each S i j . Call this magnitude Sr i j and let Sa l t i j = 0.5Sr i j .
The alternating stress intensity Sa l t is the largest Sa l t i j

value.

NB-3216.2 Varying Principal Stress Direction. For
any case in which the directions of the principal stresses
at the point being considered do change during the stress
cycle, it is necessary to use the more general procedure of
(a) through (e) below.

(a) Consider the values of the six stress components σt ,
σ l , σr , τ l t , τ l r , and τ r t versus time for the complete
stress cycle, taking into account both the gross and local
structural discontinuities and the thermal effects which
vary during the cycle.

(b) Choose a point in time when the conditions are one
of the extremes for the cycle (either maximum or mini-
mum, algebraically) and identify the stress components
at this time by the subscript i . In most cases it will be pos-
sible to choose at least one time during the cycle when the
conditions are known to be extreme. In some cases it may
be necessary to try different points in time to find the one
which results in the largest value of alternating stress
intensity.

(c) Subtract each of the six stress components σt i , σ l i ,
etc., from the corresponding stress components σ t , σ l ,
etc., at each point in time during cycle and call the result-
ing components σ ′ t , σ ′ l , etc.

(d) At each point in time during the cycle, calculate the
principal stresses σ ′1 , σ ′2 , and σ ′3 derived from the six
stress components σ ′ t , σ ′ l , etc. Note that the directions
of the principal stresses may change during the cycle
but each principal stress retains its identity as it rotates.

(e) Determine the stress differences S ′12 = σ ′1 − σ ′2 ,
S ′23 = σ ′2 − σ ′3 , and S ′31 = σ ′3 − σ ′1 versus time for
the complete cycle and find the largest absolute magni-
tude of any stress difference at any time. The alternating
stress intensity Sa l t is one-half of this magnitude.

NB-3217 Classification of Stresses

Tables NB-3217-1 and NB-3217-2 provide assistance
in the determination of the category to which a stress
should be assigned.

NB-3220 STRESS LIMITS FOR OTHER THAN
BOLTS

NB-3221 Design Loadings

The stress intensity limits that must be satisfied for the
Design Loadings (NB-3112) stated in the Design Specifi-
cations are the four limits of this paragraph and the Spe-
cial Stress Limits of NB-3227. The provisions of NB-3228
may provide relief from certain of these stress limits if
plastic analysis techniques are applied. The design stress
intensity values Sm are given by NB-3229. The limits are
summarized by Figure NB-3221-1.

NB-3221.1 General Primary Membrane Stress Inten-
sity. (Derived from Pm in Figure NB-3221-1.) This stress
intensity is derived from the average value across the
thickness of a section of the general primary stresses
(NB-3213.8) produced by design internal pressure and
other specified Design Mechanical Loads, but excluding
all secondary and peak stresses. Averaging is to be ap-
plied to the stress components prior to determination of
the stress intensity values. For piping, averaging is done
across the entire pipe cross section. The allowable value
of this stress intensity is Sm at the Design Temperature.

NB-3221.2 Local Membrane Stress Intensity. (De-
rived from PL in Figure NB-3221-1.) This stress intensity
is derived from the average value across the thickness of a
section of the local primary stresses (NB-3213.10) pro-
duced by Design Pressure and specified Design Mechani-
cal Loads, but excluding all thermal and peak stresses.
Averaging is to be applied to the stress components prior
to the determination of the stress intensity values. The al-
lowable value of this stress intensity is 1.5Sm .

NB-3221.3 Primary Membrane (General or Local)
Plus Primary Bending Stress Intensity. (Derived from
PL ± Pb in Figure NB-3221-1.) This stress intensity is de-
rived from the highest value across the thickness of a sec-
tion of the general or local primary membrane stresses
plus primary bending stresses produced by Design Pres-
sure and other specified Design Mechanical Loads, but ex-
cluding all secondary and peak stresses. For solid
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ð15Þ Table NB-3217-1
Classification of Stress Intensity in Vessels for Some Typical Cases

Vessel Part Location Origin of Stress Type of Stress Classification

Cylindrical or spherical
shell

Shell plate remote
from
discontinuities

Internal pressure General membrane Pm

Gradient through plate
thickness

Q

Axial thermal gradient Membrane Q

Bending Q

Junction with head
or flange

Internal pressure Membrane PL

Bending Q [Note (1)]

Any shell or head Any section across
entire vessel

External load or
moment, or internal
pressure

General membrane
averaged across full
section

Pm

External load or moment Bending across full section Pm

Near nozzle or other
opening

External load or
moment, or internal
pressure

Local membrane PL

Bending Q

Peak (fillet or corner) F

Any location Temperature difference
between shell and
head

Membrane Q

Bending Q

Dished head or conical
head

Crown Internal pressure Membrane Pm

Bending Pb

Knuckle or junction
to shell

Internal pressure Membrane PL [Note (2)]

Bending Q

Flat head Center region Internal pressure Membrane Pm

Bending Pb

Junction to shell Internal pressure Membrane PL

Bending Q [Note (1)]

Perforated head or
shell

Typical ligament in
a uniform pattern

Pressure Membrane (averaged
through cross section)

Pm

Bending (averaged through
width of ligament, but
gradient through plate)

Pb

Peak F

Isolated or atypical
ligament

Pressure Membrane Q

Bending F

Peak F
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Table NB-3217-1
Classification of Stress Intensity in Vessels for Some Typical Cases (Cont'd)

Vessel Part Location Origin of Stress Type of Stress Classification

Nozzle (NB-3227.5) Within the limits of
reinforcement
defined by
NB-3334

Pressure and external
loads and moments,
including those
attributable to
restrained free end
displacements of
attached piping

General membrane Pm

Bending (other than gross
structural discontinuity
stresses) averaged
through nozzle thickness

Pm

Outside the limits of
reinforcement
defined by
NB-3334

Pressure and external
axial, shear, and
torsional loads other
than those
attributable to
restrained free end
displacements of
attached piping

General membrane stresses Pm

Pressure and external
loads and moments
other than those
attributable to
restrained free end
displacements of
attached piping

Membrane PL

Bending Pb

Pressure and all external
loads and moments

Membrane PL

Bending Q

Peak F

Nozzle wall Gross structural
discontinuities

Local membrane PL

Bending Q

Peak F

Differential expansion Membrane Q

Bending Q

Peak F

Cladding (NB-3122) Any Pressure Membrane Q

Thermal gradient Bending Q

Differential expansion Membrane F

Bending F

Any Any Radial temperature
distribution [Note (3)]

Equivalent linear stress
[Note (4)]

Q

Nonlinear portion of stress
distribution

F

Any Any Any Stress concentration (notch
effect)

F

GENERAL NOTE: Q and F classification of stresses refers to other than design condition (Figure NB-3222-1).

NOTES:
(1) If the bending moment at the edge is required to maintain the bending stress in the middle to acceptable limits, the edge bending is clas-

sified as Pb . Otherwise, it is classified as Q .
(2) Consideration shall also be given to the possibility of wrinkling and excessive deformation in vessels with a large diameter–thickness ratio.
(3) Consider possibility of thermal stress ratchet.
(4) Equivalent linear stress is defined as the linear stress distribution, which has the same net bending moment as the actual stress

distribution.
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Table NB-3217-2
Classification of Stress Intensity in Piping, Typical Cases

Piping Component Locations Origin of Stress Classification

Discontinuities
Considered

Gross Local

Pipe or tube, elbows, and
reducers. Intersections
and branch connections,
except in crotch regions

Any, except crotch
regions of intersections

Internal pressure Pm No No

PL and Q Yes No

F Yes Yes

Sustained mechanical loads,
including weight
Nonreversing dynamic loads

Pb No No

PL and Q Yes No

F Yes Yes

Expansion Pe Yes No

F Yes Yes

Axial thermal gradient Q Yes No

F Yes Yes

Reversing dynamic loads [Note (1)] … …

Intersections, including tees
and branch connections

In crotch region Internal pressure, sustained
mechanical loads, expansion,
and nonreversing dynamic
loads

PL and Q [Note (2)] Yes No

F Yes Yes

Axial thermal gradient Q Yes No

F Yes Yes

Reversing dynamic loads [Note (1)] … …

Bolts and flanges Any Internal pressure, gasket
compression, and bolt load

Pm No No

Q Yes No

F Yes Yes

Thermal gradient Q Yes No

F Yes Yes

Expansion Pe Yes No

F Yes Yes

Any Any Nonlinear radial thermal
gradient

F Yes Yes

Linear radial thermal gradient F Yes No

Anchor point motions, including
those resulting from
earthquake

Q Yes No

NOTES:
(1) The stress intensity resulting from this loading has special requirements that must be satisfied. For Level B Service Limits, these are

provided in NB-3223(b)(2) and for Level D Service Limits in NB-3225(b).
(2) Analysis is not required when reinforced in accordance with NB-3643.
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rectangular sections, the allowable value of this stress in-
tensity is 1.5Sm . For other than solid rectangular sections,
a value of α times the limit established in NB-3221.1 may
be used, where the factor α is defined as the ratio of the
load set producing a fully plastic section to the load set
producing initial yielding in the extreme fibers of the sec-
tion. In the evaluation of the initial yield and fully plastic
section capacities, the ratios of each individual load in the
respective load set to each other load in that load set shall
be the same as the respective ratios of the individual
loads in the specified design load set. The value of α shall
not exceed the value calculated for bending only (Pm = 0).
In no case shall the value of α exceed 1.5. The propensity
for buckling of the part of the section that is in compres-
sion shall be investigated. The α factor is not permitted

for Level D Service Limits when inelastic component ana-
lysis is used as permitted in Section III Appendices, Non-
mandatory Appendix F.

For piping, primary bending stress is proportional to
the distance from the centroid of the pipe cross section.

NB-3221.4 External Pressure. The provisions of
NB-3133 apply.

NB-3222 Level A Service Limits

Level A Service Limits must be satisfied for the Service
Conditions [NCA-2142.4(b)(1)] for which these limits are
designated in the Design Specifications and are the four
limits of this paragraph and the Special Stress Limits of
NB-3227. The provisions of NB-3228 may provide relief

Figure NB-3221-1
Stress Categories and Limits of Stress Intensity for Design Conditions

NOTES:
(1) Bending component of primary stress for piping shall be the stress proportional to the distance from centroid of pipe cross section.
(2) The symbols Pm , PL , and Pb do not represent single quantities, but rather sets of six quantities representing the six stress components σ t ,

σ l , σ r , τ l t , τ l r , and τ r t .
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from certain of these stress limits if plastic analysis tech-
niques are applied. The design stress intensity values Sm
are given by NB-3229. The limits are summarized by
Figure NB-3222-1.

NB-3222.1 Primary Membrane and Bending Stress
Intensities. There are no specific limits established on
the primary stresses in the Level A Limits. However, the
stresses due to primary loads presented during normal
service must be computed and combined with the effects
of other loadings in satisfying the remaining limits.

NB-3222.2 Primary Plus Secondary Stress Intensity
Range. The primary plus secondary stress intensity range
is determined using the methodology described in
NB-3216, where the algebraic signs of the stress differ-
ences are retained in the computation. The primary plus
secondary stress at a point includes the general or local
primary membrane stress, plus the primary bending
stress, plus the secondary stress. These stresses are pro-
duced by the specified service pressure and other speci-
fied mechanical loads, and by general thermal effects
associated with the Service Condition. The allowable val-
ue of the primary plus secondary stress intensity range is
3Sm . This limitation on range applies to the entire history
of applicable transients and Service Conditions, not just to
the stress range resulting from an individual transient.
When the secondary stress is due to a temperature

transient or to restraint of free end displacement, the val-
ue of Sm shall be taken as the average of the tabulated Sm
values for the highest and lowest temperatures of the me-
tal (at the point at which the stresses are being analyzed)
during the transient. When part or all of the secondary
stress is due to a mechanical load, the value of Sm shall
be based on the highest metal temperature during the
transient.

NB-3222.3 Expansion Stress Intensity. (Not applic-
able to vessels; Pe in Figure NB-3222-1.) This stress in-
tensity is the highest value of stress, neglecting local
structural discontinuities, produced at any point across
the thickness of a section by the loadings that result from
restraint of free end displacement. The allowable value of
the maximum range of this stress intensity is 3Sm .

NB-3222.4 Analysis for Cyclic Operation.
(a) Suitability for Cyclic Condition. The suitability of a

component for specified service loadings involving cyclic
application of loads and thermal conditions shall be de-
termined by the methods described herein, except that
the suitability of high strength bolts shall be determined
by the methods of NB-3232.3(b) and the possibility of
thermal stress ratchet shall be investigated in accordance
with NB-3222.5. If the specified Service Loadings of the
component meet all of the conditions of (d) below, no
analysis for cyclic service is required, and it may be as-
sumed that the limits on peak stress intensities as gov-
erned by fatigue have been satisfied by compliance with
the applicable requirements for material, design,

fabrication, examination, and testing of this Subsection.
If the Service Loadings do not meet all the conditions of
(d) below, a fatigue analysis shall be made in accordance
with (e) below or a fatigue test shall be made in accor-
dance with Section III Appendices, Mandatory Appendix
II, II-1500.
(b) Peak Stress Intensity. This stress intensity is derived

from the highest value at any point across the thickness of
a section of the combination of all primary, secondary,
and peak stresses produced by specified service pres-
sures and other mechanical loads, and by general and lo-
cal thermal effects associated with normal service
conditions, and including the effects of gross and local
structural discontinuities.
(c) Conditions and Procedures. The conditions and pro-

cedures of NB-3222.4 are based on a comparison of peak
stresses with strain cycling fatigue data. The strain cycling
fatigue data are represented by design fatigue strength
curves of Section III Appendices, Mandatory Appendix I.
These curves show the allowable amplitude Sa of the al-
ternating stress intensity component (one-half of the al-
ternating stress intensity range) plotted against the
number of cycles. This stress intensity amplitude is calcu-
lated on the assumption of elastic behavior and, hence,
has the dimensions of stress, but it does not represent a
real stress when the elastic range is exceeded. The fatigue
curves are obtained from uniaxial strain cycling data in
which the imposed strains have been multiplied by the
elastic modulus and a design margin has been provided
so as to make the calculated stress intensity amplitude
and the allowable stress intensity amplitude directly com-
parable. Where necessary, the curves have been adjusted
to include the maximum effects of mean stress, which is
the condition where the stress fluctuates about a mean
value that is different from zero. As a consequence of this
procedure, it is essential that the requirements of
NB-3222.2 be satisfied at all times with transient stresses
included, and that the calculated value of the alternating
stress intensity be proportional to the actual strain ampli-
tude. To evaluate the effect of alternating stresses of vary-
ing amplitudes, a linear damage relation is assumed in
(e)(5).
(d) Components Not Requiring Analysis for Cyclic Ser-

vice. An analysis for cyclic service is not required, and it
may be assumed that the limits on peak stress intensities
as governed by fatigue have been satisfied for a compo-
nent by compliance with the applicable requirements
for material, design, fabrication, examination, and testing
of this Subsection, provided the specified Service
Loading10 of the component or portion thereof meets all
the conditions stipulated in (1) through (6) below.

(1) Atmospheric to Service Pressure Cycle. The speci-
fied number of times (including startup and shutdown)
that the pressure will be cycled from atmospheric pres-
sure to service pressure and back to atmospheric pres-
sure during normal service does not exceed the number
of cycles on the applicable fatigue curve of Section III
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ð15Þ Figure NB-3222-1
Stress Categories and Limits of Stress Intensity for Level A and Level B Service Limits

Stress 

Category 

Legend 

General 

Membrane 

Local 

Membrane 

Membrane 

plus Bending Expansion Peak Bending 

Primary Secondary 

Pm [Note (3)] PL [Note (3)] Pb [Note (3)] Pe 

Pe 

PL � Pb � Pe � Q 

PL � Pb � Pe � Q � F 

3Sm 

3Sm 

Sa 

Q F Symbol [Note (2)] 

Combination of stress 
 components and 
 allowable limits 
 of stress intensities 

Description (for ex- 
 amples see Table 
 NB-3217-1) 

Average primary 
 stress across solid 
 section. Excludes 
 effects of discon- 
 tinuities and con- 
 centrations. Pro- 
 duced by pressure 
 and mechanical 
 loads. 

Average stress across 
 any solid section. 
 Considers effects of 
 discontinuities but 
 not concentrations. 
 Produced by pres- 
 sure and mechan- 
 ical loads, including 
 inertia earthquake 
 effects. 

Component of primary 
 stress proportional 
 to distance from 
 centroid of solid sec- 
 tion. Excludes 
 effects of disconti- 
 nuities and concen- 
 trations. Produced 
 by pressure and 
 mechanical loads, 
 including inertia 
 earthquake effects. 
 [Note (1)] 

Stresses that result
 from the constraint
 of free end displace-
 ment. Considers
 effects of disconti-
 nuities but not local
 stress concentration
 (not applicable to
 vessels).

Self-equilibrating 
 stress necessary to 
 satisfy continuity of 
 structure. Occurs at 
 structural disconti- 
 nuities. Can be 
 caused by pressure, 
 mechanical loads, or 
 differential thermal 
 expansion. Excludes 
 local stress 
 concentrations. 

Increment added
to primary or sec-
ondary stress by a
concentration
(notch).
Certain thermal
stresses that may 
cause fatigue but 
not distortion.

(1) 

(2) 

Allowable Value 

Notes (7) and (8)
Note (6) 

Note (4) 

Note (5) 

(Total Stress) 

Calculated Value 

Service Condition Loads 

NOTES:
(1) Bending component of primary stress due to mechanical loads for piping shall be the stress proportional to the distance from centroid of pipe cross-section.
(2) The symbols Pm, PL, Pb, Pe, Q, and F do not represent single quantities, but sets of six quantities representing the six stress components σ t , σ l , σr , τ l t , τ l r , and τrt .
(3) For Level B Service Limits for all components other than piping for primary stress intensities generated by Level B Service Loadings, see NB-3223(a)(1). For piping, see NB-3223(b).

53

A
SM

E
B
P
V
C
.III.1

.N
B
-2
0
1
5

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:08:51 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



Figure NB-3222-1
Stress Categories and Limits of Stress Intensity for Level A and Level B Service Limits (Cont'd)

NOTES (CONT'D):
(4) When the secondary stress is due to a temperature transient at the point at which the stresses are being analyzed or to restraint of free end deflection, the value of Sm shall be taken as the

average of the tabulated Sm values for the highest and lowest temperatures of the metal during the transient. When part or all of the secondary stress is due to mechanical load, the value of
Sm shall not exceed the value for the highest temperature during the transient.

(5) Special rules for exceeding 3Sm are provided in NB-3228.5.
(6) Sa is obtained from the fatigue curves, Section III Appendices, Mandatory Appendix I. The allowable stress intensity for the full range of fluctuation is 2Sa.
(7) The stresses in Category Q are those parts of the total stress that are produced by thermal gradients, structural discontinuities, etc., and they do not include primary stresses that may also

exist at the same point. However, it should be noted that a detailed stress analysis frequently gives the combination of primary and secondary stresses directly and, when appropriate, this
calculated value represents the total of Pm + Pb + Q , and not Q alone. Similarly, if the stress in Category F is produced by a stress concentration, the quantity F is the additional stress
produced by the notch over and above the nominal stress. For example, if a point has a nominal stress intensity Pm and has a notch with a stress concentration factor K , then Pm ≤ Sm,
Pb = Q, Q = 0, F = Pm (K −1), and the total stress intensity equals Pm + Pm (K −1) = KPm. However, PL is the total membrane stress that results from mechanical loads, including discontiuity
effects, rather than a stress increment. Therefore, the PL value always includes the Pm contribution.

(8) For Level B primary plus secondary stresses and peak stresses for piping, see NB-3223(b).
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Appendices, Mandatory Appendix I, corresponding to an
Sa value of three times the Sm value for the material at
service temperature.

(2) Normal Service Pressure Fluctuation. The speci-
fied full range of pressure fluctuations during normal ser-
vice does not exceed the quantity 1/3 × Design Pressure ×
(Sa/Sm), where Sa is the value obtained from the applic-
able design fatigue curve for the total specified number of
significant pressure fluctuations and Sm is the allowable
stress intensity for the material at service temperature.
If the total specified number of significant pressure fluc-
tuations exceeds the maximum number of cycles defined
on the applicable design fatigue curve, the Sa value corre-
sponding to the maximum number of cycles defined on
the curve may be used. Significant pressure fluctuations
are those for which the total excursion exceeds the
quantity:

where S is defined as follows:

(-a) If the total specified number of service cycles
is 106 cycles or less, S is the value of Sa obtained from the
applicable design fatigue curve for 106 cycles.

(-b) If the total specified number of service cycles
exceeds 106 cycles, S is the value of Sa obtained from the
applicable design fatigue curve for the maximum number
of cycles defined on the curve.

(3) Temperature Difference— Startup and Shutdown.
The temperature difference, °F (°C), between any two ad-
jacent points11 of the component during normal service
does not exceed Sa/2Eα , where Sa is the value obtained
from the applicable design fatigue curves for the specified
number of startup–shutdown cycles, α is the value of the
instantaneous coefficient of thermal expansion and E at
the mean value of the temperatures at the two points as
given by Section II, Part D, Subpart 2, Tables TE and TM.

(4) Temperature Difference — Normal Service.12 The
temperature difference, °F (°C), between any two adja-
cent points11 does not change13 during normal service
by more than the quantity Sa/2Eα , where Sa is the value
obtained from the applicable design fatigue curve of Sec-
tion III Appendices, Mandatory Appendix I for the total
specified number of significant temperature difference
fluctuations. A temperature difference fluctuation shall
be considered to be significant if its total algebraic range
exceeds the quantity S /2Eα , where S is defined as
follows:

(-a) If the total specified number of service cycles
is 106 cycles or less, S is the value of Sa obtained from the
applicable design fatigue curve for 106 cycles.

(-b) If the total specified number of service cycles
exceeds 106 cycles, S is the value of Sa obtained from the
applicable design fatigue curve for the maximum number
of cycles defined on the curve.

(5) Temperature Difference — Dissimilar Materials.
For components fabricated from materials of differing
moduli of elasticity or coefficients of thermal expansion,
the total algebraic range of temperature fluctuation, °F
(°C), experienced by the component during normal ser-
vice does not exceed the magnitude S a /2(E 1 α 1 −
E2α2), where Sa is the value obtained from the applicable
design fatigue curve for the total specified number of sig-
nificant temperature fluctuations, E1 and E2 are the mod-
uli of elasticity, and α 1 and α 2 are the values of the
instantaneous coefficients of thermal expansion at the
mean temperature value involved for the two materials
of construction given in Section II, Part D, Subpart 2,
Tables TE and TM. A temperature fluctuation shall be con-
sidered to be significant if its total excursion exceeds the
quantity S /2(E 1α 1 − E 2α 2 ), where S is defined as
follows:

(-a) If the total specified number of service cycles
is 106 cycles or less, S is the value of Sa obtained from the
applicable design fatigue curve for 106 cycles.

(-b) If the total specified number of service cycles
exceeds 106 cycles, S is the value of Sa obtained from the
applicable design fatigue curve for the maximum number
of cycles defined on the curve. If the two materials used
have different applicable design fatigue curves, the lower
value of Sa shall be used in applying the rules of this
paragraph.

(6) Mechanical Loads. The specified full range of me-
chanical loads, excluding pressure but including pipe re-
actions, does not result in load stresses whose range
exceeds the Sa value obtained from the applicable design
fatigue curve of Section III Appendices, Mandatory
Appendix I for the total specified number of significant
load fluctuations. If the total specified number of signifi-
cant load fluctuations exceeds the maximum number of
cycles defined on the applicable design fatigue curve,
the Sa value corresponding to the maximum number of
cycles defined on the curve may be used. A load fluctua-
tion shall be considered to be significant if the total excur-
sion of load stress exceeds the quantity S , where S is
defined as follows.

(-a) If the total specified number of service cycles
is 106 cycles or less, S is the value of Sa obtained from the
applicable design fatigue curve for 106 cycles.

(-b) If the total specified number of service cycles
exceeds 106 cycles, S is the value of Sa obtained from the
applicable design fatigue curve for the maximum number
of cycles defined on the curve.

(e) Procedure for Analysis for Cyclic Loading. If the spe-
cified Service Loadings for the component do not meet the
conditions of (d), the ability of the component to with-
stand the specified cyclic service without fatigue failure
shall be determined as provided in this subsubparagraph.
The determination shall be made on the basis of the stres-
ses at a point, and the allowable stress cycles shall be ade-
quate for the specified Service Loadings at every point.
Only the stress differences due to service cycles as
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specified in the Design Specifications need be considered.
Compliance with these requirements means only that the
component is suitable from the standpoint of possible fa-
tigue failure; complete suitability for the specified Service
Loadings is also dependent on meeting the general stress
limits of NB-3222 and any applicable special stress limits
of NB-3227.

(1) Stress Differences. For each condition of normal
service, determine the stress differences and the alternat-
ing stress intensity Sa in accordance with NB-3216.

(2) Local Structural Discontinuities (NB-3213.3).
These effects shall be evaluated for all conditions using
stress concentration factors determined from theoretical,
experimental, or photoelastic studies, or numerical stress
analysis techniques. (See definition of peak stress in
NB-3213.11.) Experimentally determined fatigue strength
reduction factors may be used when determined in accor-
dance with the procedures of Section III Appendices, Man-
datory Appendix II, II-1600, except for high strength alloy
steel bolting for which the requirements of NB-3232.3(c)
shall apply when using the design fatigue curve of Section
III Appendices, Mandatory Appendix I, Figure I-9.4. Ex-
cept for the case of crack-like defects and specified piping
geometries for which specific values are given in
NB-3680, no fatigue strength reduction factor greater
than five need be used.

(3) Design Fatigue Curves. Section III Appendices,
Mandatory Appendix I contains the applicable fatigue de-
sign curves for the materials permitted by this Subsec-
tion. When more than one curve is presented for a
given material, the applicability of each is identified.
Where curves for various strength levels of a material
are given, linear interpolation may be used for intermedi-
ate strength levels of these materials. The strength level is
the specified minimum room temperature value.

(4) Effect of Elastic Modulus. Multiply Sa l t (as deter-
mined in NB-3216.1 or NB-3216.2) by the ratio of the
modulus of elasticity given on the design fatigue curve
to the value of the modulus of elasticity used in the ana-
lysis. Enter the applicable design fatigue curve of Section
III Appendices, Mandatory Appendix I at this value on the
ordinate axis and find the corresponding number of cy-
cles on the abscissa. If the service cycle being considered
is the only one which produces significant fluctuating
stresses, this is the allowable number of cycles.

(5) Cumulative Damage. If there are two or more
types of stress cycle which produce significant stresses,
their cumulative effect shall be evaluated as stipulated
in Steps 1 through 6 below.
Step 1. Designate the specified number of times each

type of stress cycle of types 1, 2, 3, …, n , will be repeated
during the life of the component as n 1 , n 2 , n 3 , …, nn ,
respectively.

NOTE: In determining n1 , n2 , n3 , …, nn , consideration shall be given
to the superposition of cycles of various origins which produce a to-
tal stress difference range greater than the stress difference ranges
of the individual cycles. For example, if one type of stress cycle

produces 1,000 cycles of a stress difference variation from zero to
+60,000 psi and another type of stress cycle produces 10,000 cycles
of a stress difference variation from zero to −50,000 psi, the two
types of cycle to be considered are defined by the following
parameters:

(a) for type 1 cycle, n1 = 1,000 and Sa l t 1 = (60,000 + 50,000)/2 =
55,000 psi;
(b) for type 2 cycle, n 2 = 9,000 and S a l t 2 = (50,000 + 0)/2 =

25,000 psi.

Step 2. For each type of stress cycle, determine the al-
ternating stress intensity S a l t by the procedures of
NB-3216.1 or NB-3216.2 above. Call these quantities
Sa l t 1 , Sa l t 2 , Sa l t 3 , …, Sa l t n .
Step 3. For each value Sa l t 1 , Sa l t 2 , Sa l t 3 ,…, Sa l t n , use

the applicable design fatigue curve to determine the max-
imum number of repetitions which would be allowable if
this type of cycle were the only one acting. Call these val-
ues N1 , N2 , N3 , …, Nn .
Step 4. For each type of stress cycle, calculate the usage

factors U1 , U2 , U3 , …, Un , from U1 = n1/N1 , U2 = n2/N2 ,
U3 = n3/N3 , …, Un = nn/Nn .
Step 5. Calculate the cumulative usage factor U from U

= U1 + U2 + U3 + … + Un .
Step 6. The cumulative usage factor U shall not exceed

1.0.

NB-3222.5 Thermal Stress Ratchet. It should be
noted that under certain combinations of steady state
and cyclic loadings there is a possibility of large distor-
tions developing as the result of ratchet action; that is,
the deformation increases by a nearly equal amount for
each cycle. Examples of this phenomenon are treated in
this subparagraph and in NB-3227.3.
(a) The limiting value of the maximum cyclic thermal

stress permitted in a portion of an axisymmetric shell
loaded by steady state internal pressure in order to pre-
vent cyclic growth in diameter is as follows. Let

x = maximum general membrane stress due to pressure
divided by the yield strength14 Sy

y ′ = maximum allowable range of thermal stress com-
puted on an elastic basis divided by the yield
strength14 Sy

(1) Case 1: Linear variation of temperature through
the wall: for 0 < x < 0.5, y ′ = 1/x and, for 0.5 < x < 1.0,
y ′ = 4 (1 − x).

(2) Case 2: Parabolic constantly increasing or con-
stantly decreasing variation of temperature through the
wall: for 0.615 < x < 1.0, y ′ = 5.2(1 − x ) and, approxi-
mately for x < 0.615, y ′ = 4.65, 3.55, and 2.70 for x =
0.3, 0.4, and 0.5, respectively.
(b) Use of yield strength Sy in the above relations in-

stead of the proportional limit allows a small amount of
growth during each cycle until strain hardening raises
the proportional limit to Sy . If the yield strength of the
material is higher than two times the Sa value for the
maximum number of cycles on the applicable fatigue
curve of Section III Appendices, Mandatory Appendix I
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for the material, the latter value shall be used if there is to
be a large number of cycles because strain softening may
occur.

NB-3222.6 Deformation Limits. Any deformation
limits prescribed by the Design Specifications shall be
satisfied.

NB-3223 Level B Service Limits
(a) For components other than piping operating within

the temperature limits of this Subsection, the require-
ments of (1), (2), and (3) below shall apply.

(1) The values of Level A Service Limits shall apply
for Level B Service Limits, except that for primary stress
intensities generated by Level B Service Loadings, allow-
able stress intensity values of 110% of those given in
Figure NB-3221-1 shall apply.

(2) In evaluating possible exemption from fatigue
analysis by the methods of NB-3222.4(d), Service Load-
ings for which Level B Limits are designated shall be con-
sidered as though Level A Limits were designated.

(3) Any deformation limits prescribed by the Design
Specifications shall be satisfied.

(b) For piping components operating within the tem-
perature limits of this Subsection, the requirements of
(1) or (2) below shall apply.

(1) For Level B Service Limits which do not include
reversing dynamic loads (NB-3213.35) or have reversing
dynamic loads combined with nonreversing dynamic
loads (NB-3213.36), the requirements of (a)(1), (a)(2),
and (a)(3) above shall be satisfied.

(2) For Level B Service Limits that include reversing
dynamic loads that are not required to be combined with
nonreversing dynamic loads, the nonreversing dynamic
loads shall meet the requirements of (1) above. The rever-
sing dynamic loads shall meet the requirements of
NB-3222.2 and NB-3222.4(e) as a unique load set. The re-
versing dynamic loads are not required to meet (1)
above.

NB-3224 Level C Service Limits
If the Design Specifications specify any Service Load-

ings for which Level C Service Limits are designated
[NCA-2142.4(b)(3) and NB-3113(b)] for components
other than piping, the rules used in evaluating these load-
ings shall be those used for other loadings, except as mod-
ified by the following subparagraphs and as summarized
in Figure NB-3224-1. For piping, special requirements are
provided in NB-3224.7.

NB-3224.1 Primary Stress Limits. The primary
stress limits of NB-3221 shall be satisfied using an Sm val-
ue equal to the greater of 120% of the tabulated Sm value
or 100% of the tabulated yield strength, with both values
taken at the appropriate temperature. In addition, for fer-
ritic material, the Pm elastic analysis limits for pressure
loadings alone shall be equal to the greater of 1.1Sm or
0.9Sy .

NB-3224.2 External Pressure. The permissible ex-
ternal pressure shall be taken as 120% of that given by
the rules of NB-3133.

NB-3224.3 Special Stress Limits. The permissible
values for special stress limit shall be taken as 120% of
the values given in NB-3227.4, NB-3228.1, NB-3228.2,
and NB-3228.3.

NB-3224.4 Secondary and Peak Stresses. The re-
quirements of NB-3222.2, NB-3222.4, NB-3222.5, and
NB-3227.3 need not be satisfied.

NB-3224.5 Fatigue Requirements. Service Loadings
for which Level C Service Limits are designated need
not be considered when applying the procedures of
NB-3222.4(a) to determine whether or not a fatigue ana-
lysis is required.

NB-3224.6 Deformation Limits. Any deformation
limits prescribed by the Design Specifications shall be
considered.

NB-3224.7 Piping Requirements.
(a) For Level C Service Limits which do not include re-

versing dynamic loads or have reversing dynamic load
combined with nonreversing dynamic loads, the require-
ments of NB-3224.1 through NB-3224.6 above shall be sa-
tisfied. If the effects of anchor motion due to reversing
dynamic loads are not considered in NB-3223(b)(2), then
they shall satisfy the requirements of (b)(5) and (b)(6)
below.

(b) As an alternative to (a) above, for piping fabricated
from material designated P-No. 1 through P-No. 9 in Sec-
tion II, Part D, Subpart 1, Table 2A and limited to Do/t ≤
40 for Level C Service Limits, which include reversing dy-
namic loads that are not required to be combined with
nonreversing dynamic loads, the requirements of (1)
through (6) below shall apply.

(1) The pressure coincident with the reversing dy-
namic load shall not exceed the Design Pressure.

(2) The requirements of NB-3224.1 through
NB-3224.6 shall be satisfied for all nonreversing dynamic
load combinations provided in the Design Specifications.

(3) The primary membrane plus bending stress (Pm

+ Pb ) or the local membrane plus bending stress (PL +
Pb) due to weight loads shall not exceed 0.5Sm .

(4) The primary membrane plus bending stress (Pm

+ Pb ) or the local membrane plus bending stress (PL +
Pb) resulting from the combination of pressure, weight,
and reversing dynamic loads shall not exceed the
following:

(-a) in elbows and bends: 3.1Sm
(-b) in tees and branches: 3.1Sm
(-c) in all other components: 2.1Sm

(5) The range of secondary stress, Q , resulting from
anchor motion effects due to reversing dynamic loads
shall not exceed 4.2Sm .
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ð15Þ Figure NB-3224-1
Stress Categories and Limits of Stress Intensity for Level C Service Limits

Stress Category General Membrane Local Membrane Peak [Notes (1) and (2)] Bending 

Primary [Notes (1) and (2)] Secondary 

[Notes (1) and (2)] 

Membrane Plus Bending 

Pb 
NB-3213.7 and 

NB-3213.8 

Pm 
NB-3213.6 and NB-3213.8 

[Note (3)] 

PL 
NB-3213.10 

PL � Pb 

Q 
NB-3213.9 

F 
NB-3213.11 

Symbol 
[Note (1)] 

Combination of stress 
 components and 
 allowable limits of 
 stress intensities 

Description (for examples 
 see Table NB-3217-1) 

Average stress across any 
 solid section. Considers 
 discontinuities but not 
 concentrations. Produced 
 only by mechanical loads. 

Average primary stress 
 across solid section. Ex- 
 cludes discontinuities and 
 concentrations. Produced 
 only by mechanical loads. 

Elastic
 analysis
 NB-3224.1
 [Note (4)]

Elastic
 analysis
 NB-3224.1
 [Note (4)]

Plastic
 analysis
 NB-3224.3
 [Note (5)]

Plastic
 analysis
 NB-3224.3
 [Note (5)]

Triaxial 
 stresses 
 NB-3224.3 
 [Note (6)] 

Elastic 
 analysis 
 NB-3224.1 
 NB-3224.2 
 [Note (4)] 

Component of primary 
 stress proportional to 
 distance from centroid of 
 solid section. Excludes 
 discontinuities and concen- 
 trations. Produced only by 
 mechanical loads. 

Self-equilibrating stress 
 necessary to satisfy con- 
 tinuity of structure. Occurs 
 at structural discon- 
 tinuities. Can be caused by 
 mechanical load or by 
 differential thermal expan- 
 sion. Excludes local stress 
 concentration. 

Increment added to
primary or secondary
stress by a concentration
(notch).
Certain thermal stresses
that may cause fatigue
but not distortion of
vessel shape.

Evaluation not required Evaluation not required 

(1) 

(2) 

PL 

Pm 
1.2Sm 

Sy 

1.8Sm 
1.5Sy 

0.8CL 

1.8Sm 
1.5Sy 

4.8Sm 

0.8CL 

or 
or 

Legend

    Allowable Value

    Calculated Value

    Service Condition Loads

GENERAL NOTE: For configurations where compressive stresses occur, the stress limits shall be revised to take into account critical buckling stresses [NB-3211(c)].

NOTES:
(1) The symbols Pm , PL , Pb , Q , and F do not represent single quantities, but rather sets of six quantities representing the six stress components σt , σ l , σr , τ l t , τ l r , and τ r t .
(2) For piping, alternative requirements are provided in NB-3224.7.
(3) The limits shown are for stresses resulting from pressure in combination with other mechanical loads. For ferritic materials, the Pm elastic analysis limits for pressure loadings alone shall

be equal to the greater of 1.1Sm or 0.9Sy .
(4) Use the greater of the values specified.
(5) CL is the collapse load determined in accordance with NB-3228.1, NB-3228.2, or NB-3228.3.
(6) The triaxial stresses represent the algebraic sum of the three primary principal stresses (σ1 + σ2 + σ3) for the combination of stress components.
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(6) The use of the 4.2Sm limit in (5) assumes essen-
tially linear behavior of the entire piping system. This as-
sumption is sufficiently accurate for systems where
plastic straining occurs at many points or over relatively
wide regions, but fails to reflect the actual strain distribu-
tion in unbalanced systems where only a small portion of
the piping undergoes plastic strain. In these cases, the
weaker or higher stressed portions will be subjected to
strain concentration due to elastic follow-up of the stiffer
or lower stressed portions. Unbalance can be produced

(-a) by the use of small pipe runs in series with
larger or stiffer pipe, with the small lines relatively highly
stressed

(-b) by local reduction in size or cross section, or
local use of weaker material

In the case of unbalanced systems, the design shall be
modified to eliminate the unbalance; or the range of sec-
ondary stress, Q , shall be limited to 2.1Sm .

NB-3225 Level D Service Limits
(a) For components other than piping, if the Design

Specifications specify any Service Loadings for which Lev-
el D Limits are designated [NCA-2142.4(b)(4)], the rules
contained in Section III Appendices, Nonmandatory
Appendix F may be used in evaluating these loadings, in-
dependently of all other Design and Service Loadings.

(b) For piping fabricated from material designated
P-No. 1 through P-No. 9 in Section II, Part D, Subpart 1,
Table 2A and limited to Do/t ≤ 40, if Level D Service Lim-
its are designated, which include reversing dynamic loads
that are not required to be combined with nonreversing
dynamic loads, the requirements of (1) through (6) below
shall apply.

(1) The pressure coincident with the reversing dy-
namic load shall not exceed the Design Pressure.

(2) The requirements of Section III Appendices, Non-
mandatory Appendix F shall be satisfied for all nonrever-
sing dynamic load combinations provided in the Design
Specifications.

(3) The primary membrane plus bending stress (Pm

+ Pb ) or the local membrane plus bending stress (PL +
Pb) due to weight loads shall not exceed 0.5Sm .

(4) The primary membrane plus bending stress (Pm

+ Pb ) or the local membrane plus bending stress (PL +
Pb) resulting from the combination of pressure, weight,
and reversing dynamic loads shall not exceed the
following:

(-a) in elbows and bends: 4.5Sm
(-b) in tees and branches: 4.5Sm
(-c) in all other components: 3.0Sm

(5) The range of secondary stress, Q , resulting from
anchor motion effects due to reversing dynamic loads
shall not exceed 6.0Sm .

(6) The use of the 6.0Sm limit in (5) assumes essen-
tially linear behavior of the entire piping system. This as-
sumption is sufficiently accurate for systems where
plastic straining occurs at many points or over relatively

wide regions, but fails to reflect the actual strain distribu-
tion in unbalanced systems where only a small portion of
the piping undergoes plastic strain. In these cases, the
weaker or higher stressed portions will be subjected to
strain concentration due to elastic follow-up of the stiffer
or lower stressed portions. Unbalance can be produced

(-a) by the use of small pipe runs in series with
larger or stiffer pipe, with the small lines relatively highly
stressed.

(-b) by local reduction in size or cross section, or
local use of weaker material.

In the case of unbalanced systems, the design shall be
modified to eliminate the unbalance; or the range of sec-
ondary stress, Q , shall be limited to 3.0Sm .

(c) For piping systems not meeting the requirements of
(b) above, or as an alternative to (b) above, the rules con-
tained in Section III Appendices, Nonmandatory Appendix
F may be used in evaluating these service loadings on pip-
ing systems independently of all other Design and Service
Loadings. If the effects of anchor motion due to reversing
dynamic loads are not considered in NB-3223(b)(2), they
shall satisfy the requirements of (b)(5) and (b)(6).

NB-3226 Testing Limits
The evaluation of pressure test loadings (NCA-2142.3)

shall be in accordance with (a) through (e) below, except
that these rules do not apply to the items in NB-3500.

(a) If the calculated pressure at any point in a compo-
nent, including static head, exceeds the required test
pressure defined in NB-6221 or NB-6321 by more than
6%, the resulting stresses shall be calculated using all
the loadings that may exist during the test. The stress al-
lowables for this situation are given in (b) and (c) below.

(b) For hydrostatically tested components, the general
primary membrane stress intensity Pm shall not exceed
90% of the tabulated yield strength Sy at test tempera-
ture. For pneumatically tested components, Pm shall not
exceed 80% of the tabulated yield strength S y at test
temperature.

(c) For either hydrostatically or pneumatically tested
components, the primary membrane plus bending stress
intensity Pm + Pb shall not exceed the applicable limits gi-
ven in (1) or (2) below.

(1) For Pm ≤ 0.67Sy

(2) For 0.67Sy < Pm ≤ 0.90Sy

Sy is the tabulated yield strength at test temperature. For
other than rectangular sections, Pm + Pb shall not exceed
a value of α × 0.9Sy for hydrostatic tests or α × 0.8Sy for
pneumatic tests, where the factor α is defined as the ratio
of the load set producing a fully plastic section divided by
the load set producing initial yielding in the extreme fi-
bers of the section.
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(d) The external pressure shall not exceed 135% of the
value determined by the rules of NB-3133. Alternatively,
an external hydrostatic test pressure may be applied up
to a maximum of 80% of the lower of the collapse or elas-
tic instability pressures determined by analysis or experi-
mental procedures (NB-3228 and Section III Appendices,
Mandatory Appendix II) including consideration of allow-
able tolerances. If a collapse analysis is performed, it shall
be a lower bound limit analysis assuming ideally elastic–
plastic (nonstrain-hardening) material having a yield
strength equal to its tabulated yield strength at test
temperature.

(e) Tests, with the exception of either the first 10 hy-
drostatic tests in accordance with NB-6220, the first 10
pneumatic tests in accordance with NB-6320, or any com-
bination of 10 such tests, shall be considered in the fati-
gue evaluation of the component. In this fatigue
evaluation, the limits on the primary plus secondary
stress intensity range (NB-3222.2) may be taken as the
larger of 3Sm or 2Sy when at least one extreme of the
stress intensity range is determined by the Test Loadings.

NB-3227 Special Stress Limits

The following deviations from the basic stress limits
are provided to cover special Service Loadings or config-
urations. Some of these deviations are more restrictive,
and some are less restrictive, than the basic stress limits.
In cases of conflict between these requirements and the
basic stress limits, the rules of NB-3227 take precedence
for the particular situations to which they apply.

NB-3227.1 Bearing Loads.
(a) The average bearing stress for resistance to crush-

ing under the maximum load, experienced as a result of
Design Loadings, Test Loadings, or any Service Loadings,
except those for which Level D Limits are designated,
shall be limited to Sy at temperature, except that when
the distance to a free edge is larger than the distance over
which the bearing load is applied, a stress of 1.5Sy at tem-
perature is permitted. For clad surfaces, the yield strength
of the base metal may be used if, when calculating the
bearing stress, the bearing area is taken as the lesser of
the actual contact area or the area of the base metal sup-
porting the contact surface.

(b)When bearing loads are applied near free edges,
such as at a protruding ledge, the possibility of a shear
failure shall be considered. In the case of load stress only
(NB-3213.12) the average shear stress shall be limited to
0.6Sm . In the case of load stress plus secondary stress
(NB-3213.9) the average shear stress shall not exceed
(1) or (2) below:

(1) for materials to which Section II, Part D, Subpart
1, Table 2A, Note G7 or Table 2B, Note G1 applies, the low-
er of 0.5Sy at 100°F (38°C) and 0.675Sy at temperature;

(2) for all other materials, 0.5Sy at temperature.

For clad surfaces, if the configuration or thickness is
such that a shear failure could occur entirely within the
clad material, the allowable shear stress for the cladding
shall be determined from the properties of the equivalent
wrought material. If the configuration is such that a shear
failure could occur across a path that is partially base me-
tal and partially clad material, the allowable shear stres-
ses for each material shall be used when evaluating the
combined resistance to this type of failure.
(c) When considering bearing stresses in pins and sim-

ilar members, the Sy at temperature value is applicable,
except that a value of 1.5Sy may be used if no credit is gi-
ven to bearing area within one pin diameter from a plate
edge.

NB-3227.2 Pure Shear.
(a) The average primary shear stress across a section

loaded in pure shear, experienced as a result of Design
Loadings, Test Loadings, or any Service Loadings, except
those for which Level D Limits are designated (for exam-
ple, keys, shear rings, screw threads), shall be limited to
0.6Sm .
(b) The maximum primary shear that is experienced as

a result of Design Loadings, Test Loadings, or any Service
Loadings (except those for which Level D Limits are de-
signated), exclusive of stress concentration, at the periph-
ery of a solid circular section in torsion shall be limited to
0.8Sm . Primary plus secondary and peak shear stresses
shall be converted to stress intensities (equal to two times
the pure shear stress) and as such shall not exceed the ba-
sic stress limits of NB-3222.2 and NB-3222.4.

NB-3227.3 Progressive Distortion of Nonintegral
Connections. Screwed on caps, screwed in plugs, shear
ring closures, and breech lock closures are examples of
nonintegral connections which are subject to failure by
bell mouthing or other types of progressive deformation.
If any combination of applied loads produces yielding,
such joints are subject to ratcheting because the mating
members may become loose at the end of each complete
operating cycle and start the next cycle in a new relation-
ship with each other, with or without manual manipula-
tion. Additional distortion may occur in each cycle so
that interlocking parts, such as threads, can eventually
lose engagement. Therefore, primary plus secondary
stress intensities (NB-3222.2), which result in slippage
between the parts of a nonintegral connection in which
disengagement could occur as a result of progressive dis-
tortion, shall be limited to the value Sy (Section II, Part D,
Subpart 1, Table Y-1).

NB-3227.4 Triaxial Stresses. The algebraic sum of
the three primary principal stresses (σ1 + σ2 + σ3) shall
not exceed four times the tabulated value of Sm , except
for Service Level D.

NB-3227.5 Nozzle Piping Transition.Within the lim-
its of reinforcement given by NB-3334, whether or not
nozzle reinforcement is provided, the Pm classification
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is applicable to stress intensities resulting from
pressure-induced general membrane stresses as well as
stresses other than discontinuity stresses due to external
loads and moments including those attributable to re-
strained free end displacements of the attached pipe.
Also, within the limits of reinforcement, a PL classification
shall be applied to local primary membrane stress inten-
sities derived from discontinuity effects plus primary
bending stress intensities due to combined pressure
and external loads and moments, including those attribu-
table to restrained free end displacements of the attached
pipe; and a PL + Pb + Q classification shall apply to pri-
mary plus secondary stress intensities resulting from a
combination of pressure, temperature, and external loads
and moments, including those due to restrained free end
displacements of the attached pipe. Beyond the limits of
reinforcement, a Pm classification is applicable to stress
intensities resulting from pressure-induced general mem-
brane stresses as well as the average stress across the
nozzle thickness due to externally applied nozzle axial,
shear, and torsional loads other than those attributable
to restrained free end displacement of the attached pipe.
Also, outside the limits of reinforcement a PL + Pb classi-
fication is applicable to the stress intensities that result
from adding those stresses classified as Pm to those due
to externally applied bending moments, except those at-
tributable to restrained free end displacement of the pipe.
Further, beyond the limits of reinforcement, a PL + Pb + Q
classification is applicable to stress intensities resulting
from all pressure, temperature, and external loads and
moments, including those attributable to restrained free
end displacements of the attached pipe. Beyond the limits
of reinforcement, the 3Sm limit on the range of primary
plus secondary stress intensity may be exceeded as pro-
vided in NB-3228.5, except that in the evaluation of
NB-3228.5(a) stresses from restrained free end displace-
ments of the attached pipe may also be excluded. The
range of membrane plus bending stress intensity attribu-
table solely to the restrained free end displacements of
the attached pipe shall be ≤ 3Sm . The nozzle, outside
the reinforcement limit, shall not be thinner than the larg-
er of the pipe thickness or the quantity t p (Smp/Smn ),
where t p is the nominal thickness of the mating pipe,
Smp is the allowable stress intensity value for the pipe
material, and Smn is the allowable stress intensity value
for the nozzle material.

NB-3227.6 Applications of Elastic Analysis for
Stresses Beyond the Yield Strength. Certain of the allow-
able stresses permitted in the design criteria are such that
the maximum stress calculated on an elastic basis may ex-
ceed the yield strength of the material. The limit on pri-
mary p lus secondary s t re s s in t ens i t y o f 3S m

(NB-3222.2) has been placed at a level which ensures sha-
kedown to elastic action after a few repetitions of the
stress cycle except in regions containing significant local

structural discontinuities or local thermal stresses. These
last two factors are considered only in the performance of
a fatigue evaluation. Therefore:

(a) In evaluating stresses for comparison with the
stress limits on other than fatigue allowables, stresses
shall be calculated on an elastic basis.

(b) In evaluating stresses for comparison with fatigue
allowables, all stresses, except those which result from lo-
cal thermal stresses [NB-3213.13(b)], shall be evaluated
on an elastic basis. In evaluating local thermal stresses,
the elastic equations shall be used, except that the numer-
ical value substituted for Poisson’s ratio shall be deter-
mined from the expression:

where

Sa = alternating stress intensity determined in
NB-3222.4(e) prior to the elastic modulus adjust-
ment in NB-3222.4(e)(4)

Sy = yield strength of the material at the mean value of
the temperature of the cycle

NB-3227.7 Requirements for Specially Designed
Welded Seals.

(a)Welded seals, such as omega and canopy seals
( NB - 4 3 6 0 ) , s h a l l b e d e s i g n e d t o me e t t h e
pressure-induced general primary membrane stress in-
tensity limits specified in this Subsection. Note that the
general primary membrane stress intensity varies around
the toroidal cross section.

(b) All other membrane and bending stress intensities
developed in the welded seals may be considered as sec-
ondary stress intensities. The range of these stress inten-
sities combined with the general primary membrane
stress intensity may exceed the primary plus secondary
stress intensity limit of 3Sm , if they are analyzed in accor-
dance with NB-3228.5 as modified in (1) and (2) below.

(1) In lieu of NB-3228.5(a), the range of the com-
bined primary plus secondary membrane stress intensi-
ties shall be ≤3Sm .

(2) NB-3228.5(d) need not apply.

NB-3227.8 Requirements for Local Thin Areas. A lo-
cal thin area is a region on the surface of a component that
has a thickness that is less than the minimum required
wall thickness (e.g., NB-3324).

For components under internal pressure, small or local
areas thinner than required may be acceptable, provided
that the requirements of NB-3221.2 are satisfied. An area
may be considered small or local if the thin area does not
extend in the meridional direction more than ,
where R is the minimum midsurface radius of curvature
and t is the minimum thickness in the region considered,
as illustrated in Figure NB-3227.8-1. Regions of local thin
area shall not be closer in the meridional direction than
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. No local thin area shall be closer than to
the edge of another locally stressed area in a shell de-
scribed in NB-3213.10.
The transition between the local thin area and the

thicker surface shall be gradual as indicated in Figure
NB-3227.8-1. Sharp reentrant angles and abrupt changes
in slope in the transition region shall be avoided.

NB-3228 Applications of Plastic Analysis

The following subparagraphs provide guidance in the
application of plastic analysis and some relaxation of
the basic stress limits which are allowed if plastic analysis
is used.

NB-3228.1 Limit Analysis. The limits on General
Membrane Stress Intensity (NB-3221.1), Local Membrane
Stress Intensity (NB-3221.2), and Primary Membrane
Plus Primary Bending Stress Intensity (NB-3221.3) need
not be satisfied at a specific location if it can be shown
by limit analysis that the specified loadings do not exceed
two-thirds of the lower bound collapse load. The yield
strength to be used in these calculations is 1.5Sm . The
use of 1.5Sm for the yield strength of those materials of
Section II, Part D, Subpart 1, Tables 2A and 2B to which
Note (G7) in Table 2A and Note (G1) in Table 2B is applic-
able may result in small permanent strains during the
first few cycles of loading. If these strains are not accept-
able, the yield strength to be used shall be reduced

according to the strain limiting factors of Section II, Part
D, Subpart 1, Table Y-2. When two-thirds of the lower
bound collapse load is used, the effects of plastic strain
concentrations in localized areas of the structure such
as the points where hinges form must be considered.
The effects of these concentrations of strain on the fatigue
behavior, ratcheting behavior, or buckling behavior of the
structure must be considered in the design. The design
shall satisfy the minimum wall thickness requirements
(e.g., NB-3324).

NB-3228.2 Experimental Analysis. The limits of
Gene ra l P r ima ry Membrane S t r e s s In t ens i t y
( NB-3221.1) , Local Membrane Stress Intensity
(NB-3221.2), and Primary Membrane Plus Primary Bend-
ing Stress Intensity (NB-3221.3) need not be satisfied at a
specific location if it can be shown that the specified load-
ings do not exceed two-thirds of the test collapse load de-
termined by application of Section III Appendices,
Mandatory Appendix II, II-1430, in which case the effects
of plastic strain concentrations in localized areas of the
structure, such as the points where hinges form, must
be considered. The effects of these concentrations of
strain on the fatigue behavior, ratcheting behavior, or
buckling behavior of the structure must be considered
in the design. The design shall satisfy the minimum wall
thickness requirements (e.g., NB-3324).

NB-3228.3 Plastic Analysis. Plastic analysis is a
method of structural analysis by which the structural be-
havior under given loads is computed by considering the
actual material stress–strain relationship and stress re-
distribution, and it may include either strain hardening
or change in geometry, or both.

The limits of General Membrane Stress Intensity
( NB-3221.1) , Local Membrane Stress Intensity
(NB-3221.2), and Primary Membrane Plus Primary Bend-
ing Stress Intensity (NB-3221.3) need not be satisfied at a
specific location if it can be shown that the specified load-
ings do not exceed two-thirds of the plastic analysis col-
lapse load determined by application of Section III
Appendices, Mandatory Appendix II, II-1430 to a load–
deflection or load–strain relationship obtained by plastic
analysis. When this rule is used, the effects of plastic
strain concentrations in localized areas of the structure,
such as the points where hinges form, must be consid-
ered. The effects of the concentrations of strain on the fa-
tigue behavior, ratcheting behavior, or buckling behavior
of the structure must be considered in the design. The de-
sign shall satisfy the minimum wall thickness require-
ments (e.g., NB-3324).

NB-3228.4 Shakedown Analysis. The limits on Ther-
mal Stress Ratchet in Shell (NB-3222.5) and Progressive
Distortion of Nonintegral Connections (NB-3227.3) need
not be satisfied at a specific location, if, at the location,
the procedures of (a) through (c) below are used.

ð15Þ Figure NB-3227.8-1
Local Thin Area in a Cylindrical Shell

R

t

Reduced wall
  may be on 
  O.D. or I.D.

tmin

Gradual
  slope
  [Note (1)]

Rt

NOTE:
(1) Abrupt transitions shall be avoided; a minimum taper of 3:1 is

recommended.
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(a) In evaluating stresses for comparison with the re-
maining stress limits, the stresses shall be calculated on
an elastic basis.

(b) In lieu of satisfying the specific requirements of
NB-3221.2, NB-3222.2, NB-3222.5, and NB-3227.3 at a
specific location, the structural action shall be calculated
on a plastic basis, and the design shall be considered to
be acceptable if shakedown occurs (as opposed to conti-
nuing deformation). However, this shakedown require-
ment need not be satisfied for materials having a
minimum specified yield strength to specified minimum
ultimate strength ratio of less than 0.70 provided the
maximum accumulated local strain at any point, as a re-
sult of cyclic operation to which plastic analysis is applied,
does not exceed 5.0%. In all cases, the deformations
which occur shall not exceed specified limits.

(c) In evaluating stresses for comparison with fatigue
allowables, the numerically maximum principal total
strain range shall be multiplied by one-half the modulus
of elasticity of the material (Section II, Part D, Subpart
2, Tables TM) at the mean value of the temperature of
the cycle.

NB-3228.5 Simplified Elastic–Plastic Analysis. The
3Sm limit on the range of primary plus secondary stress
intensity (NB-3222.2) may be exceeded provided that
the requirements of (a) through (f) below are met.

(a) The range of primary plus secondary membrane
plus bending stress intensity, excluding thermal bending
stresses, shall be ≤ 3Sm .

(b) The value of Sa used for entering the design fatigue
curve is multiplied by the factor Ke , where

Ke =

=

=
Sn = range of primary plus secondary stress intensity,

psi

The values of the material parameters m and n for the
various classes of permitted materials are as given in
Table NB-3228.5(b)-1.

(c) The rest of the fatigue evaluation stays the same as
required in NB-3222.4, except that the procedure of
NB-3227.6 need not be used.

(d) The component meets the thermal ratcheting re-
quirement of NB-3222.5.

(e) The temperature does not exceed those listed in
Table NB-3228.5(b)-1 for the various classes of materials.

(f) The material shall have a specified minimum yield
strength to specified minimum tensile strength ratio of
less than 0.80.

NB-3229 Design Stress Values

The design stress intensity values Sm are given in Sec-
tion II, Part D, Subpart 1, Tables 2A and 2B for component
materials. Values for intermediate temperatures may be
found by interpolation. These form the basis for the var-
ious stress limits. Values of yield strength are given in Sec-
tion II, Part D, Subpart 1, Table Y-1. Values of the
coefficient of thermal expansion and modulus of elasticity
are in Section II, Part D, Subpart 2, Tables TE and TM. The
basis for establishing stress values is given in Section III
Appendices, Mandatory Appendix III. The design fatigue
curves used in conjunction with NB-3222.4 are those of
Section III Appendices, Mandatory Appendix I.

NB-3230 STRESS LIMITS FOR BOLTS
NB-3231 Design Conditions

(a) The number and cross-sectional area of bolts re-
quired to resist the Design Pressure shall be determined
in accordance with the procedures of Section III Appen-
dices, Nonmandatory Appendix E, using the larger of the
bolt loads, given by the equations of Section III Appen-
dices, Nonmandatory Appendix E, as a Design Mechanical
Load. The allowable bolt design stresses shall utilize the
values given in Section II, Part D, Subpart 1, Table 4 for
bolting material.

(b)When sealing is affected by a seal weld instead of a
gasket, the gasket factorm and the minimum design seat-
ing stress y may be taken as zero.

(c) When gaskets are used for preservice testing only,
the design is satisfactory if the above requirements are
satisfied for m = y = 0, and the requirements of
NB-3232 are satisfied when the appropriate m and y fac-
tors are used for the test gasket.

NB-3232 Level A Service Limits

Actual service stresses in bolts, such as those produced
by the combination of preload, pressure, and differential
thermal expansion, may be higher than the values given
in Section II, Part D, Subpart 1, Table 4.

NB-3232.1 Average Stress. The maximum value of
service stress, averaged across the bolt cross section
and neglecting stress concentrations, shall not exceed
two-thirds of the yield strength values, Sy , of Section II,
Part D, Subpart 1, Table Y-1.

Table NB-3228.5(b)-1
Values ofm , n , and Tmax for Various Classes

of Permitted Materials

Materials m n Tmax , °F (°C)

Carbon steel 3.0 0.2 700 (370)
Low alloy steel 2.0 0.2 700 (370)
Martensitic stainless steel 2.0 0.2 700 (370)
Austenitic stainless steel 1.7 0.3 800 (425)
Nickel–chromium–iron 1.7 0.3 800 (425)
Nickel–copper 1.7 0.3 800 (425)
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NB-3232.2 Maximum Stress. The maximum value of
service stress, except as restricted by NB-3232.3(b), at
the periphery of the bolt cross-section resulting from di-
rect tension plus bending and neglecting stress concen-
trations shall not exceed the yield strength values, Sy , of
Section II, Part D, Subpart 1, Table Y-1. Stress intensity,
rather than maximum stress, shall be limited to this value
when the bolts are tightened by methods other than heat-
ers, stretchers, or other means which minimize residual
torsion.

NB-3232.3 Fatigue Analysis of Bolts. Unless the
components on which they are installed meet all the con-
ditions of NB-3222.4(d) and thus require no fatigue ana-
lysis, the suitability of bolts for cyclic service shall be
determined in accordance with the procedures of (a)
through (e) below.

(a) Bolting Having Less Than 100.0 ksi (689 MPa) Ten-
sile Strength. Bolts made of material which has specified
minimum tensile strength of less than 100.0 ksi
(689 MPa) shall be evaluated for cyclic service by the
methods of NB-3222.4(e), using the applicable design fa-
tigue curve of Section III Appendices, Mandatory Appen-
dix I and an appropriate fatigue strength reduction
factor [see (c)].

(b) High Strength Alloy Steel Bolting. High strength alloy
steel bolts and studs may be evaluated for cyclic service
by the methods of NB-3222.4(e) using the design fatigue
curve of Section III Appendices, Mandatory Appendix I,
Figure I-9.4, provided:

(1) the maximum value of the service stress
(NB-3232.2) at the periphery of the bolt cross-section, re-
sulting from direct tension plus bending and neglecting
stress concentration, shall not exceed 0.9Sy if the higher
of the two fatigue design curves given in Section III Ap-
pendices, Mandatory Appendix I, Figure I-9.4 is used.
The 2/3Sy limit for direct tension is unchanged.

(2) threads shall be of a Vee-type having a minimum
thread root radius no smaller than 0.003 in. (0.08 mm);

(3) fillet radii at the end of the shank shall be such
that the ratio of fillet radius to shank diameter is not less
than 0.060.

(c) Fatigue Strength Reduction Factor (NB-3213.17).
Unless it can be shown by analysis or tests that a lower
value is appropriate, the fatigue strength reduction factor
used in the fatigue evaluation of threaded members shall
not be less than 4.0. However, when applying the rules of
(b) for high strength alloy steel bolts, the value used shall
not be less than 4.0.

(d) Effect of Elastic Modulus. Multiply S a l t (as deter-
mined in NB-3216.1 or NB-3216.2) by the ratio of the
modulus of elasticity given on the design fatigue curve
to the value of the modulus of elasticity used in the ana-
lysis. Enter the applicable design fatigue curve at this val-
ue on the ordinate axis and find the corresponding
number of cycles on the abscissa. If the service cycle being

considered is the only one which produces significant
fluctuating stresses, this is the allowable number of
cycles.
(e) Cumulative Damage. The bolts shall be acceptable

for the specified cyclic application of loads and thermal
stresses, provided the cumulative usage factor, U , as de-
termined in NB-3222.4(e)(5), does not exceed 1.0.

NB-3233 Level B Service Limits

Level A Service Limits (NB-3232) apply.

NB-3234 Level C Service Limits

The stress limits of NB-3232.1 and NB-3232.2 apply.

NB-3235 Level D Service Limits

If the Design Specifications specify any Service Load-
ings for which Leve l D L imi ts are des ignated
[NCA-2142.4(b)(4)], the rules contained in Section III Ap-
pendices, Nonmandatory Appendix F may be used in eval-
uating these loadings independently of all other Design
and Service Loadings.

NB-3236 Design Stress Intensity Values

The design stress intensity values Sm are given in Sec-
tion II, Part D, Subpart 1, Table 4 for bolting. Values for
intermediate temperature may be found by interpolation.
The basis for establishing stress intensity values is given
in Section II, Part D, Mandatory Appendix 2.

NB-3300 VESSEL DESIGN

NB-3310 GENERAL REQUIREMENTS
NB-3311 Acceptability

The requirements for acceptability of a vessel design
are as follows:
(a) The design shall be such that the requirements of

NB-3100 and NB-3200 shall be satisfied.
(b) The rules of this subarticle shall be met. In cases of

conflict between NB-3200 and NB-3300 the requirements
of NB-3300 shall govern.

NB-3320 DESIGN CONSIDERATIONS
NB-3321 Design and Service Loadings

The provisions of NB-3110 apply.

NB-3322 Special Considerations

The provisions of NB-3120 apply.

NB-3323 General Design Rules

The provisions of NB-3130 apply except when they
conflict with rules of this subarticle. In case of conflict,
this subarticle governs in the design of vessels.
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NB-3324 Tentative Pressure Thickness

The following equations are given as an aid to the de-
signer for determining a tentative thickness for use in
the design. They are not to be construed as equations
for acceptable thicknesses. However, except in local re-
gions (NB-3221.2), the wall thickness of a vessel shall
never be less than that obtained from the equations in
NB-3324.1 and NB-3324.2, in which:

P = Design Pressure
R = inside radius of shell or head
Ro = outside radius of shell or head
Sm = design stress intensity values (Section II, Part D,

Subpart 1, Tables 2A and 2B)
t = thickness of shell or head

NB-3324.1 Cylindrical Shells.

NB-3324.2 Spherical Shells.

NB-3330 OPENINGS AND REINFORCEMENT
NB-3331 General Requirements for Openings

(a) For vessels or parts thereof which meet the require-
ments of NB-3222.4(d), analysis showing satisfaction of
the requirements of NB-3221.1, NB-3221.2, NB-3221.3,
and NB-3222.2 in the immediate vicinity of the openings
is not required for pressure loading if the rules of
NB-3330 are met.

(b) For vessels or parts thereof that do not meet the re-
quirements of NB-3222.4(d) so that a fatigue analysis is
required, the rules contained in NB-3330 ensure satisfac-
tion of the requirements of NB-3221.1, NB-3221.2, and
NB-3221.3 in the vicinity of openings, and no specific ana-
lysis showing satisfaction of those stress limits is required
for pressure loading. The requirements of NB-3222.2 may
also be considered to be satisfied if, in the vicinity of the
nozzle, the stress intensity resulting from external nozzle
loads and thermal effects, including gross but not local
structural discontinuities, is shown by analysis to be less
than 1.5Sm . In this case, when evaluating the require-
ments of NB-3222.4(e), the peak stress intensity resulting
from pressure loadings may be obtained by application of
the stress index method of NB-3338 or NB-3339.

(c) The provisions of (a) and (b) above are not intended
to restrict the design to any specified section thicknesses
or other design details, provided the basic stress limits
are satisfied. If it is shown by analysis that all the stress
requirements have been met, the rules of NB-3330 are
waived.

(d) Openings shall be circular, elliptical, or of any other
shape which results from the intersection of a circular or
elliptical cylinder with a vessel of the shapes permitted by
this Subsection. Additional restrictions given in
NB-3338.2(d) are applicable if the Stress Index Method
is used. If fatigue analysis is not required, the restrictions
on hole spacing are applicable unless there will be essen-
tially no pipe reactions.

(e) Openings are not limited as to size except to the ex-
tent provided in NB-3338.2(d).

(f) All references to dimensions apply to the finished
dimensions excluding material added as corrosion allow-
ance. Rules regarding metal available for reinforcement
are given in NB-3335.

(g) Any type of opening permitted in these rules may be
located in a welded joint.

NB-3332 Reinforcement Requirements for
Openings in Shells and Formed Heads

NB-3332.1 Openings Not Requiring Reinforcement.
The rules for openings not requiring reinforcement are gi-
ven in (a) through (c) below, where R is the mean radius
and t is the nominal thickness of the vessel shell or head
at the location of the opening; and locally stressed area
means any area in the shell where the primary local mem-
brane stress exceeds 1.1Sm , but excluding those areas
where such primary local membrane stress is due to an
unreinforced opening.

(a) A single opening has a diameter not exceeding
, or if there are two or more openings within any

circle of diameter , but the sum of the diameters

of such unreinforced openings shall not exceed .

(b) No two unreinforced openings shall have their cen-
ters closer to each other, measured on the inside of the
vessel wall, than 1.5 times the sum of their diameters.

(c) No unreinforced opening shall have its center closer
than to the edge of a locally stressed area in the
shell.

NB-3332.2 Required Area of Reinforcement. The to-
tal cross-sectional area of reinforcement A , required in
any given plane for a vessel under internal pressure, shall
not be less than:

where

d = finished diameter of a circular opening or finished
dimension (chord length) of an opening on the
plane being considered for elliptical and obround
openings in corroded condition.

F = a correction factor which compensates for the var-
iation in pressure stresses on different planes with
respect to the axis of a vessel. (A value of 1.00 shall
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be used for all configurations, except that Figure
NB-3332.2-1 may be used for integrally reinforced
openings in cylindrical shells and cones.)

t r = the thickness which meets the requirements of
NB-3221.1 in the absence of the opening.

Not less than half the required material shall be on each
side of the center line.

NB-3333 Reinforcement Required for Openings
in Flat Heads

Flat heads that have an opening with a diameter that
does not exceed one-half the head diameter shall have a
total cross-sectional area of reinforcement not less than
that given by the equation:

where d is as defined in NB-3332 and t r is the thickness,
which meets the requirements of NB-3221.1 and
NB-3221.3 in the absence of the opening.

NB-3334 Limits of Reinforcement

The boundaries of the cross-sectional area in any plane
normal to the vessel wall and passing through the center
of the opening and within which metal shall be located in
order to have value as reinforcement are designated as
the limits of reinforcement for that plane and are given
in the following subparagraphs.

NB-3334.1 Limit of Reinforcement Along the Vessel
Wall. The limits of reinforcement, measured along the
midsurface of the nominal wall thickness, shall meet the
following.
(a) One hundred percent of the required reinforcement

shall be within a distance on each side of the axis of the
opening equal to the greater of the following:

(1) the diameter of the finished opening in the cor-
roded condition;

(2) the radius of the finished opening in the corroded
condition plus the sum of the thicknesses of the vessel
wall and the nozzle wall.
(b) Two-thirds of the required reinforcement shall be

within a distance on each side of the axis of the opening
equal to the greater of the following:

(1) , where R is the mean radius of shell
or head, t is the nominal vessel wall thickness, and r is the
radius of the finished opening in the corroded condition;

(2) the radius of the finished opening in the corroded
condition plus two-thirds the sum of the thicknesses of
the vessel wall and the nozzle wall.

NB-3334.2 Limit of Reinforcement Normal to the
Vessel Wall. The limits of reinforcement, measured nor-
mal to the vessel wall, shall conform to the contour of the
surface at a distance from each surface equal to the fol-
lowing limits as shown in Figure NB-3338.2(a)-2.
(a) For Figure NB-3338.2(a)-2, sketches (a), (b), (d),

and (e):

where

r i = inside radius
rm = mean radius

= r i + 0.5tn
r2 = transition radius, between nozzle and wall
tn = nominal nozzle thickness, as indicated.

For the case of a nozzle with a tapered inside diameter,
the limit shall be obtained by using r i and tn values at the
nominal outside diameters of the vessel wall [Figure
NB-3338.2(a)-2 sketch (e)].
(b) For Figure NB-3338.2(a)-2 sketches (c) and (f):

where

r i = inside radius

Figure NB-3332.2-1
Chart for Determining Value of F
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rm = r i + 0.5tn
tn = tp + 0.667X
tp = nominal thickness of the attached pipe
X = slope offset distance
θ = angle between vertical and slope, 45 deg or less

For the case of a nozzle with a tapered inside diameter,
the limit shall be obtained by using r i and tn values at the
center of gravity of nozzle reinforcement area. These val-
ues must be determined by a trial and error procedure
[Figure NB-3338.2(a)-2, sketch (f)].

NB-3335 Metal Available for Reinforcement

Metal may be counted as contributing to the area of re-
inforcing called for in NB-3332, provided it lies within the
limits of reinforcement specified in NB-3334, and shall be
l imited to mater ia l which meets the fo l lowing
requirements:

(a)metal forming a part of the vessel wall which is in
excess of that required on the basis of membrane stress
intensity (NB-3221.1) and is exclusive of corrosion
allowance;

(b) similar excess metal in the nozzle wall, provided the
nozzle is integral with the vessel wall or is joined to it by a
full penetration weld;

(c) weld metal which is fully continuous with the vessel
wall;

(d) the mean coefficient of thermal expansion of metal
to be included as reinforcement under (b) and (c) above
shall be within 15% of the value of the vessel wall
material;

(e) metal not fully continuous with the shell, such as
that in nozzles attached by partial penetration welds,
shall not be counted as reinforcement;

(f) metal available for reinforcement shall not be con-
sidered as applying to more than one opening.

NB-3336 Strength of Reinforcing Material

Material used for reinforcement shall preferably be the
same as that of the vessel wall. If the material of the noz-
zle wall or reinforcement has a lower design stress inten-
sity value Sm than that for the vessel material, the amount
of area provided by the nozzle wall or reinforcement in
satisfying the requirements of NB-3332 shall be taken
as the actual area provided multiplied by the ratio of
the nozzle or reinforcement design stress intensity value
to the vessel material design stress intensity value. No re-
duction in the reinforcing required may be taken for the
increased strength of reinforcing material and weld metal
having higher design stress intensity values than that of
the material of the vessel wall. The strength of the mate-
rial at the point under consideration shall be used in fati-
gue analyses.

NB-3337 Attachment of Nozzles and Other
Connections

NB-3337.1 General Requirements. Nozzles and other
Category D connections (NB-3351) shall be attached to
the shell or head of the vessel by one of the methods pro-
vided in NB-3352.

NB-3337.2 Full Penetration Welded Nozzles. Full
penetration welds, as shown in Figures NB-4244(a)-1,
NB-4244(b)-1, NB-4244(c)-1, and NB-4244(e)-1 may be
used (except as otherwise provided in NB-3337.3) for
the purpose of achieving continuity of metal and facilitat-
ing the required radiographic examination. When all or
part of the required reinforcement is attributable to the
nozzle, the nozzle shall be attached by full penetration
welds through either the vessel or the nozzle thickness,
or both.

NB-3337.3 Partial Penetration Welded Nozzles.
(a) Partial penetration welds, as shown in Figures

NB-4244(d)-1 and NB-4244(d)-2, are allowed only for
nozzles on which there are substantially no piping reac-
tions, such as control rod housings, pressurizer heater
wells, and openings for instrumentation. Earthquake
loadings need not be considered in determining whether
piping reactions are substantial. For such nozzles, all rein-
forcement shall be integral with the portion of the vessel
penetrated. Partial penetration welds shall be of sufficient
size to develop the full strength of the nozzles. Nozzles at-
tached by partial penetration welds shall have an interfer-
ence fit or a maximum diametral clearance between the
nozzle and the vessel penetration of:

(1) 0.010 in. (0.25 mm) for d ≤ 1 in. (25 mm)
(2) 0.020 in. (0.50 mm) for 1 in. (25 mm) < d ≤ 4 in.

(100 mm)
(3) 0.030 in. (0.75 mm) for d > 4 in. (100 mm)

where d is the outside diameter of the nozzle, except that
the above limits on maximum clearance need not be met
for the full length of the opening, provided there is a re-
gion at the weld preparation and a region near the end
of the opening opposite the weld that does meet the
above limits on maximum clearance and the latter region
is extensive enough (not necessarily continuous) to pro-
vide a positive stop for nozzle deflection.

(b) In satisfying the limit of NB-3222.2, the stress inten-
sities resulting from pressure-induced strains (dilation of
hole) may be treated as secondary in the penetrating part
of partial penetration welded construction, provided the
requirements of NB-3352.4(d) and Figure NB-4244(d)-1
are fulfilled.

NB-3338 Fatigue Evaluation of Stresses in
Openings

NB-3338.1 General. For the purpose of determining
peak stresses around the opening, three acceptable meth-
ods are listed below.
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(a) Analytical Method. This method uses suitable analy-
tical techniques such as finite element computer analyses,
which provide detailed stress distributions around open-
ings. In addition to peak stresses due to pressure, the ef-
fects of other loadings shall be included. The total peak
stress at any given point shall be determined by combin-
ing stresses due to pressure, thermal, and external load-
ings in accordance with the rules of NB-3200.

(b) Experimental Stress Analysis. This is based on data
from experiments (Section III Appendices, Mandatory
Appendix II).

(c) Stress Index Method. This uses various equations to-
gether with available data obtained from an extensive
series of tests covering a range of variation of applicable
dimensional ratios and configurations (NB-3338.2). This
method covers only single, isolated openings. Stress in-
dices may also be determined by theoretical or experi-
mental stress analysis.

NB-3338.2 Stress Index Method.
(a) The term stress index, as used herein, is defined as

the numerical ratio of the stress components σ t , σn ,
and σr [Figure NB-3338.2(a)-1] under consideration to
the computed membrane hoop stress in the unpenetrated
vessel material; however, the material which increases
the thickness of a vessel wall locally at the nozzle shall
not be included in the calculations of these stress compo-
nents. When the thickness of the vessel wall is increased
over that required to the extent provided hereinafter, the
values of r1 and r2 in Figure NB-3338.2(a)-2 shall be re-
ferred to the thickened section.

(b) The nomenclature used in NB-3338 is defined as
follows.

R = inside radius, in corroded condition, of cylindrical
vessel, spherical vessel, or spherical head

S = stress intensity (combined stress) at the point un-
der consideration

t = nominal wall thickness, less corrosion allowance, of
vessel or head

σn = stress component normal to the plane of the section
(ordinarily the circumferential stress around the
hole in the shell)

σ r = stress component normal to the boundary of the
section

σ t = stress component in the plane of the section under
consideration and parallel to the boundary of the
section

(c) When the conditions of (d) below are satisfied, the
stress indices of Table NB-3338.2(c)-1 may be used for
nozzles designed in accordance with the applicable rules
of NB-3330. These stress indices deal only with the max-
imum stresses, at certain general locations, due to inter-
nal pressure. In the evaluation of stresses in or adjacent
to vessel openings and connections, it is often necessary
to consider the effect of stresses due to external loadings
or thermal stresses. In such cases, the total stress at a gi-
ven point may be determined by superposition. In the
case of combined stresses due to internal pressure and
nozzle loading, the maximum stresses for a given location
shall be considered as acting at the same point and added
algebraically unless positive evidence is available to the
contrary.
(d) The indices of Table NB-3338.2(c)-1 apply when

the conditions stipulated in (1) through (7) below exist.
(1) The opening is for a circular nozzle whose axis is

normal to the vessel wall. If the axis of the nozzle makes
an angle ϕ with the normal to the vessel wall and if
d/D ≤ 0.15, an estimate of the σn index on the inside
may be obtained from one of the following equations.

For hillside connections in spheres or cylinders:

For lateral connections in cylinders:

where

K1 = the σn inside stress index of Table NB-3338.2(c)-1
for a radial connection

K2 = the estimated σn inside stress index for the nonra-
dial connection

(2) The arc distance measured between the center
lines of adjacent nozzles along the inside surface of the
shell is not less than three times the sum of their inside
radii for openings in a head or along the longitudinal axis
of a shell and is not less than two times the sum of their
radii for openings along the circumference of a cylindrical
shell. When two nozzles in a cylindrical shell are neither
in a longitudinal line nor in a circumferential arc, their
center line distance along the inside surface of the shell
shall be such that [(Lc/2)

2 + (L l/3)
2]

1/2 is not less than

Figure NB-3338.2(a)-1
Direction of Stress Components
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Figure NB-3338.2(a)-2
Nozzle Dimensions
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the sum of their inside radii, where Lc is the component of
the center line distance in the circumferential direction
and L l is the component of the center line distance in
the longitudinal direction.

(3) The following dimensional ratios are met:

Ratio Cylinder Sphere

D/t 10 to 100 10 to 100

d/D 0.5 max. 0.5 max.

… 0.8 max.

1.5 max. …

where D is the inside shell diameter, t is the shell thick-
ness, and d is the inside nozzle diameter. In the case of cy-
lindrical shells, the total nozzle reinforcement area on the
transverse axis of the connections, including any outside
of the reinforcement limits, shall not exceed 200% of that
required for the longitudinal axis (compared to 50% per-
mitted by Figure NB-3332.2-1) unless a tapered transi-
tion section is incorporated into the reinforcement and
the shell, meeting the requirements of NB-3361.

(4) In the case of spherical shells and formed heads,
at least 40% of the total nozzle reinforcement area shall
be located beyond the outside surface of the minimum re-
quired vessel wall thickness.

(5) T h e i n s i d e c o r n e r r a d i u s r 1 [ F i g u r e
NB-3338.2(a)-2] is between 10% and 100% of the shell
thickness t .

(6) T h e o u t e r c o r n e r r a d i u s r 2 [ F i g u r e
NB-3338.2(a)-2] is large enough to provide a smooth
transition between the nozzles and the shell. In addition,
for opening diameters greater than 11/2 times the shell
thickness in cylindrical shells and 2:1 ellipsoidal heads
and greater than three shell thicknesses in spherical
shells, the value of r2 shall be not less than one-half the
thickness of the shell or nozzle wall, whichever is greater.

(7) The radius r3 [Figure NB-3338.2(a)-2] is not less
than the greater of the following:

(-a) 0.002θdo , where do is the outside diameter of
the nozzle and is as shown in Figure NB-3338.2(a)-2, and
the angle θ is expressed in degrees;

(-b) 2(sin θ )3 times offset for the configuration
shown in Figure NB-3338.2(a)-2 sketches (a) and (b).

NB-3339 Alternative Rules for Nozzle Design
Subject to the limitations stipulated in NB-3339.1, the

requirements of this paragraph constitute an acceptable
alternative to the rules of NB-3332 through NB-3336
and NB-3338.

NB-3339.1 Limitations. These alternative rules are
applicable only to nozzles in vessels within the limitations
stipulated in (a) through (f) below.
(a) The nozzle is circular in cross-section and its axis is

normal to the vessel or head surface.
(b) The nozzle and reinforcing (if required) are welded

integrally into the vessel with full penetration welds. De-
tails such as those shown in Figures NB-4244(a)-1,
NB-4244(b)-1, and NB-4244(c)-1 are acceptable. How-
ever, fillet welds shall be finished to a radius in accor-
dance with Figure NB-3339.1(b)-1.
(c) In the case of spherical shells and formed heads, at

least 40% of the total nozzle reinforcement area shall be
located beyond the outside surface of the minimum re-
quired vessel wall thickness.
(d) The spacing between the edge of the opening and

the nearest edge of any other opening is not less than
the smaller of 1.25(d1 + d2) or , but in any case
not less than d1 + d2 , where d1 and d2 are the inside dia-
meters of the openings.
(e) The material used in the nozzle, reinforcing, and

vessel adjacent to the nozzle shall have a ratio of
UTS/YS of not less than 1.5, where

UTS = specified minimum ultimate tensile strength
YS = specified minimum yield strength

(f) The following dimensional limitations are met:

Nozzles in
Cylindrical
Vessels

Nozzles in
Spherical Vessels
or Hemispherical

Heads

D/t 10 to 100 10 to 100

d/D 0.5 max. 0.5 max.

… 0.8 max.

1.5 max. …

NB-3339.2 Nomenclature. The nomenclature used
in NB-3339 is defined as follows:

Aa = available reinforcing area
Ar = required minimum reinforcing area
D = inside diameter, in corroded condition, of cylindri-

cal vessel, spherical vessel, or spherical head
d = inside diameter, in corroded condition, of the

nozzle

Table NB-3338.2(c)-1
Stress Indices for Nozzles

Nozzles in Spherical Shells and Formed Heads

Stress Inside Corner Outside Corner

σn 2.0 2.0
σ t −0.2 2.0
σ r −2t/R 0
S 2.2 2.0

Nozzles in Cylindrical Shells

Stress

Longitudinal Plane Transverse Plane

Inside Outside Inside Outside

σn 3.1 1.2 1.0 2.1
σ t −0.2 1.0 −0.2 2.6
σ r −t/R 0 −t/R 0
S 3.3 1.2 1.2 2.6
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R = inside radius, in corroded condition, of cylindrical
vessel, spherical vessel, or spherical head

t = nominal wall thickness, less corrosion allowance,
of vessel or head

tn = nominal wall thickness, less corrosion allowance,
of nozzle

t r = wall thickness of vessel or head, computed by the
equations given in NB-3324.1 for cylindrical ves-
sels and in NB-3324.2 for spherical vessels or sphe-
rical heads

t rn = wall thickness of nozzle, computed by the equation
given in NB-3324.1, in. (mm)

For the definitions of r1 , r2 , r3 , r4 , θ , and θ1 , see Figure
NB-3339.1(b)-1; for Lc and Ln , see Figure NB-3339.4-1;
for S , σ t , σ n , and σ r , see NB-3338.2 and Figure
NB-3338.2(a)-1.

NB-3339.3 Required Reinforcement Area. The re-
quired minimum reinforcing area is related to the value

of as tabulated in Table NB-3339.3-1. The re-

quired minimum reinforcing area shall be provided in
all planes containing the nozzle axis.

NB-3339.4 Limits of Reinforcing Zone. Reinforcing
metal included in meeting the minimum required reinfor-
cing area specified in Table NB-3339.3-1 must be located
within the reinforcing zone boundary shown in Figure
NB-3339.4-1.

NB-3339.5 Strength of Reinforcing Material Re-
quirements. Material in the nozzle wall used for reinfor-
cing shall preferably be the same as that of the vessel wall.
If material with a lower design stress intensity value Sm is
used, the area provided by such material shall be in-
creased in proportion to the inverse ratio of the stress
values of the nozzle and the vessel wall material. No re-
duction in the reinforcing area requirement shall be taken

Figure NB-3339.1(b)-1
Examples of Acceptable Transition Details

Table NB-3339.3-1
Required Minimum Reinforcing Area, Ar

Ar , in.
2 (mm2)

Nozzles in
Cylinders

Nozzles in Spherical Vessels
or Heads

< 0.20 None [Note (1)] None [Note (1)]

> 0.20 and
< 0.40

> 0.40 0.75dtr dtr cos ϕ
ϕ = sin−1 (d/D)

NOTE:
(1) The transition radius r2 , shown in Figure NB-3339.1(b)-1,

or the equivalent thereof is required.
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for the increased strength of nozzle material or weld me-
tal which has a higher design stress intensity value than
that of the material of the vessel wall. The strength of
the material at the point under consideration shall be
used in fatigue analyses. The mean coefficient of thermal
expansion of metal to be included as reinforcement shall
be within 15% of the value for the metal of the vessel wall.

NB-3339.6 Transition Details. Examples of accept-
able transition tapers and radii are shown in Figure
NB-3339.1(b)-1. Other configurations which meet the re-
inforcing area requirements of NB-3339.3 and with
equivalent or less severe transitions are also acceptable;
e.g., larger radius–thickness ratios.

NB-3339.7 Stress Indices.
(a) The term stress index, as used herein, is defined as

the numerical ratio of the stress components σ t , σn ,
and σr , under consideration, to the computed stress σ .
(b) The nomenclature for the stress components is

shown in Figure NB-3338.2(a)-1 and is defined as
follows:

P = service pressure
S = stress intensity (combined stress) at the point un-

der consideration
σ = P (D + t )/4t for nozzles in spherical vessels or

heads
= P(D + t)/2t for nozzles in cylindrical vessels

σn = stress component normal to the plane of the section
(ordinarily the circumferential stress around the
hole in the shell)

σ r = stress component normal to the boundary of the
section

σ t = stress component in the plane of the section under
consideration and parallel to the boundary of the
section

(c) When the conditions of NB-3339.1 through
NB-3339.6 are satisfied, the stress indices given in Table
NB-3339.7(c)-1 may be used. These stress indices deal
only with the maximum stresses, at certain general loca-
tions, due to internal pressure. In the evaluation of stres-
ses in or adjacent to vessel openings and connections, it is
often necessary to consider the effect of stresses due to
external loadings or thermal stresses. In such cases, the
total stress at a given point may be determined by super-
position. In the case of combined stresses due to internal
pressure and nozzle loading, the maximum stresses shall
be considered as acting at the same point and added al-
gebraically. If the stresses are otherwise determined by
more accurate analytical techniques or by the experimen-
tal stress analysis procedure of Section III Appendices,
Mandatory Appendix II, the stresses are also to be added
algebraically.

NB-3340 ANALYSIS OF VESSELS

The provisions of NB-3214 apply.

Figure NB-3339.4-1
Limits of Reinforcing Zone

Plane of nozzle and
 vessel axes, nozzles
 in cylindrical shells

Transverse plane,
 cylindrical shells
 all planes, heads
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GENERAL NOTES:
(a) Reinforcing Zone Limit

(1) For nozzles in cylindrical shells: Lc = 0.75 (t/D)
2/3 D

(2) For nozzles in heads: Ln = (t/D)
2/3(d/D + 0.5)D

(3) The center of Lc or Ln is at the juncture of the outside
surfaces of the shell and nozzles of thickness tr and tm .
(4) In constructions where the zone boundary passes

through a uniform thickness wall segment, the zone boundary
may be considered as Lc or Ln through the thickness.

(b) Reinforcing Area
(1) Hatched areas represent available reinforcement area

Aa .
(2) Metal area within the zone boundary, in excess of the

area formed by the intersection of the basic shells, shall be con-
sidered as contributing to the required area Ar . The basic shells
are defined as having inside diameter D , thickness t r , inside
diameter of the nozzle d , and thickness t rn .
(3) The available reinforcement area Aa shall be at least

equal to Ar /2 on each side of the nozzle center line and in
every plane containing the nozzle axis.
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NB-3350 DESIGN OF WELDED CONSTRUCTION

NB-3351 Welded Joint Category

The term Category defines the location of a joint in a
vessel, but not the type of joint. The categories estab-
lished are for use in specifying special requirements re-
garding joint type and degree of examination for certain
welded joints. Since these special requirements, which
are based on service, material, and thickness, do not apply
to every welded joint, only those joints to which special
requirements apply are included in the categories. The
special requirements apply to joints of a given category
only when specifically stated. The joints included in each
category are designated as joints of Categories A, B, C, and
D. Figure NB-3351-1 illustrates typical joint locations in-
cluded in each category.

NB-3351.1 Category A. Category A comprises longi-
tudinal welded joints within the main shell, communicat-
ing chambers,15 transitions in diameter, or nozzles; any
welded joint within a sphere, within a formed or flat head,
or within the side plates16 of a flat sided vessel; and cir-
cumferential welded joints connecting hemispherical
heads to main shells, to transitions in diameters, to noz-
zles, or to communicating chambers.

NB-3351.2 Category B. Category B comprises cir-
cumferential welded joints within the main shell, commu-
nicating chambers, nozzles, or transitions in diameter,
including joints between the transition and a cylinder at
either the large or small end; and circumferential welded

joints connecting formed heads other than hemispherical
to main shells, to transitions in diameter, to nozzles, or to
communicating chambers.

NB-3351.3 Category C. Category C comprises welded
joints connecting flanges, Van Stone laps, tubesheets, or
flat heads to main shell, to formed heads, to transitions
in d iameter , to nozz les , or to communica t ing
chambers15 any welded joint connecting one side
plate16 to another side plate of a flat sided vessel.

NB-3351.4 Category D. Category D comprises
welded joints connecting communicating chambers or
nozzles to main shells, to spheres, to transitions in dia-
meter, to heads, or to flat sided vessels, and those joints
connecting nozzles to communicating chambers. For noz-
zles at the small end of a transition in diameter, see Cate-
gory B.

NB-3352 Permissible Types of Welded Joints

The design of the vessel shall meet the requirements
for each category of joint. Butt joints are full penetration
joints between plates or other elements that lie approxi-
mately in the same plane. Category B angle joints between
plates or other elements that have an offset angle α not
exceeding 30 deg are considered as meeting the require-
ments for butt joints. Figure NB-3352-1 shows typical
butt welds for each category joint.

NB-3352.1 Joints of Category A. All welded joints of
Category A as defined in NB-3351 shall meet the fabrica-
tion requirements of NB-4241 and shall be capable of
being examined in accordance with NB-5210.

NB-3352.2 Joints of Category B. All welded joints of
Category B as defined in NB-3351 shall meet the fabrica-
tion requirements of NB-4242 and shall be capable of
being examined in accordance with NB-5220. When joints
with opposing lips to form an integral backing strip or
joints with backing strips not later removed are used,
the suitability for cyclic service shall be analyzed by the
method of NB-3222.4 using a fatigue strength reduction
factor of not less than 2.

NB-3352.3 Joints of Category C. All welded joints of
Category C as defined in NB-3351 shall meet the fabrica-
tion requirements of NB-4243 and shall be capable of
being examined in accordance with NB-5230. Minimum
dimensions of the welds and throat thickness shall be
as shown in Figure NB-4243-1 where:

(a) for forged tubesheets, forged flat heads, and forged
flanges with the weld preparation bevel angle not greater
than 45 deg measured from the face:

t , tn = nominal thicknesses of welded parts
t c = 0.7tn or 1/4 in. (6 mm), whichever is less
tw = tn/2 or t/4, whichever is less

Table NB-3339.7(c)-1
Stress Indices for Internal Pressure Loading

Nozzles in Spherical Shells and Spherical Heads

Stress Inside Outside

σn 2.0 − d/D 2.0 − d/D

σ t −0.2 2.0 − d/D

σ r −4t/(D + t) 0

S Larger of: 2.2 − d/D or
2.0 + [4t/(D + t)] − d/D

2.0 − d/D

Nozzles in Cylindrical Shells

Stress

Longitudinal Plane Transverse Plane

Inside Outside Inside Outside

σn 3.1 1.2 1.0 2.1

σt −0.2 1.0 −0.2 2.6

σr −2t/(D + t) 0 −2t/(D + t) 0

S 3.3 1.2 1.2 2.6
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(b) for all other material forms and for forged tube-
sheets, forged flat heads, and forged flanges with the weld
preparation bevel angle greater than 45 deg measured
from the face:

t , tn = nominal thicknesses of welded parts
tc = 0.7tn or 1/4 in. (6 mm), whichever is less
tw = tn or t/2, whichever is less

NB-3352.4 Joints of Category D. All welded joints of
Category D as defined in NB-3351 shall be in accordance
with the requirements of one of (a) through (e) below.

(a) Butt-Welded Nozzles. Nozzles shall meet the fabrica-
tion requirements of NB-4244(a) and shall be capable of
being examined in accordance with NB-5242. The mini-
mum dimensions and geometrical requirements of Figure
NB-4244(a)-1 shall be met, where

r1 = 1/4t or
3/4 in. (19 mm), whichever is less

r2 = 1/4 in. (6 mm) minimum
t = nominal thickness of part penetrated

tn = nominal thickness of penetrating part

(b) Full Penetration Corner-Welded Nozzles. Nozzles
shall meet the fabrication requirements of NB-4244(b)
and shall be capable of being examined as required in
NB-5243 . The minimum dimens ions of F igure
NB-4244(b)-1 shall be met, where

r1 = 1/4t or
3/4 in. (19 mm), whichever is less

r2 = 1/4 in. (6 mm) minimum
t = nominal thickness of part penetrated
t c = 0.7tn or 1/4 in. (6 mm), whichever is less
tn = nominal thickness of penetrating part

(c) Use of Deposited Weld Metal for Openings and
Nozzles

(1) Nozzles shall meet the fabrication requirements
of NB-4244(c) and shall be capable of being examined
in accordance with NB-5244.

(2)When the deposited weld metal is used as rein-
forcement, the coefficients of thermal expansion of the
base metal, the weld metal, and the nozzle shall not differ
by more than 15% of the lowest coefficient involved.

(3) T h e m i n im um d im e n s i o n s o f F i g u r e
NB-4244(c)-1 shall be met, where

r1 = 1/4t or
3/4 in. (19 mm), whichever is less

t = nominal thickness of part penetrated
t c = 0.7tn or 1/4 in. (6 mm), whichever is less
tn = nominal thickness of penetrating part

(4) The corners of the end of each nozzle neck ex-

tending less than beyond the inner surface of the

part penetrated shall be rounded to a radius of one-half
the thickness t n of the nozzle neck or 3/4 in. (19 mm),
whichever is smaller.
(d) Attachment of Nozzles Using Partial Penetration

Welds
(1) Partial penetration welds used to connect nozzles

as permitted in NB-3337.3 shall meet the fabrication re-
quirements of NB-4244(d) and shall be capable of being
examined in accordance with the requirements of
NB-5245.

(2) Th e m i n imum d imen s i o n s o f F i g u r e s
NB-4244(d)-1 and NB-4244(d)-2 shall be met, where

d = outside diameter of nozzle or of the inner cylinder
as shown in Figure NB-4244(d)-2

r1 = 1/4tn or 3/4 in. (19 mm), whichever is less
r2 = 1/16 in. (1.5 mm) minimum
r3 = r2 or equivalent chamfer minimum

Figure NB-3351-1
Welded Joint Locations Typical of Categories A, B, C, and D
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r4 = 1/2tn or 3/4 in. (19 mm), whichever is less
t = nominal thickness of part penetrated
t c = 0.7tn or 1/4 in. (6 mm), whichever is less
tn = nominal thickness of penetrating part or the lesser

of tn1 or tn2 in Figure NB-4244(d)-2
λ = 1/16 in. (1.5 mm) minimum
λ = tn maximum

(3) The corners of the end of each nozzle neck, ex-

tending less than beyond the inner surface of the

part penetrated, shall be rounded to a radius of one-half
of the thickness t n of the penetrating part or 3/4 in.
(19 mm), whichever is smaller.

(4)Weld groove design for partial penetration joints
attaching nozzles may require special consideration to
achieve the 1.25tn minimum depth of weld and adequate
access for welding examination. The welds shown in the
sketches of Figures NB-4244(d)-1 and NB-4244(d)-2

may be on either the inside or the outside of the vessel
shell. Weld preparation may be J-groove as shown in
the figures or straight bevel.

(5) A fatigue strength reduction factor of not less
than four shall be used when fatigue analysis is required.

(e) Oblique Full Penetration Nozzles. Internal or exter-
nal nozzles shall meet the fabrication requirements of
NB-4244(e) and shall be capable of being examined in ac-
cordance with NB-5246.

NB-3354 Structural Attachment Welds
Welds for structural attachments shall meet the re-

quirements of NB-4430.

ð15ÞFigure NB-3352-1
Typical Butt Joints

NOTE:
(1) When α does not exceed 30 deg, joint meets requirements for butt joints.
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NB-3355 Welding Grooves

The dimensions and shape of the edges to be joined
shall be such as to permit complete fusion and complete
joint penetration, except as otherwise permitted in
NB-3352.4.

NB-3357 Thermal Treatment

All vessels and vessel parts shall be given the appropri-
ate postweld heat treatment prescribed in NB-4620.

NB-3360 SPECIAL VESSEL REQUIREMENTS

NB-3361 Category A and B Joints Between
Sections of Unequal Thickness

In general, a tapered transition section as shown in
Figure NB-3361-1 which is a type of gross structural dis-
continuity (NB-3213.2) shall be provided at joints of Cate-
gories A and B between sections that differ in thickness by
more than one-fourth the thickness of the thinner section.
The transition section may be formed by any process that
will provide a uniform taper. An ellipsoidal or hemisphe-
rical head which has a greater thickness than a cylinder of
the same inside diameter may be machined to the outside
diameter of the cylinder provided the remaining thick-
ness is at least as great as that required for a shell of
the same diameter. A uniform taper is not required for
flanged hubs. The adequacy of the transition shall be eval-
uated by stress analysis. Stress intensity limitations are
given in NB-3220. The requirements of this paragraph
do not apply to flange hubs.

NB-3362 Bolted Flange Connections

It is recommended that the dimensional requirements
of bolted flange connections to external piping conform
to ASME B16.5, Steel Pipe Flanges and Flanged Fittings.

NB-3363 Access Openings

Access openings, where provided, shall consist of hand-
hole or manhole openings having removable covers.
These may be located on either the inside or outside of
the shell or head openings and may be attached by studs
or bolts in combination with gaskets or welded mem-
brane seals or strength welds. Plugs using pipe threads
are not permitted.

NB-3364 Attachments

Attachments used to transmit support loads shall meet
the requirements of NB-3135.

NB-3365 Supports

All vessels shall be so supported and the supporting
members shall be arranged and attached to the vessel
wall in such a way as to provide for the maximum im-
posed loadings. The stresses produced in the vessel by
such loadings and by steady state and transient thermal
conditions shall be subjected to the stress limits of this
Subsection. Additional requirements are given in
NCA-3240 and Subsection NF.

NB-3400 PUMP DESIGN

NB-3410 GENERAL REQUIREMENTS FOR
CENTRIFUGAL PUMPS

NB-3411 Scope
NB-3411.1 Applicability. The rules of NB-3400 apply

to (a) through (j) below.
(a) pump casings
(b) pump inlets and outlets
(c) pump covers
(d) clamping rings
(e) seal housing and seal glands
(f) related bolting
(g) pump internal heat exchanger piping
(h) pump auxiliary nozzle connections up to the face of

the first flange or circumferential joint in welded connec-
tions, excluding the connecting weld
(i) piping identified with the pump and external to and

forming part of the pressure-retaining boundary and sup-
plied with the pump
(j) mounting feet or pedestal supports when integrally

attached to the pump pressure-retaining boundary and
supplied with the pump

NB-3411.2 Exemptions. The rules of NB-3400 do not
apply to (a) through (c) below.

Figure NB-3361-1
Category A and B Joints Between Sections of

Unequal Thickness

GENERAL NOTE: Length of taper may include the width of the weld.
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(a) pump shafts and impellers; shafts may be designed
in accordance with Section III Appendices, Nonmandatory
Appendix S

(b) nonstructural internals
(c) seal packages

NB-3412 Acceptability
NB-3412.1 Acceptability of Large Pumps. The re-

quirements for the design acceptability of pumps having
an inlet connection greater than NPS 4 (DN 100) diameter
are given in (a), (b), and (c) below.

(a) The design shall be such that the requirements of
NB-3100 and of NB-3200 or Section III Appendices, Man-
datory Appendix II (provided the requirements of
NB-3414 and the minimum wall thicknesses of NB-3430
are met) are satisfied.

(b) The rules of this subarticle shall be met. In cases of
conflict between NB-3100 and NB-3200 or Section III Ap-
pendices, Mandatory Appendix II and NB-3400, the re-
quirements of NB-3400 apply.

(c) The requirements for prevention of nonductile frac-
ture as set forth in NB-3211(d) shall be met.

NB-3412.2 Acceptability of Small Pumps. The re-
quirements for the design acceptability of pumps having
an inlet connection 4 in. nominal pipe size (DN 100) dia-
meter or smaller are given in (a) and (b) below.

(a) The design shall be such that the requirements of
NB-3100 or Section III Appendices, Mandatory Appendix
II are satisfied.

(b) The rules of this subarticle shall be met. In cases of
conflict between NB-3100 or Section III Appendices, Man-
datory Appendix II and NB-3400, the requirements of this
subarticle shall apply.

NB-3414 Design and Service Conditions
The general design considerations, including defini-

tions of NB-3100 plus the requirements of NB-3320,
NB-3330, NB-3361, and NB-3362 are applicable to
pumps.

NB-3415 Loads From Connected Piping
(a) Loads imposed on pump inlets and outlets by con-

nected piping shall be considered in the pump casing de-
sign. The forces and moments produced by the connected
piping on each pump inlet and outlet shall be provided by
the Owner in the Design Specifications.

(b) Stresses generated in the pump casing by the con-
nected piping shall be combined with the pressure stres-
ses in accordance with the requirements of NB-3200.

NB-3417 Earthquake Loadings
(a) The effects of earthquake shall be considered in the

design of pumps, pump supports, and restraints. The
stresses resulting from these earthquake effects shall be
included with the stresses resulting from pressure or
other applied loads.

(b)Where pumps are provided with drivers on ex-
tended supporting structures and these structures are es-
sential to maintaining pressure integrity, an analysis shall
be performed when required by the Design Specifications.

NB-3418 Corrosion
The requirements of NB-3121 apply.

NB-3419 Cladding
Cladding dimensions used in the design of pumps shall

be required as in NB-3122.

NB-3420 DEFINITIONS
NB-3421 Radially Split Casing

A radially split casing shall be interpreted as one in
which the primary sealing joint is radially disposed
around the shaft.

NB-3422 Axially Split Casing
An axially split casing shall be interpreted as one in

which the primary sealing joint is axially disposed with
respect to the shaft.

NB-3423 Single and Double Volute Casings
Figures NB-3423-1 and NB-3423-2 show typical single

and double volute casings, respectively.

NB-3424 Seal Housing
Seal housing is defined as that portion of the pump cov-

er or casing assembly which contains the seal and forms a
part of the primary pressure boundary.

NB-3425 Typical Examples of Pump Types
Figures NB-3441.1-1 through NB-3441.6(a)-1 are typi-

cal examples to aid in the determination of pump type and
are not to be considered as limiting.

Figure NB-3423-1
Typical Single Volute Casing
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NB-3430 DESIGN REQUIREMENTS FOR
CENTRIFUGAL PUMPS

NB-3431 Design of Welding
(a) The design of welded construction shall be in accor-

dance with NB-3350.
(b) Partial penetration welds are permitted for piping

connections NPS 2 (DN 50) and less when the require-
ments of NB-3337.3 and NB-3352.4(d) are met.

NB-3432 Cutwater Tip Stresses
(a) It is recognized that localized high stresses may oc-

cur at the cutwater tips of volute casings (Figure
NB-3441.3-2). Adequacy of the design in this area shall
be demonstrated either by an investigation through ex-
perimental stress analysis in accordance with Section III
Appendices, Mandatory Appendix II or by detailing satis-
factory service performance of other pumps under similar
operating conditions.
(b)Where experimental stress analysis is used, stress

intensity at this point shall meet the requirements of
NB-3222.

NB-3433 Reinforcement of Pump Casing Inlets
and Outlets

NB-3433.1 Axially Oriented Inlets and Outlets.
(a) An axially oriented pump casing inlet or outlet shall

be considered similar to an opening in a vessel and shall
be reinforced. It shall be treated as required in NB-3331
through NB-3336.
(b) To avoid stress concentrations, the outside radius

r2 in Figure NB-3441.3-2 shall not be less than one-half
the thickness of the inlets and outlets as reinforced.

NB-3433.2 Radially Oriented Inlets and Outlets. Re-
inforcement of radially oriented inlets and outlets in ac-
cordance with the rules of NB-3331 through NB-3336 is
required.

NB-3433.3 Tangential Inlets and Outlets. Except as
modified in NB-3433.4, any design which has been de-
monstrated to be satisfactory for the specified Design
Loadings may be used.

NB-3433.4 Minimum Inlet and Outlet Wall Thick-
nesses. The wall thickness of the inlet or outlet shall
not be less than the minimum wall thickness of the casing
for a distance l as shown in Figure NB-3433.4-1. The wall
thickness beyond the distance l may be reduced to the
minimum wall thickness of the connected piping. The
change in wall thickness shall be gradual and have a max-
imum slope as indicated in Figure NB-4250-1. The dis-
tance l in F igure NB-3433 .4 -1 i s the l imi t o f
reinforcement. The value of l , in. (mm), shall be deter-
mined from the relationship:

where

r i = inlet or outlet inside radius, in. (mm)
= di/2

rm = r i + 0.5tm , in. (mm)
tm = mean inlet or outlet wall thickness, in. (mm), taken

between section x–x and a parallel section y–y

NB-3434 Bolting

Bolting in axisymmetric arrangements involving the
pressure boundary shall be designed in accordance with
NB-3230.

Figure NB-3423-2
Typical Double Volute Casing

Figure NB-3433.4-1
Minimum Tangential Inlet and Outlet Wall

Thickness
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NB-3435 Piping
NB-3435.1 Piping Under External Pressure. Piping

located within the pressure-retaining boundary of the
pump shall be designed in accordance with NB-3133.

NB-3435.2 Piping Under Internal Pressure. Piping
identified with the pump and external to or forming a part
of the pressure-retaining boundary, such as auxiliary
water connections, shall be designed in accordance with
NB-3600.

NB-3436 Attachments

(a) External and internal attachments to pumps shall
be designed so as not to cause excessive localized bending
stresses or harmful thermal gradients in the pump as de-
termined by the rules of NB-3200. Such attachments shall
be designed to minimize stress concentrations in applica-
tions where the number of stress cycles, due either to
pressure or thermal effect, is relatively large for the ex-
pected life of the equipment.

(b) Attachments shall meet the requirements of
NB-3135.

NB-3437 Pump Covers

Pump covers shall be designed in accordance with
NB-3200.

NB-3438 Supports

Pump supports shall be designed in accordance with
the requirements of Subsection NF unless included under
the rules of NB-3411.1(j).

NB-3440 DESIGN OF SPECIFIC PUMP TYPES
NB-3441 Standard Pump Types

NB-3441.1 Design of Type A Pumps. Type A pumps
are those having single volutes and radially split casings
wi th s ing le suc t ion , a s i l lus t ra ted in F igures
NB-3441.1-1 and NB-3441.1-2. Their design shall be in
accordance with the requirements of this subarticle.

NB-3441.2 Design of Type B Pumps. Type B pumps
are those having single volutes and radially split casings
wi th doub le suc t ion , a s i l l u s t ra ted in F igure
NB-3441.2-1. Their design shall be in accordance with
the requirements of this subarticle.

NB-3441.3 Design of Type C Pumps. Type C pumps
are those having double volutes and radially split casings
with single suction, as illustrated in Figures NB-3441.3-1
and NB-3441.3-2. The splitter is considered a structural
part of the casing. Casing design shall be in accordance
with the requirements of this subarticle and with those gi-
ven in (a) through (d) below.

(a) Casing Wall Thickness. Except where specifically in-
dicated in these rules, no portion of the casing wall shall
be thinner than the value of t determined as follows:

where

A = scroll dimension inside casing as shown in Figure
NB-3441.3-2, in. (mm)

P = Design Pressure, psig (MPa gage)

Figure NB-3441.1-1
Type A Pump

Figure NB-3441.1-2
Type A Pump

Figure NB-3441.2-1
Type B Pump
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Sm = allowable stress intensity for casing material at De-
sign Temperature, psi (MPa)

t = minimum allowable wall thickness, in. (mm)

(b) Splitter Wall Thickness
(1) The splitter shall have a minimum wall thickness

of t as determined above for the casing wall and shall ex-
tend from point B in Figure NB-3441.3-2 through a mini-
mum angle of 135 deg to point C. Beyond point C, the
splitter wall may be reduced in thickness and tapered
to blend with the cutwater tip radius.

(2) Cutwater tip and splitter tip radii shall not be less
than 0.05t .

(3) All cutwater and splitter fillets, including the tips,
where they meet the casing wall, shall have a minimum
radius of 0.10t or 0.25 in. (6 mm), whichever is greater.
(c) Crotch Radius (Figure NB-3441.3-2). The crotch ra-

dius shall not be less than 0.3t .
(d) Bottom of Casing

(1) That section of the pump casing within the dia-
meter defined by dimension A in Figure NB-3441.3-2 on
the inlet side of the casing, normally referred to as the
bottom of the casing (Figure NB-3441.3-1), shall have a
wall thickness no less than the value of t determined in
(a) above.

(2) The casing surface shall be analyzed in accor-
dance with an acceptable procedure, such as that shown
for flat heads in Section III Appendices, Nonmandatory
Appendix A, Article A-5000, or by an experimental stress
technique, such as described in Section III Appendices,
Mandatory Appendix II.

(3) The minimum permissible thickness of the bot-
tom of the casing shall be the lesser of the value deter-
mined by the analysis in (2) above and the value
obtained from the calculation shown in (a) above.

NB-3441.4 Design of Type D Pumps.
(a) Type D pumps are those having double volutes and

radially split casings with double suction as illustrated in
Figure NB-3441.4(a)-1. The design shall be in accordance
with this subarticle.
(b) The requirements of NB-3441.3(a), NB-3441.3(b),

and NB-3441.3(c), governing casing wall thickness, split-
ter wall thickness, and crotch radius, apply.

Figure NB-3441.3-1
Type C Pump

Figure NB-3441.3-2
Type C Pump
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(c) In the casing portion between the cover and the cas-
ing wall, a wall thickness in excess of t may be required.

NB-3441.5 Design of Type E Pumps. Type E pumps
are those having volute type radially split casings and
multivane diffusers which form structural parts of the
casing as illustrated in Figure NB-3441.5-1. The design
shall be in accordance with this subarticle.

NB-3441.6 Design of Type F Pumps.

(a) Type F pumps are those having radially split, axi-
symmetric casings with either tangential or radial outlets
as illustrated in Figure NB-3441.6(a)-1. The basic config-
uration of a Type F pump casing is a shell with a dished
head attached at one end and a bolting flange at the other.
The inlet enters through the dished head, and the outlet
may be either tangent to the side or normal to the center
line of the casing. Variations of these inlet and outlet loca-
tions are permitted.

(b) The design of Type F pumps shall be in accordance
with this subarticle.

NB-3442 Special Pump Types — Type J Pumps
(a) Type J pumps are those that cannot logically be clas-

sified with any of the preceding types.
(b) Any design method which has been demonstrated

to be satisfactory for the specified Design Conditions
may be used.

NB-3500 VALVE DESIGN

NB-3510 ACCEPTABILITY17

NB-3511 General Requirements18

The requirements for design acceptability for valves
shall be those given in this subarticle. In all cases,
pressure–temperature rating shall be as given in
NB-3530 and, except for NB-3512.2(d) and in local re-
gions (NB-3221.2), the wall thickness of the valve body
shall not be less than that given by NB-3541. The require-
ments for prevention of nonductile fracture as set forth in
NB-3211(d) shall be met. The requirements of NCA-3254
(a) for specifying the location of valve boundary jurisdic-
tion may be considered to have been met by employing
the minimum limits of NB-1131, unless the Design Speci-
fication extends the boundary of jurisdiction beyond
the s e m in imum l im i t s . The r equ i r emen t s o f
NCA-3254(b) for specifying the boundary conditions are
not applicable to valve end connections.

CAUTION: Certain types of double-seated valves have the cap-
ability of trapping liquid in the body or bonnet cavity in the
closed position. If such a cavity accumulates liquid and is in
the closed position at a time when adjacent system piping is in-
creasing in temperature, a substantial and uncontrolled in-
crease in pressure in the body or bonnet cavity may result.

Figure NB-3441.4(a)-1
Type D Pump

Figure NB-3441.5-1
Type E Pump

Figure NB-3441.6(a)-1
Type F Pump
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Where such a condition is possible, it is the responsibility of the
Owner or the Owner’s designee to provide, or require to be pro-
vided, protection against harmful overpressure in such valves.

NB-3512 Acceptability of Large Valves

Valve designs having an inlet piping connection larger
than NPS 4 (DN 100) are acceptable when they satisfy
either the standard design rules or one of the alternative
design rules.

NB-3512.1 Standard Design Rules. The design shall
be such that requirements of this subarticle are met.
The requirements of NB-3530 through NB-3550 apply
to valves of conventional shape having generally cylindri-
cal or spherical bodies with a single neck of a diameter
commensurate with that of the main body portion, such
as having a neck inside diameter less than twice the main
run inside diameter in the neck region.

NB-3512.2 Alternative Design Rules. A valve design
may not satisfy all of the requirements of NB-3512.1. A
design may be accepted provided it meets one of the al-
ternatives listed in (a), (b), (c), or (d) below.
(a)When the valve design satisfies the rules of

NB-3530 through NB-3546.2 with thermal stresses ne-
glected, the rules of NB-3200 relative to accounting for
thermal secondary stresses and fatigue analysis
[NB-3222.2, NB-3222.3, and NB-3222.4] shall also be
satisfied.
(b)When a valve is exempted from fatigue analysis by

the rules of NB-3222.4(d), the design is acceptable, pro-
vided that the requirements of (1) or (2) below are met.

(1) The rules of NB-3530 through NB-3546 shall be
met. The rules of NB-3200 may be substituted for those
of NB-3545.2 for evaluating secondary stresses, and
NB-3545.3 need not be considered.

(2) The rules of NB-3530 and NB-3541 shall be met.
An experimental stress analysis is performed in accor-
dance with Section III Appendices, Mandatory Appendix
II, and the rules of NB-3200 with respect to primary
and secondary stresses resulting from pressure and me-
chanical loads shall be met. Unless otherwise specified
in the Design Specifications, the pipe reactions shall be ta-
ken as those loads which produce a stress [NB-3545.2(b)]
of 0.5 times the yield strength of the piping in tension for
the direct or axial load and a stress of 1.0 times the yield
strength of the piping in bending and torsion. Thermal
secondary stresses shall be accounted for by either the
rules of NB-3200 or NB-3545.
(c) When a valve design satisfies the rules of NB-3530

and NB-3541, and when an experimental stress analysis
has been performed upon a similar valve in accordance
with Section III Appendices, Mandatory Appendix II, and
an acceptable analytic method has been established, the
results may be used in conjunction with the requirements
of NB-3200 for pressure and mechanical loads to estab-
lish design acceptability. Accommodation of thermal

secondary stresses and pipe reactions shall be as given
in (b)(2). Requirements for fatigue analysis of either
NB-3200 or NB-3550 shall be met.
(d)When permitted by the Design Specification, a weld

end valve that does not meet all of the requirements of
NB-3540 may be designed so that it meets the require-
ments of NB-3200 for all pressure-retaining parts and
those parts defined by NB-3546.3(a), and shall also meet
all of the following requirements.

(1) Pressure, thermal, and mechanical effects, such as
those resulting from earthquake, maximum stem force,
closure force, assembly forces, and others that may be de-
fined in the Design Specification, shall be included in the
design analysis. For Level A Service Limits, the pipe reac-
tion effects are to be determined by considering that the
maximum fiber stress in the connected pipe is at one-half
of its yield strength in direct tension and at its yield
strength in torsion and in bending in the plane of the neck
and run, and also in the plane of the run perpendicular to
the neck, each considered separately. The individual pipe
reaction effects that result in the maximum stress inten-
sity at all points, including all other effects, shall be used
for the analysis to satisfy the rules of NB-3200. The valve
Design Specification shall provide the loadings and oper-
ating requirements to be considered under Level B, C, and
D Service Limits [NCA-3252(a)(6)] for which a design
analysis is to be included in the Design Report.

(2) In place of using the values of Sm to satisfy the
rules of NB-3200, the allowable stress intensity values
for ferritic valve body and bonnet materials shall be those
allowable stress values given in Section II, Part D, Subpart
1, Table 1A. For materials in Section II, Part D, Subpart 1,
Tables 2A and 2B, a reduced allowable stress intensity
based on applying a factor of 0.67 to the yield strengths
listed in Section II, Part D, Subpart 1, Table Y-1 shall be
used.

(3) The adequacy of the stress analysis of the body
and bonnet shall be verified by experimental stress analy-
sis conducted in accordance with the requirements of Sec-
tion III Appendices, Mandatory Appendix II, II-1100
through II-1400. Individual tests shall be made to verify
the adequacy of the stress analysis of internal pressure ef-
fects and pipe reaction effects. Tests shall be made on at
least one valve model of a given configuration, but a ver-
ified analytical procedure may then be applied to other
valves of the same configuration, although they may be
of different size or pressure rating. The geometrical dif-
ferences shall be accounted for in the extrapolation stress
analysis. The analytical procedure shall have verified cap-
ability of providing this extrapolation.

(4) A Design Report shall be prepared in sufficient
detail to show that the valve satisfies all applicable
requirements.

(5) Prior to installation, the valve shall be hydrostati-
cally tested in accordance with NB-3531.2. For this pur-
pose, the primary pressure rating shall be determined
by interpolation in accordance with NB-3543(c).
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NB-3513 Acceptability of Small Valves

Valve designs having an inlet piping connection NPS 4
(DN 100) or less are acceptable when they satisfy either
the standard design rules or the alternative design rules.

NB-3513.1 Standard Design Rules. The design shall
be such that the requirements of NB-3530 and NB-3541
shall be met for wall thicknesses corresponding to the ap-
plicable pressure–temperature rating. When the Special
Class Ratings of ASME B16.34 apply, the NDE exemptions
of NB-2510 shall not be used.

NB-3513.2 Alternative Design Rules. A valve design
shall satisfy the requirements of NB-3512.2.

NB-3515 Acceptability of Metal Bellows and
Metal Diaphragm Stem Sealed Valves

Valves using metal bellows or metal diaphragm stem
seals shall be constructed in accordance with the rules
of this subarticle, based on the assumption that the bel-
lows or diaphragms do not retain pressure, and Design
Pressure is imposed on a required backup stem seal such
as packing. The bellows or diaphragms need not be con-
structed in accordance with the requirements of this
Section.

NB-3520 DESIGN CONSIDERATIONS
NB-3521 Design and Service Loadings

The general design considerations of NB-3100 are ap-
plicable to valves. In case of conflict between NB-3100
and NB-3500, the requirements of NB-3500 shall apply.

NB-3524 Earthquake

The rules of this subarticle consider that under earth-
quake loadings the piping system, not the valve, will be
l im i t i n g and t h a t t h e i n t e g r i t y o f t h e v a l v e
pressure-retaining body is adequately considered under
the piping requirements of NB-3600. Where valves are
provided with operators having extended structures
and these structures are essential to maintaining pres-
sure integrity, an analysis, when required by the Design
Specifications, may be performed based on static forces
resulting from equivalent earthquake accelerations acting
at the centers of gravity of the extended masses.

NB-3525 Level A and B Service Limits

The design rules of NB-3512 and NB-3513 apply to
loadings for which Level A or B Limits are designated ex-
cept that when evaluating Level B Limits during operation
of relief or safety valves (a) and (b) below shall be met.

(a) The service pressure may exceed the Design Pres-
sures defined by the pressure–temperature ratings of
ASME B16.34 by no more than 10%.

(b) The rules of NB-3540 apply using allowable stress
intensity values of 110% of those listed in Section II, Part
D, Subpart 1, Tables 2A and 2B.

NB-3526 Level C Service Limits

If the Design Specifications specify any loadings for
which Level C Limits are designated, the rules used in
evaluating these loadings shall be those of NB-3512 and
NB-3513, except as modi f ied by the fo l lowing
subparagraphs.

NB-3526.1 Pressure–Temperature Ratings. The
pressure permissible for loadings for which Level C Limits
are designated shall not exceed 120% of that permitted
for Level A Limits.

NB-3526.2 Pipe Reaction Stress. Pipe reaction stres-
ses shall be computed in accordance with the equations of
NB-3545.2(b)(1), and the allowable value considered in-
dividually is 1.8Sm for the valve body material at 500°F
(260°C). In performing these calculations, the value of S
shall be taken as 1.2 times the yield strength at 500°F
(260°C) of the material of the connected pipe, or
36.0 ksi (248 MPa) when the pipe material is not defined
in the Design Specifications.

NB-3526.3 Primary Stress and Secondary Stress.
The equation of NB-3545.2 shall be satisfied using Cp

equal to 1.5 , P e b computed in accordance with
NB-3526.2, and QT3 equal to 0, and the calculated value
shall be limited to 2.25Sm .

NB-3526.4 Secondary and Peak Stresses. The re-
quirements of NB-3545 and NB-3550 need not be met.

NB-3527 Level D Service Limits

If the Design Specifications specify any loadings for
which Level D Limits are designated, the guidelines of
Section III Appendices, Nonmandatory Appendix F may
be used in evaluating those loadings independently of
other loadings.

NB-3530 GENERAL RULES
NB-3531 Pressure–Temperature Ratings and

Hydrostatic Tests
NB-3531.1 Pressure–Temperature Ratings. A valve

designed in accordance with NB-3541 may be used in ac-
cordance with the pressure–temperature ratings in ASME
B16.34, Tables 2-1.1A through 2-2.7A (Standard Class) for
flanged end or welding end (including socket welding
end) valves, and ASME B16.34, Tables 2-1.1B through
2-2.7B (Special Class) for welding end (including socket
welding end) valves, provided the Design Pressure and
Design Temperature are used. When a single valve has a
flanged and a welding end, the flanged end requirements
shall be used. The materials19 listed in ASME B16.34,
Table 1, may be used if listed in Section II, Part D, Subpart
1, Tables 2A and 2B, subject to the temperature limita-
tions therein, and as defined in NCA-1220.
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NB-3531.2 Hydrostatic Tests.

(a) Valves designed in accordance with NB-3541 shall
be subjected to the shell hydrostatic test pressures re-
quired by ASME B16.34 and in accordance with other ap-
propriate rules of Article NB-6000. Valves with a primary
pressure rating less than Class 150 shall be subjected to
the required test pressure for Class 150 rated valves.

(b) The shell hydrostatic test shall be made with the
valve in the partially open position. Stem leakage during
this test is permissible. End closure seals for retaining
fluid at test pressure in welding end valves may be posi-
tioned in the welding end transitions, as defined in
NB-3544.8(b), in reasonable proximity to the end plane
of the valve so as to ensure safe application of the test
pressure.

(c) After the shell hydrostatic test, a valve closure test
shall also be performed with the valve in the fully closed
position with a test pressure across the valve disk no less
than 110% of the 100°F (38°C) pressure rating. For valves
that are designed for Service Conditions that have the
pressure differential across the closure member limited
to values less than the 100°F (38°C) pressure rating,
and have closure members or actuating devices (direct,
mechanical, fluid, or electrical), or both, that would be
subject to damage at high differential pressures, the test
pressure may be reduced to 110% of the maximum speci-
fied differential pressure in the closed position. This ex-
ception shall be identified in the Design Specification,
and this maximum specified differential pressure shall
be noted on the valve nameplate and N Certificate
Holder’s Data Report Form. During this test, seat leakage
is permitted unless a limiting leakage value is defined by
the Design Specifications. The duration of this test shall be
1 min/in. (2.5 s/mm) of minimum wall thickness tm with
a minimum duration of 1 min unless otherwise defined in
the Design Specifications.

(d) For valves designed for nonisolation service, whose
primary function is to modulate flow, and by their design
are prevented from providing full closure, the valve clo-
sure test defined in (c) above is not required. This excep-
tion shall be identified in the Design Specification and
noted on the valve nameplate and the N Certificate
Holder’s Data Report Form.

(e) Hydrostatic tests for metal bellows or metal dia-
phragm stem sealed valves shall include hydrostatic test-
ing of the valve body, bonnet, body-to-bonnet joint, and
either the bellows or diaphragm or the required backup
stem seal.

(f) The inlet (primary pressure-containing) portion of
pressure relief valves shall be hydrostatically tested at a
pressure at least 1.5 times the set pressure marked on
the valve. For closed system application, the outlet por-
tion of the pressure relief valves shall be hydrostatically
tested to 1.5 times the design secondary pressure
(NB-7111).

NB-3531.3 Allowance for Variation From Design
Loadings. Under the conditions of relief or safety valve
operation for valves designed in accordance with
NB-3541, the service pressure may exceed the Design
Pressure as defined by the pressure–temperature ratings
of ASME B16.34 by no more than 10%.

NB-3532 Design Stress Intensity Values

Design stress intensity values to be used in the design
of valves are given in Section II, Part D, Subpart 1, Tables
2A and 2B.19

NB-3533 Marking

Each valve shall be marked as required by ASME
B16.34 and NCA-8220.

NB-3534 Nomenclature

Af = effective fluid pressure area based on fully
corroded interior contour for calculating
c r o t c h p r i m a r y m em b r a n e s t r e s s
[NB-3545.1(a)]

Am = metal area based on fully corroded interior
contour effective in resisting fluid force acting
on Af [NB-3545.1(a)]

Ca = s t r e s s i n d e x f o r o b l i q u e b o n n e t s
[NB-3545.2(a)]

Cb = stress index for body bending secondary
stress resulting from moment in connected
pipe [NB-3545.2(b)]

Cp = stress index for body primary plus secondary
stress, inside surface, resulting from internal
pressure [NB-3545.2(a)]

C1 = discontinuity temperature gradient index,
°F/in.2 (°C/mm2) [NB-3545.2]

C2 = stress index for thermal secondary membrane
stress resulting from structural discontinuity

C3 = stress index for maximum secondary mem-
brane plus bending stress resulting from
structural discontinuity

C4 = maximummagnitude of the difference in aver-
age wall temperatures for wall thicknesses
Te1 and t e (resulting from a step change in
fluid temperature ΔTf) divided by ΔTf

C5 = stress index for thermal fatigue stress compo-
nent resulting from through-wall temperature
gradient caused by step change in fluid tem-
perature [NB-3550]

C6 = Eα = product of Young’s modulus and the
coefficient of linear thermal expansion at
500°F (260°C), psi/°F (MPa/°C) (NB-3550)

C7 = stress index for thermal stress resulting from
through-wall temperature gradient associated
with 100°F/hr (56°C/h) fluid temperature
change rate, psi/in. (MPa/mm)

d = inside diameter used as a basis for crotch re-
inforcement [NB-3545.1(a)]
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de = inside diameter of the larger end of the valve
body [NB-3545.2(b)(3)]

dm = inside diameter used as basis for determining
body minimum wall thickness (NB-3541)

Fb = bending modulus of standard connected pipe
Gb = valve body section bending modulus at crotch

region [NB-3545.2(b)], in.3 (mm3)
I = moment of inertia, used in calculating G b

[NB-3545.2(b)(5)]
I t = fatigue usage factor for step changes in fluid

temperature
Ke = strain distribution factor used in elastic–

plastic fatigue calculation (NB-3550)
LA, LN = effective distances used to determine Af , Am

[NB-3545.1(a)(3)]
m, n = material parameters for determining K e

[NB-3554]
Na = permissible number of complete startup/

shutdown cycles at 100°F/hr (56°C/h) fluid
temperature change rate (NB-3545.3)

Ni = permissible number of step changes in fluid
temperature from Section III Appendices,
Mandatory Appendix I

Nri = required number of fluid step temperature
changes ΔTf i (NB-3553)

Peb = secondary stress due to pipe reaction
[NB-3545.2(b)], psi (MPa)

Pm = general primary membrane stress intensity at
crotch region, calculated according to
NB-3545.1(a), psi (MPa)

pd = Design Pressure, psi (MPa)
pr = Pressure Rating Class Index, psi (MPa)
ps = s tandard ca l cu l a t i on pres su re f rom

NB-3545.1, psi (MPa)
p1 , p2 = rated pressures from tables of ASME B16.34

corresponding to Pressure Rating Class In-
dices pr1 and pr2 , psi (MPa)

Qp = sum of primary plus secondary stresses at
crotch resulting from internal pressure
[NB-3545.2(a)], psi (MPa)

QT1 = maximum thermal stress component caused
by through-wall temperature gradient asso-
ciated with 100°F/hr (56°C/h) fluid tempera-
ture change rate [NB-3545.2(c)], psi (MPa)

QT3 = maximum thermal secondary membrane plus
bending stress resulting from structural dis-
continuity and 100°F/hr (56°C/h) fluid tem-
perature change rate, psi (MPa)

r = mean radius of body wall at crotch region
[Figure NB-3545.2(c)-1], in. (mm)

r i = inside radius of body at crotch region for cal-
culating Qp [NB-3545.2(a)], in. (mm)

r2 = fillet radius of external surface at crotch
[NB-3545.1(a)], in. (mm)

S = assumed maximum stress in connected pipe
for calculating the secondary stress due to
pipe reaction [NB-3545.2(b)], psi (MPa)

Si = fatigue stress intensity range at crotch region
resulting from step change in fluid tempera-
ture ΔT f i and pressure ΔP f i (NB-3550), psi
(MPa)

Sm = design stress intensity (NB-3532), psi (MPa)
Sn = sum of primary plus secondary stress intensi-

ties at crotch region resulting from 100°F/hr
( 56 ° C /h ) t empe r a t u r e c h an g e r a t e
(NB-3545.2), psi (MPa)

Sn (max) = maximum range of sum of primary plus sec-
ondary stress, psi (MPa)

Sp1 = fatigue stress intensity at inside surface in
crotch region resulting from 100°F/hr
(56°C/h) fluid temperature change rate
(NB-3545.3), psi (MPa)

Sp2 = fatigue stress intensity at outside surface in
crotch region resulting from 100°F/hr
(56°C/h) fluid temperature change rate
(NB-3545.3), psi (MPa)

Tb = thickness of valve wall adjacent to crotch re-
gion for calculating L A and L N [Figure
NB-3545.1(a)-1], in. (mm)

Te = maximum effective metal thickness in crotch
region for calculating thermal stresses [Figure
NB-3545.2(c)-1], in. (mm)

Tr = thickness of body (run) wall adjacent to
crotch for calculating L A and L N [Figure
NB-3545.1(a)-1], in. (mm)

te = minimum body wall thickness adjacent to
crotch for calculating thermal stresses [Figure
NB-3545.2(c)-1], in. (mm)

tm = minimum body wall thickness as determined
by NB-3541, in. (mm)

t1 , t2 = minimum wall thicknesses from ASME B16.34
corresponding to Listed Pressure Rating Class
Indices pr1 and pr2 and inside diameter dm ,
in. (mm)

ΔPf i = full range of pressure fluctuation associated
with ΔTf i , psi (MPa)

ΔPi = specified range of pressure fluctuation asso-
ciated with ΔTi , psi (MPa)

ΔTf i = a specified step change in fluid temperature,
°F (°C), where i = 1, 2, 3, …, n ; used to deter-
mine the fatigue acceptability of a valve body
(NB-3554)

ΔTi = specified range of fluid temperature, °F (°C),
where i = 1, 2, 3,…, n ; used to evaluate normal
valve usage (NB-3553)

ΔT ′ = maximummagnitude of the difference in aver-
age wall temperatures for walls of thicknesses
t e and Te , resulting from 100°F/hr (56°C/h)
fluid temperature change rate, °F (°C)
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NB-3540 DESIGN OF PRESSURE-RETAINING
PARTS

NB-3541 General Requirements for Body Wall
Thickness

The minimumwall thickness of a valve body is to be de-
termined by the rules of NB-3542 or NB-3543.

NB-3542 Minimum Wall Thickness of Listed
Pressure-Rated Valves20

The wa l l th i ckness requ i rements for l i s t ed
pressure-rated valves apply also to integral body venturi
valves. For a valve designed to a listed pressure rating of
ASME B16.34, the minimum thickness of its body wall, in-
cluding the neck, is to be determined from ASME B16.34.
Highly localized variations of inside diameter associated
w i t h we l d p r e p a r a t i o n [ NB - 3 5 4 4 . 8 ( a ) a n d
NB-3544.8(b)] need not be considered for establishing
minimum wall thickness tm . In all such cases, however,
the requirements of NB-3545.2(b)(6) shall be satisfied.

NB-3543 Minimum Wall Thickness of Valves of
Nonlisted Pressure Rating20

To design a valve for Design Pressure and Design Tem-
perature corresponding to other than one of the pressure
ratings listed in the tables of ASME B16.34, the procedure
is the same as that of NB-3542 except that interpolation is
required as follows.
(a) Based on the Design Temperature, linear interpola-

tion between the tabulated temperature intervals shall be
used to determine the listed pressure rating p1 , next be-
low, and p2 , next above, the Design Pressure pd corre-
sponding to listed Pressure Rating Class Indices,21 pr1

and pr2 , respectively.

(b) Determine the minimum wall thickness tm corre-
sponding to Design Loadings by:

(c) Determine the interpolated Pressure Rating Class
Index pr , corresponding to Design Loadings, by:

NB-3544 Body Shape Rules

The rules of this paragraph constitute minimum re-
quirements intended to limit the fatigue strength reduc-
t i on f a c t o r , a s so c i a t ed wi th l o ca l s t ru c tu ra l
discontinuities in critical regions, to 2.0 or less. When
smaller values of the fatigue strength reduction factor
can be justified, it is permissible to use them.

NB-3544.1 Fillets for External and Internal Inter-
sections and Surfaces.
(a) I n t e r s e c t i o n s o f t h e s u r f a c e s o f t h e

pressure-retaining boundary at the neck to body junction
shall be provided with fillets of radius r2 ≥ 0.3tm . Figure
NB-3544.1(a)-1 illustrates such fillets.
(b) Corner radii on internal surfaces with r4 < r2 are

permissible.
(c) Sharp fillets shall be avoided. When sharp disconti-

nuities are convenient for ring grooves and similar config-
uration details, they shall be isolated from the major body
primary and secondary stresses or modified as illustrated
by Figure NB-3544.1(c)-1.
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Figure NB-3544.1(a)-1
Fillets and Corners

r2 � 0.3 tm

r2 r2

r2r2

r2

r2 r4

r4 r4

Figure NB-3544.1(c)-1
Ring Grooves

NB-3544.2 Penetrations of Pressure-Retaining
Boundary. Penetrations of the pressure-retaining bound-
ary, other than the neck intersection, such as holes re-
quired for check valve shafts and drain or sensing lines,
shall be located to minimize the compounding of normal
body stresses.

NB-3544.3 Attachments. Attachments, such as lugs
and similar protuberances, on the pressure-retaining
boundary shall be tapered to minimize discontinuity
stresses (Figure NB-3544.3-1). Reentrant angles shall be
avoided. Attachments shall meet the requirements of
NB-3135.
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NB-3544.4 Body Internal Contours. Body internal
contours in sections normal to the run or neck center
lines shall be generally smooth in curvature, or so propor-
tioned that the removal of unavoidable discontinuities,
such as the valve seat, will leave generally smooth
curvature.

NB-3544.5 Out-of-Roundness. Out-of-roundness in
excess of 5% for sections of essentially uniform thickness
shall be such that:

where

2a = minor inside diameter, in. (mm)
2b = major inside diameter, in. (mm)
tb = thickness, in. (mm)

The ovality criterion can be satisfied by increasing the
thickness locally, provided that the thickness variation is
smoothly distributed. Out-of-roundness in excess of this
limitation must be compensated for by providing
reinforcement.

NB-3544.6 Doubly Curved Sections. Sections curved
longitudinally with radius rLong , as well as laterally with
radius rLa t , must be such that:

where dm is the diameter used to establish the local wall
thickness by NB-3541.

NB-3544.7 Flat Sections. Flat sections shall be suffi-
ciently limited in extent so that arcuate sections having
the same radius–thickness ratio as required by NB-3542
may be inscribed (Figure NB-3544.7-1). The inscribed
section may be less thick than the minimum thickness re-
quired by NB-3542, provided that its radius is propor-
tionally smaller than the value used to determine the
minimum required thickness. The method of NB-3544.6
above may be used to show additive support, but the de-
nominator of the right side term must be reduced in the
ratio of the thickness of the inscribed arcuate section to
the minimum required thickness (NB-3542). If adequacy
cannot be shown by the above rules, it is necessary to de-
termine the stresses in the flat region experimentally to
demonstrate adequacy for pressure-induced stresses
only, with internal pressure equal to the standard calcula-
tion pressure ps .

NB-3544.8 Body End Dimensions.
(a) Valve body contours at valve weld ends shall be in

accordance with Figure NB-4250-1, and, unless otherwise
stated in the Design Specifications, with ASME B16.34.
(b) Valve body transitions leading to valve weld ends

shall be in accordance with ASME B16.34.
(c) Flanged ends shall be in accordance with ASME

B16.34.
(d) Alignment tolerances given in Figure NB-4233(a)-1

shall apply to all auxiliary piping, such as drain lines,
which begin or terminate at the valve.

Figure NB-3544.3-1
Lugs and Protuberances
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(e) For socket welding ends, valves NPS 2 (DN 50) and
smaller for which the body cavity consists of cylindrically
bored sections shall meet all of the following:

(1) dm shall be the port drill diameter;
(2) the requirements of NB-3542 shall be satisfied;

and
(3) socket welding end valves greater than NPS 2

(DN 50) shall not be used.

NB-3544.9 Openings for Auxiliary Connections.
Openings for auxiliary connections, such as for drains, by-
passes, and vents, shall meet the requirements of ASME
B16.34 and the applicable reinforcement requirements
of NB-3330.

NB-3545 Body Primary and Secondary Stress
Limits

The limits of primary and secondary stresses are estab-
lished in the following subparagraphs.

NB-3545.1 Primary Membrane Stress Due to Inter-
nal Pressure. For valves meeting all requirements of this
subarticle, the most highly stressed portion of the body
under internal pressure is at the neck to flow passage
junction and is characterized by circumferential tension
normal to the plane of center lines, with the maximum
value at the inside surface. The rules of this paragraph
are intended to control the general primary membrane
stress in this crotch region. The Standard Calculation

Pressure ps to be used for satisfying the requirements
of NB-3545 is found either directly or by interpolation
from the tables in ASME B16.34 as the pressure at
500°F (260°C) for the given Pressure Rating Class Index
pr .

(a) In the crotch region, the maximum primary mem-
brane stress is to be determined by the pressure area
method in accordance with the rules of (1) through (6)
below using Figure NB-3545.1(a)-1.

(1) From an accurately drawn layout of the valve
body, depicting the finished section of the crotch region
in the mutual plane of the bonnet and flow passage center
lines, determine the fluid area Af and metal area Am . Af

and Am are to be based on the internal surface after com-
plete loss of metal assigned to corrosion allowance.

(2) Calculate the crotch general primary membrane
stress intensity:

The allowable value of this stress intensity is Sm for
the valve body material at 500°F (260°C) as given in Sec-
tion II, Part D, Subpart 1, Tables 2A and 2B.

Figure NB-3544.7-1
Flat Wall Limitation

Flat

�
d
t

In
sc

ri
b

ed
 s

ec
ti

o
n d

t

2

Acceptable Unacceptable

d

t

2

3
2

dm
tm

In
sc

ri
b

ed
 s

ec
ti

o
n

89

ASME BPVC.III.1.NB-2015

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:08:51 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



Figure NB-3545.1(a)-1
Pressure Area Method
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 condition
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Figure NB-3545.1(a)-1
Pressure Area Method (Cont'd)
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(3) The distances LA and LN which provide bounds
on the fluid and metal areas are determined as follows.
Use the larger value of:

or

and use

where the dimensions are as shown in Figure
NB-3545.1(a)-1.

In establishing appropriate values for the above
parameters, some judgment may be required if the valve
body is irregular as it is for globe valves and others with
nonsymmetric shapes. In such cases, the internal bound-
aries of Af shall be the lines that trace the greatest width
of internal wetted surfaces perpendicular to the plane of
the stem and pipe ends [Figure NB-3545.1(a)-1 sketches
(b), (d), and (e)].

(4) If the calculated boundaries for Af and Am , as de-
fined by LA and LN , fall beyond the valve body [Figure
NB-3545.1(a)-1 sketch (b)], the body surface becomes
the proper boundary for establishing Af and Am . No credit
is to be taken for any area of connected piping which may
be included within the limits of LA and LN . If the flange is
included with Am , the area of one bolt hole is to be sub-
tracted for determining the net value of Am .

(5) Except as modified below, web or fin-like exten-
sions of the valve body are to be credited to Am only to
an effective length from the wall equal to the average
thickness of the credited portion. The remaining web area
is to be added to Af [Figure NB-3545.1(a)-1 sketch (b)].
However, to the extent that additional area will pass the
following test, it may also be included in Am . A line per-
pendicular to the plane of the stem and pipe ends from
any points in Am does not break out of the wetted surface
but passes through a continuum of metal until it breaks
through the outer surface of the body.

(6) In most cases, it is expected that the portions de-
fined by Am in the several illustrations of Figure
NB-3545.1(a)-1 will be most highly stressed. However,
in the case of highly irregular valve bodies, it is recom-
mended that all sections of the crotch be checked to en-
sure that the largest value of Pm has been established
considering both open and fully closed conditions.

(b) In regions other than the crotch, while the value of
Pm calculated by (a) will be the highest value of body gen-
eral primary membrane stress for all normal valve types
with typical wall proportioning, the designer is cautioned
to review unusual body configurations for possible higher
stress regions. Suspected regions are to be checked by the
pressure area method applied to the particular local body

contours. The allowable value of this stress intensity is Sm
for the valve body material at 500°F (260°C) as given in
Section II, Part D, Subpart 1, Tables 2A and 2B.

NB-3545.2 Secondary Stresses. In addition to satis-
fying the criteria of NB-3541 through NB-3545.1, a valve
body shall also satisfy the criterion that the range of pri-
mary plus secondary stresses Sn due to internal pressure,
pipe reaction, and thermal effects shall not exceed 3Sm
for the body material at 500°F (260°C), where Qp , Peb ,
and QT3 are determined by the rules of this paragraph.
That is:

(a) See below.

(1) The body primary plus secondary stress Qp due to
internal pressure is to be determined by:

where the primary plus secondary pressure stress index
Cp is equal to 3 and

ps = Standard Calculat ion Pressure def ined by
NB-3545.1, psi (MPa)

r i = radius of a circle which circumscribes the inside
wall contour in the crotch region, in. (mm)

te = an effective wall thickness at that location, in. (mm)
(typically te = Tr) [Figure NB-3545.1(a)-1]

In choosing an appropriate value for t e , credit may
be taken for general reinforcement material at the critical
section but not for local fillets. Protuberances or ribs are
not to be considered in determining r i and te . Guidance is
provided by Figure NB-3545.2(a)-1 in which the illustra-
tions correspond to the critical sections of the valve
bodies of Figure NB-3545.1(a)-1. The parameters r i and
te are intended to be representative of a tee, reinforced
or unreinforced, with the general configuration of the
valve body for which minor shape details associated with
the valve function are ignored.

(2) For valve bodies with bonnet center lines other
than perpendicular to the flow passage, the body stress
Qp due to internal pressure defined above must be multi-
plied by the factor Ca :

where

α = acute angle between the bonnet and flow passage
center lines, deg

(b) The secondary stress due to pipe reaction shall
meet the criteria of (1) through (6) below to ensure the
adequacy of the valve body for safely transmitting forces
and moments imposed by the connected piping system.
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Figure NB-3545.2(a)-1
Critical Sections of Valve Bodies
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(1) Based on the critical section A–A at the crotch, as
illustrated by Figure NB-3545.2(a)-1, calculate the value
of Peb where

(Bending load effect)

The allowable value of Peb is 1.5Sm for the valve body
material at 500°F (260°C). Determination of S , Fb , Cb ,
and Gb required to calculate Peb is to be in accordance
with the requirements of (2) through (5) below.

(2)When the valve designer knows the material of
the connected pipe, S may be calculated as the yield
strength for the pipe material at 500°F (260°C). When
the designer does not know the piping material or is de-
signing a valve independently of a particular application,
the value of S shall be taken as 30,000 psi (200 MPa).

(3) Calculate Fb as follows:

where

de = the inside diameter of the larger end of the valve
body

fo = 20,000 when ps is in psi units
fo = 137.9 when ps is in MPa units

The value Fb to be applied shall be the greater of the cal-
culated value, or

(-a) for d e ≤ 10.02 in. (254.5 mm), the section
modulus of Schedule 40 pipe with the next larger inside
diameter than de , or

(-b) for de > 10.02 in. (254.5 mm), the quantity:
(-1) 0.295de

2 when de is in inch units
(-2) 7.493de

2 when de is in mm units
(4) Calculate the factor Cb :

When the results are less than 1.0, use Cb = 1.0.
(5) The factor Gb is the section modulus I/(r i + te),

in.3 (mm3), for bending at the plane through A–A about
the axis perpendicular to the mutual plane of bonnet
and body center lines, such as that axis which produces
maximum bending stress at the corner of the crotch.
The fiber stress at the outside surface is to be considered
as governing in calculating Gb .

(6)When valves are to be applied in a venturi ar-
rangement such that the connected pipe may be larger
than that corresponding to the nominal size of the valve,
it is necessary to base Peb on the actual larger connected
pipe. Such cases must be treated individually to ensure
compliance with the secondary and fatigue stress criteria
of this subarticle. When the venturi arrangement is not

fabricated by the N Certificate Holder, the Design Specifi-
cations shall include sufficient information to permit the
N Certificate Holder to make this check.

(c) Thermal secondary stresses in the valve crotch re-
gion, resulting from through-wall temperature gradient
and thickness variation (average temperature difference),
are to be calculated on the basis of a continuous ramp
change in fluid temperature at 100°F/hr (56°C/h) using
the model of Figure NB-3545.2(c)-1 sketch (a). Figure
NB-3545.2(c)-1 sketch (b) illustrates how r , Te1 , Te2 ,
and t e are to be determined for the typically irregular
crotch shape of valves. The thermal secondary stress
components are to be determined in accordance with
the following:

(1) Stress component QT 1 which is the result of a
through-wall temperature gradient is defined as:

where

C7 = 110 psi/in.2 (0.001 MPa/mm2) for ferritic steels, or
C7 = 380 psi/in.2 (0.004 MPa/mm2) for austenitic steels

Te1 is illustrated in Figure NB-3545.2(c)-1.

(2) Stress component QT3 which is the membrane
plus bending stress as a result of wall thickness variation
is defined as:

where C3 is found from Figure NB-3545.2(c)-4 and

where

C1 = 0.53 °F/in.2 (4.6 × 10−4°C/mm2) for ferritic steels,
or

C1 = 1.4 °F/in.2 (1.2 × 10−3°C/mm2) for austenitic steels

te is illustrated in Figure NB-3545.2(c)-1.

NB-3545.3 Fatigue Requirements. The fatigue analy-
sis requirements are satisfied provided the rules of this
subparagraph and the rules of NB-3550 are met.

The calculated allowable number of cycles is Na ≥
2,000 cycles, where Na is determined from Section III Ap-
pendices, Mandatory Appendix I by entering the appro-
priate curve with Sa , with Sa defined as the larger value
of Sp1 and Sp2 defined as follows:
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Figure NB-3545.2(c)-1
Model for Determining Secondary Stress in Valve Crotch Region

For Te1 � te as 
 determined above, use Te1 � te

Model based on
 R/r   � 10
 rt /te � 0.5

Te2 = diameter of the largest circle that can be drawn entirely
 within the wall at the crotch region

Te1 = diameter of the largest circle that can be drawn in an area
 of the crotch on either side of a line bisecting the crotch 
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The values of Sp1 and Sp2 are based on the values for Qp ,
Peb , QT1 , and QT3 found in accordance with the rules of
NB-3545.2. K is the fatigue strength reduction factor asso-
ciated with the external fillet at the crotch and is to be
considered as 2.0 unless the designer can justify use of
a smaller value.

NB-3546 Design Requirements for Valve Parts
Other Than Bodies

NB-3546.1 Body-to-Bonnet Joints.
(a) Bolted body-to-bonnet joints shall be designed in

accordance with the pressure design rules of Section III
Appendices, Mandatory Appendix XI, Article XI-3000, in-
cluding the use of the appropriate allowable stress given

in Section II, Part D, Subpart 1, Tables 1A and 1B, or by the
procedures of NB-3200, except fatigue analysis of bolts is
not required.
(b) Body-to-bonnet joints other than bolted connec-

tions including joints of special or patented types for
which specific standards do not exist may be used pro-
vided that the N Certificate Holder shall use methods of
design and construction that will be as safe as otherwise
required by the rules of this subarticle for the following
design conditions:

(1) Design Pressure equal to Standard Calculation
Pressure ps (NB-3545.1);

(2) calculation temperature of 500°F (260°C);

Figure NB-3545.2(c)-3
Thermal Stress Index Versus Thickness Continuity Run or Branch
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Figure NB-3545.2(c)-4
Secondary Stress Index Versus Thickness Discontinuity Run or Branch
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Figure NB-3545.2(c)-5
C4 Versus Te1/te
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Figure NB-3545.2(c)-6
Stress Index for Thermal Fatigue
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(3) thermal stresses based on most severe conditions
resulting from continuous fluid temperature ramp in-
crease or decrease at 100°F/hr (56°C/h);

(4) fatigue life at least 2,000 cycles of startup/shut-
down based on the above conditions with simultaneous
increase or decrease of pressure and temperature.

NB-3546.2 Valve Disk. The valve disk shall be con-
sidered a part of the pressure-retaining boundary. The
primary membrane stress intensity shall not exceed Sm ,
and the primary bending stress intensity shall not exceed
1.5Sm .

NB-3546.3 Other Valve Parts.
(a) Valve stems, stem retaining structures, and other

significantly stressed valve parts whose failure can lead
to gross violation of the pressure-retaining boundary
shall be designed so that their primary stresses, based
on pressure equal to the 100°F (38°C) pressure rating
and conservatively estimated or calculated additional
loadings, where applicable, do not exceed Sm as tabulated
in Section II, Part D, Subpart 1, Tables 2A and 2B, or for
materials not listed in these Tables, do not exceed
two-thirds of the minimum specified yield strength or
one-fourth of the minimum specified tensile strength,
whichever is lower.

(b) Bypass piping shall be designed in accordance with
the requirements of NB-3600. Unless otherwise stated in
the valve Design Specifications, bypass piping design shall
be the responsibility of the piping system designer.

(c) Valve designs, requiring solenoid plunger core
tubes or electromagnetic position indicator core tubes,
may substitute the rules of NB-3641.1 for the require-
ments of NB-3541, NB-3542, or NB-3543 for minimum
wall thickness of the extension, provided that detailed cal-
culations are prepared in accordance with NB-3200 at the
100°F (38°C) valve pressure-rating conditions, and cover-
ing all discontinuities in the core tube, including the cap
end and attachment end, and all welds, including any dis-
similar metal welds. These calculations shall be included
in the Design Report (NB-3560). The calculations shall in-
clude the design loadings given in NB-3546.1(b)(1)
through NB-3546.1(b)(4) along with any additional re-
quirements given in the Design Specifications.

NB-3546.4 Fatigue Evaluation. When the Design
Specifications include such service loadings that the valve
is not exempted from fatigue analysis by the rules of
NB-3222.4(d), it is recommended that consideration be
given to the cyclic stress duty of the portions considered
by NB-3546.

NB-3550 CYCLIC LOADING REQUIREMENTS
NB-3551 Verification of Adequacy for Cyclic

Conditions

The adequacy of a valve for cyclic loading shall be ver-
ified in accordance with this subsubarticle. Nonintegral
seat rings attached to the valve body by partial

penetration or fillet welds (NB-4433) are exempt from
the fatigue analysis requirements of NB-3123.2, provided
the seat rings are shouldered against the valve body; see
Figure NB-3544.1(c)-1.

NB-3552 Excluded Cycles

In satisfying the cyclic loading requirements, the fol-
lowing variations need not be considered:

(a) pressure variations less than pd/3 for carbon and
low alloy steels and less than pd/2 for austenitic stainless
steels;

(b) temperature variations less than 30°F (17°C);
(c) accident or maloperation cycles expected to occur

less than five times (total) during the expected valve life;
(d) startup, shutdown cycles with temperature change

rates of 100°F/hr (56°C/h) or less, not in excess of 2,000.

NB-3553 Fatigue Usage

The application of a valve conforming to NB-3512.1 is
acceptable for cyclic loading conditions provided its fati-
gue usage I t is not greater than 1.0 as evaluated in (a),
(b), and (c) below.

(a) Consider fluid temperature changes not excluded
by NB-3552 to occur instantaneously. Provided that these
changes occur in one direction and recovery is at tem-
perature change rates not in excess of 100°F/hr
(56°C/h), the fatigue usage factor may be found by:

where Nr i is the required or estimated number of fluid
temperature step changes ΔTf i and Ni is found from Sec-
tion III Appendices, Mandatory Appendix I, Figures I-9.1
and I-9.2.

(b) If both heating and cooling effects are expected at
change rates exceeding 100°F/hr (56°C/h), the number
of cycles are to be associated by temperature ranges
ΔTi . For example, assuming the following variations are
specified:

Lump the ranges of variation so as to produce the greatest
effects as follows:
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(c) Pressure fluctuations not excluded by NB-3552 are
to be included in the cyclic load calculations. The full
range of pressure fluctuation from the normal condition
to the condition under consideration shall be represented
by Δpi in NB-3554.

NB-3554 Cyclic Stress Calculations

A valve conforming to NB-3512.1 shall be qualified by
the procedure of (a) through (d) below.
(a) The following criterion shall be met by the greatest

temperature range:

where ΔTf (max ) is the largest lumped temperature range
obtained using the methods of NB-3553(b), and Δpf (max)

is the largest range of pressure fluctuation associated
with ΔTf (max) .
(b) Calculate:

Provided that Sn (max ) ≤ 3Sm , calculate the fatigue stres-
ses for each cyclic loading condition as follows:

Determine the allowable number of cycles Ni for each
loading condition by entering Section III Appendices,
Mandatory Appendix I, Figures I-9.1 and I-9.2 with S i/2,
and determine the fatigue usage by NB-3553(a).
(c) If Sn (max) is greater than 3Sm but less than 3mSm ,

the value of S i/2 to be used for entering the design fatigue
curve is to be found by multiplying Si by Ke , where:

and where the values of the material parameters m and n
are as given in Table NB-3228.5(b)-1.
(d) If Sn (max ) is greater than 3mSm , use Ke = 1/n .

NB-3560 DESIGN REPORTS
NB-3561 General Requirements

The certified Design Reports listed in this paragraph
meet the requirements of NCA-3550 for the Design
Report.

NB-3562 Design Report for Valves Larger Than
NPS 4 (DN 100)

A Design Report shall be prepared in sufficient detail to
show that the valve satisfies the requirements of
NB-3512. For a valve designed in accordance with
NB-3512.1, the Design Report shall show that the applic-
able requirements of NB-3530, NB-3541 through
NB-3546.2, and NB-3550 have been met. It is not

necessary to write a special Design Report based on spe-
cified Design Pressure and Design Temperature when
they are within the pressure–temperature rating and
when supplementary information or calculations are also
provided, as necessary, to complete the report for a spe-
cific application, such as the thermal cyclic duty evalua-
tion of NB-3550. A report submitted demonstrating a
design for loadings more severe than the specified load-
ings is also acceptable.

NB-3563 Design Report Requirements for NPS 4
and Smaller (≤ DN 100) Valves

For valves whose inlet piping connection is nominally
NPS 4 (DN 100) or smaller, the Design Report shall in-
clude details to show that the requirements of NB-3513
have been met.

NB-3590 PRESSURE RELIEF VALVE DESIGN
NB-3591 Acceptability

NB-3591.1 General. The rules of this subsubarticle
constitute the requirements for the design acceptability
of spring-loaded pressure relief valves. The design rules
for pilot operated and power-actuated pressure relief
valves are covered by NB-3500. The rules of this subsu-
barticle cover the pressure-retaining integrity of the valve
inlet and outlet connections, nozzle, disk, body structure,
bonnet (yoke), and body-to-bonnet (yoke) bolting. The
rules of this subsubarticle also cover other items such
as the spring, spindle (stem), spring washers, and set
pressure-adjusting screw. The rules of this subsubarticle
do not apply to guides, control ring, bearings, set screws,
and other nonpressure-retaining items. Figures
NB-3591.1-1 and NB-3591.1-2 are illustrations of typical
pressure relief valves.

NB-3591.2 Definitions. The definitions for pressure
relief valve terms used in this subsubarticle are given in
ANSI B95.1, Terminology for Pressure Relief Devices,
and also in Article NB-7000. Pressure relief valves charac-
teristically have multipressure zones within the valve,
that is, a primary pressure zone and a secondary pressure
zone as il lustrated by Figures NB-3591.1-1 and
NB-3591.1-2.

NB-3591.3 Acceptability of Small Liquid Relief
Valves. Liquid pressure relief valves meeting the require-
ments of Article NB-7000 and having an inlet piping con-
nection NPS 2 (DN 50) and under shall comply with the
minimum wall thickness requirements of NB-3542 or
NB-3543 for the applicable pressure zone. Flange end rat-
ings of NB-3531.1 shall be used regardless of end connec-
tion. The applicable design requirements of this
subsubarticle covering the nozzle, disk, and bonnet shall
apply. The analyses of NB-3544, NB-3545, and NB-3550
do not apply.
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Figure NB-3591.1-1
Typical Pressure Relief Devices
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Figure NB-3591.1-2
Typical Pressure Relief and Safety Relief Devices
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NB-3591.4 Acceptability of Safety and Safety Relief
Valves. The design shall be such that the requirements of
this subsubarticle are met.

NB-3592 Design Considerations
NB-3592.1 Design Conditions. The general design

requirements of NB-3100 are applicable, with considera-
tion for the design conditions of the primary and second-
ary pressure zones. The design pressure of the Design
Specification shall be used for the applicable zones.

In case of conflict between NB-3100 and NB-3590, the
requirements of NB-3590 shall apply. Mechanical loads
for both the closed and the open (full discharge) positions
shall be considered in conjunction with the service condi-
tions. In addition, the requirements of Article NB-7000
shall be met.

NB-3592.2 Stress Limits for Specified Service Load-
ings.

(a) Stress limits for Level A and B Service Loadings
shall be as follows:

(1) the primary membrane stress intensity shall not
exceed Sm ;

(2) the primary membrane stress intensity plus pri-
mary bending stress intensity shall not exceed 1.5Sm ;

(3) substantiation by analysis of localized stresses
associated with contact loading of bearing or seating sur-
faces is not required;

(4) the values of Sm shall be in accordance with Sec-
tion II, Part D, Subpart 1, Tables 2A, 2B, and 4.

(b) Stress limits for Level C Service Loadings shall be as
follows:

(1) the primary membrane stress intensity shall not
exceed 1.5Sm ;

(2) the primary membrane stress intensity plus pri-
mary bending stress intensity shall not exceed 1.8Sm

(NB-3526.2);
(3) the rules of NB-3526.3 must be satisfied.

(c) Stress limits for Level D Service Loadings shall be as
follows:

(1) the guidelines of Section III Appendices, Nonman-
datory Appendix F may be used in evaluating these
conditions.

(d) These requirements for the acceptability of valve
design are not intended to ensure the functional adequacy
of the valve. However, the Designer is cautioned that the
requirements of Article NB-7000 relative to set pressure,
lift, blowdown, and closure shall be met.

NB-3592.3 Earthquake. The rules of this subsubarti-
cle consider that under earthquake loadings the piping
system or vessel nozzle, rather than the valve body, will
be limiting. Pressure relief valves have extended struc-
tures and these structures are essential to maintaining
pressure integrity. An analysis, when required by the De-
sign Specification, shall be performed based on static
forces resulting from equivalent earthquake acceleration
acting at the centers of gravity of the extended masses.

Classical bending and direct stress equations, where free
body diagrams determine a simple stress distribution
that is in equilibrium with the applied loads, may be used.

NB-3593 Special Design Rules
NB-3593.1 Hydrostatic Test. Hydrostatic testing

shall be performed in accordance with NB-3531.2(f).

NB-3593.2 Marking. In addition to the marking re-
quired by NCA-8220 and Article NB-7000, the secondary
Design Pressure shall be marked on the valve or valve
nameplate.

NB-3594 Design of Pressure Relief Valve Parts
NB-3594.1 Body. The valve body shall be analyzed

with consideration for the specific configuration of the
body and the applicable pressure zone and loadings.
The design shall take into consideration the adequacy of
the inlet flange connection, the outer flange connection,
and the body structural configuration. In valve designs
where the outlet flange is an extension of the bonnet,
the bonnet design shall conform to all rules of body de-
sign. The body shall be designed in accordance with the
rules of NB-3540 through NB-3550. The design adequacy
of the inlet and outlet flanges shall be determined using
the rules of NB-3658. Flanges shall conform to the applic-
able pressure–temperature ratings of NB-3531.1 and
shall meet the interface dimensions of ASME B16.5.

NB-3594.2 Bonnet (Yoke). The bonnet (yoke) may
be analyzed using classic bending and direct stress equa-
tions, with appropriate free body diagrams. The general
primary membrane stress intensity and the general pri-
mary membrane plus primary bending stress intensity
shall be determined and shall not exceed the stress limits
of NB-3592.2.

NB-3594.3 Nozzle. The nozzle shall be analyzed in
accordance with the applicable rules of NB-3540 and
NB-3550, with a basic analytical model configuration as
shown in Figure NB-3594.3-1. The sections of the nozzle
where dimensions are limited by the flow capacity and
the operational control requirements may be considered
as simple cylindrical sections. The minimum wall thick-
ness of these sections shall be determined in accordance
with NB-3324.1. These requirements are not applicable
to the transition region to the seat contacting area of
the nozzle, defined by L in Figure NB-3594.3-1, provided
dimension L is less than the nominal wall thickness t1 .

NB - 3 59 4 . 4 B o d y - t o - B o nn e t J o i n t . Th e
body-to-bonnet joint shall be analyzed in accordance with
NB-3546.1.

NB-3594.5 Disk. The valve disk shall satisfy the re-
quirements of NB-3546.2.

NB-3594.6 Spring Washer. The average shear stress
shall not exceed 0.6Sm . The primary bending stress inten-
sity shall not exceed the stress limits of NB-3592.2.
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NB-3594.7 Spindle (Stem). The general primary
membrane stress intensity shall not exceed the stress lim-
its of NB-3592.2.

NB-3594.8 Adjusting Screw. The adjusting screw
shall be analyzed for thread shear stress in accordance
with the method of ASME B1.1 and this stress shall not ex-
ceed 0.6Sm. The general primary membrane stress inten-
sity of the adjusting screw shall not exceed the stress
limits of NB-3592.2, based on the root diameter of the
thread.

NB-3594.9 Spring. The valve spring shall be de-
signed so that the full lift spring compression shall be
no greater than 80% of the nominal solid deflection.
The permanent set of the spring (defined as the difference
between the free height and height measured a minimum

of 10 min after the spring has been compressed solid
three additional times after presetting at room tempera-
ture) shall not exceed 0.5% of the free height.

NB-3595 Design Report
NB-3595.1 General Requirements. A Design Report

shall be prepared in sufficient detail to show that the
valve satisfies the rules of this subsubarticle and
NCA-3550.

NB-3600 PIPING DESIGN

NB-3610 GENERAL REQUIREMENTS
NB-3611 Acceptability

The requirements for acceptability of a piping system
are given in the following subparagraphs.

Figure NB-3594.3-1
Valve Nozzle
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Control
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Legend:

Af = fluid area, in.2 (mm2)
Am = metal area, in.2 (mm2)
L = length of seat transition region, in. (mm)
r1 = inside radius at crotch region, in. (mm)
r2 = outside fillet radius at crotch, in. (mm)

t1 , t2 = nozzle wall thickness, in. (mm)
te = minimum body wall thickness adjacent to crotch, in. (mm)

Te1 = maximum effective thickness in crotch region, in. (mm)
Te2 = effective crotch wall thickness, in. (mm)
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NB-3611.1 Stress Limits. The design shall be such
that the stresses will not exceed the limits described in
NB-3630 except as provided in NB-3611.2.

NB-3611.2 Acceptability When Stresses Exceed
Stress Limits. When the stresses as determined by the
methods given in NB-3630 exceed the limits thereof, the
design can be accepted, provided it meets the require-
ments of NB-3200.

NB-3611.3 Conformance to NB-3600. In cases of
conflict between NB-3100 and NB-3600, the require-
ments of NB-3600 shall apply.

NB-3611.4 Dimensional Standards. For the applic-
able year of issue of all dimensional standards referred
to in NB-3600, see Table NCA-7100-1.

NB-3611.5 Prevention of Nonductile Fracture. The
requirements for prevention of nonductile fracture as
set forth in NB-3211(d) shall be met.

NB-3612 Pressure–Temperature Ratings
NB-3612.1 Standard Piping Products.
(a)When standard piping products are used, the pres-

sure ratings given as functions of temperature in the ap-
propriate standards listed in Table NCA-7100-1 shall not
be exceeded. In addition, the requirements of NB-3625
shall be met. When established pressure ratings of stan-
dard products do not extend to the upper temperature
limits for the material, the ratings between those estab-
lished and the upper temperature limit may be deter-
mined in accordance with NB-3649.

(b)When the adequacy of the pressure design of a stan-
dard product is established by burst tests as permitted in
NB-3649 (ASME B16.9, Section 8), the manufacturer of
the product shall maintain a record of burst tests con-
ducted to ensure adequacy of product and shall so certify.
Such records shall be available to the purchaser.

NB-3612.2 Piping Products Without Specific Rat-
ings. If piping products are used for which methods of
construction are not covered by this Subsection, the man-
ufacturer of the product shall use methods of construc-
tion that will be as safe as otherwise provided by the
rules of this Subsection. When products are used for
which pressure–temperature ratings have not been estab-
lished by the standards listed in Table NCA-7100-1, the
products shall be designed and tested in accordance with
NB-3640. The manufacturer’s recommended pressure–
temperature ratings shall not be exceeded.

NB-3612.4 Considerations for Local Conditions and
Transients.

(a)When piping systems operating at different pres-
sures are connected by a valve or valves, the valve or
valves shall be designed for the higher pressure system
requirements of pressure and temperature. The lower
pressure system shall be designed in accordance with
(1), (2), or (3) below.

(1) The requirements of the pressure system shall be
met.

(2) Pressure relief devices or safety valves shall be
included to protect the lower pressure system in accor-
dance with NB-7311.

(3) Ensure compliance with all the conditions of (-a)
through (-e) below.

(-a) Redundant check or remote actuated valves
shall be used in series at the interconnection, or a check
in series with a remote actuated valve.

(-b) When mechanical or electrical controls are
provided, redundant and diverse controls shall be in-
stalled which will prevent the interconnecting valves
from opening when the pressure in the high pressure sys-
tem exceeds the Design Pressure of the lower pressure
system.

(-c) Means shall be provided such that operability
of all components, controls, and interlocks can be verified
by test.

(-d) Means shall be provided to ensure that the
leakage rate of the interconnecting valves does not exceed
the relieving capacity of the relief devices on the lower
pressure system.

(-e) Adequate consideration shall be given to the
control of fluid pressure caused by heating of the fluid
trapped between two valves.

The low pressure system relieving capacity may be deter-
mined in accordance with NB-7311, on the basis of inter-
connecting valve being closed but leaking at a specified
rate, when (-a) through (-e) above are met. The pressure
relief devices or safety valves shall adjoin or be as close as
possible to the interconnecting valve and shall relieve
preferably to a system where the relieved effluent may
be contained. The design of the overpressure protection
system shall be based on pressure transients that are spe-
cified in the Design Specification, and all other applicable
requirements of Article NB-7000 shall be met.

(b)When pressure-reducing valves are used and one or
more pressure relief devices or safety valves are pro-
vided, bypass valves may be provided around the
pressure-reducing valves. The combined relieving capac-
ity of the pressure relief devices, safety valves, and relief
piping shall be such that the lower pressure system ser-
vice pressure will not exceed the lower pressure system
D e s i g n P r e s s u r e b y mo r e t h a n 1 0% i f t h e
pressure-reducing valve fails in the open position and
the bypass valve is open at the same time. If the
pressure-reducing valve and its bypass valve are me-
chanically or electrically interlocked so that only one
may be open at any time the high pressure system is at
a pressure higher than the Design Pressure of the low
pressure system, then the relieving capacity of the pres-
sure relief devices, safety valves, and relief piping shall
be at least equal to the maximum capacity of the larger
of the two valves. The interlocks shall be redundant and
diverse.
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(c) Exhaust and pump suction lines for any service and
pressure shall have relief valves of a suitable size unless
the lines and attached equipment are designed for the
maximum pressure and temperature to which they may
be accidentally or otherwise subjected.
(d) The effluent from relief devices may be discharged

outside the containment only if provisions are made for
the disposal of the effluent.
(e) Drip lines from steam headers, mains, separators, or

other equipment operating at different pressures shall
not discharge through the same trap. Where several traps
discharge into a single header that is or may be under
pressure, a stop valve and a check valve shall be provided
in the discharge line from each trap. The Design Pressure
of trap discharge piping shall not be less than the maxi-
mum discharge pressure to which it may be subjected.
Trap discharge piping shall be designed for the same
pressure as the trap inlet piping unless the discharge pip-
ing is vented to a system operated under lower pressure
and has no intervening stop valves.
(f) Blowdown, dump, and drain piping from water

spaces of a steam generation system shall be designed
for saturated steam at the pressures and temperatures gi-
ven below.

Vessel Pressure,
psi (MPa)

Design
Pressure,
psi (MPa)

Design
Temperature,

°F (°C)

600 (4) and below 250 (1.7) 410 (210)

601 to 900 (4.01 to 6) 400 (2.8) 450 (230)

901 to 1,500 (6.01 to 10) 600 (4.1) 490 (255)

1,501 (10.01) and above 900 (6.2) 535 (280)

These requirements for blowdown, dump, and drain
piping apply to the entire system beyond the blowdown
valves to the blowdown tank or other points where the
pressure is reduced to approximately atmospheric and
cannot be increased by closing a valve. When pressures
can be increased because of calculated pressure drop or
otherwise, this shall be taken into account in the design.
Such piping shall be designed for the maximum pressure
to which it may be subjected.
(g) Pump discharge piping shall be designed for the

maximum pressure exerted by the pump at any load
and for the highest corresponding temperature actually
existing.
(h)Where a fluid passes through heat exchangers in

series, the design temperature of the piping in each sec-
tion of the system shall conform to the most severe tem-
perature condition expected to be produced by heat
exchangers in that section.

NB-3613 Allowances
NB-3613.1 Corrosion or Erosion. When corrosion or

erosion is expected, the wall thickness of the piping shall
be increased over that required by other design require-
ments. This allowance shall be consistent with the speci-
fied design life of the piping.

NB-3613.2 Threading and Grooving. The calculated
minimum thickness of piping that is to be threaded or
grooved shall be increased by an allowance equal to the
depth of the cut.

NB-3613.3 Mechanical Strength. When necessary to
prevent damage, collapse, or buckling of pipe due to
superimposed loads from supports or other causes, the
wall thickness of the pipe shall be increased, or, if this
is impractical or would cause excessive local stresses,
the superimposed loads or other causes shall be reduced
or eliminated by other design methods.

NB-3620 DESIGN CONSIDERATIONS
NB-3621 Design and Service Loadings

The provisions of NB-3110 apply.

NB-3622 Dynamic Effects
NB-3622.1 Impact. Impact forces caused by either

external or internal loads shall be considered in the pip-
ing design.

NB-3622.2 Reversing Dynamic Loads. Reversing dy-
namic loads (Figure NB-3622-1) are those loads which cy-
cle about a mean value and include building filtered loads
and earthquake loads. A reversing dynamic load shall be
treated as a nonreversing dynamic load in applying the
rules of NB-3600 when the number of reversing dynamic
load cycles, exclusive of earthquake, exceeds 20.

NB-3622.3 Vibration. Piping shall be arranged and
supported so that vibration will be minimized. The de-
signer shall be responsible, by design and by observation
under startup or initial service conditions, for ensuring
that vibration of piping systems is within acceptable
levels.

NB-3622.4 Nonreversing Dynamic Loads.Nonrever-
sing dynamic loads (Figure NB-3622-1) are those loads
which do not cycle about a mean value and include the in-
itial thrust force due to sudden opening or closure of
valves and waterhammer resulting from entrapped water
in two-phase flow systems. Reflected waves in a piping
system due to flow transients are classified as nonrever-
sing dynamic loads.

NB-3623 Weight Effects

Piping systems shall be supported to provide for the ef-
fects of live and dead weights, as defined in the following
subparagraphs, and they shall be arranged or properly re-
strained to prevent undue strains on equipment.

NB-3623.1 Live Weight. The live weight shall consist
of the weight of the fluid being handled or of the fluid
used for testing or cleaning, whichever is greater.

NB-3623.2 Dead Weight. The dead weight shall con-
sist of the weight of the piping, insulation, and other loads
permanently imposed upon the piping.
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NB-3624 Thermal Expansion and Contraction
Loads

NB-3624.1 Loadings, Displacements, and Re-
straints. The design of piping systems shall take into ac-
count the forces and moments resulting from thermal
expansion and contraction, equipment displacements
and rotations, and the restraining effects of hangers, sup-
ports, and other localized loadings.

NB-3624.2 Analysis of Thermal Expansion and Con-
traction Effects. The analysis of the effects of thermal ex-
pansion and contraction is covered in NB-3672.

NB-3624.3 Provision for Rapid Temperature Fluc-
tuation Effects. The Designer shall provide for unusual
thermal expansion and contraction loads caused by rapid
temperature fluctuations.

NB-3625 Stress Analysis
A stress analysis shall be prepared in sufficient detail to

show that each of the stress limitations of NB-3640 and
NB-3650 is satisfied when the piping is subjected to the
loadings required to be considered by this subarticle.

Figure NB-3622-1
Examples of Reversing and Nonreversing Dynamic Loads
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NB-3630 PIPING DESIGN AND ANALYSIS
CRITERIA

(a) The design and analysis of piping when subjected to
the individual or combined effects of the loadings defined
in NB-3100 and NB-3620 may be performed in accor-
dance with this subarticle. Design for pressure loading
shall be performed in accordance with the rules of
NB-3640. Standard piping products that meet the require-
ments of ASME B16.9 or NB-3649 satisfy the require-
ments of NB-3640, and only the analysis required by
NB-3650 need be performed.
(b)Within a given piping system, the stress and fatigue

analysis shall be performed in accordance with one of the
methods given in NB-3650, NB-3200, or Section III Ap-
pendices, Mandatory Appendix II. Stress indices are given
in NB-3680 for standard piping products, for some fabri-
cated joints, and for some fabricated piping products.
Some piping products designed for pressure by applying
the rules of NB-3649 may not be listed in NB-3680. For
such products, the designer shall determine the stress in-
dices as required in NB-3650.
(c) When a design does not satisfy the requirements of

NB-3640 and NB-3650, the more detailed alternative ana-
lysis given in NB-3200 or the experimental stress analysis
of Section III Appendices, Mandatory Appendix II may be
used to obtain stress values for comparison with the cri-
teria of NB-3200.
(d) The requirements of this subarticle shall apply to all

Class 1 piping except as exempted under (1) or (2) below.
(1) Piping of NPS 1 (DN 25) or less which has been

classified as Class 1 in the Design Specification may be de-
signed in accordance with the design requirements of
Subsection NC.

(2) Class 1 piping may be analyzed in accordance
with the Class 2 analysis of piping systems in Subsection
NC, using the allowable Class 2 stresses and stress limits,
provided the specified service loads for which Level A and
B Service Limits are designated meet all of the require-
ments stipulated in (-a) through (-e) below.

(-a) Atmospheric to Service Pressure Cycle. The
specified number of times (including startup and shut-
down) that the pressure will be cycled from atmospheric
pressure to service pressure and back to atmospheric
pressure during normal service does not exceed the num-
ber of cycles on the applicable fatigue curve of Section III
Appendices, Mandatory Appendix I corresponding to an
Sa value of three times the Sm value for the material at
service temperature.

(-b) Normal Service Pressure Fluctuation. The spe-
cified full range of pressure fluctuations during normal
service does not exceed the quantity 1/3 × Design Pressure
× (Sa/Sm), where Sa is the value obtained from the ap-
plicable design fatigue curve for the total specified num-
ber of significant pressure fluctuations and Sm is the
allowable stress intensity for the material at service tem-
perature. If the total specified number of significant

pressure fluctuations exceeds the maximum number of
cycles defined on the applicable design fatigue curve,
the Sa value corresponding to the maximum number of
cycles defined on the curve may be used. Significant pres-
sure fluctuations are those for which the total excursion
exceeds the quantity: Design Pressure × 1/3 × (S/Sm ),
where S is defined as follows:

(-1) If the total specified number of service cy-
cles is 106 cycles or less, S is the value of Sa obtained from
the applicable design fatigue curve for 106 cycles.

(-2) If the total specified number of service cy-
cles exceeds 106 cycles, S is the value of Sa obtained from
the applicable design fatigue curve for the maximum
number of cycles defined on the curve.

(-c) Temperature Difference — Startup and Shut-
down. The temperature difference, °F (°C), between any
two adjacent points22 of the component during normal
service does not exceed Sa/2Eα , where Sa is the value
obtained from the applicable design fatigue curves for
the specified number of startup–shutdown cycles, α is
the value of the instantaneous coefficient of thermal ex-
pansion and E is the modulus of elasticity at the mean val-
ue of the temperatures at the two points as given by
Section II, Part D, Subpart 2, Tables TE and TM.

(-d) Temperature Difference — Normal Service.12

The temperature difference, °F (°C), between any two ad-
jacent points22 does not change13 during normal service
by more than the quantity Sa/2Eα , where Sa is the value
obtained from the applicable design fatigue curve of Sec-
tion III Appendices, Mandatory Appendix I for the total
specified number of significant temperature difference
fluctuations. A temperature difference fluctuation shall
be considered to be significant if its total algebraic range
exceeds the quantity S /2Eα , where S is defined as
follows:

(-1) If the total specified number of service cy-
cles is 106 cycles or less, S is the value of Sa obtained from
the applicable design fatigue curve for 106 cycles.

(-2) If the total specified number of service cy-
cles exceeds 106 cycles, S is the value of Sa obtained from
the applicable design fatigue curve for the maximum
number of cycles defined on the curve.

(-e) Temperature Difference — Dissimilar Materi-
als. For components fabricated from materials of differing
moduli of elasticity or coefficients of thermal expansion,
the total algebraic range of temperature fluctuation, °F
(°C), experienced by the component during normal ser-
vice does not exceed the magnitude Sa/2 (E1 α1 − E2

α2), where Sa is the value obtained from the applicable
design fatigue curve for the total specified number of sig-
nificant temperature fluctuations, E1 and E2 are the mod-
uli of elasticity, and α 1 and α 2 are the values of the
instantaneous coefficients of thermal expansion (Section
II, Part D, Subpart 2, Tables TE and TM) at the mean tem-
perature value involved for the two materials of
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construction. A temperature fluctuation shall be consid-
ered to be significant if its total excursion exceeds the
quantity S/2(E 1 α 1 − E 2 α 2 ), where S is defined as
follows.

(-1) If the total specified number of service cy-
cles is 106 cycles or less, S is the value of Sa obtained from
the applicable design fatigue curve for 106 cycles.

(-2) If the total specified number of service cy-
cles exceeds 106 cycles, S is the value of Sa obtained from
the applicable design fatigue curve for the maximum
number of cycles defined on the curve. If the two materi-
als used have different applicable design fatigue curves,
the lower value of Sa shall be used in applying the rules
of this paragraph.

NB-3640 PRESSURE DESIGN
NB-3641 Straight Pipe

NB-3641.1 Straight Pipe Under Internal Pressure.
The minimum thickness of a pipe wall required for Design
Pressure shall be determined from one of the following
equations:

ð1Þ

ð2Þ

where

A = additional thickness, in. (mm):
(a) to compensate for material removed or wall

thinning due to threading or grooving, required to
make a mechanical joint. The values of A listed in
Table NB-3641.1(a)-1 are minimum values for ma-
terial removed in threading.
(b) to provide for mechanical strength of the

pipe. Small diameter, thin wall pipe or tubing is
susceptible to mechanical damage due to erection,
operation, and maintenance procedures. Accord-
ingly, appropriate means must be employed to pro-
tect such piping against these types of loads if they
are not considered as Design Loads. Increased wall
thickness is one way of contributing to resistance
against mechanical damage.
(c) to provide for corrosion or erosion. Since cor-

rosion and erosion vary widely from installation to
installation, it is the responsibility of designers to
determine the proper amounts which must be
added for either or both of these conditions.

Do = outside diameter of the pipe, in. (mm.) (For design
calculations, the specified outside diameter of pipe
disregarding outside tolerances shall be used to ob-
tain the value of tm .)

d = inside diameter, in. (mm)
P = internal Design Pressure, psi (MPa)

Sm = maximum allowable stress intensity for the materi-
al at the Design Temperature taken from Section II,
Part D, Subpart 1, Tables 2A and 2B, psi (MPa)

tm = the minimum required wall thickness, in. (mm) [eq.
(2) is valid only if d = Do − 2tm . If pipe is ordered
by its nominal wall thickness, the manufacturer’s
tolerance on wall thickness must be taken into
account.]

y = 0.4

The allowable working pressure of pipe may be deter-
mined from the following equation:

ð3Þ

where

Pa = the calculated maximum allowable internal pres-
sure for a straight pipe which shall at least equal
the Design Pressure, psi (MPa).

(a) P a may be used for piping products with
pressure ratings equal to that of straight pipe
(see ASME B16.9).

(b) For standard flanged joints, the rated pres-
sure shall be used instead of Pa .

(c) For re in f o r ced branch connec t i ons
(NB-3643) where part of the required reinforce-
ment is in the run pipe, the Design Pressure shall
be used instead of Pa .

(d) For other piping products where the pressure
rating may be less than that of the pipe (for exam-
ple, flanged joints designed to Section III Appen-
dices, Mandatory Appendix XI), the Design
Pressure shall be used instead of Pa .

(e) Pa may be rounded out to the next higher
unit of 10 psi (0.1 MPa).

t = the specified or actual wall thickness minus, as ap-
propriate, material removed in threading, corro-
sion or erosion allowance, material manufacturing
tolerances, bending allowance (NB-3642.1), or ma-
terial to be removed by counterboring, in. (mm).

Table NB-3641.1(a)-1
Values of A

Type of Pipe A , in. (mm)

Threaded steel and nonferrous
pipe:
3/4 in. (19 mm) nominal and
smaller

0.065 (1.65 mm)

1 in. (25 mm) nominal and
larger

Depth of thread

Grooved steel and nonferrous
pipe

Depth of groove plus 1/64 in.
(0.40 mm)
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ð15Þ

NB-3641.2 Straight Pipe Under External Pressure.
The rules of NB-3133 shall be used.

NB-3642 Curved Segments of Pipe
NB-3642.1 Pipe Bends. The wall thickness for pipe

bends shall be determined in the same manner as deter-
mined for straight pipe in accordance with NB-3641, sub-
ject to the limitations given in (a), (b), and (c) below.
(a) The wall thickness after bending shall not be less

than the minimum wall thickness required for straight
pipe.
(b) The information in Section III Appendices, Nonman-

datory Appendix GG is given to guide the designer when
ordering pipe.
(c) For the effects of ovality on stress levels, see

NB-3680.

NB-3642.2 Elbows. Elbows, manufactured in accor-
dance with the standards listed in Table NCA-7100-1 as
limited by NB-3612.1, shall be considered as meeting
the requirements of NB-3640, except that the minimum
thickness in the crotch region of short radius welding el-
bows in accordance with ASME B16.28 shall be 20%
greater than the minimum thickness required for the
straight pipe by eq. NB-3641.1(1). The crotch region is de-
fined as that portion of the elbow between ϕ = 210 deg
and 330 deg, where ϕ is defined in Figure NB-3685.2-1.

NB-3643 Intersections
NB-3643.1 General Requirements.
(a) The rules contained in this paragraph meet the re-

quirements of NB-3640 in the vicinity of branch
connections.
(b) Openings shall be circular, elliptical, or of any other

shape that results from the intersection of a circular or el-
liptical cylinder with a cylindrical shape. Additional re-
strictions affecting stress indices are given in NB-3680.
(c) Openings are not limited in size except to the extent

provided for in connection with the stress indices listed in
NB-3680.
(d) Any type of opening permitted in these rules may be

located in a welded joint.
(e) Where intersecting pipes are joined by welding a

b r a n c h t o a r u n p i p e a s s h ow n i n F i g u r e
NB-3643.3(a)-2, the angle α between axes of the inter-
secting pipes shall not be less than 60 deg or more than
120 deg. For angles outside this range, use fittings as spe-
cified in NB-3643.2(a) or NB-3643.2(b).

NB-3643.2 Branch Connections. Branch connections
in piping may be made by using one of the products or
methods set forth in (a) through (d) below.

(a) Flanged, butt welding, or socket welding fittings
meeting the applicable standards listed in Table
NCA-7100-1, subject to the limitations or requirements
of this Subsection, are acceptable. Fittings that comply
with the test requirements of ASME B16.9 or of
NB-3649 are not required to meet requirements for rein-
forcement given in NB-3643.3.

(b)Welded outlet fittings, cast or forged branches, pipe
adapters, couplings, or similar products with butt weld-
ing, socket welding, or flanged ends are acceptable for at-
tachment to the run pipe when limited to types that have
integral reinforcement and are attached to the main run
by welding per NB-4246. Welded connections per
NB-4244 are permitted; however, the stress indices of
NB-3683.8 are not applicable to all configurations.

(c) An extruded outlet at right angles to the run pipe is
acceptable.

(d) Branch pipe attached to the run pipe with fillet or
partial penetration welds per NB-3661.3 is acceptable.

NB-3643.3 Reinforcement for Openings.
(a) Nomenclature

(1) The following terms are as shown in Figure
NB-3643.3(a)-1.

do = outside diameter of the branch pipe
L1 = height of nozzle reinforcement for branch

connections
Rm = mean radius of the run pipe
r i = inside radius of branch pipe
rm = mean radius of the branch pipe

= r i + 0.5Tb

r ′m = mean radius of the branch pipe
= r i + 0.5T ′b

rn = nominal radius [sketch (c) only]
= r i + 0.5T ′b + 0.5y cos θ

rp = outs ide radius of re inforced branch
connection

r1 , r2 , r3 = designated radii for reinforced branch
connections

Tb = nominal thickness of the reinforced branch,
not including corrosion allowance or mill
tolerance

T ′b = nominal thickness of the branch pipe, not in-
c luding corros ion al lowance or mil l
tolerance

To = corroded finished thickness or extruded out-
let measured at a height of r2 above the out-
side surface of the run pipe

Tr = nominal thickness of the run pipe, not in-
c luding corros ion al lowance or mil l
tolerance

y = slope offset distance
θ = angle between vertical and slope, deg

ð15Þ Table NB-3642.1(b)-1
Bend Radius Versus Thickness

DELETED
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(2) The following terms are as shown on Figure
NB-3643.3(a)-2.

A1 = metal area available for reinforcement
A2 = metal area available for reinforcement
A3 = metal area available for reinforcement
d = diameter in the given plane of the finished opening

in its corroded condition
LA = half-width of reinforcement zone measured along

the midsurface of the run pipe
L ′A = half-width of zone in which two-thirds of compen-

sation must be placed
LN = limit of reinforcement measured normal to run

pipe wall
r = radius of the finished opening in the corroded

condition
Tr = nominal thickness of the run pipe, not including

corrosion allowance or mill tolerance
tb = minimum required thickness of the branch pipe,

not including corrosion allowance, according to
NB-3641.1

= tm − A
tr = minimum required thickness of the run pipe, not

including corrosion allowance, according to
NB-3641.1

= tm − A
α = angle between axes of branch and run (90 deg ≥ α

≥ 60 deg), deg

(3) The following terms are as shown in Figure
NB-3643.3(a)-3.

Do = outside diameter of the run pipe
h = height of the extruded lip, equal to or greater than

r2
To = finished thickness of the extruded outlet in the cor-

roded condition measured at a height equal to r2
above the outside surface of the main run

T ′ r = minimum thickness of the run pipe after extrusion
of the opening, not including corrosion allowance
or mill tolerance, in. (mm). Allowance shall be
made for thinning of the run pipe wall by the extru-
sion of the opening, if it occurs.

(b) Requirements

(1) Reinforcement shall be provided in amount and
distribution so that the requirements for the area of rein-
forcement are satisfied for all planes through the center of
the opening and normal to the surface of the run pipe, ex-
cept that openings need not be provided with reinforce-
ment if all of the requirements of (-a), (-b), and (-c)
below are met.

(-a) A single opening has a diameter not exceeding

, or, if there are two or more openings within

any circle of diameter, , but the sum of the dia-

meters of such unreinforced openings shall not exceed

.

(-b) No two unreinforced openings shall have
their centers closer to each other, measured on the inside
wall of the run pipe, than the sum of their diameters.

(-c) No unreinforced opening shall have its center

closer than to the edge of any other locally

stressed area.
(2) The total cross-sectional area of reinforcement A

required in any given plane for a pipe under internal pres-
sure shall not be less than:

(3) The required reinforcing material shall be uni-
formly distributed around the periphery of the branch ex-
cept that, in the case of branches not at right angles, the
designer may elect to provide additional reinforcement
in the area of the crotch.

(c) Limits of Reinforcement. The boundaries of the
cross-sectional area in any plane passing through the axis
of the opening within which metal may be located to have
value as reinforcement are designated as the limits of re-
inforcement for that plane, and they are given in (1) and
(2) below.

(1) The limits of reinforcement, measured along the
midsurface of the nominal wall thickness of the run pipe,
LA , shall be at a distance on each side of the axis of the
opening that is equal to the greater of (-a) or (-b) below:

(-a) the diameter of the finished opening in the
corroded condition; or

(-b) the radius of the finished opening in the cor-
roded condition r , plus the nominal thickness of the run
pipe Tr , plus the nominal thickness of the branch wall Tb .

(-c) In addition, two-thirds of the required rein-
forcement shall be provided within the greater of the limit
given in (-b) above and the limit L ’A which is the greater
of either

or

(2) The limits of reinforcement measured normal to
the wall of the run pipe LN shall conform to the contour
of the surface of the branch at a distance from each sur-
face equal to the limits given in (-a) and (-b) below and
as shown in Figure NB-3643.3(a)-1.

(-a) For nozzle types of Figure NB-3643.3(a)-1,
sketches (a), (b), and (d):

(-b) For Figure NB-3643.3(a)-1, sketch (c):

(d) Metal Available for Reinforcement
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Figure NB-3643.3(a)-1
Branch Connection Nomenclature
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(1)Metal may be counted as contributing to the area
of reinforcement called for in (b) if it lies within the area
of reinforcement specified in (c), and it shall be limited to
material that meets the requirements of (-a), (-b), and
(-c) below:

(-a) metal forming a part of the run wall that is in
excess of that required on the basis of NB-3641.1 and is
exclusive of corrosion allowance shown in Figure
NB-3643.3(a)-2;

(-b) similar excess metal in the branch wall, if the
branch is integral with the run wall or is joined to it by a
full penetration weld, as denoted by A 1 in Figure
NB-3643.3(a)-2;

(-c) weld metal that is fully continuous with the
wall of the run pipe, as denoted by area A 2 in Figure
NB-3643.3(a)-2.

(2) The mean coefficient of thermal expansion of the
metal to be included as reinforcement under (1)(-b) and
(1)(-c) above shall be within 15% of the value for the me-
tal in the wall of the run pipe.

(3)Metal available for reinforcement shall not be
considered as applying to more than one opening.

(4)Metal not fully continuous with the run pipe, as
that in branches attached by partial penetration welds,
shall not be counted as reinforcement.

(e) Strength of Metal. Material used for reinforcement
shall preferably be the same as that of the wall of the
run pipe. If material with a lower design stress intensity
Sm is used, the area provided by such material shall not
be counted at full value but shall be multiplied by the ratio
(less than unity) of the design stress intensity values Sm
of the reinforcement material and of the run pipe material
before being counted as reinforcement. No reduction in
the reinforcement requirement may be taken for the

Figure NB-3643.3(a)-2
Typical Reinforcement of Openings
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ð15Þ Figure NB-3643.3(a)-3
Typical Reinforced Extruded Outlet
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increased strength of either the branch material or weld
metal having a higher design stress intensity value than
that of the material of the run pipe wall. The strength of
the material at the point under consideration shall be
used in the fatigue analysis.

(f) Requirements for Extruded Outlets. Extruded outlets
shall meet all of the requirements of (a) and (b), and these
rules apply only where the axis of the outlet intersects
and is perpendicular to the axis of the run pipe.

(1) Geometric Requirements
(-a) An extruded outlet is one in which the ex-

truded lip at the outlet has a height h above the surface
of the run pipe that is equal to or greater than the transi-
tion radius between the extruded lip and the run pipe r2 .

(-b) The minimum value of the transition radius r2
shall not be less than 0.05do , except that on branch pipe
sizes larger than 30 in. (750 mm) the transition radius
need not exceed 1.5 in. (38 mm). The maximum value of
the transition radius r2 shall be limited as follows: for
branch pipes nominally NPS 8 (DN 200) and larger, the di-
mension of the transition radius shall not exceed 0.10do

+ 0.50 in. (13 mm); for branch pipe sizes nominally less
than NPS 8 (DN 200), r 2 shall not be greater than
1.25 in. (32 mm).

(-c) When the external contour contains more
than one radius, the radius of any arc sector of approxi-
mately 45 deg shall meet the requirements given in (-b)
above.

(-d) Machining shall not be employed to meet the
requirements of (-b) and (-c) above.

(2) Limits of Reinforcement
(-a) The height of the reinforcement zone shall be

limited as shown in Figure NB-3643.3(a)-3:

(-b) The half width of the reinforcement zone shall
be limited as shown in Figure NB-3643.3(a)-3:

(3) Metal Available for Reinforcement. The reinforce-
ment area shall be the sum of areas A1 + A2 + A3 defined
in (-a), (-b), and (-c) below and shown in Figure
NB-3643.3(a)-3. Metal counted as reinforcement shall
not be applied to more than one opening.

(-a) Area A1 is the area lying within the reinforce-
ment zone that results from any excess thickness avail-
able in the wall of the branch pipe:

(-b) Area A2 is the area lying within the reinforce-
ment zone that results from excess thickness available in
the lip of the extruded outlet:

(-c) Area A3 is the area lying within the reinforce-
ment zone that results from any excess thickness in the
run pipe wall:

NB-3644 Miters
Mitered joints may be used in piping systems under the

conditions stipulated in (a) through (d) below.
(a) The minimum thickness of a segment of a miter

shall be determined in accordance with NB-3641. The
minimum thickness thus determined does not allow for
the discontinuity stresses that exist at the junction be-
tween segments. The discontinuity stresses are reduced
for a given miter as the number of segments is increased.

(b) The angle θ in Figure NB-3644(b)-1 shall not be
more than 221/2 deg.

(c) The center line distance S between adjacent miters
shall be in accordance with Figure NB-3644(b)-1.

(d) Stress indices and flexibility factors shall be deter-
mined in accordance with the requirements of
NB-3681(d).

NB-3646 Closures
(a) Closures in piping systems may be made by use of

closure fittings, such as blind flanges or threaded or
welded plugs or caps, either manufactured in accordance
with standards listed in Table NCA-7100-1 and used with-
in the specified pressure–temperature ratings, or made in
accordance with (b) below.

Figure NB-3644(b)-1
Miter Joint Geometry
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(b) Closures not manufactured in accordance with the
standards listed in Table NCA-7100-1 may be made in ac-
cordance with the rules for Class 2 vessels using the
equation:

where

t = pressure design thickness, in. (mm), calculated for
the given closure shape and direction of loading
using appropriate equations and procedures for
Class 2 Vessels, except that the symbols used to de-
termine t shall be defined as

A = sum of mechanical allowances (NB-3613), in.
(mm)

P = Design Pressure, psi (MPa)
S = applicable design stress intensity value Sm

from Section II, Part D, Subpart 1, Tables 2A
and 2B, psi (MPa)

tm = minimum required thickness, in. (mm)

(c) Connections to closures may be made by welding or
extruding. Connections to the closure shall be in accor-
dance with the limitations provided for such connections
in NB-3643 and Figures NB-4243-1, NB-4244(a)-1,
NB-4244(b)-1, and NB-4244(c)-1 for branch connections.
If the size of the opening is greater than one-half the in-
side diameter of the closure, the opening should be con-
sidered as a reducer in accordance with NB-3648.

(d) Openings in closures may be reinforced in accor-
dance with the requirements of NB-3643.

(e) Flat heads that have an opening with a diameter
that does not exceed one-half of the head diameter shall
have a total cross-sectional area of reinforcement not less
than dt/2, where

d = the diameter of the finished opening, in. (mm)
t = the design thickness for the closure, in. (mm)

NB-3647 Pressure Design of Flanged Joints and
Blanks

NB-3647.1 Flanged Joints.

(a) Flanged joints manufactured in accordance with the
standards listed in Table NCA-7100-1, as limited by
NB-3612.1, shall be considered as meeting the require-
ments of NB-3640.

(b) Flanged joints not included in Table NCA-7100-1
shall be designed in accordance with Section III Appen-
dices, Mandatory Appendix XI, Article XI-3000, including
the use of the appropriate allowable stress given in Sec-
tion II, Part D, Subpart 1, Tables 1A, 1B, and 3.

NB-3647.2 Permanent Blanks. The minimum re-
quired thickness of permanent blanks (Figure
NB-3647.2-1) shall be calculated from the following
equations:

ð7Þ

where

A = sum of the mechanical allowances, in. (mm)
(NB-3613)

t = pressure design thickness, in. (mm), calculated
from eq. (8)

tm = minimum required thickness, in. (mm)

ð8Þ

where

d6 = inside diameter of the gasket for raised or flat face
flanges or the pitch diameter of the gasket for re-
tained gasketed flanges, in. (mm)

P = Design Pressure, psi (MPa)
Sm = the design stress intensity value in accordance with

Section II, Part D, Subpart 1, Tables 2A and 2B, psi
(MPa)

NB-3647.3 Temporary Blanks. Blanks to be used for
test purposes only shall have a minimum thickness not
less than the Design Pressure thickness t , calculated from
eq. NB-3647.2(8), except that P shall not be less than the
test pressure and the design stress intensity value Sm

may be taken as 95% of the specified minimum yield
strength of the blank material (Section II, Part D, Subpart
1, Table Y-1).

NB-3648 Reducers

Reducer fittings manufactured in accordance with the
standards listed in Table NCA-7100-1 shall be considered
suitable for use. Where butt welding reducers are made to
a nominal pipe thickness, the reducers shall be consid-
ered suitable for use with pipe of the same nominal
thickness.

NB-3649 Pressure Design of Other Piping
Products

Other piping products manufactured in accordance
with the standards listed in Table NCA-7100-1 shall be
considered suitable for use provided the design is consis-
tent with the design philosophy of this Subsection. Piping
products not included in Table NCA-7100-1 may be used
if they satisfy the requirements of NB-3200. The pressure
design shall be based on an analysis consistent with this
Subsection, or experimental stress analysis as described
in Section III Appendices, Mandatory Appendix II, or an
ASME B16.9 type burst test. The bursting pressure in a
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B16.9 type burst test shall be equal to or greater than that
of the weakest pipe to be attached to the piping product,
where the burst pressure [psi (MPa)] of the weakest pipe
is calculated by the equation:

where

Do = outside diameter of pipe, in. (mm)
S = specified minimum tensile strength of pipe materi-

al, psi (MPa)
t = minimum specified wall thickness of pipe, in. (mm)

NB-3649.1 Expansion Joints. Rules are currently un-
der development for the application of expansion joints in
piping systems. Until these rules are available, expansion
joints shall not be used in piping.

NB-3650 ANALYSIS OF PIPING PRODUCTS
NB-3651 General Requirements

NB-3651.1 Piping Products for Which Stress Indices
Are Given. Piping products, for which values of stress in-
dices B , C , and K are given in NB-3683.2 and which meet
the requirements of NB-3640, satisfy the design criteria
of NB-3611 provided they comply with these rules. To va-
lidate a design in accordance with these rules, it is neces-
sary to perform several flexibility analyses in accordance
with the requirements of NB-3672 and to use the mo-
ments and forces obtained from these analyses as re-
quired in NB-3650.

NB-3651.2 Piping Products for Which Stress Indices
Are Not Available. For analysis of flanged joints, see
NB-3658. For other piping products for which stress in-
dices are not available, see NB-3680.

NB-3651.3 Attachments.
(a) Lugs, brackets, stiffeners, and other attachments

may be welded, bolted, and studded to, or bear upon
the outside or inside of piping. The interaction effects of

Figure NB-3647.2-1
Types of Permanent Blanks

(a)

(b) (c)

d6

d6 d6

t
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ð15Þattachments on the pressure boundary, producing ther-
mal gradients, localized bending stresses, stress concen-
trations, or restraint of the pressure boundary shall be
considered by the piping designer. Standard clamps gen-
erally have a negligible effect on the pressure boundary.
However, the effects of clamps on thin-wall piping may
need to be evaluated.

(b) Attachments shall meet the requirements of
NB-3135.

(c) Figure NB-4433-1 shows some typical types of at-
tachment welds (NB-4430).

(d) The effect of rectangular and circular cross-section
welded attachments on straight pipes may be evaluated
using the procedures in Section III Appendices, Nonman-
datory Appendix Y.

NB-3652 Consideration of Design Conditions

The primary stress intensity limit is satisfied if the re-
quirement of eq. (9) is met:23

ð9Þ

where

B1 , B2 = primary stress indices for the specific product
under investigation (NB-3680)

Do = outside diameter of pipe, in. (mm) (NB-3683)
I = moment of inertia, in.4 (mm4) (NB-3683)

Mi = resultant moment due to a combination of De-
sign Mechanical Loads, in.-lb (N·mm). All De-
sign Mechanical Loads, and combinations
thereof shall be provided in the Design Specifi-
cation. In the combination of loads, all direc-
tional moment components in the same
direction shall be combined before determining
the resultant moment (i.e., resultant moments
from different load sets shall not be used in cal-
culating the moment Mi). If the method of ana-
lysis for earthquake or other dynamic loads is
such that only magnitudes without relative al-
gebraic signs are obtained, the most conserva-
tive combination shall be assumed.

P = Design Pressure, psi (MPa)
Sm = allowable design stress intensity value at De-

sign Temperature, psi (MPa) (Section II, Part
D, Subpart 1, Tables 2A and 2B)

t = nominal wall thickness of product, in. (mm)
(NB-3683)

NB-3653 Consideration of Level A Service Limits

All load sets, for which Level A Service Limits are to be
evaluated, shall satisfy the fatigue requirements of
NB-3653.1 through NB-3653.6 and the thermal stress
ratchet requirement of NB-3653.7.

NB-3653.1 Satisfaction of Primary Plus Secondary
Stress Intensity Range.
(a) This calculation is based upon the effect of changes

which occur in mechanical or thermal loadings which take
place as the system goes from one load set, such as pres-
sure, temperature, moment, and force loading, to any
other load set which follows it in time. It is the range of
pressure, temperature, and moment between two load
sets which is to be used in the calculations. For example,
one of the load sets to be included is that corresponding
to zero pressure, zero moment, and room temperature.
Equation (10) shall be satisfied for all pairs of load sets:23

ð10Þ

(b) If for one or more pairs of load sets eq. (a)(10) is
not met, the piping product may still be satisfactory, pro-
vided that the conditions of NB-3653.6 are met or pro-
vided that the requirements of NB-3200 are satisfied.
(c) The nomenclature used in eq. (a)(10) is defined as

follows:

C1 , C2 , C3 = secondary stress indices for the specific
component under investigation (NB-3680)

Do, t , I = as defined for eq. NB-3652(9)
da(db) = inside diameter on side a(b) of a gross

structural discontinuity or material discon-
tinuity, in. (mm)

Eab = average modulus of elasticity of the two
sides of a gross structural discontinuity or
material discontinuity at room tempera-
ture, psi (MPa) (Section II, Part D, Subpart
2, Tables TM)

Mi = resultant range of moment which occurs
when the system goes from one service load
set to another, in.-lb (N·mm). Service loads
and combinations thereof shall be provided
in the Design Specification. In the combina-
tion of moments from load sets, all direc-
tional moment components in the same
direction shall be combined before deter-
mining the resultant moment (i.e., resultant
moments from different load sets shall not
be used in calculating the moment range
Mi). If both service load sets have the same
weight effects, then the weight effects need
not be considered in determining the load-
ing range. If the method of analysis is such
that only magnitudes without relative alge-
braic signs are obtained, the most conserva-
tive combination shall be assumed. If a
combination includes reversing dynamic
loads, Mi shall be either:
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(a) the resultant range of moment due
to the combination of all loads considering
one-half the range of the reversing dynamic
loads; or

(b) the resultant range of moment due
to the full range of the reversing dynamic
loads alone, whichever is greater.

Po = range of service pressure, psi (MPa)
Sm = average of the allowable stress intensity

value for the highest and the lowest tem-
peratures of the metal during the transient,
when secondary stress is due to a tempera-
ture transient at the point at which the
stresses are being analyzed, or due to re-
straint of free‐end deflection. When part
or all of the secondary stress is due to me-
chanical load, Sm shall not exceed the allow-
able stress intensity value at the highest
temperature during the transient.

Ta(Tb) = range of average temperature on side a(b)
of gross structural discontinuity or material
discontinuity, °F (°C). For generally cylind-
r i c a l s h a p e s , t h e a v e r a g i n g o f T
(NB-3653.2) shall be over a distance of

for Ta and over a distance of

for Tb .

ta(tb) = average wall thickness through the length

, in. (mm). A trial and error

solution for ta and tb may be necessary.
αa(αb) = coefficient of thermal expansion on side

a(b) of a gross structural discontinuity or
material discontinuity, at room tempera-
ture, 1/°F (1/°C) (Section II, Part D, Subpart
2, Tables TE)

NB-3653.2 Satisfaction of Peak Stress Intensity
Range.

(a) For every pair of load sets (NB-3653), calculate Sp
values using eq. (11):23

ð11Þ

NOTE: This simplified analysis is intended to provide a value of Sp
that conservatively estimates the sum of PL + Pb + Pe + Q + F as re-
quired in Figure NB-3222-1.

The nomenclature used in eq. (11) is defined as follows:

Eα = modulus of elasticity, E , times the mean
coefficient of thermal expansion, α , both
at room temperature, psi/°F (MPa/°C)

K1 , K2 , K3 = local stress indices for the specific compo-
nent under investigation (NB-3680)

|ΔT1| = absolute value of the range of the tempera-
ture difference between the temperature of
the outside surface To and the temperature
of the inside surface Ti of the piping pro-
duct assuming moment generating equiva-
lent linear temperature distribution, °F
(°C)

|ΔT2| = absolute value of the range for that portion
of the nonlinear thermal gradient through
the wall thickness not included in ΔT1 as
shown below, °F (°C)

For a quantitative definition of |ΔT1| and |ΔT2|, see (b)
be low . A l l o ther terms are as de f ined for eq .
NB-3653.1(a)(10).

(b) Quantitative Definitions of |ΔT1| and |ΔT2|. The fol-
lowing nomenclature is used:

Ti = value of T(y) at inside surface, °F (°C)
= T(−t/2)

Tj(y), Tk(y) = temperature, as a function of radial posi-
tion, for load set j and load set k , respec-
tively, °F (°C)

To = value of T(y) at outside surface, °F (°C)
= T(t/2)

T(y) = temperature distribution range from con-
dition j to condition k , °F (°C)

= Tk(y) − Tj(y)
t = thickness of the wall of the pipe or ele-

ment, in. (mm)
y = radial position in the wall, measured posi-

tive outward from the midthickness posi-
tion (−t/2 ≤ y ≤ t/2), in. (mm)

Then the temperature distribution range T(y) may be
thought of as being composed of three parts:

(1) a constant value:

which is the average value through the thickness. T may
be used in determining free thermal expansions. Also,
the values of T determined (for the same pair of load sets)
or two locations a and b on either side of a gross discon-
t i n u i t y ma y b e u s e d f o r T a a nd T b i n e q s .
NB-3653.1(a)(10) and NB-3653.2(a)(11).

(2) a linear portion, with zero average value, having
variation given by:
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(3) a nonlinear portion with a zero average value and
a zero first moment with respect to the mid-thickness.
This decomposition of T(y) into three parts is illustrated
in Figure NB-3653.2(b)-1. The value of ΔT1 to be used in
eq. (a)(11) is the variation V of the linear portion:

The value of ΔT2 to be used in eq. (a)(11) is as follows:

NB-3653.3 Alternating Stress Intensity. The alter-
nating stress intensity Sa l t is equal to one-half the value
of Sp (Sa l t = Sp /2) calculated in eq. NB-3653.2(a)(11).

NB-3653.4 Use of Design Fatigue Curve. Enter the
applicable design fatigue curve, Section III Appendices,
Mandatory Appendix I, on the ordinate using Sa = S a l t ,
and find the corresponding number of cycles on the ab-
scissa. If the service cycle being considered is the only
one that produces significant fluctuating stresses, this is
the allowable number of cycles.

NB-3653.5 Cumulative Damage. The cumulative
damage shal l be evaluated in accordance with
NB-3222.4(e)(5). If Ni is greater than the maximum num-
ber of cycles defined on the applicable design fatigue
curve, the value of ni/Ni may be taken as zero.

NB-3653.6 Simplified Elastic–Plastic Discontinuity
Analysis. If eq. NB-3653.1(a)(10) cannot be satisfied for
all pairs of load sets, the alternative analysis described be-
low may still permit qualifying the component under
NB-3650. Only those pairs of load sets which do not satis-
fy eq. NB-3653.1(a)(10) need be considered.

(a) Equation (12) shall be met:

ð12Þ

where

Mi* = same as defined in NB-3653.1 for the pair of load
sets under review except it includes only moments
due to thermal expansion and thermal anchor
movements, in.-lb (N·mm)

Se = nominal value of expansion stress, psi (MPa)
Sm = the average of the tabulated Sm values for the

highest and the lowest temperatures of the metal
during the transient

All other variables as defined in NB-3653.1.
(b) The primary plus secondary membrane plus bend-

ing stress intensity, excluding thermal bending and ther-
mal expansion stresses, shall be < 3Sm . This requirement
is satisfied by meeting eq. (13) below:

ð13Þ

where

C ′3 = values in Table NB-3681(a)-1
Mi = same as defined in NB-3653.1 for the pair of load

sets under review except it excludes the moments
due to thermal expansion and thermal anchor
movements, in.-lb (N·mm)

Sm = as defined in NB-3653.1

All other variables as defined in NB-3653.1.

Figure NB-3653.2(b)-1
Decomposition of Temperature Distribution Range
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(c) If these conditions are met, the value of Sa l t shall be
calculated by eq. (14):

ð14Þ

where

Ke = 1.0 for Sn ≤ 3Sm
= 1.0 + [(1 − n)/n(m − 1)](Sn/3Sm − 1), for 3Sm <

Sn < 3mSm
= 1/n , for Sn ≥ 3mSm

m, n = ma t e r i a l p a r am e t e r s g i v e n i n T a b l e
NB-3228.5(b)-1

Sa l t = alternating stress intensity, psi (MPa)
Sn = primary plus secondary stress intensity value cal-

culated in eq. NB-3653.1(a)(10), psi (MPa)
Sp = peak stress intensity value calculated by eq.

NB-3653.2(a)(11), psi (MPa)

Sa l t for all load sets shall be calculated in accordance with
NB-3653.3 or eq. (14). Using the alternating stress inten-
sity values calculated by the above procedures, determine
the cumulative usage factor in accordance with
NB-3653.4 and NB-3653.5. The cumulative usage factor
shall not exceed 1.0.

NB-3653.7 Thermal Stress Ratchet. For all pairs of
load sets, the value of the range of ΔT1 cannot exceed that
calculated as follows:

where

C4 = 1.1 for ferritic material
= 1.3 for austenitic material

Eα = as defined for eq. NB-3653.2(a)(11), psi/°F
(MPa/°C)

P = maximum pressure for the set of conditions under
consideration, psi (MPa)

Sy = yield strength value, psi (MPa), taken at average
f lu id temperature of the transient under
consideration

x = (PDo/2t) (1/Sy)
y ′ = 3.33, 2.00, 1.20, and 0.80 for x = 0.3, 0.5, 0.7, and

0.8, respectively

NB-3654 Consideration of Level B Service Limits

The procedures for analyzing Service Loadings for
which Level B Service Limits are designated, are the same
as those given in NB-3653 for Level A Service Limits. All
load sets, including Level A and Level B Service Loadings,
shall satisfy the fatigue requirements of NB-3653.1
through NB-3653.6 and the thermal stress ratchet re-
quirement of NB-3653.7.

NB-3654.1 Permissible Pressure. For Level B Ser-
vice Limits [NCA-2142.4(b)(2)], the permissible pressure
shall not exceed the pressure Pa , calculated in accordance
with eq. NB-3641.1(3) by more than 10%. The calculation
of Pa shall be based on the allowable stress intensity for
the material at the coincident temperature.

NB-3654.2 Analysis of Piping Components. For Ser-
vice Loadings for which Level B Service Limits are desig-
nated, the requirements of (a) or (b) below shall apply.

(a) For Service Loadings for which Level B Service Lim-
its are designated which do not include reversing dy-
namic loads (NB-3622.2) or have reversing dynamic
loads combined with nonreversing dynamic loads
(NB-3622.4), the conditions of eq. NB-3652(9) shall be
met using Service Level B coincident pressure P and mo-
ments Mi which result in the maximum calculated stress.
The allowable stress to be used for this condition is
1.8Sm , but not greater than 1.5Sy .

Sm = allowable design stress intensity value at a tem-
perature consistent with the loading under consid-
eration, psi (MPa)

Sy = material yield strength at a temperature consistent
with the loading under consideration, psi (MPa)

(b) For Service Loadings for which Level B Service Lim-
its are designated which include reversing dynamic loads
that are not required to be combined with nonreversing
dynamic loads, the requirements of NB-3653 for Level A
Service Limits shall be met. In addition, any deflection
limits prescribed by the Design Specification must be
satisfied.

NB-3655 Consideration of Level C Service Limits
NB-3655.1 Permissible Pressure. When Level C Ser-

vice Limits [NCA-2142.4(b)(3) and NB-3113(b)] are spe-
cified, the permissible pressure shall not exceed the
pressure P a , ca lculated in accordance with eq.
NB-3641.1(3) by more than 50%. The calculation of Pa

shall be based on the allowable stress intensity for the
material at the coincident temperature.

NB-3655.2 Analysis of Piping Components. For Ser-
vice Loadings for which Level C Service Limits
[NCA-2142.4(b)(3) and NB-3113(b)] are designated, the
following requirements shall apply.

(a) For Service Loadings for which Level C Service Lim-
its are designated except as permitted by (b) below, the
conditions of eq. NB-3652(9) shall be met using Service
Level C coincident pressure P and moments Mi which re-
sult in the maximum calculated stress. The allowable
stress to be used for this condition is 2.25Sm but not
greater than 1.8Sy . In addition, if the effects of anchor mo-
tion, MAM , from reversing dynamic loads are not consid-
e r ed i n NB -3654 , t h en th e r equ i r emen t s o f
NB-3656(b)(4) shall be satisfied using 70% of the allow-
able stress given in NB-3656(b)(4).
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ð15Þ

Sm = allowable design stress intensity value at a tem-
perature consistent with the loading under consid-
eration, psi (MPa)

Sy = material yield strength at a temperature consistent
with the loading under consideration, psi (MPa)

(b) As an alternative to (a), for Service Loadings for
which Level C Service Limits are designated, which in-
clude reversing dynamic loads (NB-3622.2) that are not
required to be combined with nonreversing dynamic
loads (NB-3622.2), the requirements of NB-3656(b) shall
be satisfied using the allowable stress in NB-3656(b)(2),
70% of the allowable stress in NB-3656(b)(3), and 70%
of the allowable loads in NB-3656(b)(4).

NB-3655.3 Deformation Limits. Any deformation or
deflection limits prescribed by the Design Specifications
shall be considered with respect to Level C Service Limits.

NB-3656 Consideration of Level D Service Limits

If the Design Specifications specify any Service Loading
for which Level D Limits are designated [NCA-2142.2(b)
(4)], the following requirements shall apply.

(a) For Service Loadings for which Level D Service Lim-
its are designated except as permitted by (b) below, the
requirements of (1), (2), and (3) below shall apply.

(1) The permissible pressure shall not exceed 2.0
times the pressure Pa calculated in accordance with eq.
NB-3641.1(3). The calculation of Pa shall be based on
the allowable stress intensity for the material at the coin-
cident temperature.

(2) The conditions of eq. NB-3652(9) shall be met
using Service Level D coincident pressure P and moment
Mi , which results in the maximum calculated stress. The
allowable stress to be used for this condition is 3.0Sm ,
but not greater than 2.0Sy .

Sm = allowable design stress intensity value at a tem-
perature consistent with the loading under consid-
eration, psi (MPa)

Sy = material yield strength at a temperature consistent
with the loading under consideration, psi (MPa)

(3) If the effects of anchor motion, MAM , from rever-
sing dynamic loads are not considered in NB-3654, then
the requirements of (b)(4) shall be satisfied.

(b) As an alternative to (a), for piping fabricated from
material designated P-No. 1 through P-No. 9 in Section
II, Part D, Subpart 1, Table 2A and limited to DO/t n ≤
40 if Level D Service Limits are designated which include
reversing dynamic loads (NB-3622.2) that are not re-
quired to be combined with nonreversing dynamic loads
(NB-3622.4), the requirements of (1) through (5) below
shall apply.

(1) The pressure occurring coincident with the earth-
quake or other reversing type loading, PE , shall not ex-
ceed the Design Pressure.

(2) The sustained stress due to weight loading shall
not exceed the following:

where

MW = resultant moment due to weight effects, in.-lb
(N·mm) (NB-3623)

Sm = allowable design stress intensity value at a tem-
perature consistent with the loading under consid-
eration, psi (MPa)

(3) The stress due to weight and inertial loading due
to reversing dynamic loads in combination with the Level
D coincident pressure shall not exceed the following:

where

B2′ = B2 from Table NB-3681(a)-1, except as follows:

B2 ′ = 1.33 for girth butt welds between items
which do not have nominally identical wall
thicknesses [NB-3683.4(b)]

= 0.87/h
2/3 for curved pipe or butt-welding

elbows (h as defined in NB-3683.7), but
not less than 1.0

B2b ′ = 0.27(Rm/Tr)
2/3 and

B2 r ′ = 0.33(Rm/T r )
2/3 for ASME B16.9 or MSS

SP-87 butt-welding tees (terms as defined
in NB-3683), but neither less than 1.0

ME = the amplitude of the resultant moment due to
weight and the inertial loading resulting from re-
versing dynamic loads, in.-lb (N·mm). In the com-
bination of loads , al l direct ional moment
components in the same direction shall be com-
bined before determining the resultant moment.
If the method of analysis is such that only magni-
tude without algebraic signs is obtained, the most
conservative combination shall be assumed.

PE = the pressure occurring coincident with the rever-
sing dynamic load, psi (MPa)

Sm = allowable design stress intensity value at a tem-
perature consistent with the loading under consid-
eration, psi (MPa)
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(4) The range of the resultant moment MAM and the
amplitude of the longitudinal force FAM resulting from
the anchor motions due to earthquake and other rever-
sing type dynamic loading shall not exceed the following:

where

AM = cross-sectional area of metal in the piping compo-
nent wall, in.2 (mm2)

Sm = allowable design stress intensity value at a tem-
perature consistent with the loading under consid-
eration, psi (MPa)

(5) The use of the 6Sm limit in (4) assumes essen-
tially linear behavior of the entire piping system. This as-
sumption is sufficiently accurate for systems where
plastic straining occurs at many points or over relatively
wide regions, but fails to reflect the actual strain distribu-
tion in unbalanced systems where only a small portion of
the piping undergoes plastic strain. In these cases, the
weaker or higher stressed portions will be subjected to
strain concentrations due to elastic follow-up of the stiffer
or lower stressed portions. Unbalance can be produced

(-a) by the use of small pipe runs in series with
larger or stiffer pipe, with the small lines relatively highly
stressed.

(-b) by local reduction in size or cross section, or
local use of a weaker material.

In the case of unbalanced systems, the design shall be
modified to eliminate the unbalance or the piping shall be
qualified to the equations given in (4) with allowable 6Sm
replaced by 3Sm .

(6) Piping displacements shall satisfy Design Specifi-
cation limitations.

(c) As an alternative to (a) and (b), the rules contained
in Section III Appendices, Nonmandatory Appendix F may
be used in evaluating these service loadings indepen-
dently of all other Design and Service Loadings.

NB-3657 Test Loadings

The evaluation of Test Loadings shall be carried out in
accordance with NB-3226.

NB-3658 Analysis of Flanged Joints

The pressure design of flanged joints is covered by
NB-3647.1. Flanged joints subjected to combinations of
moment and pressure shall meet the requirements of this
paragraph. In addition, the pipe-to-flange welds shall
meet the requirements of NB-3652 through NB-3656
us ing appropr i a t e s t r e s s i nd i ce s f rom Tab l e
NB-3681(a)-1. Flanged joints using flanges, bolting, and
gaskets as specified in ASME B16.5 and using a bolt

material having an Sm value at 100°F (38°C) not less than
20.0 ksi (138 MPa) may be analyzed in accordance with
the following rules or in accordance with NB-3200. Other
flanged joints shall be analyzed in accordance with
NB-3200.

NB-3658.1 Design Limits, Level A and B Service
Limits.

(a) The pressure shall not exceed the rated pressure for
Level A Service Limits or 1.1 times the rated pressure for
Level B Service Limits.

(b) The bolting shall meet the requirements of
NB-3232. In addition, the limitations given by eqs. (15)
and (16) shall be met:

(U.S. Customary Units)

ð15Þ

(SI Units)

where

Ab = total cross-sectional area of bolts at root of thread
or section of least diameter under stress, in.2

(mm2)
C = diameter of bolt circle, in. (mm)

Mfs = bending or torsional moment (considered sepa-
rately) applied to the joint due to weight, thermal
expansion of the piping, sustained anchor move-
ments, relief valve steady-state thrust, and other
sustained mechanical loads applied to the flanged
joint during the design or service conditions, in.-lb.
(N·mm). If cold springing is used, the moment may
be reduced to the extent permitted by NB-3672.8.

Sy = yield strength of flange material at Design Tem-
perature (Section II, Part D, Subpart 1, Table
Y-1) , psi (MPa) . The value of S y /36,000
(Sy /250) shall not be taken as greater than unity.

(U.S. Customary Units)

ð16Þ

(SI Units)

where

Mfd = bending or torsional moment (considered sepa-
rately) as defined for Mfs , but including dynamic
loadings, in.-lb (N·mm)
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NB-3658.2 Level C Service Limits.

(a) The pressure shall not exceed 1.5 times the rated
pressure.

(b) The limitation given by eq. (17) shall be met:

(U.S. Customary Units)

ð17Þ

(SI Units)

where

Df = outside diameter of raised face, in. (mm)
Pfd = pressure concurrent with Mfd , psi (MPa)

Mfd , C , Sy , the limitation on Sy /36,000 (Sy /250), and Ab
are defined in NB-3658.1(b).

NB-3658.3 Level D Service Limits.

(a) The pressure shall not exceed 2.0 times the rated
pressure.

(b) The limitation given by eq. NB-3658.2(b)(17) shall
be met, where P f d and Mfd are pressures, psi (MPa),
and moments, in.-lb (N·mm), occurring concurrently.

NB-3658.4 Test Loadings. Analysis for Test Load-
ings is not required.

NB-3660 DESIGN OF WELDS
NB-3661 Welded Joints

NB-3661.1 General Requirements. Welded joints
shall be made in accordance with NB-4200.

NB-3661.2 Socket Welds.24

(a) Socket welded piping joints shall be limited to pipe
sizes of NPS 2 (DN 50) and less.

(b) Socket welds shall comply with the requirements of
NB-4427.

NB-3661.3 Fillet Welds and Partial Penetration
Welds for Branch Connections. Fillet welds and partial
penetration welds are allowed for branch connections
provided the following requirements of (a) and (b) are
met:

(a) The ratio of the run pipe NPS to the branch NPS
shall not be less than 10; the branch shall not be larger
than NPS 2; and, all reinforcement for the opening re-
quired by NB-3643.3 shall be provided in the wall of
the run pipe.

(b) The welds are fillet or groove welds as shown in
Figure NB-4246(b)-1. These welds shall allow for exami-
nation in accordance with NB-5245.

NB-3670 SPECIAL PIPING REQUIREMENTS
NB-3671 Selection and Limitation of Nonwelded

Piping Joints

The type of piping joint used shall be suitable for the
Design Loadings and shall be selected with consideration
of joint tightness, mechanical strength, and the nature of
the fluid handled. Piping joints shall conform to the re-
quirements of this Subsection with leak tightness being
a consideration in selection and design of joints for piping
systems to satisfy the requirements of the Design
Specifications.

NB-3671.1 Flanged Joints. Flanged joints are
permitted.

NB-3671.2 Expanded Joints. Expanded joints shall
not be used.

NB-3671.3 Threaded Joints. Threaded joints in
which the threads provide the only seal shall not be used.
If a seal weld is employed as the sealing medium, the
stress analysis of the joint must include the stresses in
the weld resulting from the relative deflections of the ma-
ted parts.

NB-3671.4 Flared, Flareless, and Compression
Joints. Flared, flareless, and compression type tubing fit-
tings may be used for tubing sizes not exceeding 1 in. O.D.
(25 mm) within the limitations of applicable standards
and specifications listed in Table NCA-7100-1 and re-
quirements (b) and (c) below. In the absence of such stan-
dards or specifications, the Designer shall determine that
the type of fitting selected is adequate and safe for the De-
sign Loadings in accordance with the requirements of (a),
(b), and (c) below.
(a) The pressure design shall meet the requirements of

NB-3649.
(b) Fittings and their joints shall be suitable for the tub-

ing with which they are to be used in accordance with the
minimum wall thickness of the tubing and method of as-
sembly recommended by the manufacturer.
(c) Fittings shall not be used in services that exceed the

manufacturer ’s maximum pressure–temperature
recommendations.

NB-3671.5 Caulked Joints. Caulked or leaded joints
shall not be used.

NB-3671.6 Brazed and Soldered Joints.
(a) Brazed Joints

(1) Brazed joints of a maximum nominal pipe size of
1 in. (DN 25) may be used only at dead end instrument
connections and in special applications where space and
geometry conditions prevent the use of joints permitted
under NB-3661.2, NB-3661.3, and NB-3671.4. The depth
of socket shall be at least equal to that required for socket
welding fittings and shall be of sufficient depth to develop
a rupture strength equal to that of the pipe at Design Tem-
perature (NB-4500).
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(2) Brazed joints that depend upon a fillet rather
than a capillary type filler addition are not acceptable.

(3) Brazed joints shall not be used in systems con-
taining flammable fluids or in areas where fire hazards
are involved.

(b) Soldered Joints. Soldered joints shall not be used.

NB-3671.7 Sleeve Coupled and Other Patented
Joints. Mechanical joints, for which no standards exist,
and other patented joints may be used provided the re-
quirements of (a), (b), and (c) below are met.

(a) Provision is made to prevent separation of the
joints under all Service Loadings.

(b) They are accessible for maintenance, removal, and
replacement after service.

(c) Either of the following two criteria are met.
(1) A prototype joint has been subjected to perfor-

mance tests to determine the safety of the joint under si-
mulated service conditions. When vibration, fatigue,
cyclic conditions, low temperature, thermal expansion,
or hydraulic shock is anticipated, the applicable condi-
tions shall be incorporated in the tests. The mechanical
joints shall be sufficiently leak tight to satisfy the require-
ments of the Design Specifications.

(2) Joints are designed in accordance with the rules
of NB-3200.

NB-3672 Expansion and Flexibility

(a) In addition to meeting the design requirements for
pressure, weight, and other loadings, piping systems shall
be designed to absorb or resist thermal expansion or con-
traction or similar movements imposed by other sources
and shall meet the criteria for allowable stress intensity
as specified in NB-3611. Piping systems shall be designed
to have sufficient flexibility to prevent the movements
from causing:

(1) failure of piping or anchors from overstress or
overstrain;

(2) leakage at joints;
(3) detrimental distortion of connected equipment

resulting from excessive thrusts and moments.
(b) The effects of stresses, caused by pressure, thermal

expansion, and other loads and their stress intensification
factors, shall be considered cumulatively.

NB-3672.1 Properties. Thermal expansion data and
moduli of elasticity shall be determined from Section II,
Part D, Subpart 2, Tables TE and TM, which cover more
commonly used piping materials. For materials not in-
cluded in these tables, reference shall be to authoritative
source data, such as publications of the National Institute
of Standards and Technology.

NB-3672.2 Unit Thermal Expansion Range. The unit
thermal expansion range in in./100 ft (mm/m), used in
calculating the expansion range, shall be determined from
Section II, Part D, Subpart 2, Tables TE as the algebraic
difference between the unit expansion shown for the

highest metal temperature and that for the lowest metal
temperature resulting from service or shutdown
conditions.

NB-3672.3 Moduli of Elasticity. The moduli of elas-
ticity for ferrous and nonferrous materials shall be as gi-
ven in Section II, Part D, Subpart 2, Tables TM.

NB-3672.4 Poisson’s Ratio. When required for flex-
ibility calculations, Poisson’s ratio shall be taken as 0.3
for all metals at all temperatures.

NB-3672.5 Stresses. Flexibility calculations of the
moments and forces in the piping system due to thermal
expansion and end motions shall be based on the hot
modulus Eh . Calculations for the expansion stresses shall
be based on the least cross-sectional area of the pipe or
fitting, using nominal dimensions. The expansion stress
computed from the forces and moments shall be multi-
plied by the ratio Ec/Eh , where Ec is the modulus of elas-
ticity at room temperature. The effect of expansion
stresses in combination with stresses from other causes
shall be evaluated in accordance with NB-3611 or
NB-3630.

NB-3672.6 Method of Analysis. All systems shall be
analyzed for adequate flexibility by a rigorous structural
analysis unless they can be judged technically adequate
by an engineering comparison with previously analyzed
systems.

NB-3672.7 Basic Assumptions and Requirements.
(a)When calculating the flexibility of a piping system

between anchor points, the system between the anchor
points shall be treated as a whole. The significance of all
parts of the line and of all restraints, such as supports
or guides, including intermediate restraints introduced
for the purpose of reducing moments and forces on equip-
ment or small branch lines, shall be considered.

(b) Comprehensive calculations shall take into account
the flexibility factors and stress indices found to exist in
piping products other than straight pipe. Credit may be
taken where extra flexibility exists in the piping system.
Flexibility factors and stress indices are given in
NB-3680.

(c) The total expansion range shall be used in all calcu-
lations whether or not the piping is cold sprung. Not only
the expansion of the line itself, but also linear and angular
movements of the equipment and supports to which it is
attached, shall be considered.

(d)Where assumptions are used in calculations or
model tests, the likelihood of underestimates of forces,
moments, and stresses, including the effects of stress in-
tensification, shall be evaluated.

NB-3672.8 Cold Springing. Cold springing provides
a beneficial effect in assisting a system to attain its most
favorable position sooner. The effect of cold springing
shall be analyzed as any other movement in the system
is analyzed. The maximum stress allowed due to cold
springing is 2.0Sm at the cold spring temperature. Since
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the usual erection procedures may not permit accurate
determination of cold spring in a piping system, the allow-
able reduction of forces and moments at anchors or
equipment caused by cold springing shall be limited to
no more than two-thirds of the calculated reduction.

NB-3674 Design of Pipe Supports

Pipe supports shall be designed in accordance with the
requirements of Subsection NF.

NB-3677 Pressure Relief Piping
NB-3677.1 General Requirements. Pressure relief

piping within the scope of this Subsection shall be sup-
ported to sustain reaction forces and shall conform to
the requirements of the following subparagraphs.

NB-3677.2 Piping to Pressure-Relieving Safety De-
vices.
(a) Piping that connects a pressure-relieving safety de-

vice to a piping system shall comply with all the require-
ments of the class of piping of the system which it is
designated to relieve.
(b) There shall be no intervening stop valves between

systems being protected and their protective device or
devices except as provided for in NB-7142.

N B - 3 6 7 7 . 3 D i s c h a r g e P i p i n g F r o m
Pressure-Relieving Safety Devices.
(a) Discharge piping from pressure-relieving safety de-

vices shall comply with the requirements applicable to
the conditions under which it operates.
(b) There shall be no intervening stop valve between

the protective device or devices and the point of dis-
charge except as provided for in NB-7142.
(c) The effluent from relief devices may be discharged

outside the containment only if adequate provisions are
made for the safe disposal of the effluent. It shall not im-
pinge on other piping or structure or equipment and shall
be directed away from platforms and other areas which
might be used by personnel.
(d) It is recommended that individual discharge lines

be used. For requirements on discharge piping, see
NB-7141(f).
(e) When the umbrella or drip pan type of connection

between the pressure-relieving safety device and the dis-
charge piping is used, the discharge piping shall be so de-
signed as to prevent binding due to expansion
movements and shall be so dimensioned as to prevent
the possibility of blow back of the effluent. Individual dis-
charge lines shall be used in this application. Drainage
shall be provided to remove water collected above the
safety valve seat.
(f) Discharge lines from pressure-relieving safety de-

vices within the scope of this Subsection shall be designed
to facilitate drainage if there is any possibility that the ef-
fluent can contain liquid.

NB-3680 STRESS INDICES AND FLEXIBILITY
FACTORS

NB-3681 Scope

(a) There are two types of analyses allowed by the
rules of this subarticle. The applicable B , C , and K indices
to be used with eqs. NB-3652(9), NB-3653.1(a)(10), and
NB-3653.2(a)(11) are given in Table NB-3681(a)-1. The
applicable indices to be used with the detailed analysis
of NB-3200 are given in NB-3685 and NB-3338.
(b)Methods of determining flexibility factors for some

commonly used piping products are given in NB-3686.
(c) Values of stress indices are tabulated for commonly

used piping products and joints. Unless specific data,
which shall be referenced in the Design Report, exist that
would warrant lower stress indices than those tabulated
or higher flexibility factors than those calculated by the
methods of NB-3686, the stress indices given shall be
used as minimums and the flexibility factors shall be used
as maximums.
(d) For piping products not covered by NB-3680, stress

indices and flexibility factors shall be established by ex-
perimental analysis (Section III Appendices, Mandatory
Appendix II) or theoretical analysis. Such test data or the-
oretical analysis shall be included in the Design Report.
(e) When determining stress indices by experimental

methods, the nominal stress at the point under considera-
tion (crack site, point of maximum stress intensity, etc.)
shall be used.

NB-3682 Definitions of Stress Indices and
Flexibility Factors

(a) The general definition of a stress index for mechan-
ical loads is:

where

S = nominal stress, psi (MPa), due to load L
σ = elastic stress, psi (MPa), due to load L

For B indices, σ represents the stress magnitude corre-
sponding to a limit load. For C or K indices, σ represents
the maximum stress intensity due to load L . For i factors,
σ represents the principal stress at a particular point, sur-
face, and direction due to load L .
(b) The general definition of a stress index for thermal

loads is:

where

E = modulus of elasticity, psi (MPa)
α = coefficient of thermal expansion, 1/°F (1/°C)

ΔT = thermal difference, °F (°C)
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ð15ÞTable NB-3681(a)-1
Stress Indices for Use With Equations in NB-3650

Piping Products and Joints [Note (3)]

Applicable for Do/t ≤ 100 for C or K Indices and Do/t ≤ 50 for B Indices
[Note (1)]

Notes

Internal Pressure
[Note (2)]

Moment Loading
[Note (2)] Thermal Loading

B1

C1

[Note
(4)]

K1

[Note
(4)] B2

C2

[Note
(4)]

K2

[Note
(4)] C3 C3 ′

K3

[Note
(4)]

Straight pipe, remote from welds or other
discontinuities

0.5 1.0 1.0 1.0 1.0 1.0 0.6 0.5 1.0 (5)

Longitudinal butt welds in straight pipe
(a) flush 0.5 1.0 1.1 1.0 1.0 1.1 1.0 … 1.1 (6)
(b) as-welded t >3/16 in. (5 mm) 0.5 1.1 1.2 1.0 1.2 1.3 1.0 … 1.2 (6)
(c) as-welded t ≤3/16 in. (5 mm) 0.5 1.4 2.5 1.0 1.2 1.3 1.0 … 1.2 (6)

Girth butt welds between nominally identical wall thickness items
(a) flush 0.5 1.0 1.1 1.0 1.0 1.1 0.60 0.50 1.1 (7)
(b) as-welded 0.5 1.0 1.2 1.0 … 1.8 0.60 0.50 1.7 (7)

Girth fillet weld to socket weld, fittings, socket
weld valves, slip-on or socket welding flanges

… … 3.0 … … 2.0 2.0 1.0 3.0 (8)

NB-4250 transitions
(a) flush 0.5 … 1.1 1.0 … 1.1 … 1.0 1.1 (9)
(b) as-welded 0.5 … 1.2 1.0 … 1.8 … 1.0 1.7 (9)

Transitions within a 1:3 slope envelope
(a) flush 0.5 … 1.2 1.0 … 1.1 … 0.60 1.1 (10)
(b) as-welded 0.5 … 1.2 1.0 … 1.8 … 0.60 1.7 (10)

Butt welding reducers per ASME B16.9 or MSS
SP-87

… … … 1.0 … … 1.0 0.5 1.0 (11)

Curved pipe or butt welding elbows … … 1.0 … … 1.0 1.0 0.5 1.0 (12)

Branch connections per NB-3643 0.5 … 2.0 … … … 1.8 1.0 1.7 (13)

Butt welding tees 0.5 1.5 4.0 … … … 1.0 0.5 1.0 (14)

GENERAL NOTE: For indices not listed, see the note referenced at the end of the applicable line.

NOTES:
(1) For products and joints with 50 < Do/t ≤ 100, see NB-3683.2(c).
(2) For the calculation of pressure and moment loads and special instructions regarding eqs. NB-3652(9) through NB-3653.6(b)(13),

see NB-3683.1(d).
(3) For definitions, applicability, and specific restrictions, see NB-3683.
(4) For special instructions regarding the use of these indices for welded products, intersecting welds, abutting products, or

out-of-round products, see NB-3683.2.
(5) See NB-3683.3, Straight Pipe Remote From Welds.
(6) See NB-3683.4(a), Longitudinal Butt Welds.
(7) See NB-3683.4(b), Girth Butt Welds.
(8) See NB-3683.4(c), Girth Fillet Welds.
(9) See NB-3683.5(a), NB-4250 Transitions.
(10) See NB-3683.5(b), Transitions Within a 1:3 Slope.
(11) See NB-3683.6, Concentric and Eccentric Reducers.
(12) See NB-3683.7, Curved Pipe or Butt Welding Elbows. See also NB-3683.2(a) and NB-3683.2(b).
(13) See NB-3683.8, Branch Connections per NB-3643. See also NB-3683.1(d).
(14) See NB-3683.9, Butt Welding Tees. See also NB-3683.1(d).
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σ = maximum stress intensity, psi (MPa), due to ther-
mal difference ΔT

The values of E , α , and ΔT are defined in detail in
NB-3650.
(c) Flexibility factors are identified herein by k with ap-

propriate subscripts. The general definition of a flexibility
factor is:

where

θab = rotation of end a , with respect to end b , due to a
moment load M and in the direction of the mo-
ment M

θnom = nominal rotation due to moment load M

The flexibility factor k and nominal rotation θnom are
defined in detail for specific components in NB-3686.

NB-3683 Stress Indices for Use With NB-3650

The stress indices given herein and in Table
NB-3681(a)-1 and subject to the additional restrictions
specified herein are to be used with the analysis methods
of NB-3650. For piping products outside the applicable
range, stress indices shall be established in accordance
with NB-3681.

NB-3683.1 Nomenclature.
(a) Dimensions. Nominal dimensions as specified in the

dimensional standards of Table NCA-7100-1 shall be used
for calculating the numerical values of the stress indices
given herein and in Table NB-3681(a)-1, and for evaluat-
ing eqs. NB-3652(9) through NB-3653.6(c)(14). For
ASME B16.9 or MSS SP-87 piping products, the nominal
dimensions of the equivalent pipe (for example, Schedule
40) as certified by the manufacturer shall be used. Not
more than one equivalent pipe size shall be certified for
given product items of the same size, shape, and weight.
For piping products such as reducers and tapered-wall

transitions which have different dimensions at either end,
the nominal dimensions of the large or small end, which-
ever gives the larger value of Do/t , shall be used. Dimen-
sional terms are defined as follows:

Do = nominal outside diameter of pipe, in. (mm)
Di = nominal inside diameter of pipe, in. (mm)
Dm = mean diameter of designated run pipe, in.

(mm) [see NB-3683.8(c) and Figure
NB-3643.3(a)-1]

= 2Rm = (Do − Tr)
Dmax = maximum outside diameter of cross section,

in. (mm)
Dmin = minimum outside diameter of cross section,

in. (mm)
D1 = nominal outside diameter at large end of

concentric and eccentric reducers, in. (mm)
(see NB-3683.6)

D2 = nominal outside diameter at small end of
concentric and eccentric reducers, in. (mm)
(see NB-3683.6)

do = nominal outside diameter of attached branch
pipe, in. (mm)

di = nominal inside diameter of branch, in. (mm)
dm = nominal mean diameter of reinforced or un-

r e i n f o r c e d b r a n c h , i n . (mm) [ s e e
NB-3683.8(c)]

= (di + tn)
h = characteristic bend parameter of a curved

pipe or butt welding elbow
= tR/rm

2

I = moment of inertia of pipe, in.4 (mm4)
= 0.0491 (Do

4 − Di
4)

L1 = height of nozzle reinforcement for branch
connec t i ons , i n . (mm) [ s ee F i gu re
NB-3643.3(a)-1]

L1 , L2 = length of cylindrical portion at the large end
and small end of a reducer, respectively, in.
(mm) (see NB-3683.6)

R = nominal bend radius of curved pipe or el-
bow, in. (mm)

Rm = mean radius of designated run pipe, in.
(mm) [ s e e NB - 36 83 . 8 a nd F i g u r e
NB-3643.3(a)-1]

= (Do − Tr)/2
r i = inside radius of branch, in. (mm) [see Figure

NB-3643.3(a)-1]
= di/2

rm = mean pipe radius, in. (mm)
= (Do − t)/2

r ′m = mean radius of attached branch pipe, in.
(mm) [see Figure NB-3643.3(a)-1]

= (do − T ′b)/2
rp = outside radius of reinforced nozzle or branch

c onn e c t i o n , i n . (mm) [ s e e F i g u r e
NB-3643.3(a)-1]

r1 , r2 , r3 = designated radii for reinforced branch con-
nections, concentric and eccentric reducers,
in. (mm) [see NB-3683.6, NB-3683.8, and
Figure NB-3643.3(a)-1]

Tb = wall thickness of branch connection rein-
f o r c em e n t , i n . (mm ) [ s e e F i g u r e
NB-3643.3(a)-1]

T ′b = nominal wall thickness of attached branch
pipe, in. (mm) [see Figure NB-3643.3(a)-1]

Tr = nominal wall thickness of designated run
pipe, in. (mm) [see Figure NB-3643.3(a)-1]

t = nominal wall thickness of pipe, in. (mm). For
piping products purchased to a minimum
wall specification, the nominal wall thick-
ness shall be taken as 1.14 times the mini-
mum wall.
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tmax = maximum wall thickness of a welding transi-

tion within a distance of from the weld-

ing end, in. (mm) [see NB-3683.5(b)], in.
(mm)

tn = wall thickness of nozzle or branch connec-
t i on re i n f o r c emen t , i n . (mm) ( s ee
NB-3683.8; also used for concentric and ec-
centric reducers, see NB-3683.6)

t1 = nominal wall thickness at large end of con-
centric and eccentric reducers, in. (mm)
(see NB-3683.6)

t2 = nominal wall thickness at small end of con-
centric and eccentric reducers, in. (mm)
(see NB-3683.6)

t1m, t2m = minimumwall thickness at the large end and
small end of a reducer, respectively, that is
required to resist the Design Pressure P in
accordance with eq. NB-3641.1(1), in. (mm)

Z = section modulus of pipe, in.3 (mm3)
= 2I/Do

Zb = approximate section modulus of attached
branch pipe, in.3 (mm3)

= π(r ′m)
2T ′b

Zr = approximate section modulus of designated
run pipe, in.3 (mm3)

= π(Rm)
2Tr

α = cone angle of concentric and eccentric redu-
cers, deg (see NB-3683.6)

Δ = radial weld shrinkage measured from the
nominal outside surface, in. (mm)

θn = slope of nozzle-to-pipe transition for branch
c o n n e c t i o n s , d e g [ s e e F i g u r e
NB-3643.3(a)-1]

(b) Material Properties. Unless otherwise specified, ma-
terial properties at the appropriate temperature, as given
in Section II, Part D, Subparts 1 and 2, shall be used.
Terms are defined as follows:

E = modulus of elasticity for the material at room tem-
perature, psi (MPa), taken from Section II, Part D,
Subpart 2, Tables TM

M = materials constant
= 2, for ferritic steels and nonferrous materials except

nickel–chrome–iron alloys and nickel–iron–chrome
alloys

= 2.7, for austenitic steel, nickel–chrome–iron alloys
and nickel–iron–chrome alloys [see NB-3683.2(b)]

Sy = yield strength of the material at the Design Tem-
perature, psi (MPa), taken from Section II, Part D,
Subpart 1, Table Y-1

v = Poisson’s ratio
= 0.3

(c) Connecting Welds. Connecting welds in accordance
with the requirements of this Subsection are defined as
either flush or as-welded welds.

(1) Flush welds are those welds with contours as de-
fined in Figure NB-3683.1(c)-1. The total thickness (both
inside and outside) of the weld reinforcement shall not
exceed 0.1t . There shall be no concavity on either the in-
terior or exterior surfaces and the finished contour shall
not have any slope greater than 7 deg where the angle
is measured from a tangent to the surface of the pipe or
on the tapered transition side of the weld to the nominal
transition surface.

(2) As-welded welds are those welds not meeting the
special requirements of flush welds.

(d) Loadings. Loadings for which stress indices are gi-
ven include internal pressure, bending and torsional mo-
ments, and temperature differences. The indices are
intended to be sufficiently conservative to account also
for the effects of transverse shear forces normally en-
countered in flexible piping systems. If, however, thrust
or shear forces account for a significant portion of the
loading on a given piping product, the effect of these
forces shall be included in the design analysis. The values
of the moments and forces shall be obtained from an ana-
lysis of the piping system in accordance with NB-3672.
Loading terms are defined as follows:

M1 , M2 , M3 = orthogonal moment loading components
at a given position in a piping system,
in.-lb (N·mm)

Mij = orthogonal moment components of a tee
or branch connection as shown in Figure
NB-3683.1(d)-1 where i = x, y, z and j =
1, 2, 3, in.-lb (N·mm)

Mt = resultant moment loading applied during
the spec i f i ed opera t ing cyc le for
straight-through products such as straight
pipe, curved pipe or elbows, and con-
centric reducers, in.-lb (N·mm)

=

P = Design Pressure, psi (MPa)
Po = range of service pressure, psi (MPa)
P* = maximum value of pressure in the load cy-

cle under consideration, psi (MPa)

The moment components Mx1 , Mx2 , My1 , My2 , Mz1 ,
and Mz2 for the run are calculated at the intersection of
the run and branch center lines. The moment components

Figure NB-3683.1(c)-1
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Mx3 , My3 , and Mz3 for a branch connection where do/Do

≤ 0.5 may be calculated for a point on the branch center

line at a distance Do/2 from the intersection of the run

and branch center lines. Otherwise, Mx3 , My3 , and Mz3

are calculated at the intersection of the run and branch

center lines.

Mb = resultant moment on the branch for
branch connections or tees, in.-lb
(N·mm)

=

Mb* = same as Mb , except it includes only mo-
ments due to thermal expansion and
thermal anchor movements, in.-lb
(N·mm)

Mr = resultant moment on the run for branch
connections or tees, in.-lb (N·mm)

=

Mr* = same as Mr except it includes only mo-
ments due to thermal expansion and
thermal anchor movements, in.-lb
(N·mm)

Mxr , Myr , Mzr = run moment components for use with
the stress indices of NB-3683.8 and
NB-3683.9, in.-lb (N·mm). Their numer-
ical values are calculated as follows. If
Mi 1 and Mi 2 (where i = x, y, z) have
the same algebraic sign (±), then Mi r

equals zero. If Mi1 and Mi2 have oppo-
site algebraic signs, then Mir equals the
smaller of Mi1 or Mi2 . If Mi1 and Mi2

are unsigned, then Mi r may be taken
as the smaller of Mi1 or Mi2 . Combina-
tion of signed and unsigned moments
from different load sources shall be
done after determination of Mir .

For branch connections or tees, the pressure term of
eqs. NB-3652(9), NB-3653.1(a)(10), NB-3653.2(a)(11),
and NB-3653.6(b)(13) shall be replaced by the following
terms:
For eq. NB-3652(9): B1 (PDo /2Tr)
For eqs. NB-3653.1(a)(10) and NB-3653.6(b)(13): C1

(Po Do/2Tr)
For eq. NB-3653.2(a)(11): K1 C1 (Po Do/2Tr)
For branch connections or tees, the moment term of

eqs. NB-3652(9) through NB-3653.6(b)(13) shall be re-
placed by the following pairs of terms:
For eq. NB-3652(9): B2b (Mb/Zb) + B2 r (Mr/Zr)
For eqs. NB-3653.1(a)(10) and NB-3653.6(b)(13): C2b

(Mb/Zb) + C2 r (Mr/Zr)
For eq. NB-3653.2(a)(11): C2bK2b (Mb/Zb ) + C2 rK2 r

(Mr/Zr)
For eq. NB-3653.6(a)(12): C2b (Mb*/Zb) + C2 r (Mr*/

Zr)

where the approximate section moduli are:

NB-3683.2 Applicability of Indices — General. The
B , C , and K stress indices given herein and in Table
NB-3681(a)-1 predict stresses at a weld joint or within
the body of a particular product. The stress indices given
for ASME B16.9 and MSS SP-87 piping products apply
only to seamless products with no connections, attach-
ments, or other extraneous stress raisers on the body
thereof. The stress indices for welds are not applicable
if the radial weld shrinkage Δ is greater than 0.25t .
For products with longitudinal butt welds, the K1 , K2 ,

and K3 indices shown shall be multiplied by 1.1 for flush
welds or by 1.3 for as-welded welds. At the intersection of
a longitudinal butt weld in straight pipe with a girth butt
weld or girth fillet weld, the C1 , K1 , C2 , K2 , and K3 indices
shall be taken as the product of the respective indices.
(a) Abutting Products. In general and unless otherwise

specified, it is not required to take the product of stress
indices for two piping products, such as a tee and a redu-
cer when welded together, or a tee and a girth butt weld.
The piping product and the weld shall be qualified
separately.
For curved pipe or butt welding elbows welded to-

gether or joined by a piece of straight pipe less than
one pipe diameter long, the stress indices shall be taken
as the product of the indices for the elbow or curved pipe
and the indices for the girth butt weld, except for B1 and
C ′3 which are exempted.
(b) Out-of-Round Products. The stress indices given in

Table NB-3681(a)-1 are applicable for products and
welds with out-of-roundness not greater than 0.08t
where out-of-roundness is defined as Dmax − Dmin . For
straight pipe, curved pipe, longitudinal butt welds in

Figure NB-3683.1(d)-1
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straight pipe, girth butt welds, NB-4250 transitions, and
1:3 transitions not meeting this requirement, the stress
indices shall be modified as specified below.

(1) If the cross section is out-of-round but with no
discontinuity in radius, e.g., an elliptical cross section,
an acceptable value of K1 may be obtained by multiplying
the tabulated values of K1 by the factor F1a :

where

Do = nominal outside diameter, in. (mm)
E = modulus of elasticity of material at room tempera-

ture, psi (MPa)
p = internal pressure (use maximum value of pressure

in the load cycle under consideration), psi (MPa)

Other symbols are defined in (b) above.

(2) If there are discontinuities in radius, e.g., a flat
spot, and if Dmax − Dmin is not greater than 0.08Do , an
acceptable value of K1 may be obtained by multiplying
the tabulated values of K1 by the factor F1b :

where

M = 2, for ferritic steels and nonferrous materials ex-
cept nickel–chromium–iron alloys and nickel–iron–
chromium alloys

= 2.7, for austenitic steel, nickel–chromium–iron al-
loys, and nickel–iron–chromium alloys

P = Design Pressure, psi (MPa)
Sy = yield strength at Design Temperature (Section II,

Part D, Subpart 1, Table Y-1), psi (MPa)

Do and t are defined in (a) and (b) above.

(c) Products and Joints With 50 < Do/t ≤ 100. The B1 in-
dex in Table NB-3681(a)-1 is valid. The B2 index shall be
multiplied by the factor 1/(XY)

where

X = 1.3 − 0.006(Do/t), not to exceed 1.0
Y = 1.033 − 0.00033T for Ferritic Material, not to exceed

1.0
T = Design Temperature, °F
Y = 1.0224 − 0.000594T for Ferritic Material, not to ex-

ceed 1.0
T = Design Temperature, °C
Y = 1.0 for other materials

NB-3683.3 Straight Pipe Remote From Welds. The
stress indices given in Table NB-3681(a)-1 apply for
straight pipe remote from welds or other discontinuities,
except as modified by NB-3683.2.

NB-3683.4 Welds.

(a) Longitudinal Butt Welds. The stress indices given in
Table NB-3681(a)-1 are applicable for longitudinal butt
welds in straight pipe, except as modified in NB-3683.2.

(b) Girth Butt Welds. The stress indices given in Table
NB-3681(a)-1, except as modified herein and in
NB-3683.2, are applicable to girth butt welds connecting
abutting products for which the wall thickness is between

0.875t and 1.1t for an axial distance of from the

welding ends. Girth welds may also exhibit a reduction
in diameter due to shrinkage of the weld material during
cooling. The indices are not applicable if Δ/t is greater
than 0.25 where Δ is the radial shrinkage measured from
the nominal outside surface.

For as-welded girth butt welds joining items with nom-
inal wall thicknesses t < 0.237 in. (t < 6.0 mm), the C2 in-
dex shall be taken as:

(U.S. Customary Units)

(SI Units)

for t ≥ 0.237 in. (6.0 mm), C2 = 1.0

(c) Girth Fillet Welds. The stress indices given in Table
NB-3681(a)-1 are applicable to girth fillet welds used to
attach socket welding fittings, socket welding valves,
slip-on flanges, or socket welding flanges, except as added
to or modified in NB-3683.1, and in (1) and (2) below.

(1) Primary Stress Indices. The B 1 and B 2 indices
shall be taken as:

where C x and t n are defined in Figure NB-4427-1,
sketches (c) and (d). In Figure NB-4427-1 sketch (c), Cx

shall be taken as Xm i n and C x ≥ 1.25t n . In Figure
NB-4427-1 sketch (d), C x ≥ 0.75t n . For unequal leg
lengths use the smaller leg length for Cx .

(2) Primary Plus Secondary Stress Indices. The C1 and
C2 indices shall be taken as:

If Cx on the pipe side of the weld is greater than Cx on the
fitting side, and if Cx on the fitting side is greater than or
equal to either x min. in Figure NB-4427-1 sketch (c) or
Cx min. in Figure NB-4427-1 sketch (d), Cx on the pipe
side may be used in the equation for C2 .
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NB-3683.5 Welded Transitions. The stress indices
given in Table NB-3681(a)-1, except as modified herein
and in NB-3683.2, are applicable for NB-4250 welded
transitions as defined under (a) and for 1:3 welded tran-
sitions as defined under (b). Girth butt welds may also ex-
hibit a reduction in diameter due to shrinkage of the weld
material during cooling. The indices are not applicable if
Δ/t is greater than 0.25.
(a) NB-4250 Transitions. The stress indices given in

Table NB-3681(a)-1, except as modified herein and in
NB-3683.2, are applicable to girth butt welds between a
product for which the wall thickness is between 0.875t

and 1.1t for an axial distance of from the welding

end and an abutting product for which the welding end
is within the envelope of Figure NB-4250-1, but with in-
side and outside surfaces that do not slope in the same di-
rection. For transitions meeting these requirements, the
C1 , C2 , and C3 indices shall be taken as:

(U.S. Customary Units)

(SI Units)

For flush welds and for as-welded joints between items
with t > 0.237 in. (t > 6.0 mm), C1 and C2 shall be taken
as:

(b) Transitions Within a 1:3 Slope. The stress indices gi-
ven in Table NB-3681(a)-1, except as modified herein and
in NB-3683.2, are applicable for girth butt welds between
a product for which the wall thickness is between 0.875t

and 1.1t for an axial distance of from the welding

end and an abutting product for which the welding end
is within an envelope defined by a 1:3 slope on the inside,

outside, or both surfaces for an axial distance of but

with inside and outside surfaces that do not slope in the
same direction. For transitions meeting these require-
ments, the C1 , C2 , and C3 indices shall be taken as:

(U.S. Customary Units)

(SI Units)

where tmax is the maximum wall thickness within the
transition zone. If (tmax/t) ≤ 1.10, the stress indices given
in NB-3683.4(b) for girth butt welds may be used. For
flush welds and for as-welded joints between items with
t > 0.237 in. (t > 6.0 mm), C1 and C2 shall be taken as:

NB-3683.6 Concentric and Eccentric Reducers. The
stress indices given in Table NB-3681(a)-1, except as
modified herein and in NB-3683.2, are applicable to butt
welding reducers manufactured to the requirements of
ASME B16.9 or MSS SP-87 if the cone angle α defined in
Figure NB-3683.6-1 is less than 60 deg and if the wall
thickness is not less than t 1m throughout the body of
the reducer, except in and immediately adjacent to the cy-
lindrical portion on the small end where the thickness
shall not be less than t2m . The wall thicknesses t1m and
t2m are the minimum thicknesses required to resist the
Design Pressure P at the large end and small end, respec-
tively, in accordance with eq. NB-3641.1(1). For eccentric
reducers, the dimensions shown in Figure NB-3683.6-1
are to be taken at the location on the circumference
where α is the maximum.

(a) Primary Stress Indices. The B1 stress indices given
in (1) or (2) below shall be used depending on the cone
angle α .

(1) B1 = 0.5 for α ≤ 30 deg

(2) B1 = 1.0 for 30 deg < α ≤ 60 deg

(b) Primary Plus Secondary Stress Indices. The C1 and C2

stress indices given in (1) or (2) below shall be used de-
pending on the dimensions of the transition radii r1 and
r2 .
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(1) For reducers with r1 and r2 ≥ 0.1D1 :

where Dn/tn is the larger of D1/t1 and D2/t2 .

(2) For reducers with r1 and/or r2 < 0.1D1:

where Dn/tn is the larger of D1/t1 and D2/t2 .

(c) Peak Stress Indices. The K1 and K2 indices given in
(1), (2), or (3) below shall be used depending on the type
of connecting weld and thickness dimensions.

(1) For reducers connected to pipe with flush girth
butt welds:

where is the smaller of and

.

(2) For reducers connected to pipe with as-welded
girth butt welds where t1 and t2 > 3/16 in. (5 mm):

where is the smaller of and

.

(3) For reducers connected to pipe with as-welded
girth butt welds where t1 or t2 ≤ 3/16 in. (5 mm):

where is the smaller of and

.

(d) Alternative C2 and K2 stress indices may be used
for reducers meeting the following requirements:

(1) See below.

(2) For reducers connected to pipe with flush girth
butt welds

(3) For reducers connected to pipe with as-welded
girth butt welds where t1 and t2 > 3/16 in. (5 mm)

(4) For reducers connected to pipe with as-welded
girth butt welds where t1 or t2 ≤ 3/16 in. (5 mm)

NB-3683.7 Curved Pipe or Butt Welding Elbows. The
stress indices given in Table NB-3681(a)-1, except as
modified herein and in NB-3683.2, are applicable to
curved pipe or butt welding elbows manufactured to
the requirements of ASME B16.9 or MSS SP-87.

(a) Primary Stress Index. The B1 and B2 indices shall be
taken as:

where

h = tR/rm
2

Figure NB-3683.6-1
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ð15Þ

(b) Primary Plus Secondary Stress Indices. The C1 and C2

indices shall be taken as:

where

h = tR/rm
2

NB-3683.8 Branch Connections Per NB-3643. The
stress indices given in Table NB-3681(a)-1, except as
modified herein and in NB-3683.2, are applicable to rein-
forced or unreinforced branch connections meeting the
general requirements of NB-3643 and the additional re-
quirements of (a). Symbols are defined in NB-3683.1
and in NB-3643.3.

(a) Applicability. The stress indices are applicable, pro-
vided the following limitations are met.

(1) The branch connection is in straight pipe.

(2) For branch connections in a pipe, the arc distance
measured between the centers of adjacent branches along
the outside surface of the run pipe is not less than three
times the sum of the two adjacent branch inside radii in
the longitudinal direction, or is not less than two times
the sum of the two adjacent branch radii along the cir-
cumference of the run pipe.

(3) The axis of the branch connection is normal to the
run pipe surface.

(4) The run pipe radius-to-thickness ratio Rm/Tr is
less than 50, and the branch-to-run radius ratio r ′m/Rm

is less than 0.50.

(5) If the branch-to-run fillet radius r2 is not less
than the larger of Tb/2, Tr/2, or (T ′ b + y )/2 [Figure
NB-3643.3(a)-1 sketch (c)], the K2b index is reduced from
2.0 to 1.0. Stress indices for run moments are indepen-
dent of r2 .

(b) Primary Stress Indices. The primary stress indices
B2b and B2 r shall be taken as:

(c) Primary Plus Secondary Stress Indices. The C1 , C2b ,
a n d C 2 r i n d i c e s [ f o r momen t l o a d i n g s , s e e
NB-3683.1(d)] shall be taken as:

If r2/tn > 12, use r2/tn = 12 for computing C1 .

where

and where

(1) for Figures NB-3643.3(a)-1, sketches (a) and (b):

(2) for Figure NB-3643.3(a)-1, sketch (c):

(3) for Figure NB-3643.3(a)-1, sketch (d):

(d) Peak Stress Indices. The peak stress indices K2b and
K2 r for moment loadings [see NB-3683.1(d)] shall be ta-
ken as:

(e) For branch connections made with fillet or partial
penetration welds per NB-3661.3, the stress indices given
in Table NB-3681(a)-1 and in NB-3683.8 shall be in-
creased as follows:

(1) The B1 and B2 indices shall be increased by a fac-
tor of 1.5.

(2) C1 , C2b , and C2 r shall be multiplied by 2.

(3) K1 , K2b , and K3 shall be multiplied by 3.

(4) K2 r shall be multiplied by 2.

(5) C2b K2b shall be a minimum of 6.0.

(6) C2 r K2 r shall be a minimum of 4.2.

In calculating the indices for fillet and partial penetra-
tion welded branch connections, r2 may be taken to be
t n , with the other dimensions consistent with Figure
NB-3643.3(a)-1.
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NB-3683.9 Butt Welding Tees. The stress indices gi-
ven in Table NB-3681(a)-1, except as modified herein and
in NB-3683.2, are applicable to butt welding tees manu-
factured to the requirements of ASME B16.9 or MSS
SP-87.

(a) Primary Stress Indices. The primary stress indices
B2b and B2 r shall be taken as:

(b) Primary Plus Secondary Stress Indices. The C2b and
C 2 r s t r e s s ind i ce s fo r moment load ings [ see
NB-3683.1(d)] shall be taken as:

(c) Peak Stress Indices. The peak stress indices K2b and
K2 r for moment loadings [see NB-3683.1(d)] shall be ta-
ken as:

NB-3684 Stress Indices for Detailed Analysis

The symbols for the stress components and their defi-
nitions are given in Figure NB-3684-1. These definitions
are applicable to all piping products, and the stress in-
dices given in the tables in NB-3685 and NB-3338 are
so defined.

NB-3685 Curved Pipe or Welding Elbows
NB-3685.1 Applicability of Indices. The indices gi-

ven in Tables NB-3685.1-1 and NB-3685.1-2 give stresses
in curved pipe or elbows at points remote from girth or
longitudinal welds or other local discontinuities. Stresses
in curved pipe or welding elbows with local discontinu-
ities, such as longitudinal welds, support lugs, and branch
connections in the elbow, shall be obtained by appropri-
ate theoretical analysis or by experimental analysis in ac-
cordance with Section III Appendices, Mandatory
Appendix II.

NB-3685.2 Nomenclature (Figure NB-3685.2-1).

A = an additional thickness, in. (mm) (NB-3641.1)
Di = Do − 2(tm − A), in. (mm)
Do = nominal outside diameter of cross section, in.

(mm)
D1(D2) = maximum (minimum) outside diameter of el-

bow with out-of-round cross section essen-
tially describable as an ellipse or oval shape
(Figure NB-3685.2-1), in. (mm)

E = modulus of elasticity, psi (MPa) (Section II, Part
D, Subpart 2, Tables TM)

P = internal pressure, psi (MPa)
R = bend radius
r = mean cross section radius

tm = minimum specified wall thickness
Z = section modulus of cross section

= 0.0982 (Do
4 − Di

4)/ Do

λ = (Table NB-3685.1-2 lim-

ited to λ ≥ 0.2)

NB-3685.3 Stress From Stress Indices. To obtain
stresses from stress index:

Load Multiply Stress Index by

Internal Pressure P

Mx Mx/2Z

My My/Z

Mz Mz/Z

NB-3685.4 Classification of Stresses. For analysis of
a curved pipe or welding elbow to NB-3210, the following
rules shall apply to the classification of stresses devel-
oped under a load-controlled in-plane or out-of-plane mo-
ment as distinguished from a displacement controlled
loading.

Figure NB-3684-1
Direction of Stress Components

Legend:

σ = stress intensity (combined
stress) at the point under
consideration

σn = stress component normal
to the plane of the section

σ r = stress component normal
to the boundary of the
section

σ t = stress component in the
plane of the section under
consideration and parallel
to the boundary of the
section
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(a) The entire membrane portion of the axial, circum-
ferential, and torsional stresses shall be considered as pri-
mary (PL).
(b) Seventy-five percent of the through-wall bending

stresses in both the axial and the circumferential direc-
tions shall be classified as primary (Pb). The remaining
25% shall be classified as secondary (Q). The stresses in-
duced by disp lacement contro l led in-p lane or
out-of-plane moments shall be classified as secondary
(Q).

NB-3686 Flexibility Factors [See NB-3682(c) for
Definition]

NB-3686.1 Straight Pipe. For M = M 1 or M 2 (see
Figure NB-3686.1-1):

For M = M3 (see Figure NB-3686.1-1):

where

E = modulus of elasticity, psi (MPa)
G = shear modulus, psi (MPa)
I = plane moment of inertia, in.4 (mm4)
J = polar moment of inertia, in.4 (mm4)
l = one pipe diameter, in. (mm)

NB-3686.2 Curved Pipe and Welding Elbows. The
flexibility factors may be calculated by the equations gi-
ven below for k , provided25 that:
(a) R/r is not less than 1.7;
(b) center line length Rα is greater than 2r ;

Table NB-3685.1-1
Curved Pipe or Welding End Elbows, Internal Pressure

Location Surface
Stress

Direction Stress Index [Note (1)]

Round Cross Section

ϕ Inside σn
ϕ Mid σn
ϕ Outside σn

ϕ Inside σ t
ϕ Mid σ t
ϕ Outside σ t

Out-of-Round Cross Section [Note (2)]

α Inside σn i1 + i3
α Mid σn i1
α Outside σn i1 − i3

α Inside σ t i2 + 0.3i3
α Mid σ t i2
α Outside σ t i2 − 0.3i3

NOTES:
(1) The radial stress σr is equal to −P on the inside surface, to −P /2 on the midsurface, and to 0 on the outside surface.
(2) For out-of-round cross section:
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(c) there are no flanges or other similar stiffeners with-
in a distance r from either end of the curved section of
pipe or from the ends of welding elbows.

For M1 or M2 (see Figure NB-3686.2-1):

but not less than 1.0, and

For M3 (see Figure NB-3686.2-1):

In both cases

A = total angle of curved pipe or welding elbow, rad
E = modulus of elasticity, psi (MPa)
G = shear modulus of elasticity, psi (MPa)
h = tR/r2

I = plane moment of inertia of cross section, in.4 (mm4)
J = polar moment of inertia of cross section, in.4 (mm4)
P = internal pressure, psi (MPa)
R = bend radius, in. (mm)
r = pipe or elbow mean radius, in. (mm)
t = pipe or elbow nominal wall thickness, in. (mm)

Xk = 6(r/t)
4/3 (R/r)

1/3

α = arc angle, rad

NB-3686.3 Miter Bends. The requirements of
NB-3681(d) apply.

NB-3686.4 Welding Tee or Branch Connections. For
welding tees (ASME B16.9) or branch connections
(NB-3643) not included in NB-3686.5, the load displace-
ment relationships shall be obtained by assuming that
the run pipe and branch pipe extend to the intersection
of the run pipe center line with the branch pipe center

Table NB-3685.1-2
Curved Pipe or Welding End Elbows, Moment Loading ( )

Location Surface Stress Direction Stress Index [Note (1)]

Torsional Moment, Mx

All All τnt [Note (2)] 1.0

In-Plane or Out-of-Plane Moments My or Mz [Note (3)]

All All τnt [Note (2)] 1.0
ϕ Outside σn v σ tm + σnb
ϕ Mid σn v σtm
ϕ Inside σn v σ tm − σnb

ϕ Outside σ t σ tm + v σnb
ϕ Mid σ t σtm
ϕ Inside σ t σ tm − v σnb

NOTES:
(1) The radial stress σr is zero for all surfaces.
(2) τnt is a shear stress in the n–t plane and must be appropriately combined with the principal stresses σn and σt to obtain principal stres-

ses due to combinations of Mx with My or Mz .
(3) Nomenclature for stress indices:

v = Poisson’s ratio

σ tm = — In-plane Mz

σnb = — In-plane Mz

σ tm = — Out-of-plane My

σnb = — Out-of-plane My

X1 = 5 + 6λ2 + 24ψ
X2 = 17 + 600λ2 + 480ψ
X3 = X1 X2 − 6.25
X4 = (1 − v2)(X3 − 4.5X2)

λ = (Equations are valid for λ ≥ 0.2 only.)

ψ = PR2/Ertm
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line. The imaginary juncture is to be assumed rigid, and
the imaginary length of branch pipe from the juncture
to the run pipe surface is also to be assumed rigid.

NB-3686.5 Branch Connections in Straight Pipe.
(For branch connections in straight pipe meeting the di-
mensional limitations of NB-3683.8.) The load displace-
ment relationships may be obtained by modeling the

branch connections in the piping system analysis
(NB-3672) as shown in (a) through (d) below. (see Figure
NB-3686.5-1.)
(a) The values of k are given below.

Figure NB-3685.2-1
Elbow Nomenclature

Moment Loads Round Cross Section

Out-of-Round Cross Section

Mz

D2

D1

t Direction n Direction

R

d�

	




Mx

My

Figure NB-3686.1-1
Figure NB-3686.2-1
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For Mx3:

For Mz3 :

where

D = run pipe outside diameter, in. (mm)
d = branch pipe outside diameter, in. (mm)
E = modulus of elasticity, psi (MPa)
Ib = moment of inertia of branch pipe, in.4 (mm4) (to be

calculated using d and T ′b)
M = Mx3 or Mz3 , as defined in NB-3683.1(d)
Tr = run pipe wall thickness, in. (mm)
ϕ = rotation in direction of moment, rad

(b) For branch connections per Figure NB-3643.3(a)-1,
sketches (a) and (b):

(c) For branch connections per Figure NB-3643.3(a)-1,
sketch (c):

(d) For branch connections per Figure NB-3643.3(a)-1,
sketch (d):

NB-3686.6 Reducers.

(a) The reducer flexibility can be accurately repre-
sented by modeling a section of large-end diameter pipe
rigidly connected to a section of small-end diameter pipe
at the midpoint of the reducer as per Figure NB-3686.6-1.

(b)Where the ratio , additional flexibility
should be considered. If the geometry requirements of
NB-3683.6(d) are met, the reducer flexibility may be ad-
justed by applying the flexibility factor, k , below:

NB-3690 DIMENSIONAL REQUIREMENTS FOR
PIPING PRODUCTS

NB-3691 Standard Piping Products

Dimensions of standard piping products shall comply
with the standards and specifications listed in Table
NCA-7100-1. However, compliance with these standards
does not replace or eliminate the requirements of
NB-3625.

NB-3692 Nonstandard Piping Products

The dimensions of nonstandard piping products shall
be such as to provide strength and performance as re-
quired by this Subsection. Nonstandard piping products
shall be designed in accordance with NB-3640.

Figure NB-3686.5-1
Branch Connections in Straight Pipe

Figure NB-3686.6-1
Reducers

Larger pipe modeled to
  midpoint of reducer

Midpoint of reducer

Smaller pipe modeled to
  midpoint of reducer
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ARTICLE NB-4000
FABRICATION AND INSTALLATION

NB-4100 GENERAL REQUIREMENTS

NB-4110 INTRODUCTION

Components, parts, and appurtenances shall be fabri-
cated and installed in accordance with the requirements
of this Article and shall be manufactured from materials
which meet the requirements of Article NB-2000.

NB-4120 CERTIFICATION OF MATERIALS AND
FABRICATION BY CERTIFICATE
HOLDER

NB-4121 Means of Certification

The Certificate Holder for an item shall certify, by appli-
cation of the appropriate Certification Mark and comple-
tion of the appropriate Data Report in accordance with
Article NCA-8000, that the materials used comply with
the requirements of Article NB-2000 and that the fabrica-
tion or installation complies with the requirements of this
Article.

NB-4121.1 Certification of Treatments, Tests, and
Examinations. If the Certificate Holder or Subcontractor
performs treatments, tests, repairs, or examinations re-
quired by other Articles of this Subsection, the Certificate
Holder shall certify that this requirement has been ful-
filled (NCA-3862). Reports of all required treatments
and of the results of all required tests, repairs, and exam-
inations performed shall be available to the Inspector.

NB-4121.2 Repetition of Tensile or Impact Tests. If
during the fabrication or installation of the item the mate-
rial is subjected to heat treatment that has not been cov-
ered by treatment of the test coupons (NB-2200) and that
may reduce either tensile or impact properties below the
required values, the tensile and impact tests shall be re-
peated by the Certificate Holder on test specimens taken
from test coupons which have been taken and treated in
accordance with the requirements of Article NB-2000.

NB-4121.3 Repetition of Surface Examination After
Machining. If, during the fabrication or installation of
an item, materials for pressure-containing parts are ma-
chined, then the Certificate Holder shall reexamine the
surface of the material in accordance with NB-2500
when:
(a) the surface was required to be examined by the

magnetic particle or liquid penetrant method in accor-
dance with NB-2500; and

(b) the amount of material removed from the surface
exceeds the lesser of 1/8 in. (3 mm) or 10% of the mini-
mum required thickness of the part.

NB-4122 Material Identification

(a)Material for pressure-retaining parts shall carry
identification markings which will remain distinguishable
until the component is assembled or installed. If the origi-
nal identification markings are cut off or the material is
divided, the marks shall either be transferred to the parts
cut or a coded marking shall be used to ensure identifica-
tion of each piece of material during subsequent fabrica-
tion or installation. In either case, an as-built sketch or a
tabulation of materials shall be made identifying each
piece of material with the Certified Material Test Report,
where applicable, and the coded marking. For studs, bolts,
nuts, and heat exchanger tubes it is permissible to identify
the Certified Material Test Reports for material in each
component in lieu of identifying each piece of material
with the Certified Material Test Report and the coded
marking. Material supplied with a Certificate of Compli-
ance, and welding and brazing material, shall be identified
and controlled so that they can be traced to each compo-
nent or installation of a piping system, or else a control
procedure shall be employed which ensures that the spe-
cified materials are used.

(b)Material from which the identification marking is
lost shall be treated as non-conforming material until ap-
propriate tests or other verifications are made and docu-
mented to assure material identification. Testing is
required unless positive identification can be made by
other documented evidence. The material may then be
re-marked upon establishing positive identification.

NB-4122.1 Marking Material. Material shall be
marked in accordance with NB-2150.

NB-4123 Examinations

Visual examination activities that are not referenced for
examination by other specific Code paragraphs, and are
performed solely to verify compliance with requirements
of Article NB-4000, may be performed by the persons
who perform or supervise the work. These visual exami-
nations are not required to be performed by personnel
and procedures qualified to NB-5500 and NB-5100, re-
spectively, unless so specified.
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NB-4125 Testing of Welding and Brazing
Material

All welding and brazing material shall meet the re-
quirements of NB-2400.

NB-4130 REPAIR OF MATERIAL
NB-4131 Elimination and Repair of Defects

Material originally accepted on delivery in which de-
fects exceeding the limits of NB-2500 are known or dis-
covered during the process of fabrication or installation
is unacceptable. The material may be used provided the
condition is corrected in accordance with the require-
ments of NB-2500 for the applicable product form,
except:

(a) the limitation on the depth of the weld repair does
not apply;

(b) the time of examination of the weld repairs to weld
edge preparations shall be in accordance with NB-5130;

(c) radiographic examination is not required for weld
repairs to seal membrane material when the material
thickness is 1/4 in. (6 mm) or less.

NB-4132 Documentation of Repair Welds of Base
Material

The Certificate Holder who makes a repair weld ex-
ceeding in depth the lesser of 3/8 in. (10 mm) or 10% of
the section thickness, shall prepare a report which shall
include a chart which shows the location and size of the
prepared cavity, the welding material identification, the
welding procedure, the heat treatment, and the examina-
tion results of repair welds.

NB-4200 FORMING, FITTING, AND
ALIGNING

NB-4210 CUTTING, FORMING, AND BENDING
NB-4211 Cutting

Materials may be cut to shape and size by mechanical
means, such as machining, shearing, chipping, or grinding,
or by thermal cutting.

NB-4211.1 Preheating Before Thermal Cutting.
When thermal cutting is performed to prepare weld joints
or edges, to remove attachments or defective material, or
for any other purpose, consideration shall be given to pre-
heating the material, using preheat schedules such as sug-
gested in Section III Appendices, Nonmandatory
Appendix D.

NB-4212 Forming and Bending Processes

Any process may be used to hot or cold form or bend
pressure-retaining material (NB-4223), including weld
metal, provided the required dimensions are attained
(see NB-4214 and NB-4220), and provided the impact
properties of the material, when required, are not

reduced below the minimum specified values, or they
are effectively restored by heat treatment following the
forming operation. Hot forming is defined as forming with
the material temperature higher than 100°F (56°C) below
the lower transformation temperature of the material.
When required, the process shall be qualified for impact
properties as outlined in NB-4213. When required, the
process shall be qualified to meet thickness requirements
as outlined in NB-4223.1.

NB-4213 Qualification of Forming Processes for
Impact Property Requirements

A procedure qualification test shall be conducted using
specimens taken from material of the same specification,
grade or class, heat treatment, and with similar impact
properties, as required for the material in the component.
These specimens shall be subjected to the equivalent
forming or bending process and heat treatment as the ma-
terial in the component. Applicable tests shall be con-
ducted to determine that the required impact properties
of NB-2300 are met after straining.

NB-4213.1 Exemptions. Procedure qualification tests
are not required for materials listed in (a) through (f)
below:

(a) hot formed material, such as forgings, in which the
hot forming is completed by the Material Organization
prior to removal of the impact test specimens;

(b) hot formed material represented by test coupons
which have been subjected to heat treatment represent-
ing the hot forming procedure and the heat treatments
to be applied to the parts;

(c) material which does not require impact tests in ac-
cordance with NB-2300;

(d)material which has a final strain less than 0.5%;
(e) material where the final strain is less than that of a

previously qualified procedure for that material;
(f) material from which the impact testing is required

by NB-2300 is performed on each heat and lot, as applic-
able, after forming.

NB-4213.2 Procedure Qualification Test. The proce-
dure qualification test shall be performed in the manner
stipulated in (a) through (f) below.

(a) The tests shall be performed on three different
heats of material both before straining and after straining
and heat treatment to establish the effects of the forming
and subsequent heat treatment operations.

(b) Specimens shall be taken in accordance with the re-
quirements of Article NB-2000 and shall be taken from
the tension side of the strained material.
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(c) The percent strain shall be established by the fol-
lowing equations.
For cylinders:

For spherical or dished surfaces:

For pipe:

where

R = nominal bending radius to the center line of the
pipe

Rf = final radius to center line of shell
Ro = original radius (equal to infinity for a flat part)
r = nominal radius of the pipe
t = nominal thickness

(d) The procedure qualification shall simulate the max-
imum percent surface strain, employing a bending pro-
cess similar to that used in the fabrication of the
material or by direct tension on the specimen.

(e) Sufficient Cv test specimens shall be taken from
each of the three heats of material to establish a transition
curve showing both the upper and lower shelves. On each
of the three heats, tests consisting of three impact speci-
mens shall be conducted at a minimum of five different
temperatures distributed throughout the transition re-
gion. The upper and lower shelves may be established
by the use of one test specimen for each shelf. Depending
on the product form, it may be necessary to plot the tran-
sition curves using both lateral expansion and energy lev-
el data (NB-2300). In addition, drop weight tests shall be
made when required by NB-2300.

(f) Using the results of the impact test data from each
of three heats, taken both before and after straining, de-
termine either:

(1) the maximum change in NDT temperature along
with:

(-a) the maximum change of lateral expansion and
energy at the temperature under consideration; or

(-b) the maximum change of temperature at the
lateral expansion and energy levels under consideration;
or

(2)when lateral expansion is the acceptance criter-
ion (NB-2300), either the maximum change in tempera-
ture or the maximum change in lateral expansion.

NB-4213.3 Acceptance Criteria for Formed Materi-
al. To be acceptable, the formed material used in the com-
ponent shall have impact properties before forming
sufficient to compensate for the maximum loss of impact
properties due to the qualified forming processes used.

NB-4213.4 Requalification. A new procedure qualifi-
cation test is required when any of the changes in (a), (b),
or (c) below are made.
(a) The actual postweld heat treatment time at tem-

perature is greater than previously qualified considering
NB-2211. If the material is not postweld heat treated,
the procedure must be qualified without postweld heat
treatment.
(b) The maximum calculated strain of the material ex-

ceeds the previously qualified strain by more than 0.5%.
(c) Preheat over 250°F (120°C) is used in the forming

or bending operation but not followed by a subsequent
postweld heat treatment.

NB-4214 Minimum Thickness of Fabricated
Material

If any fabrication operation reduces the thickness be-
low the minimum required to satisfy the rules of Article
NB-3000, the material may be repaired in accordance
with NB-4130.

NB-4220 FORMING TOLERANCES
NB-4221 Tolerance for Vessel Shells

Cylindrical, conical, or spherical shells of a completed
vessel, except formed heads covered by NB-4222, shall
meet the requirements of the following subparagraphs
at all cross sections.

NB-4221.1 Maximum Difference in Cross-Sectional
Diameters. The difference in in. (mm) between the max-
imum and minimum diameters at any cross section shall
not exceed the smaller of (D + 50)/200 [(D + 1 250)/200]
and D/100, where D is the nominal inside diameter, in.
(mm), at the cross section under consideration. The dia-
meters may be measured on the inside or outside of the
vessel. If measured on the outside, the diameters shall
be corrected for the plate thickness at the cross section
under consideration (Figure NB-4221.1-1). When the
cross section passes through an opening, the permissible
difference in inside diameters given herein may be in-
creased by 2% of the inside diameter of the opening.

NB-4221.2 Maximum Deviation From True Theore-
tical Form for External Pressure. Vessels designed for
external pressure shall meet the tolerances given in (a)
through (c) below.
(a) The maximum plus or minus deviation from the

true circular form of cylinders or the theoretical form of
other shapes, measured radially on the outside or inside
of the component, shall not exceed the maximum permis-
sible deviation obtained from Figure NB-4221.2(a)-1.
Measurements shall be made from a segmental circular
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template having the design inside or outside radius de-
pending on where the measurements are taken and a
chord length equal to twice the arc length obtained from
Figure NB-4221.2(a)-2. For Figure NB-4221.2(a)-1, the
maximum permissible deviation e need not be less than
0.3t . For Figure NB-4221.2(a)-2, the arc length need not
be greater than 0.30Do . Measurements shall not be taken
on welds or other raised parts.

(b) The value of t , in. (mm), at any cross section is the
nominal plate thickness less corrosion allowance for sec-
tions of constant thickness and the nominal thickness of
the thinnest plate less corrosion allowance for sections
having plates of more than one thickness.

(c) The value of L in Figures NB-4221.2(a)-1 and
NB-4221.2(a)-2 is determined by (1) through (3) below.

(1) For cylinders, L is as given in NB-3133.2.
(2) For cones, L is the axial length of the conical sec-

tion if no stiffener rings are used or, if stiffener rings are
used, the axial length from the head bend line at the large
end of the cone to the first stiffener ring, with Do taken as
the outside diameter in inches of the cylinder at the large
end of the cone.

(3) For spheres, L is one-half of the outside diameter
Do , in.

NB-4221.3 Deviations From Tolerances. Deviations
from the tolerance requirements st ipulated in
NB-4221.1 and NB-4221.2 are permitted, provided the
drawings are modified and reconciled with the Design Re-
port (NCA-3551) and provided the modifications are cer-
tified by a registered Professional Engineer in an
addendum to the Design Report.

Figure NB-4221.1-1
Maximum Difference in Cross-Sectional

Diameters

Figure NB-4221.2(a)-1
Maximum Permissible Deviation e From a True Circular Form
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ð15Þ

NB-4221.4 Tolerance Deviations for Vessel Parts
Fabricated From Pipe. Vessel parts subjected to either in-
ternal or external pressure and fabricated from pipe,
meeting all other requirements of this Subsection, may
have variations of diameter and deviations from circular-
ity permitted by the specification for such pipe.

NB-4222 Tolerances for Formed Vessel Heads

The tolerance for formed vessel heads shall be as set
forth in the following subparagraphs.

NB-4222.1 Maximum Difference in Cross-Sectional
Diameters. The skirt or cylindrical end of a formed head
shall be circular to the extent that the difference in inches
between the maximum and minimum diameters does not
exceed the lesser of (D + 50)/200 [(D + 1 250)/200] and
(D + 12)/100 [(D + 300)/100], where D is the nominal in-
side diameter, in. (mm), and shall match the cylindrical
edge of the adjoining part within the alignment tolerance
specified in NB-4232.

NB-4222.2 Deviation From Specified Shape.
(a) The inner surface of a torispherical or ellipsoidal

head shall not deviate outside the specified shape by
more than 11/4% of D , inside the specified shape by more

than 5/8% of D , where D is the nominal inside diameter of
the vessel. Such deviations shall be measured perpendicu-
lar to the specified shape and shall not be abrupt. The
knuckle radius shall not be less than specified. For 2:1 el-
lipsoidal heads, the knuckle radius may be considered to
be 17% of the diameter of the vessel.

(b) Hemispherical heads and any spherical portion of a
formed head shall meet the local tolerances for spheres as
given in NB-4221.2, using L as the outside spherical ra-
dius, in., and Do as two times L .

(c) Deviation measurements shall be taken on the sur-
face of the base material and not on welds.

NB-4223 Tolerances for Formed or Bent Piping

The tolerances for formed or bent piping shall be as set
forth in the following subparagraphs.

NB-4223.1 Minimum Wall Thickness. In order to as-
sure that the wall thickness requirements of the design
calculations are met, the actual thickness shall be mea-
sured, or the process shall be qualified by demonstrating
that it will maintain the required wall thickness.

Figure NB-4221.2(a)-2
Maximum Arc Length for Determining Plus or Minus Deviation
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NB-4223.2 Ovality Tolerance. Unless otherwise jus-
tified by the Design Report, the ovality of piping after
bending shall not exceed 8% as determined by:

where

Do = nominal pipe outside diameter
Dmin = minimum outside diameter after bending or

forming
Dmax = maximum outside diameter after bending or

forming

NB-4230 FITTING AND ALIGNING
NB-4231 Fitting and Aligning Methods

Parts that are to be joined by welding may be fitted,
aligned, and retained in position during the welding op-
eration by the use of bars, jacks, clamps, tack welds, or
temporary attachments.

NB-4231.1 Tack Welds. Tack welds used to secure
alignment shall either be removed completely, when they
have served their purpose, or their stopping and starting
ends shall be properly prepared by grinding or other sui-
table means so that they may be satisfactorily incorpo-
rated into the final weld. Tack welds shall be made by
qualified welders using qualified welding procedures.
When tack welds are to become part of the finished weld,
they shall be visually examined and defective tack welds
shall be removed.

NB-4232 Alignment Requirements When
Components Are Welded From Two
Sides

(a) Alignment of sections which are welded from two
sides shall be such that the maximum offset of the fin-
ished weld will not be greater than the applicable amount
listed in Table NB-4232-1, where t is the nominal thick-
ness of the thinner section at the joint.

(b) Joints in spherical vessels, joints within heads, and
joints between cylindrical shells and hemispherical heads
shall meet the requirements in Table NB-4232-1 for long-
itudinal joints.

(c) In addition, offsets greater than those stated in
Table NB-4232-1 are acceptable provided the require-
ments of NB-3200 are met.

NB-4232.1 Fairing of Offsets. Any offset within the
allowable tolerance provided above shall be faired to at
least a 3:1 taper over the width of the finished weld or,
if necessary, by adding additional weld metal beyond
what would otherwise be the edge of the weld. In addi-
tion, single or multiple tapers or slopes more severe than
3:1 are acceptable, provided the requirements of
NB-3200 are met.

NB-4233 Alignment Requirements When Inside
Surfaces Are Inaccessible

(a)When the inside surfaces of items are inaccessible
for welding or fairing in accordance with NB-4232, align-
ment of sections shall meet the requirements of (1) and
(2) below:

(1) See (-a) and (-b) below.
(-a) For circumferential joints the inside dia-

meters shall match each other within 1/16 in. (1.5 mm).
When the items are aligned concentrically, a uniform mis-
match of 1/32 in. (0.8 mm) all around the joint can result as
shown in Figure NB-4233(a)-1 sketch (a). However, other
variables not associated with the diameter of the item of-
ten result in alignments that are offset rather than con-
centric. In these cases, the maximum misalignment at
any one point around the joint shall not exceed 3/32 in.
(2.5 mm) as shown in Figure NB-4233(a)-1 sketch (b).
Should tolerances on diameter , wall thickness ,
out-of-roundness, etc., result in inside diameter variations
which do not meet these limits, the inside diameters shall
be counterbored, sized, or ground to produce a bore with-
in these limits, provided the requirements of NB-4250 are
met.

(-b) Offset of outside surfaces shall be faired to at
least a 3:1 taper over the width of the finished weld or, if
necessary, by adding additional weld metal.

(2) For longitudinal joints the misalignment of inside
surfaces shall not exceed 3/32 in. (2.5 mm) and the offset of
outside surfaces shall be faired to at least a 3:1 taper over
the width of the finished weld or, if necessary, by adding
additional weld metal.

(b) Single-welded joints may meet the alignment re-
quirements of (a)(1) and (a)(2) above in lieu of the re-
quirements of NB-4232.

Table NB-4232-1
Maximum Allowable Offset in Final Welded

Joints

Section Thickness,
in. (mm)

Direction of Joints

Longitudinal Circumferential

Up to 1/2 (13), incl.
1/4t

1/4t

Over 1/2 to
3/4 (13 to 19),

incl.

1/8 in. (3 mm) 1/4t

Over 3/4 to 11/2 (19 to 38),
incl.

1/8 in. (3 mm) 3/16 in. (5 mm)

Over 11/2 to 2 (38 to 50),
incl.

1/8 in. (3 mm) 1/8t

Over 2 (50) Lesser of 1/16t or
3/8 in. (10 mm)

Lesser of 1/8t or
3/4 in. (19 mm)
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Figure NB-4233(a)-1
Butt Weld Alignment and Mismatch Tolerances for Unequal I.D. and O.D. When Components Are Welded

From One Side and Fairing Is Not Performed

t

Component centerline

(b) Offset Centerlines

(a) Concentric Centerlines

Pipe centerline

3/32 in. (2.5 mm) maximum at any
    one point around the joint

1/32 in. (0.8 mm) maximum uniform
    mismatch around joint

Component centerlinePipe centerline

t = nominal thickness, in.

GENERAL NOTE: The weld end transitions are typical and are not intended as requirements. Refer to NB-4250 for weld end transition
requirements.
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(c) In addition, misalignments and offsets greater than
those stated in Figure NB-4233(a)-1 and single or multi-
ple tapers or slopes more severe than 3:1 are acceptable
provided the requirements of NB-3200 are met.

NB-4240 REQUIREMENTS FOR WELD JOINTS IN
COMPONENTS

NB-4241 Category A Weld Joints in Vessels and
Longitudinal Weld Joints in Other
Components

Category A weld joints in vessels and longitudinal weld
joints in other components shall be full penetration butt
joints. Joints that have been welded from one side with
backing that has been removed and those welded from
one side without backing are acceptable as full penetra-
tion welds provided the weld root side of the joints meets
the requirements of NB-4424.

NB-4242 Category B Weld Joints in Vessels and
Circumferential Weld Joints in Other
Components

Category B weld joints in vessels and circumferential
weld joints in other components shall be full penetration
butt joints, except that piping NPS 2 (DN 50) and smaller
may be socket welded. When used, backing strips shall be
continuous in cross section. Joints prepared with oppos-
ing lips to form an integral backing strip and joints with
backing strips which are not later removed are acceptable
provided the requirements of NB-3352.2 are met.

NB-4243 Category C Weld Joints in Vessels and
Similar Weld Joints in Other
Components

Category C weld joints in vessels and similar weld joints
in other components shall be full penetration joints, ex-
cept that NPS 2 (DN 50) and smaller socket welded joints
may be used on component nozzles and in piping. Joints
that have been welded from one side with backing that
has been removed and those welded from one side with-
out backing are acceptable as full penetration welds pro-
vided the weld root side of the joints meets the
requirements of NB-4424. Either a butt-welded joint or
a full penetration corner joint as shown in Figure
NB-4243-1 shall be used.

NB-4244 Category D Weld Joints in Vessels and
Similar Weld Joints in Other
Components

Category D weld joints in vessels and similar weld
joints in other components shall be full or partial penetra-
tion weld joints using one of the details of (a) through (e)
below.

(a) Butt-Welded Nozzles. Nozzles shall be attached by
full penetration butt welds through the wall of the compo-
nent, nozzle, or branch as shown in Figure NB-4244(a)-1.
Backing strips, if used, shall be removed.

(b) Corner-Welded Nozzles. Nozzles shall be joined to
the component by full penetration welds through the wall
of the component, nozzle, or branch similar to those
shown in Figure NB-4244(b)-1. Backing strips, if used,
shall be removed.

(c) Deposited Weld Metal of Openings for Nozzles. Noz-
zles shall be joined to the component by full penetration
welds to built-up weld deposits applied to the component
or nozzle as shown in Figure NB-4244(c)-1. Backing
strips, if used, shall be removed. Fillet welds shall be used
only to provide a transition between the parts joined or to
provide a seal. The fillet welds, when used, shall be fin-
ished by grinding to provide a smooth surface having a
transition radius at its intersection with either part being
joined.

(d) Partial Penetration Welded Nozzles. Partial penetra-
tion welds in components shall meet the weld design re-
quirements of NB-3352.4(d). Nozzles shall be attached as
shown in Figures NB-4244(d)-1 and NB-4244(d)-2.

(e) Oblique Nozzles. Oblique nozzles shall be joined to
the component by full penetration welds through the noz-
zle as shown in Figure NB-4244(e)-1. Backing rings, if
used, shall be removed.

NB-4245 Complete Joint Penetration Welds
Complete joint penetration is considered to be achieved

when the acceptance criteria for the examinations speci-
fied by this Subsection have been met. No other examina-
tion is required to assess that complete penetration has
been achieved.

NB-4246 Piping Branch Connections
Piping branch connections shall be welded joints using

the details of (a), (b), or (c).
(a) Full Penetration Welded Branch Connections. Branch

connections shall be joined by full penetration welds as
shown in Figure NB-4246(a)-1 meeting the following
requirements:

(1) Backing strips if used shall be removed.
(2) The requirements of NB-3683.8(a) shall be met.

(b) Fillet and Partial Penetration Welded Branch Con-
nections. Fillet and partial penetration welded branch
connections shall meet the requirements of NB-3661.3.
Branch connections shall be attached as shown in Figure
NB-4246(b)-1.

(c) Welded Branch Connections per NB-4244. Welded
connections per NB-4244 are permitted; however, the
stress indices of NB-3683.8 are not applicable to all
configurations.
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NB-4250 WELDING END TRANSITIONS —
MAXIMUM ENVELOPE

The welding ends of items shall provide a gradual
change in thickness from the item to the adjoining item.
Any welding end transition which lies entirely within
the envelope shown in Figure NB-4250-1 is acceptable
provided:

(a) the wall thickness in the transition region is not less
than the minimum wall thickness of the adjoining pipe;

(b) sharp reentrant angles and abrupt changes in slope
in the transition region are avoided. When the included
angle between any two adjoining surfaces of a taper tran-
sition is less than 150 deg, the intersection or corner (ex-
cept for the weld reinforcement) shall be provided with a
radius of at least 0.05tmin; and

(c) if the weld is subject to preservice inspection, the
length of the counterbore shall be 2tmin for pipe and tmin

for components and fittings, as shown in Figure
NB-4250-2 or Figure NB-4250-3.
(d) Transitions more severe than those stated herein

are acceptable provided the requirements of NB-3200
are met.

NB-4300 WELDING QUALIFICATIONS

NB-4310 GENERAL REQUIREMENTS
NB-4311 Types of Processes Permitted

Only those welding processes which are capable of pro-
ducing welds in accordance with the welding procedure
qualification requirements of Section IX and this

Figure NB-4243-1
Acceptable Full Penetration Weld Details for Category C Joints (NB-3352.3)
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Subsection may be used for welding pressure-retaining
material or attachments thereto. Any process used shall
be such that the records required by NB-4320 can be pre-
pared, except that records for stud welds shall be trace-
able to the welders and welding operators and not
necessarily to each specific weld.

NB-4311.1 Stud Welding Restrictions. Stud welding
is acceptable only for nonstructural and temporary at-
tachments (NB-4435). Studs shall be limited to 1 in.
(25 mm) maximum diameter for round studs and an
equivalent cross-sectional area for studs of other shapes
when welding in the flat position and 3/4 in. (19 mm) dia-
meter for all other welding positions. Postweld heat treat-
ment shall comply with NB-4600, except that time at
temperature need not exceed 1/2 hr regardless of base

material thickness. Welding procedure and performance
qualification shall comply with the requirements of Sec-
tion IX.

NB-4311.2 Capacitor Discharge Welding. Capacitor
discharge welding may be used for welding temporary at-
tachments and permanent nonstructural attachments
provided:

(a) temporary attachments are removed in accordance
with the provisions of NB-4435(b); and

(b) the energy output for permanent nonstructural at-
tachments such as strain gages and thermocouples is lim-
ited to 125 W-sec, and the minimum thickness of the
material to which the attachment is made is greater than
0.09 in. (2.3 mm); and

ð15ÞFigure NB-4244(a)-1
Nozzles Joined by Full Penetration Butt Welds
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GENERAL NOTES:
(a) For definitions of symbols, see NB-3352.4(a).
(b) Reinforcement may be distributed within the limits prescribed by the Code.
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Figure NB-4244(b)-1
Nozzles Joined by Full Penetration Corner Welds
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GENERAL NOTE: For definitions of symbols, see NB-3352.4(b).
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Figure NB-4244(c)-1
Deposited Weld Metal Used as Reinforcement of Openings for Nozzles
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GENERAL NOTES:
(a) For definitions of symbols, see NB-3352.4(c).
(b) At Step 1 examination (see NB-5244) required before assembly.
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(c) a Welding Procedure Specification is prepared de-
scribing the capacitor discharge equipment, the combina-
tion of materials to be joined, and the technique of
application; qualification of the welding procedure is
not required.

NB-4311.4 Inertia and Continuous Drive Friction
Welding.
(a) Inertia and continuous drive friction welding shall

not be used for the fabrication of vessels and piping.
(b) The weld between the two members shall be a full

penetration weld.

NB-4320 WELDING QUALIFICATIONS, RECORDS,
AND IDENTIFYING STAMPS

NB-4321 Required Qualifications
(a) Each Certificate Holder is responsible for the weld-

ing done by his organization, and each Certificate Holder
shall establish the procedure and conduct the tests re-
quired by this Article and by Section IX in order to qualify
both the welding procedures and the performance of
welders and welding operators who apply these
procedures.

Figure NB-4244(d)-1
Partial Penetration Nozzles
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GENERAL NOTE: For definitions of symbols and other related requirements, see NB-3352.4(d).

NOTES:
(1) The 3/4tn min. dimension applies to the fillet leg and the J-groove depth.
(2) Weld buildup, if used, shall be examined as required in NB-5244.
(3) Weld buildups are not attached to the nozzle.

152

ASME BPVC.III.1.NB-2015

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:08:51 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



(b) Procedures, welders, and welding operators used to
join permanent or temporary attachments to pressure
parts and to make permanent or temporary tack welds
used in such welding shall also meet the qualification re-
quirements of this Article.

(c) When making procedure test plates for butt welds,
consideration shall be given to the effect of angular, lat-
eral, and end restraint on the weldment. This applies par-
ticularly to material and weld metal of 80.0 ksi (550 MPa)
tensile strength or higher and heavy sections of both low
and high tensile strength material. The addition of re-
straint during welding may result in cracking difficulties
that otherwise might not occur.

(d) NCA-3131 provides specific additional require-
ments when welding services are subcontracted to or
through organizations not holding an appropriate Certifi-
cate of Authorization.

NB-4322 Maintenance and Certification of
Records

The Certificate Holder shall maintain a record of the
qualified welding procedures and of the welders and
welding operators qualified by him, showing the date
and results of tests and the identification mark assigned
to each welder. These records shall be reviewed, verified,
and certified by the Certificate Holder by signature or

Figure NB-4244(d)-2
Partial Penetration Nozzle for Coaxial Cylinders
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some other method of control in accordance with the Cer-
tificate Holder’s Quality Assurance program and shall be
available to the Authorized Nuclear Inspector.

NB-4322.1 Identification of Joints by Welder or
Welding Operator.
(a) Each welder or welding operator shall apply the

identification mark assigned by the Certificate Holder
on or adjacent to all permanent welded joints or series
of joints on which he welds. The marking shall be at inter-
vals of 3 ft (1 m) or less and shall be done with either
blunt nose continuous or blunt nose interrupted dot die
stamps. As an alternative, the Certificate Holder shall
keep a record of permanent welded joints in each item
and of the welders and welding operators used in making
each of the joints.

(b)When a multiple number of permanent structural
attachment welds, nonstructural welds, fillet welds, sock-
et welds, welds of specially designed seals, weld metal
cladding, hard surfacing, and tube-to-tubesheet welds
are made on an item, the Certificate Holder need not iden-
tify the welder or welding operator who welded each in-
dividual joint, provided:

(1) the Certificate Holder maintains a system that
will identify the welders or welding operators who made
such welds on each item so that the Inspector can verify
that the welders or welding operators were all properly
qualified;

(2) the welds in each category are all of the same
type and configuration and are welded with the same
Welding Procedure Specification.
(c) The identification of welder or welding operator is

not required for tack welds.

NB-4323 Welding Prior to Qualifications

No welding shall be undertaken until after the welding
procedures which are to be used have been qualified.
Only welders and welding operators who are qualified
in accordance with NB-4320 and Section IX shall be used.

NB-4324 Transferring Qualifications

The welding procedure qualifications and the perfor-
mance qualification tests for welders and welding opera-
tors conducted by one Certificate Holder shall not qualify

Figure NB-4244(e)-1
Oblique Connections

GENERAL NOTES:
(a) Step 1 examination required before assembly.
(b) For definitions of symbols, see NB-3352.4(e).
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welding procedures and shall not qualify welders or
welding operators to weld for any other Certificate
Holder, except as provided in Section IX.

NB-4330 GENERAL REQUIREMENTS FOR
WELDING PROCEDURE
QUALIFICATION TESTS

NB-4331 Conformance to Section IX
Requirements

All welding procedure qualification tests shall be in ac-
cordance with the requirements of Section IX as supple-
mented or modified by the requirements of this Article.

NB-4333 Heat Treatment of Qualification Welds
for Ferritic Materials

Postweld heat treatment of procedure qualification
welds shall conform to the applicable requirements of
NB-4620 and Section IX. The postweld heat treatment
time at temperature shall be at least 80% of the maximum
time to be applied to the component weld material. The
postweld heat treatment total time may be applied in
one heating cycle.

Figure NB-4246(a)-1
Typical Piping Branch Connections Joined by Full Penetration Welds

45 deg max

NOTE: Alternate weld locations
 for sketches (a)–(e).

(a)

(b)

r2

r3

r2

Tb

r3

�n � 90 deg �n � 45 deg max.

(d)

r2

(e)

r2

(c)

r3

r2

GENERAL NOTE: Welds may be made from one or both sides in any of the locations shown.
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Figure NB-4246(b)-1
Typical Piping Branch Connections Joined by a Fillet Weld or a Partial Penetration Weld

Xmin

Xmin

Tb 

(a) 

Xmin

Tb 

(b) 

Xmin

Xmin Xmin
Xmin

Tb 

(c) 

Xmin

Tb 

(d) 

Xmin

Xmin

Tb 

Tb � Nominal branch pipe wall thickness 
Xmin � 11/4Tb

� Partial penetration weld groove angle � 45 deg

Tb � Fitting wall thickness in the reinforcement zone 
(when the fitting is tapered in the reinforcement 
zone, use average wall thickness) 

   � 90 deg (fillet weld) is permitted

Xmin  � 11/4Tb
� Partial penetration weld groove angle � 45 deg;

��

�
�

(e) 

Xmin

Xmin

Tb 

(f) 

Welded Outlet Fitting ASME B16.11 Coupling 

�

�
�
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Figure NB-4250-1
Welding End Transitions — Maximum Envelope

Radius of at least 0.05tmin

2

Radius not mandatory

Radius of at least 0.05tmin

Transition region

Inside

Component or Fitting

2tmin

tnom tmin

Maximum slope 1:3

Note (2)

Maximum [Note (1)]
Minimum (1.0tmin)

Outside

45 deg max.

30 deg max.

30 deg max.

11/2tmin

tmin

GENERAL NOTES:
(a) Weld bevel is shown for illustration only.
(b) The weld reinforcement permitted by NB-4426 may lie outside the maximum envelope.

NOTES:
(1) The maximum thickness at the end of the component is:

(a) the greater of tmin + 0.15 in. (3.8 mm) or 1.15tmin when ordered on a minimum wall basis;
(b) the greater of tmin + 0.15 in. (3.8 mm) or 1.0tnom when ordered on a nominal wall basis.

(2) The value of tmin is whichever of the following is applicable:
(a) the minimum ordered wall thickness of the pipe;
(b)0.875 times the nominal wall thickness of pipe ordered to a pipe schedule wall thickness which has an under tolerance of 12.5%;
(c) the minimum ordered wall thickness of the cylindrical welding end of a component or fitting (or the thinner of the two) when the

joint is between two components.
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NB-4334 Preparation of Test Coupons and
Specimens

(a) Removal of test coupons from the test weld and the
dimensions of specimens made from them shall conform
to the requirements of Section IX, except that the removal
of impact test coupons and the dimensions of impact test
specimens shall be in accordance with (b) below.
(b)Weld deposit of each process in a multiple process

weld shall, where possible, be included in the impact test
specimens. When each process cannot be included in the
full-size impact test specimen at the 1/4t location required
by this Section, additional full-size specimens shall be ob-
tained from locations in the test weld that will ensure that
at least a portion of each process has been included in

full-size test specimens. As an alternative, additional test
welds can be made with each process so that full-size spe-
cimens can be tested for each process.

NB-4334.1 Coupons Representing the Weld Deposit.
Impact test specimens and testing methods shall conform
to NB-2321. The impact specimen shall be located so that
the longitudinal axis of the specimen is at least 0.25t and,
where the thickness of the test assembly permits, not less
than 3/8 in. (10 mm) from the weld surface of the test as-
sembly. In addition, when the postweld heat treatment
temperature exceeds the maximum temperature speci-
fied in NB-4620 and the test assembly is cooled at an ac-
celerated rate, the longitudinal axis of the specimen shall
be a minimum of t from the edge of the test assembly. The
specimen shall be transverse to the longitudinal axis of

Figure NB-4250-2
Component to Pipe Weld

tmin
2tmin

counterbore

2t + 4 in. (100 mm) 
or 6 in. (150 mm),

whichever is greater

Hanger or nearest
    attachment, etc.

Profile of valve, pump,
    nozzle, or fitting
    where applicable

Blend flush or smooth

tnom
tmin

1/16 in. (1.5 mm) 
    max. (typical)
    

Figure NB-4250-3
Pipe to Pipe Weld
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the weld with the area of the notch located in the weld.
The length of the notch of the Charpy V-notch specimen
shall be normal to the surface of the weld. Where drop
weight specimens are required, the tension surface of
the specimen shall be oriented parallel to the surface of
the test weld assembly.

NB - 4 3 3 4 . 2 C o u p o n s R e p r e s e n t i n g t h e
Heat-Affected Zone. Where impact tests of the
heat-affected zone are required by NB-4335.2, specimens
shall be taken from the welding procedure qualification
test assemblies in accordance with (a) through (c) below.

(a) If the qualification test material is in the form of a
plate or a forging, the axis of the weld shall be oriented
in the direction parallel to the principal direction of roll-
ing or forging.

(b) The heat-affected zone impact test specimens and
testing methods shall conform to the requirements of
NB-2321.2. The specimens shall be removed from a loca-
tion as near as practical to a depth midway between the
surface and center thickness . The coupons for
heat-affected zone impact specimens shall be taken trans-
verse to the axis of the weld and etched to define the
heat-affected zone. The notch of the Charpy V-notch spe-
cimen shall be cut approximately normal to the material
surface in such a manner as to include as much
heat-affected zone as possible in the resulting fracture.
Where the material thickness permits, the axis of a speci-
menmay be inclined to allow the root of the notch to align
parallel to the fusion line. When a grain refining heat
treatment is not performed on welds made by the electro-
slag or electrogas welding process, the notch for the im-
pact specimens shall be located in the grain coarsened
region.

(c) For the comparison of heat-affected zone values
with base material values [NB-4335.2(b)], Charpy
V-notch specimens shall be removed from the unaffected
base material at approximately the same distance from
the base material surface as the heat-affected zone speci-
mens. The axis of the unaffected base material specimens
shall be parallel to the axis of the heat-affected zone speci-
mens, and the axis of the notch shall be normal to the sur-
f a ce o f the base mate r i a l . When requ i red by
NB-4335.2(b), drop-weight specimens shall be removed
from a depth as near as practical to midway between
the surface and center thickness of the unaffected base
material and shall be tested in accordance with the re-
quirements of NB-2321.1.

NB-4335 Impact Test Requirements

When materials are required to be impact tested per
NB-2300, impact tests of the weld metal and heat-affected
zone shall be performed in accordance with the following
subparagraphs. The weld procedure qualification impact
test specimens shall be prepared and tested in accordance

with the applicable requirements of NB-2330 and
NB-4334. Retests in accordance with the provisions of
NB-2350 are permitted.

NB-4335.1 Impact Tests of Weld Metal.
(a) Impact tests of the weld metal shall be required for

welding procedure qualification tests for production weld
joints exceeding 5/8 in. (16 mm) in thickness when the
weld will be made on the surface or penetrate base mate-
rial that requires impact testing in accordance with
NB-2310. In addition, such testing of the weld metal is re-
quired for the welding procedure qualification tests for
any weld repair to base material that requires impact
testing in accordance with NB-2310, regardless of the
depth of the repair.

(b) The impact test requirements and acceptance stan-
dards for welding procedure qualification weld metal
shall be the same as specified in NB-2330 for the base ma-
terial to be welded or repaired. Where two materials are
to be joined by welding and have different fracture tough-
ness requirements, the test requirements and acceptance
standards of either material may be used for the weld me-
tal except where this is otherwise specified by NCA-1280
or other parts of this Subsection.

NB-4335.2 Impact Tests of Heat-Affected Zone.
(a) Charpy V-notch tests of the heat-affected zone of the

welding procedure qualification test assembly are re-
quired whenever the thickness of the weld exceeds
5/8 in. (16 mm) and either of the base materials require
impact testing in accordance with the rules of NB-2310.
The only exceptions to the requirements are the
following:

(1) the qualification for welds in P-Nos. 1 and 3 and
SA-336 F12 materials that are postweld heat treated
and are made by any process other than electroslag or
electrogas.

(2) the qualification for weld deposit cladding or
hard-facing on any base material.

(3) that portion of the heat-affected zone associated
with GTAW root deposits with a maximum of two layers
or 3/16 in. (5 mm) thickness, whichever is less.

(b) The required testing shall be in accordance with (c)
for base material tested under NB-2331 or NB-2332(b)
and in accordance with (d) for base material tested under
NB-2332(a).

(c) For heat-affected zones associated with base mate-
rial tested under NB-2331 or NB-2332(b), the required
testing shall be in accordance with (1) through (7).

(1) Determine the TNDT of the unaffected base mate-
rial to be used in the welding procedure qualification test
assembly.

(2) Charpy V-notch test specimens representing both
the heat-affected zone and the unaffected base material
shall be tested. The unaffected base material specimens
shall be tested at the (TND T + 60°F) [TND T + 33°C]
temperature.
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(3) The Charpy V-notch tests of the unaffected base
material shall meet the applicable requirements of
NB-2331(a) or additional testing shall be performed at
higher temperatures unti l the requirements of
NB-2331(a) are met.

(4) The heat-affected zone specimens shall be tested
at the test temperature determined in (3). The average
lateral expansion value of the specimens shall equal or ex-
ceed the average lateral expansion value of the unaffected
base material. For this case the qualification test is accept-
able for the essential and supplemental essential vari-
ables recorded on the welding procedure qualification
record (PQR). If the heat-affected zone average lateral ex-
pansion value is less than the unaffected base material
lateral expansion value, the adjustment given in (5)
through (7) shall be determined and applied as provided
in (e).

(5) Additional Charpy V-notch tests shall be per-
formed on either the heat-affected zone or the unaffected
base material, or both, at temperatures where the lateral
expansion value of all three specimens tested is not less
than 35 mils (0.89 mm). The average lateral expansion
value for each test meeting this requirement shall be
plotted on a lateral expansion versus temperature graph.
The difference in temperature THAZ and TUBM where the
heat-affected zone and the unaffected base material aver-
age lateral expansion values are the same and not less
than 35 mils (0.89 mm) shall be used to determine the ad-
justment temperature TADJ where:

If TADJ ≤ 0, then TADJ = 0.

(6) As an alternative to (5), if the average lateral ex-
pansion value of the heat-affected zone specimens is no
less than 35 mils (0.89 mm) and the average of the
heat-affected zone specimens is not less than 5 mils
(0.13 mm) below the average lateral expansion value of
the unaffected base material specimens, TADJ may be ta-
ken as 15°F (8°C).

(7) As a second alternative to (5), if the average lat-
eral expansion value of the heat-affected zone specimens
is no less than 35 mils (0.89 mm), the difference between
the average lateral expansion of the heat-affected zone
and the unaffected base material specimens shall be cal-
culated and used as described in (e)(3).

(d) For heat-affected zones associated with base mate-
rials tested under NB-2332(a), the required testing shall
be in accordance with (1) through (5).

(1) Three Charpy V-notch specimens shall be re-
moved from both the unaffected base material and the
heat-affected zone. The unaffected base material speci-
mens shall be tested at a test temperature established
in the design specification or additional testing shall be
performed at higher temperatures until the applicable re-
quirements of Table NB-2332(a)-1 are met for the thick-
ness of material to be welded in production.

(2) The heat-affected zone specimens shall be tested
at the test temperature determined in (1). The average
lateral expansion value of the specimens shall equal or ex-
ceed the average lateral expansion value of the unaffected
base material. For this case the qualification test is accept-
able for the essential and supplemental essential vari-
ables recorded on the weld procedure qualification
record. If the heat-affected zone average lateral expansion
value is less than the unaffected base material lateral ex-
pansion value, the adjustment given in (c)(3) through
(c)(5) shall be determined and applied as provided in
(e). Alternatively, another test coupon may be welded
and tested.

(3) Additional Charpy V-notch tests shall be per-
formed on either the heat-affected zone or the unaffected
base material, or both, at temperatures where the lateral
expansion value of all three specimens tested is not less
than the values shown in Table NB-2332(a)-1 for the
thickness of base material to be welded in production.
The average lateral expansion value for each test meeting
this requirement shall be plotted on a lateral expansion
versus temperature graph. The difference in temperature
THAZ and TUBM where the heat-affected zone and the un-
affected base material average lateral expansion values
are the same shall be used to determine the adjustment
temperature where:

If TADJ ≤ 0, then TADJ = 0.
(4) As an alternative to (3), if the average lateral ex-

pansion value of the heat-affected zone is no less than
35 mils (0.89 mm) and the average of the heat-affected
zone specimens is not less than 5 mils (0.13 mm) below
the average lateral expansion value of the unaffected base
material, TADJ may be taken as 15°F (8°C).

(5) As a second alternative to (3), if the average lat-
eral expansion value of the heat-affected zone specimens
is no less than 35 mils (0.89 mm), the difference between
the average lateral expansion of the heat-affected zone
and unaffected base material specimens shall be calcu-
lated and used as described in (e)(3).
(e) At least one of the following methods shall be used

to compensate for the heat-affected zone toughness de-
crease due to the welding procedure.

(1) The RTNDT temperature established in NB-2331
or NB-2332(b) or the lowest service temperature speci-
fied in the Design Specification [NB-2332(a)] for all of
the material to be welded in production welding proce-
dure specifications (WPSs) supported by this PQR shall
be increased by the adjustment temperature TADJ .

(2) The specified testing temperature for the produc-
tion material may be reduced by TADJ .
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(3) The materials to be welded may be welded using
the WPS provided they exhibit Charpy V-notch values that
are no less than the minimum required lateral expansion
value required by NB-2300 plus the difference in average
lateral expansion values established in (c)(7) or (d)(5).

(f) The Charpy V-notch testing results shall be re-
corded on the welding PQR and any offsetting TADJ or in-
creased toughness requirements shall be noted on the
welding PQR and on the WPS. More than one compensa-
tion method may be used on a par basis.

NB-4336 Qualification Requirements for
Built-Up Weld Deposits

Built-up weld deposits for base metal reinforcement
shall be qualified in accordance with the requirements
of NB-4331 through NB-4335.

NB-4337 Welding of Instrument Tubing

Welding of P-No. 8 material instrument tubing may be
performed without the prescribed radiographic examina-
tion of Article NB-5000, provided all of the additional
rules of (a) through (j) are met.

(a) Nominal tube size shall not exceed 1/2 in. (13 mm),
and wall thickness shall not exceed 0.065 in. (1.6 mm).

(b) Automatic welding equipment shall be used.
(c) Welding shall be limited to the gas tungsten-arc

welding process.
(d) The welding procedures and welding operators

shall be qualified in accordance with Sections III and IX.
In addition, one sample weld shall be prepared for each
nominal tube size, nominal wall thickness, welding posi-
tion and welding machine model in accordance with the
welding procedure specification, and the sample shall
be tested in accordance with (f).

(e) Each production welding machine shall have the
line voltage input corrected within ±10%.

(f) Prior to the start of production welding, two conse-
cutive acceptable sample welds shall be prepared after
equipment setup and prior to the start of production
welding for each type of weld to be performed, i.e., weld-
ing procedure specification with welding machine, weld-
ing position, nominal tube size, and nominal wall
thickness. Each sample shall be sectioned approximately
1/4 in. (6 mm) from the weld so that the root of the weld
is accessible for visual examination. Acceptance shall be
based on complete root penetration.

(g) During production welding, voltage, current, and
travel speed shall not vary more than ±10% from that
used in (d).

(h) The production welding voltage, current, and travel
speed shall be recorded on a chart recorder. The chart
shall be verified to ensure each weld is acceptable. The
chart shall be retained as part of the Lifetime Quality As-
surance Records.

(i) Concavity on the outside surface of the weld shall
not exceed 10% of the nominal wall thickness.

(j) Unacceptable concavity or indications in the weld
resulting from the examination per NB-5222(c) shall be
cause for the weld to be cut out and remade. No repairs
are permitted.

NB-4350 SPECIAL QUALIFICATION
REQUIREMENTS FOR
TUBE-TO-TUBESHEET WELDS

The welding procedure for tube-to-tubesheet welds
shall be qualified in accordance with ASME Section IX,
QW-202.6 using a demonstration mockup in accordance
with Section IX, QW-193. The weld throat (minimum leak-
age path) shall not be less than two-thirds of the specified
tube wall thickness. Welders and welding operators shall
be qualified by demonstration mockup in accordance
with Section IX, QW-303.5.

NB-4360 QUALIFICATION REQUIREMENTS FOR
WELDING SPECIALLY DESIGNED
WELDED SEALS

NB-4361 General Requirements

(a) Specially designed welded seals are defined as the
walls or membranes, such as an omega shaped seal mem-
brane, which confine the fluid and where strength is pro-
vided by a separate device.

(b) The welding procedure shall be qualified as a new
procedure specification and shall be completely requali-
fied when any of the essential variables specified or listed
in the following paragraphs are made in the procedure.
Changes other than those so given may be made in the
procedure without the necessity for requalification pro-
vided the procedure is amended to show these changes.
In addition, the essential variables specified in Section
IX shall apply for both procedure and performance
qualification.

NB-4362 Essential Variables for Automatic,
Machine, and Semiautomatic Welding

The welding procedure shall be qualified as a new pro-
cedure specification and shall be completely requalified
when any of the changes listed in this paragraph or the
applicable portions of Section IX are made:

(a)when preplaced filler metal is melted to form all or
part of a weld, a change from one alloy type or classifica-
tion to any other alloy type or classification of base mate-
rial or filler metal, even though previously qualified base
materials and filler metals are of the same P-Number or
A-Number;

(b) a change of any dimension of the weld joint for
automatic or machine welding or a change of any dimen-
sion of the weld joint by more than 10% for semiauto-
matic welding beyond that qualified;

(c) a change in the nominal size or shape of any filler
metal added to the arc;

(d) for automatic welding, an increase or decrease in
the length of the seal weld by more than 30%;
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(e) for automatic welding, a change in the welding cur-
rent greater than 50% of the difference between the max-
imum andminimum amperages used during qualification;
only two test assemblies need to be welded for
requalification;

(f) any change in the angular relationship or distance
between the welding electrode and the work and the filler
metal beyond the range qualified;

(g) the addition or deletion of the use of tack welds or
locating fixtures to facilitate alignment or to maintain the
root opening of the weld joint;

(h) the addition or deletion of consumable inserts.

NB-4363 Essential Variables for Manual
Welding

The welding procedure must be qualified as a new pro-
cedure specification and shall be completely requalified
when any of the changes listed in (a) and (b) below are
made in the procedure:

(a) a change of more than ±10% of any dimension of
the weld joint cross section other than the included angle
of the groove, except that base material thickness may
vary from minus 10% to 2.5 times the thickness qualified
when welding parts of the same material thickness, or the
thin member may vary from minus 10% to 2 times the
thickness qualified when welding a thin seal membrane
to a thick member;

(b) when preplaced filler metal is melted to form all or
part of a weld, a change from one alloy type or classifica-
tion to any other alloy type or classification of base mate-
rial or filler metal, even though previously qualified base
materials and filler metals are of the same P-Number or
A-Number.

NB-4366 Test Assembly

The test assembly shall consist of a duplicate of the pro-
duction weld except that tolerances as stated in
NB-4362(b) or NB-4363(a) are permitted. Except for
automatic welding, the Certificate Holder may use a
12 in. (300 mm) length to qualify, if the length of the pro-
duction weld is considered to be greater than necessary
to qualify.

NB-4366.1 Automatic Welding. For automatic weld-
ing, at least six consecutive test assemblies representing
the range of dimensions to be qualified shall be required
to establish the reproducibility of the welding procedure.
In addition, the Certificate Holder making the production
welds shall verify this capability of making two consecu-
tive test assemblies prior to production welding using the
previously qualified procedure.

NB-4366.2 Manual, Machine, and Semiautomatic
Welding. For manual, machine, and semiautomatic weld-
ing, two test assemblies shall be required.

NB-4367 Examination of Test Assembly

(a)Where 100% weld penetration is required, the test
assembly shall be sectioned, if necessary, to permit exam-
ination of the entire underside weld surface.
(b) A minimum of four cross sections shall be taken

from each test assembly. One cross section shall be made
in a weld start and stop area and the others shall be taken
at random. Each cross-section shall be magnified to 10× to
15× in accordance with ASTM E883 for examination. All
surfaces shall be free of cracks, incomplete penetration,
incomplete melting of insert on consumable type welds,
and porosity or inclusions in excess of one rounded void
with the maximum dimension not greater than 10% of the
thickness of the weld. When doubt exists as to the accept-
ability of the weld, after examination of four cross sec-
tions, the Inspector may require that additional
metallographic cross sections be prepared for examina-
tion of the weld and adjacent base material.

NB-4368 Performance Qualification Test

The performance qualification test assembly shall meet
the same requirements specified for the procedure quali-
fication test assembly in NB-4366 and shall be examined
in accordance with NB-4367. Furthermore, welding op-
erators shall qualify using the same type and model of
equipment, including the welding head, as the machine
or machines that will be used to make production welds
and shall be required to set up the machine with regard
to adjustments and settings which affect the welding
characteristics. One test assembly is required.

NB-4400 RULES GOVERNING MAKING,
EXAMINING, AND REPAIRING
WELDS

NB-4410 PRECAUTIONS TO BE TAKEN BEFORE
WELDING

NB-4411 Identification, Storage, and Handling of
Welding Material

Each Certificate Holder is responsible for control of the
welding electrodes and other material which is used in
the fabricat ion and instal lat ion of components
(NB-4120). Suitable identification, storage, and handling
of electrodes, flux, and other welding material shall be
maintained. Precautions shall be taken to minimize ab-
sorption of moisture by electrodes and flux.

NB-4412 Cleanliness and Protection of Welding
Surfaces

The method used to prepare the base metal shall leave
the weld preparation with reasonably smooth surfaces.
The surfaces for welding shall be free of scale, rust, oil,
grease, and other deleterious material. The work shall
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be protected from deleterious contamination and from
rain, snow, and wind during welding. Welding shall not
be performed on wet surfaces.

NB-4420 RULES FOR MAKING WELDED JOINTS
NB-4421 Backing Rings

When used in components other than piping, backing
rings shall conform to the requirements of NB-4240.
Backing rings shall not be used in piping unless removed
after welding and the inside surfaces of the roots are ex-
amined by a magnetic particle or liquid penetrant meth-
od, in accordance with NB-5110, and meeting the
acceptance standards of NB-5340 or NB-5350. The mate-
rial for backing rings, when used, shall be compatible with
the base metal. Permanent backing rings, when permitted
by NB-3352, shall be continuous, and any splices shall be
made by full penetration welds. Spacer pins shall not be
incorporated into the welds.

NB-4422 Peening
Controlled peening may be performed to minimize dis-

tortion. Peening shall not be used on the initial layer, root
of the weld metal, or on the final layer unless the weld is
postweld heat treated.

NB-4423 Miscellaneous Welding Requirements
(a) Before applying weld metal on the second side to be

welded, the root of full penetration double welded joints
shall be prepared by suitable methods, such as chipping,
grinding, or thermal gouging, except for those processes
of welding by which proper fusion and penetration are
otherwise obtained and demonstrated to be satisfactory
by welding procedure qualification.

(b) If the welding is stopped for any reason, extra care
shall be taken in restarting to get the required penetra-
tion and fusion. For submerged arc welding, chipping
out a groove in the crater is recommended.

(c) Where single-welded joints are used, particular
care shall be taken in aligning and separating the compo-
nents to be joined so that there will be complete penetra-
tion and fusion at the bottom of the joint for its full length.

NB-4424 Surfaces of Welds
NB-4424.1 General. As-welded surfaces are per-

mitted, except for inertia and continuous drive friction
welding where the flash shall be removed to sound metal.
For piping, the appropriate stress indices given in Table
NB-3681(a)-1 shall be applied. However, the surface of
welds shall be sufficiently free from coarse ripples,
grooves, overlaps, and abrupt ridges and valleys to meet
(a) through (f) below.

(a) The surface condition of the finished weld shall be
suitable for the proper interpretation of radiographic
and other required nondestructive examinations of the
weld. In those cases where there is a question regarding
the surface condition of the weld on the interpretation

of a radiographic film, the film shall be compared to the
actual weld surface for interpretation and determination
of acceptability.

(b) Reinforcements are permitted in accordance with
NB-4426.1 for vessels , pumps, and valves , and
NB-4426.2 for piping only for those welds that do not re-
quire preservice examination.

(c) Undercuts shall not exceed 1/32 in. (0.8 mm) and
shall not encroach on the required section thickness.

(d) Concavity on the root side of a single-welded cir-
cumferential butt weld is permitted when the resulting
thickness of the weld meets the requirements of Article
NB-3000.

(e) If the surface of the weld requires grinding to meet
the above criteria, care shall be taken to avoid reducing
the weld or base material below the required thickness.

(f) Diametrical weld shrinkage is permissible provided
an acceptable ultrasonic examination can be performed.

NB-4424.2 Preservice Examination.
(a) The surface finish shall be 6.3 Ra or better for a dis-

tance of at least 2t 26 plus 4 in. (100 mm) or 6 in.
(150 mm), whichever is greater (Figure NB-4250-2 or
Figure NB-4250-3), from the edge of the weld crown on
at least one side of the weld where an ultrasonic examina-
tion is required.

(b) Provide welds a circumferential clearance distance
of 15 in. (375 mm) (minimum) for long seam welds. This
measurement shall be from the toe of the weld.

(c) A reference system shall be established for all pip-
ing and vessel welds subject to surface or volumetric
examination.

(1) For piping, each side of each weld joint shall be
permanently marked at a minimum of two points in sui-
table increments from the edge prep. These marks shall
be repeated at 90-deg intervals around the pipe. For
welds joining pipes to components, other than vessels
where punching is not feasible, punching on the pipe side
only is permitted.

(2) For vessels, each side of each weld joint shall be
permanently marked at a minimum of two points in sui-
table increments from the edge prep. These marks shall
be repeated along the weld length at 1 ft (0.3 m) intervals
for vessel to nozzle welds, and at 3 ft (1 m) intervals for
all other vessel welds that are subject to preservice
examination.

NB-4425 Welding Items of Different Diameters

When items of different diameters are welded together,
there shall be a gradual transition between the two sur-
faces in accordance with NB-4250, unless greater slopes
are shown to be acceptable by analysis in accordance with
NB-3200. The length of the transition may include the
weld.
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NB-4426 Reinforcement of Welds
NB-4426.1 Thickness of Weld Reinforcement for

Vessels, Pumps, and Valves. The surface of the rein-
forcement of all butt-welded joints in vessels, pumps,
and valves may be flush with the base material or may
have uniform crowns. The height of reinforcement on
each face of the weld shall not exceed the thickness in
the following tabulation.

Nominal Thickness, in. (mm)

Maximum
Reinforcement, in.

(mm)

Up to 1 (25), incl. 3/32 (2.5)

Over 1 to 2 (25 to 50), incl. 1/8 (3)

Over 2 to 3 (50 to 75), incl. 5/32 (4.0)

Over 3 to 4 (75 to 100), incl. 7/32 (5.5)

Over 4 to 5 (100 to 125), incl. 1/4 (6)

Over 5 (125) 5/16 (8)

NB-4426.2 Thickness of Weld Reinforcement for
Piping. For double-welded butt joints, the limitation on
the reinforcement given in Column 1 of the following ta-
bulation shall apply separately to both inside and outside
surfaces of the joint. For single-welded butt joints, the re-
inforcement given in Column 2 shall apply to the inside
surface and the reinforcement given in Column 1 shall ap-
ply to the outside surface. The reinforcement shall be de-
termined from the higher of the abutting surfaces
involved.

Material Nominal Thickness,
in. (mm)

Maximum Reinforcement
Thickness,
in. (mm)

Column 1 Column 2

Up to 1/8 (3), incl.
3/32 (2.5) 3/32 (2.5)

Over 1/8 to
3/16 (3 to 5), incl. 1/8 (3)

3/32 (2.5)

Over 3/16 to
1/2 (5 to 13), incl. 5/32 (4.0) 1/8 (3)

Over 1/2 to 1 (13 to 25), incl. 3/16 (5) 5/32 (4.0)

Over 1 to 2 (25 to 50), incl. 1/4 (6)
5/32 (4.0)

Over 2 (50) Greater of 1/4 in. (6 mm)
or 1/8 times the width
of the weld, in inches
(millimeters)

5/32 (4.0)

NB-4427 Shape and Size of Fillet Welds
(a) Fillet welds may vary from convex to concave. The

shape and size of the weld shall be in accordance with
the requirements of Figure NB-4427-1. A fillet weld in
any single continuous weld may be less than the specified
fillet weld dimension by not more than 1/16 in. (1.5 mm),
provided that the total undersize portion of the weld does
not exceed 10% of the length of the weld. Individual un-
dersize weld portions shall not exceed 2 in. (50 mm) in
length. In making socket welds, a gap as shown in Figure
NB-4427-1 shall be provided prior to welding. The gap
need not be present nor be verified after welding. For
sleeve type joints without internal shoulder, the gap shall
be between the butting ends of the pipe or tube.

(b) Socket welds smaller than those specified in Figure
NB-4427-1 may be used provided the requirements of
Article NB-3000 are met.

NB-4428 Seal Welds of Threaded Joints
Where seal welding of threaded pipe joints is per-

formed, the exposed threads shall be either removed en-
tirely or covered with weld metal.

NB-4429 Welding of Clad Parts27

The joint types and welding procedures used for clad-
ding shall be such as to prevent the formation of brittle
weld composition.

NB-4430 WELDING OF ATTACHMENTS
NB-4431 Materials for Attachments
Nonpressure-retaining attachments (NB-1132.1)

welded to pressure-retaining components shall be of ma-
terials which meet the requirements of NB-2190. Materi-
als for pressure-retaining attachments shall meet the
requirements of NB-2120.

NB-4432 Welding of Structural Attachments
The rules of NB-4321 governing welding qualifications

shall apply to the welding of structural attachments to
pressure-retaining material.

NB-4433 Structural Attachments
Structural attachments shall conform reasonably to the

curvature of the surface to which they are to be attached
and shall be attached by full penetration, fillet, or partial
penetration continuous welds. When fillet and partial pe-
netration welds are used on components, the require-
ments of NB-3123.2 shall be met. Attachments to the
internal surfaces of reactor vessels shall be made only
with full penetration welds. Figure NB-4433-1 illustrates
some of the typical details for attaching structural attach-
ments to a component using full penetration welds. Valve
seats may be attached to the pressure boundary part by
fillet or partial penetration welds provided the valve seat
is shouldered against the pressure boundary part.

NB-4434 Welding of Internal Structural
Supports to Clad Components

Internal structural supports on clad components shall
be welded to the base metal and not to the cladding, ex-
cept for weld overlay cladding.

NB-4435 Welding of Nonstructural Attachments
and Their Removal

(a) Nonstructural attachments (NB-1132.1) welded to
the pressure-retaining portion of the component need
not comply with Article NB-2000 and may be welded with
continuous or intermittent fillet or partial penetration
welds, provided the requirements of (1) through (4) be-
low are met.
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(1) The welding procedure and the welders have
been qualified in accordance with NB-4321.

(2) The material is identified and is compatible with
the material to which it is attached.

(3) The welding material is identified and compatible
with the materials joined.

(4) The welds are postweld heat treated when re-
quired by NB-4620.

(b) Removal of nonstructural temporary attachments
shall be accomplished as follows.

(1) The immediate area around the temporary at-
tachment is marked in a suitable manner so that after re-
moval the area can be identified until after it has been
examined in accordance with (3) below.

(2) The temporary attachment is completely re-
moved in accordance with the procedures of NB-4211.

(3) After the temporary attachment has been re-
moved, the marked area is examined by the liquid pene-
trant or magnetic particle method in accordance with
the requirements of NB-5110, and meets the acceptance
standards of NB-5340 or NB-5350, whichever is
applicable.

(4) As an alternative to (a)(4), postweld heat treat-
ment may be deferred until after removal of the
attachment.

Figure NB-4427-1
Fillet and Socket Weld Details and Dimensions

Theoretical throat

Surface of vertical member

Theoretical throat

Surface of vertical member

Theoretical throat

Theoretical throat

Surface of vertical member

Surface of vertical member

Convex fillet weld

Convex fillet weld

Concave fillet weld

Concave fillet weld

Size of weld

Surface of
    horizontal member

(b) Unequal Leg Fillet Weld [Note (2)]

Cx

Cx

(a) Equal Leg Fillet Weld [Note (1)]

Size of weld

1/16 in. (1.5 mm) approx.
    before welding

1/16 in. (1.5 mm) approx.
    before welding

(d) Socket Welding Fittings [Note (4)](c) Socket Welding Flange [Note (3)]

tn nominal pipe
 wall thickness

x, min.

x, min.

tn

Surface of
    horizontal member

GENERAL NOTE: See NB-3661.2 for limitation on socket weld pipe size.

NOTES:
(1) The size of an equal leg fillet is the leg length of the largest inscribed right isosceles triangle. Theoretical throat = 0.7 × size of weld.
(2) The size of an unequal leg fillet weld is the shorter leg length of the largest right triangle that can be inscribed within the fillet weld cross

section.
(3) x min. = 1.4 tn or the thickness of the hub, whichever is smaller, but not less than 1/8 in. (3 mm), where tn = nominal pipe wall thickness
(4) Cx min. = 1.09 tn where tn = nominal pipe wall thickness
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Figure NB-4433-1
Types of Attachment Welds

1/8 in. (3 mm), max.

1/8 in. (3 mm), max.

(c) Attachment of Rings

(b) Attachment of Trunnions

A

A

(a) Attachment of Lugs, Shoes, Pipe Saddles, and Brackets

Dimension not sufficient for
    weld from inside

Section A–A
    1/8 in. (3 mm), max.

Section
    A–A

A Section A–A
    1/8 in. (3 mm), max.

A

A

A

GENERAL NOTE: The welds may be partial penetration or fillet welds.
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NB-4436 Installation of Attachments to Piping
Systems After Testing

Attachments may be welded to the piping system after
performance of the pressure test provided that:

(a) the welds do not require PWHT under NB-4622.7;
(b) welds shall be restricted to fillet welds not exceed-

ing 3/8 in. (10 mm) throat thickness and to full penetration
welds attaching materials not exceeding 1/2 in. (13 mm) in
thickness;

(c) welds shall not exceed a total length of 24 in.
(600 mm) for fillet welds or 12 in. (300 mm) for full pe-
netration welds;

(d) welds shall be examined as required by Article
NB-5000.

NB-4440 WELDING OF APPURTENANCES

(a)When welded appurtenances are constructed in ac-
cordance with NB-3136(b), the welds shall meet the re-
quirements shown in Figure NB-4440-1.

(b) Attachment of an appurtenance to the pressure
boundary of a component shall, in all cases, be in accor-
dance with the requirements of the component.

NB-4450 REPAIR OF WELD METAL DEFECTS
NB-4451 General Requirements

Defects in weld metal detected by the examinations re-
quired by Article NB-5000, or by the tests of Article
NB-6000, shall be eliminated and repaired when
necessary.

NB-4452 Elimination of Surface Defects

Weld metal surface defects may be removed by grind-
ing or machining, and need not be repaired by welding,
provided that the requirements of (a) through (c) below
are met.

(a) The remaining thickness of the section is not re-
duced below that required by Article NB-3000.

(b) The depression, after defect elimination, is blended
uniformly into the surrounding surface.

(c) The area is examined by a magnetic particle or li-
quid penetrant method in accordance with NB-5110 after
blending and meets the acceptance standards of NB-5300
to ensure that the defect has been removed or reduced to
an imperfection of acceptable limit. Defects detected by
visual or volumetric method and located on an interior
surface need only be reexamined by the method which in-
itially detected the defect when the interior surface is in-
accessible for surface examination.

NB-4453 Requirements for Making Repairs of
Welds

Excavations in weld metal, when repaired by welding,
shall meet the following requirements.

NB-4453.1 Defect Removal. Defects may be re-
moved by mechanical means or by thermal gouging pro-
cesses. The area prepared for repair shall be examined
by a liquid penetrant or magnetic particle method in ac-
cordance with NB-5110, and meet the acceptance stan-
dards of NB-5340 or NB-5350. This examination is not
required where defect elimination removes the full thick-
ness of the weld and where the backside of the weld joint
is not accessible for removal of examination materials.

NB-4453.2 Requirements for Welding Material,
Procedures, and Welders. The weld repair shall be made
using welding material, welders, and welding procedures
qualified in accordance with NB-4125 and NB-4300.

NB-4453.3 Blending of Repaired Areas. After repair,
the surface shall be blended uniformly into the surround-
ing surface.

NB-4453.4 Examination of Repair Welds.
(a) The examination of a weld repair shall be repeated

as required for the original weld, except that when the de-
fect was originally detected by the liquid penetrant or
magnetic particle method, and when the repair cavity
does not exceed the lesser of 3/8 in. (10 mm) or 10% of
the thickness, it need only be reexamined by the liquid pe-
netrant or magnetic particle method.

(b)When repairs to welds joining P-No. 1 and P-No. 3
materials require examination by radiography as re-
quired in (a) above, but construction assembly prevents
meaningful radiographic examination, ultrasonic exami-
nation may be substituted provided:

(1) the weld had been previously radiographed and
met the applicable acceptance standards;

(2) the ultrasonic examination is performed using a
procedure in accordance with Section V, Article 4, to the
acceptance standards of NB-5330;

(3) the substitution is limited to Category A and B
welds in vessels, and similar type welds in other items.

The absence of suitable radiographic equipment is not
justification for the substitution.

NB-4453.5 Heat Treatment of Repaired Areas. The
area shall be heat treated in accordance with NB-4620.

NB-4500 BRAZING

NB-4510 RULES FOR BRAZING
NB-4511 Where Brazing May Be Used

(a) Brazing is permitted for the attachment of cladding
to base material, of tubes to tubesheets, and as specified
in NB-3671.6(a). Appurtenances and piping with outside
diameter equal to that of NPS 1 (DN 25) and less may
be fabricated using brazed joints in accordance with
Figure NB-4511-1.

(b) Valves with inlet piping connections of NPS 4
(DN 100) and less may have seats brazed to the valve
body or bonnet provided the seat is shouldered against
the pressure boundary part [Figure NB-3544.1(c)-1].
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NB-4512 Brazing Material
Where brazing is permitted, the brazing filler material

and fluxes shall conform to the rules covering identifica-
tion in NB-2150 and to the requirements of (a), (b), and
(c) below.
(a) The filler material used in brazing shall be a nonfer-

rous metal or alloy with a solidus temperature above
800°F (425°C) and at least 500°F (260°C) above the high-
est temperature of the joint in service.

(b) The filler material shall melt and flow freely by ca-
pillary action within the desired temperature range, and,
in conjunction with a suitable flux or controlled atmo-
sphere, the filler material shall wet and adhere to the sur-
faces to be joined.
(c) Fluxes that are fluid and chemically active at the

brazing temperature shall be used, when necessary, to
prevent oxidation of the filler metal and the surfaces to
be joined, and to promote free flowing of the filler
material.

Figure NB-4440-1
Appurtenance Weld Joint Details Size NPS 2 (DN 50) and Smaller

z 

d 

tn 

tc 

Joint 1 Joint 2 

Joint 4 Joint 3 

tn 

tn 

tn 

tn 

d 

tc 

z 
y 

tn 

tc d 

tc 

y 

d 

tn 

z 

z 

Legend:

d = Inside diameter of the weld shall be 23/8 in. (60 mm) maximum. Diameter restriction is on the diameter of the welded joint com-
ponent (not the diameter of the appurtenance shell)

tc , min = 0.7tn
ymin = 1/32 in. (1 mm)

z = Depth of engagement shall be 3/8 in. (10 mm) minimum for NPS 1/2 (DN 15) to NPS 2 (DN 50) and shall be 1/4 in. (6 mm) for under NPS
1/2 (DN 15)

GENERAL NOTES:
(a) Not applicable to joints between the appurtenance and the component.
(b) Maximum diametral clearance between connecting parts is 0.045 in. (1.1 mm).
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NB-4520 BRAZING QUALIFICATION
REQUIREMENTS

NB-4521 Brazing Procedure and Performance
Qualification

Qualification of the brazing procedure to be used and of
the performance of brazers and brazing operators is re-
quired and shall comply with the requirements of Section
IX, except as noted below.

NB-4522 Valve Seat Rings

Validation of the procedure qualification per Section IX,
Table QB-451.5, Note (1) is not required for the furnace
brazing of seat rings to bodies or bonnets of valves having
inlet piping connections of NPS 4 (DN 100) and less.

NB-4523 Reheated Joints

In addition to the requirements of Section IX, the braz-
ing procedure shall be set up as a new procedure specifi-
cation and shall be completely requalified when the
construction of the brazed components includes reheat-
ing of any portion of the completed brazed joint to a tem-
perature that is within 300°F (165°C) of the solidus
temperature of the filler metal.

NB-4524 Maximum Temperature Limits

The design temperature shall not exceed the upper
temperature shown in the third column of Table
NB-4524-1. For design temperatures below the tempera-
ture shown in the second column of Table NB-4524-1, no

Figure NB-4511-1
Brazed Connections for Appurtenances and Piping, NPS 1 (DN 25) and Less

c

c

tn

tn

t

Z

Z

tZ

Z

Part B

d

d

d

d

tn

Part B
Part B

Part B
Part B

Part B

(a) (b)

(c) (d)

Part A

Part A

c c

tn

tn

tn

Legend:

c = clearance or interference between mating parts and shall be in
accordance with the brazing procedure specification

d = outside diameter of part B
t = thickness of part penetrated

tn = nominal thickness of connecting part
z = depth of engagement and shall be the lesser of 3tn or d , but in no

case less than 1/4 in. (6 mm)

GENERAL NOTES:
(a) Part A shall be attached to a component in accordance with the requirements for the component proper.
(b) Part B shall be attached either to part A or to another part B by the joints shown above, or in accordance with the requirements of the

component proper.
(c) Grooves for preplaced filler metal are permitted, provided the reduction in cross section due to the grooves is considered in the design.
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further testing beyond that required by Section IX is re-
quired. For design temperatures in the range shown in
the third column of Table NB-4524-1, tests in addition
to those required by Section IX are required. These tests
shall be considered a part of the procedure qualification.
For such design temperatures, two tension tests on pro-
duction type joints are required, one at the design tem-
perature and one at 1.05T , where T is the design
temperature in Farenheit (1.03T , where T is the design
temperature in Celsius). Neither of these production-type
joints shall fail in the braze metal.

NB-4530 FITTING AND ALIGNING OF PARTS TO
BE BRAZED

Parts to be joined by brazing shall be fitted, aligned, and
retained in position during the brazing operation within
the tolerances specified in the brazing procedure specifi-
cation. Brazed joints shall be assembled in a sequence
which will permit the maximum number of joints to be vi-
sually examined on both sides of the joint after brazing.

NB-4540 EXAMINATION OF BRAZED JOINTS
The completed brazed joints shall be visually examined

on all accessible surfaces in accordance with NB-5275.

NB-4600 HEAT TREATMENT

NB-4610 WELDING PREHEAT REQUIREMENTS
NB-4611 When Preheat Is Necessary
The need for and temperature of preheat are depen-

dent on a number of factors, such as the chemical analysis,
degree of restraint of the parts being joined, elevated tem-
perature, physical properties, and material thicknesses.
Some practices used for preheating are given in Section
III Appendices, Nonmandatory Appendix D as a general
guide for the materials listed by P-Numbers of Section
IX. It is cautioned that the preheating suggested in Section
III Appendices, Nonmandatory Appendix D does not ne-
cessarily ensure satisfactory completion of the welded
joint and that the preheating requirements for individual

materials within the P-Number may be more or less re-
strictive. The Welding Procedure Specification for the ma-
terial being welded shall specify the minimum preheating
requirements under the welding procedure qualification
requirements of Section IX.

NB-4612 Preheating Methods
Preheat for welding or thermal cutting, when em-

ployed, may be applied by any method which does not
harm the base material or any weld metal already applied,
or which does not introduce deleterious material into the
welding area which is harmful to the weld.

NB-4613 Interpass Temperature
Consideration shall be given to the limitations of inter-

pass temperatures for quenched and tempered material
to avoid detrimental effects on the mechanical properties.

NB-4620 POSTWELD HEAT TREATMENT
NB-4621 Heating and Cooling Methods
Postweld heat treatment (PWHT) may be accomplished

by any suitable methods of heating and cooling, provided
the required heating and cooling rates, metal tempera-
ture, metal temperature uniformity, and temperature
control are maintained.

NB-4622 PWHT Time and Temperature
Requirements

NB-4622.1 General Requirements.1 Except as other-
wise permitted in NB-4622.7, all welds, including repair
welds, shall be postweld heat treated. During postweld
heat treatment, the metal temperature shall be main-
tained within the temperature range and for the mini-
mum holding time specified in Table NB-4622.1-1,
except as otherwise permitted in NB-4622.4(c) .
P-Number groups in Table NB-4622.1-1 are in accordance
with Section IX, QW-420. Except as provided in
N B - 4 6 2 4 . 3 , PWHT s h a l l b e p e r f o r m e d i n
temperature-surveyed and -calibrated furnaces, or PWHT
shall be performed with thermocouples in contact with

Table NB-4524-1
Maximum Design Temperatures for Brazing Filler Metal

Filler Metal
Classifica-

tion

Temperature Below
Which Section IX Tests
Only Are Required,

°F (°C)

Temperature Range Requiring
Section IX and Additional Tests,

°F (°C)

BCuP 300 (150) 300–350 (150–175)
BAg 400 (205) 400–500 (205–260)

BCuZn 400 (205) 400–500 (205–260)
BCu 400 (205) 400–650 (205–345)
BAISi 300 (150) 300–350 (150–175)
BNi 800 (425) …

GENERAL NOTE: Temperatures based on AWS recommendations.
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the material or attached to blocks in contact with the ma-
terial. In addition, the requirements of the following sub-
paragraphs shall apply.

NB-4622.2 Time–Temperature Recordings. Time–
temperature recordings of all postweld heat treatments
shall be made available for review by the Inspector. Iden-
tification on the time–temperature recording shall be to
the weld, part, or component, as applicable. A summary
of the time–temperature recording may be provided for
permanent records in accordance with NCA-4134.17.

NB-4622.3 Definition of Nominal Thickness Gov-
e r n i n g PWHT . Nom i n a l t h i c k n e s s i n T a b l e
NB-4622.7(b)-1 is the thickness of the weld, the
pressure-retaining material for structural attachment
welds or the thinner of the pressure-retaining materials
being joined, whichever is least. It is not intended that
nominal thickness include material provided for forming
allowance, thinning, or mill overrun when the excess ma-
terial does not exceed 1/8 in. (3 mm). For fillet welds the
nominal thickness is the throat thickness, and for partial
penetration and material repair welds the nominal thick-
ness is the depth of the weld groove or preparation.

NB-4622.4 Holding Times at Temperature.
(a) The holding time at temperature as specified in

Table NB-4622.1-1 shall be based on the nominal thick-
ness of the weld. The holding time need not be continu-
ous. It may be an accumulation of the times of multiple
postweld heat treat cycles.

(b) Holding time at temperature in excess of the mini-
mum requirements of Table NB-4622.1-1 may be used,
provided that specimens so heat treated are tested in ac-
cordance with NB-2200, NB-2400, and NB-4300.

(c) Alternatively, when it is impractical to postweld
heat treat at the temperature range specified in Table
NB-4622.1-1, it is permissible to perform the postweld
heat treatment of certain materials at lower temperatures
for longer periods of time in accordance with Table
NB-4622.4(c)-1 and (1), (2), and (3) below.

(1) Except for P-No. 1 materials, when welds in the
materials listed in Table NB-4622.4(c)-1 are to be post-
weld heat treated at the lower minimum temperatures,
the impact test specimens for the welding procedure qua-
lification required by NB-4300 shall be made using the
same minimum temperatures and increased minimum
holding time. Welding procedures, qualified at the tem-
perature range and minimum holding time specified in
Table NB-4622.1-1 and at the lower temperature and in-
creased minimum holding time permitted by Table
NB-4622.4(c)-1, are also qualified for any temperature
in between. When such an in-between temperature is
used, the minimum holding time shall be interpolated
from Table NB-4622.1-1 and the alternative requirements
from Table NB-4622.4(c)-1.

(2) Except for P-No. 1 materials, when welds in the
materials listed in Table NB-4622.4(c)-1 are to be post-
weld heat treated at these lower minimum temperatures,

the welding material certification required by NB-2400
shall be made using the same minimum temperature
and increased minimum holding time. Welding material
certified at the temperature range and minimum holding
time specified in Table NB-4622.1-1 and at the lower
minimum temperatures and increased minimum holding
time permitted by Table NB-4622.4(c)-1 are also certified
for any temperature in between.

(3) Base material certified in accordance with
NB-2200 may be postweld heat treated at the lower mini-
mum temperature ranges and increased minimum hold-
ing times without recertification. Postweld heat
treatment at these lower minimum temperatures and in-
creased minimum holding times may also be the temper-
ing operation provided a higher tempering temperature is
not required by the material specification.

NB-4622.5 PWHT Requirements When Different
P-Number Materials Are Joined. When materials of two
different P-Number groups are joined by welding, the ap-
plicable postweld heat treatment shall be that specified in
Table NB-4622.1-1 for the material requiring the higher
PWHT temperature range.

N B - 4 6 2 2 . 6 P W H T R e q u i r e m e n t s f o r
N o n p r e s s u r e - R e t a i n i n g P a r t s . W h e n
nonpressure - re ta in ing mate r i a l i s we lded to
pressure-retaining material, the postweld heat treatment
temperature range of the pressure-retaining material
shall control.

NB-4622.7 Exemptions to Mandatory Require-
ments. Postweld heat treatment in accordance with this
subarticle is not required for:

(a) nonferrous material;
(b) welds exempted in Table NB-4622.7(b)-1;
(c) welds subjected to temperatures above the PWHT

temperature range specified in Table NB-4622.1-1, pro-
vided the Welding Procedure Specification is qualified
in accordance with Section IX and the base material and
the deposited weld filler material have been heat treated
at the higher temperature;

(d) welds connecting nozzles to components or branch
to run piping provided the requirements in NB-4622.8
are met;

(e) weld repairs to base metal, weld repairs to cladding
after final postweld heat treatment, and weld repairs to
dissimilar metal welds, provided the requirements of
NB-4622.9 are met.

NB-4622.8 Requirements for Exempting PWHT of
Nozzles to Component Welds and Branch to Run Piping
Welds. Welds connecting nozzles or branch piping of
P-No. 1 materials to components or run piping of P-No.
1 or P-No. 3 materials that are not exempted from PWHT
in Table NB-4622.7(b)-1 need not be given a postweld
heat treatment if the requirements of (a) below are met
for partial penetration and (b) below are met for full pe-
netration welds.
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Table NB-4622.1-1
Mandatory Requirements for Postweld Heat Treatment of Welds

P-No. (Section IX, QW-420)

Holding
Temperature
Range, °F (°C)
[Note (1)]

Minimum Holding Time at Temperature for Weld Thickness (Nominal)

1/2 in. (13 mm)
or less

Over 1/2 in. to 2 in.
(13 mm to 50 mm)

Over 2 in. to 5 in.
(50 mm to 125 mm) Over 5 in. (125 mm)

1, 3 1,100–1,250
(595–675)

30 min 1 hr/in. (2 min/mm) 2 hr plus 15 min each
additional inch (2 h
plus 0.5 min/mm)
over 2 in. (50 mm)

2 hr plus 15 min each
additional inch (2 h
plus 0.5 min/mm)
over 2 in. (50 mm)

4 1,100–1,250
(595–675)

30 min 1 hr/in. (2 min/mm) 1 hr/in. (2 min/mm) 5 hr plus 15 min each
additional inch (5 h
plus 0.5 min/mm)
over 5 in. (125 mm)

5A, 5B, 5C, 6 except P-No. 6
Gr. 4

1,250–1,400
(675–760)

30 min 1 hr/in. (2 min/mm) 1 hr/in. (2 min/mm) 5 hr plus 15 min each
additional inch (5 h
plus 0.5 min/mm)
over 5 in. (125 mm)6 Gr. 4 1,050–1,150

(565–620)

7 1,300–1,400
(705–760)

30 min 1 hr/in. (2 min/mm) 1 hr/in. (2 min/mm) 5 hr plus 15 min each
additional inch (5 h
plus 0.5 min/mm)
over 5 in. (125 mm)

9A Gr. 1 1,100–1,250
(595–675)

30 min 1 hr/in. (2 min/mm) 1 hr/in. (2 min/mm) 5 hr plus 15 min each
additional inch (5 h
plus 0.5 min/mm)
over 5 in. (125 mm)9B Gr. 1 1,100–1,175

(595–635)

10F Gr. 1 1,100–1,250
(595–675)

30 min 1 hr/in. (2 min/mm) 1 hr/in. (2 min/mm) 5 hr plus 15 min each
additional inch (5 h
plus 0.5 min/mm)
over 5 in. (125 mm)10I Gr. 1 1,300–1,400

(705–760)

11A Gr. 4 1,000–1,050
(540–565)

30 min 1 hr/in. (2 min/mm) 1 hr/in. (2 min/mm) 1 hr/in. (2 min/mm)

15E Gr. 1 1,350–1,425
(730–775)

30 min 1 hr/in. (2 min/mm) 1 hr/in. (2 min/mm) 5 hr plus 15 min each
additional inch (5 h
plus 0.5 min/mm)
over 5 in. (125 mm)

P-Nos. 8, 34, 42, 43, 45, and
hard surfacing on P- No. 1
base metal whose reported
carbon content is not more
than 0.30%

PWHT neither required nor prohibited

GENERAL NOTE: Exemptions to the mandatory requirements of this Table are defined in NB-4622.7.

NOTE:
(1) All temperatures are metal temperatures.
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(a) The partial penetration welds are made with A-No.
8 or non-air-hardening nickel–chromium–iron weld me-
tal after:

(1) the ferritic materials to be joined are buttered or
built-up with A-No. 8 or non-air-hardening nickel–
chromium–iron weld metal having a minimum thickness
of 1/4 in. (6 mm), and

(2) the heat-affected zones of the buttered or
built-up ferritic materials are postweld heat treated in ac-
cordance with NB-4620, without the PWHT exemptions
being applied, prior to making the final welds.

(b) The full penetration welds are made with A-No. 1 or
A-No. 2 weld metal provided that:

(1) the component or run pipe is built-up or buttered
in the area of the attachment with A-No. 1 or A-No. 2 me-
tal having a minimum thickness of 1/4 in. (6 mm);

(2) the A-No. 1 or A-No. 2 weld metal buildup or but-
tering is postweld heat treated in accordance with
NB-4620 for P-No. 1 or P-No. 3 materials without the
PWHT exemptions being applied;

(3) the welds do not penetrate through the compo-
nent or run pipe thickness;

(4)weld metal with A-No. 1 or A-No. 2 analysis is
used to join the nozzle or branch pipe of P-No. 1 material
to the weld buildup or buttering;

(5) the nominal thickness of the weld joining the noz-
zle or branch pipe to the component or run pipe does not
exceed 11/2 in. (38 mm) and the maximum reported car-
bon content of the nozzle or branch piping connection
does not exceed 0.30%;

(6) a 200°F (95°C) minimum preheat is maintained
during welding whenever the nominal thickness of the
weld exceeds:

(-a) 11/4 in. (32 mm) and the maximum reported
carbon content of the material of the nozzle or branch
pipe is 0.30% or less, or

(-b) 3/4 in. (19 mm) and the maximum reported
carbon content of material of the nozzle or branch pipe
connection exceeds 0.30%.

NB-4622.9 Temper Bead Weld Repair. Repairs may
be made without PWHT or after the final PWHT under
the conditions listed below provided it is impractical to
postweld heat treat the area after repair. References in
the following paragraphs to “P-No.” are to Section IX,
Table QW/QB-422; to “F-No.” are to Section IX, Table
QW-432; and to “A-No.” are to Section IX, Table QW-442.

(a) General Requirements.
(1) Repair Welding Procedure. The WPS shall be pre-

pared and qualified in accordance with Section IX,
QW-290 following the impact testing option with the test-
ing performed in accordance with the requirements of
NB-4334 and NB-4335.

(2) Welding Procedure Qualification Test Plate. The
test assembly materials for the welding procedure quali-
fication shall be subjected to heat treatment that is at
least equivalent to the time and temperature applied to
the material being repaired.

(3) Neutron Fluence. If the repair area is to be sub-
jected to a significant fast neutron fluence greater than
1019 nvt Eo > 1 MeV, the weld metal Cu content shall
not exceed 0.10%.

(4) Nondestructive Examination Methods. All nondes-
tructive examination shall be in accordance with Article
NB-5000. Final nondestructive examination of completed
weld repairs shall be performed after the weld has been
at ambient temperature for a minimum period of 48 hr.

(5) Preparation of Repair Cavity. The maximum area
of an individual repair based on the finished surface shall
be 500 in.2 (3 230 cm2) and the depth of repair shall not
be greater than one-third of the base material thickness.
The area to be repaired shall be suitably prepared for
welding in accordance with a written procedure. Before
repair, the surface to be repaired shall be examined by
either the magnetic particle or liquid penetrant method.

(6) Documentation of Weld Repairs. Documentation
of weld repairs shall be in accordance with NB-4130 ex-
clusive of the size requirements.

(7) Performance Qualifications. If the repair weld is to
be performed where physical obstructions impair the
welder’s ability to perform, the welder shall also demon-
strate the ability to deposit sound metal in the positions
required, using the same parameters and simulated phy-
sical obstructions as are involved in the repair.

(8) FCAW and GMAWWelding Electrodes. The follow-
ing shall apply except for nickel alloy F-No. 43 or A-No. 8
electrodes:

(-a) FCAW electrodes shall meet the requirements
for supplemental designator “H4” indicating that they are
very low in diffusible hydrogen as defined in the applic-
able specifications in Section II, Part C.

(-b) Welding shall begin using a previously uno-
pened container of electrode. When the electrode is not
used for more than 4 hr, it shall be removed from the wire
feeder and stored in accordance with NQA-1, Subpart 2.2,
Level C.

Table NB-4622.4(c)-1
Alternative Holding Temperatures and Times

Material P-No.

Alternative Minimum
Holding Temperatures,

°F (°C)

Alternative
Minimum Holding

Times
[Note (1)]

1, 3, 9A Gr. 1, 9B Gr.
1

1,050 (565) 2 hr/in. (4 min/mm)
thick

1, 3, 9A Gr. 1, 9B Gr.
1

1,000 (540) 4 hr/in. (8 min/mm)
thick

NOTE:
(1) All other requirements of NB-4622 shall apply.
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Table NB-4622.7(b)-1
Exemptions to Mandatory PWHT

P-No. (Section
IX, QW-420) Type of Weld [Note (1)]

Nominal Thickness,
in. (mm)

(NB-4622.3)

Max. Reported
Carbon, %
[Note (2)]

Min. Preheat
Required, °F (°C)

1 Vessels Circumferential butt and socket welds
connecting pipe and tubes to nozzles
where the materials being joined are
11/2 in. (38 mm) and less

11/4 (32) and less 0.30 or less …

Over 11/4 to 11/2
(32 to 38)

0.30 or less 200 (95)

3/4 (19) or less Over 0.30 …

Over 3/4 to 11/2 (19 to 38) Over 0.30 200 (95)

Fillet welds 3/4 (19) or less … 200 (95)

Full and partial penetration welds, provided
the welding procedure qualification is
made in equal or greater thickness than
the production weld [Note (3)]

5/8 (16) or less 0.25 or less 200 (95)

Other
components

All welds where the materials being joined
are 11/2 in. (38 mm) and less

11/4 (32) and less 0.30 or less …

Over 11/4 to 11/2
(32 to 38)

0.30 or less 200 (95)

3/4 (19) or less Over 0.30 …

Over 3/4 to 11/2 (19 to 38) Over 0.30 200 (95)

All welds in material over 11/2 in. (38 mm) 3/4 (19) or less … 200 (95)

1, 3 For repair without required PWHT, see
NB-4622.9,

… … 350 (175)

1 Gr. 1 or Gr. 2 Cladding or repair of cladding [Note (4)]
with A-No. 8 or F-No. 43 filler metal on
base material of:
11/2 in. (38 mm) or less … 0.30 100 (38)
over 11/2 in. to 3 in. (38 mm to 75 mm) … 0.30 200 (95) [Note (5)]
over 3 in. (75 mm) … 0.30 250 (120) [Note (6)]

3 except Gr. 3 All welds, except repair welds in vessels,
provided welding procedure qualification
is made using equal or greater thickness
base material than the production weld
[Note (3)]

5/8 (16) or less 0.25 or less 200 (95)

Attachment welds joining
nonpressure-retaining material to
pressure-retaining material

1/2 (13) or less 0.25 or less 200 (95)

Circumferential butt welds in pipe and tubes 1/2 (13) or less 0.25 or less 200 (95)

Socket welds in pipe NPS 2 (DN 50) and less,
and tubes with nominal O.D. 23/8 in.
(60 mm) or less

1/2 (13) or less 0.25 or less 200 (95)

4 All welds in pipe NPS 4 (DN 100) and less,
and tubes with nominal O.D. 4.5 in.
(114 mm) or less and attachment welds

1/2 (13) or less 0.15 or less 250 (120)

5A, 5B, 5C All welds in pipe NPS 4 (DN 100) and less,
and tubes with maximum reported
chromium 3.00% or less and nominal O.D.
4.5 in. (114 mm) or less and attachment
welds

1/2 in. (13 mm) or less 0.15 or less 300 (150)
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Table NB-4622.7(b)-1
Exemptions to Mandatory PWHT (Cont'd)

P-No. (Section
IX, QW-420) Type of Weld [Note (1)]

Nominal Thickness,
in. (mm)

(NB-4622.3)

Max. Reported
Carbon, %
[Note (2)]

Min. Preheat
Required, °F (°C)

6 (for Type 410 S)
or 7 Gr. 1 (for
Type 405)

Type 405 and 410S welded with A-No. 8,
A-No. 9, or F-No. 43 filler metal

3/8 (10) or less 0.08 or less …

9A Gr. 1 All welds, provided the procedure
qualification is made using equal or
greater thickness base material than the
production weld [Note (3)]

5/8 (16) or less … 200 (95)

Attachment welds joining
nonpressure-retaining material to
pressure-retaining material over 5/8 in.
(16 mm)

1/2 (13) or less … 200 (95)

Circumferential butt welds in pipe NPS 4
(DN 100) and less, and tubes with
nominal O.D. 4.5 in. (114 mm) or less and
attachment welds

1/2 in. (13 mm) or less 0.15 or less 250 (120)

Socket welds in pipe and tubes with nominal
O.D. 23/8 in. (60 mm) or less

1/2 (13) or less 0.15 or less 250 (120)

9B Gr. 1 All welds, provided the procedure
qualification is made using equal or
greater thickness base material than the
production weld [Note (3)]

5/8 (16) or less … 200 (95)

Attachment welds joining
nonpressure-retaining material to
pressure-retaining material over 5/8 in.
(16 mm)

1/2 (13) or less … 200 (95)

Circumferential butt welds in pipe NPS 4
(DN 100) and less, and tubes with
nominal O.D. 4.5 in. (114 mm) or less and
attachment welds

1/2 (13) or less 0.15 or less 250 (120)

Socket welds in pipe NPS 2 (DN 50) and less,
and tubes with nominal O.D. 23/8 in.
(60 mm) or less

1/2 (13) or less 0.15 or less 250 (120)

10I Gr. 1 All welds in material 1/2 in. (13 mm) and less 1/2 (13) or less … …

11A Gr. 4 All welds in material 1/2 in. (13 mm) and less 1/2 (13) or less … 250 (120)

GENERAL NOTE: The exemptions noted in this Table do not apply to the following:
(1) electron beam welds in ferritic materials over 1/8 in. (3 mm) in thickness;
(2) inertia and friction welds in material of any thickness of P-No. 3, P-No. 4, P-No. 5, P-No. 7 (except for Types 405 and 410S), P-No. 10,

and P-No. 11 materials.

NOTES:
(1) Where the thickness of material is identified in the Type of Weld column, it is the thickness of the base material at the welded joint.
(2) Carbon level of the pressure-retaining materials being joined.
(3) Weld Procedure Qualification coupon need not exceed 1.5 in. (38 mm) in thickness.
(4) The maximum resulting hardness of the heat-affected zone in the procedure qualification test plate shall not exceed 35 Rc.
(5) Intermediate postweld soak at not less than 200°F (95°C) for 2 hr minimum.
(6) Intermediate postweld soak at not less than 300°F (150°C) for 2 hr minimum.
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(9) SMAWWelding Electrodes. The following shall ap-
ply for SMAW welding electrodes:

(-a) Welding electrodes shall be supplied in her-
metically sealed containers. After being removed from
containers, electrodes shall be stored in a rod oven be-
tween 225°F (105°C) and 350°F (175°C).

(-b) Except for nickel alloy F-No. 3 or A-No. 8
electrodes

(-1) electrodes shall meet the requirements
for supplemental des ignators “R ” indicat ing a
moisture-resistant coating and “H4” indicating that they
are very low in diffusible hydrogen as defined in the spe-
cifications in Section II, Part C.

(-2) when electrodes are removed from ele-
vated temperature storage, they may be exposed to the
atmosphere in accordance with the following schedule:

(+a) E70XX: 9 hr

(+b) E80XX: 4 hr

(+c) E90XX and higher strength: 2 hr

Electrodes that are exposed to the atmosphere for
more than the above time shall be discarded or baked
to remove any absorbed moisture for the time and tem-
perature recommended by the electrode manufacturer
or the applicable filler metal specification. After baking
and before the electrodes are allowed to cool below
225°F (105°C), they shall be transferred into holding
ovens at 225°F (105°C) to 350°F (175°C).

(10) Postweld Hydrogen Bakeout. For repairs made
using SMAW or FCAW, the weld area shall be maintained
at a temperature of 450°F (230°C) to 550°F (290°C) for a
minimum time of 2 hr after welding is completed for
P-No. 1 materials and 4 hr for P-No. 3 materials.

(b) Repairs to Base Metals and Weld Metal.Weld repairs
to P-No. 1 and P-No. 3 material and A-Nos. 1, 2, 10, or 11
weld metal may be made provided the following addi-
tional requirements are met:

(1) The second (temper bead) layer shall be exam-
ined by the magnetic particle or liquid penetrant method.

(2) The completed weld shall have the weld rein-
forcement, including the final layer, removed substan-
tially flush with the surface prior to performing the
required nondestructive examination.

(3) The nondestructive examination of the repair
weld and base metal for a minimum of 4 in. (100 mm)
around the repair shal l be in accordance with
NB-4453.4. In addition, all repairs shall be ultrasonically
examined.

(c) Repair Welds to Cladding. Weld repairs may be
made to P-No. 8 or P-No. 43 cladding on P-No. 1 and
P-No. 3 material after final PWHT. If the defect is removed
and there is greater than 1/8 in. (3 mm) of A-No. 8 or F-No.
43 weld metal thickness remaining above the cladding
weld metal/base metal interface, repair may be made
without postweld heat treatment provided the welding
process is SMAW or GTAW; where 1/8 in. (3 mm) or less

of A-8 or F-43 weld metal thickness remains or a process
other than SMAW or GTAW is to be used, (a) and the fol-
lowing additional requirements apply:

(1) The depth of the repair cavity into the ferritic
base metal shall not be greater than 1/4 in. (6 mm) or
10% of the base metal thickness, whichever is less. Areas
with cavity depth greater than this shall be repaired in ac-
cordance with (b) to within the limit before implementing
the cladding repair.

(2) The repairs shall be made using A-No. 8 weld me-
tal for P-No. 8 cladding or F-No. 43 weld metal for either
P-No. 8 or P-No. 43 cladding.

(3) The repair weld and base metal for a minimum of
4 in. (100 mm) around the repair shall be examined by
the liquid penetrant method.

(d) Temper Bead Weld Repair to Dissimilar Metal Welds
Made With Buttering. This paragraph applies to welds be-
tween P-No. 1 or P-No. 3 and austenitic stainless or nickel
base metals where the P-No. 1 or P-No. 3 weld ends have
been buttered with A-No. 8 or F-No. 43 filler metal, then
heat treated. If the defect is removed and there is greater
than 1/8 in. (3 mm) of A-No. 8 or F-No. 43 weld metal thick-
ness remaining above the buttering weld metal/base me-
tal interface, repair may be made without postweld heat
treatment provided the welding process is SMAW or
GTAW; if 1/8 in. (3 mm) or less of A-No. 8 or F-No. 43 weld
metal thickness remains or a process other than SMAW or
GTAW is to be used, (a) and the following additional re-
quirements apply:

(1) If the defect penetrates into P-No. 1 or P-No. 3
base material, repair of that base material may be per-
formed in accordance with this paragraph provided the
depth of repair measured in the axial direction does not
exceed 3/8 in. (10 mm). See Figure NB-4622.9(d)(1)-1.
The depth of the repair cavity shall not exceed one-half
the joint thickness. In the event that the extent of the re-
pair into the ferritic material in the axial direction ex-
ceeds 3/8 in . (10 mm), repair shal l be made in
accordance with (b) prior to replacing the A-No. 8 or
F-No. 43 weld metal.

(2) After at least 3/16 in. (5 mm) of A-No. 8 or F-No. 43
weld metal has been deposited against the P-No. 1 or
P-No. 3 base metal, the repair area shall be given a post-
weld hydrogen bakeout as described in (a)(10), after
which the weld may be completed without further post-
weld hydrogen baking.

(3) The repair weld and base metal for a minimum of
4 in. (100 mm) around the repair shall be examined by
the liquid penetrant method.

(4) The repair shall be examined by the radiographic
method and, if practical, by the ultrasonic method.

(5) For repairs to partial penetration welds, the
radiographic and ultrasonic examinations specified above
need not be performed if meaningful results cannot be ob-
tained. For those cases, liquid penetrant examination
shall be performed in accordance with the following:
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(-a) For repairs where the depth of the cavity did
not exceed 3/16 in. (5 mm), liquid penetrant examination
shall be performed after the weld is completed.

(-b) For repairs where the depth of the cavity ex-
ceeded 3/16 in. (5 mm), liquid penetrant examination shall
be performed after approximately 3/16 in. (5 mm) of weld
metal has been deposited and the postweld hydrogen ba-
keout specified in (a)(10) has been completed. Additional
similar incremental deposit thicknesses shall be liquid pe-
netrant examined, but additional postweld hydrogen ba-
keouts are not required.

NB-4623 PWHT Heating and Cooling Rate
Requirements

Above 800°F (425°C) the rate of heating and cooling in
any hourly interval shall not exceed 400°F (220°C) di-
vided by the maximum thickness in inches of the material
being heat treated, but shall not exceed 400°F (220°C)
and need not be less than 100°F (56°C) in any hourly in-
terval. During the heating and cooling period there shall
not be a greater variation in temperature than 250°F
(140°C) within any 15 ft (4.5 m) interval of weld length.
The exceptions of (a) and (b) below are permitted.

(a) P-No. 6 material may be cooled in air from the post-
weld heat treatment holding temperature specified in
Table NB-4622.1-1.

(b) For P-No. 7 material the cooling rate at tempera-
tures above 1,200°F (650°C) shall not exceed 100°F/hr
(56°C/h), after which the rate of cooling shall be suffi-
ciently rapid to prevent embrittlement.

NB-4624 Methods of Postweld Heat Treatment

The postweld heat treatment shall be performed in ac-
cordance with the requirements of one of the following
subparagraphs.

NB-4624.1 Furnace Heating — One Heat. Heating
the item in a closed furnace in one heat is the preferred
procedure and should be used whenever practical. The

furnace atmosphere shall be controlled so as to avoid ex-
cessive oxidation and direct impingement of flame on the
component or item is prohibited.

NB-4624.2 Furnace Heating — More Than One
Heat. The item may be heated in more than one heat in
a furnace, provided the furnace atmosphere control re-
quirements of NB-4624.1 apply and overlap of the heated
sections of the component or item is at least 5 ft (1.5 m).
When this procedure is used, the portion of the compo-
nent or item outside the furnace shall be shielded so that
the temperature gradient is not harmful. The cross sec-
tion where the component or item projects from the fur-
nace shall not intersect a nozzle or other structural
discontinuity.

NB-4624.3 Local Heating. Welds may be locally
postweld heat treated when it is not practical to heat treat
the entire component or item. Local postweld heat treat-
ment shall consist of heating a circumferential band
around the component or item at temperature within
the ranges specified in this subarticle. The minimum
width of the controlled band at each side of the weld,
on the face of the greatest weld width, shall be the thick-
ness of the weld or 2 in. (50 mm), whichever is less. The
temperature of the component or item from the edge of
the controlled band outward shall be gradually dimin-
ished so as to avoid harmful thermal gradients. This pro-
cedure may also be used for postweld heat treatment
after repairs.

NB-4624.4 Heating Items Internally. The compo-
nent or item may be heated internally by any appropriate
means and with adequate indicating and recording tem-
perature devices to aid in the control and maintenance
of a uniform distribution of temperature in the item. Pre-
vious to this operation, the item should be fully enclosed
with insulating material.

Figure NB-4622.9(d)(1)-1
Dissimilar Metal Repair Cavity Measurement

Nonferritic weld metal

Ferritic base metal

Remaining buttering weld
   metal thickness and direction
   of axial depth measurement

Nonferritic base metal

Weld metal/base interface

Depth of repair cavity

Buttering
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NB-4630 HEAT TREATMENT OF WELDS OTHER
THAN THE FINAL POSTWELD HEAT
TREATMENT

The holding temperature, the time at temperature, the
heating rate, and the cooling rate need not conform to the
requirements of this Article for heat treatments other
than the final postweld heat treatment.

NB-4650 HEAT TREATMENT AFTER BENDING
OR FORMING FOR PIPES, PUMPS, AND
VALVES

NB-4651 Conditions Requiring Heat Treatment
After Bending or Forming

(a) Ferritic alloy steel pipe or formed portions of
pumps or valves that have been heated for bending or
other forming operations shall receive a heat treatment
in accordance with NB-4620, a full anneal, a normalizing
and tempering treatment, or a quenching and tempering
treatment.
(b) Carbon steel pipe or formed portions of pumps or

valves with a wall thickness greater than 3/4 in. (19 mm)
included in group P-No. 1 in Section IX that have been
cold bent or formed shall receive heat treatment in accor-
dance with NB-4620.
(c) Ferritic alloy pipe or formed portions of pumps or

valves with an outside diameter greater than 4 in.
(100 mm) and a wall thickness greater than 1/2 in.
(13 mm) included in groups P-No. 3 through P-No. 5 in
Section IX that have been cold bent or formed shall re-
quire a heat treatment in accordance with NB-4620.

NB-4652 Exemptions From Heat Treatment
After Bending or Forming

If the conditions described in (a) through (d) below are
met, heat treatment after bending or forming is not
required.
(a) Carbon steel pipe or portions of pumps and valves

that have been bent or formed at a temperature of
1,650°F (900°C) or higher shall require no subsequent
heat treatment, provided the requirements of NB-4213
have been met.
(b) Austenitic stainless steel pipe, or portions of pumps

or valves that have been heated for bending or other
forming operations, may be used in the as-bent condition
unless the Design Specifications require a heat treatment
following bending or forming.

(c) Austenitic stainless steel pipe, or portions of pumps
or valves that have been cold bent or formed, may be used
in the as-bent condition unless the Design Specifications
require a heat treatment following bending or forming.
(d) Carbon steel and ferritic alloy steel pipe, or portions

of pumps or valves with sizes and wall thicknesses less
than specified in NB-4651(b) and NB-4651(c), may be
cold bent or formed without a heat treatment following
bending.

NB-4660 HEAT TREATMENT OF ELECTROSLAG
WELDS

Electroslag welds in ferritic materials over 11/2 in.
(38 mm) in thickness at the joints shall be given a grain
refining heat treatment.

NB-4700 MECHANICAL JOINTS

NB-4710 BOLTING AND THREADING
NB-4711 Thread Engagement
The threads of all bolts or studs shall be engaged in ac-

cordance with the design.

NB-4712 Thread Lubricants
Any lubricant or compound used in threaded joints

shall be suitable for the service conditions and shall not
react unfavorably with either the service fluid or any
component material in the system.

NB-4713 Removal of Thread Lubricants
All threading lubricants or compounds shall be re-

moved from surfaces which are to be seal welded.

NB-4720 BOLTING FLANGED JOINTS
In bolting gasketed flanged joints, the contact faces of

the flanges shall bear uniformly on the gasket and the gas-
ket shall be properly compressed in accordance with the
design principles applicable to the type of gasket used. All
flanged joints shall be made up with relatively uniform
bolt stress.

NB-4730 ELECTRICAL AND MECHANICAL
PENETRATION ASSEMBLIES

Tubes or pipes of NPS 2 (DN 50) and less may be joined
to a penetration assembly in accordance with the rules of
NB-4350.
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ARTICLE NB-5000
EXAMINATION

NB-5100 GENERAL REQUIREMENTS FOR
EXAMINATION

NB-5110 METHODS, NONDESTRUCTIVE
EXAMINATION PROCEDURES, AND
CLEANING

NB-5111 Methods

Nondestructive examinations shall be conducted in ac-
cordance with the examination methods of Section V, ex-
cept as they may be modified by the requirements of this
Article.

(a) Fabrication. Radiographic examination shall be per-
formed in accordance with Section V, Article 2, except that
fluorescent screens are not permitted for film radiogra-
phy, the geometric unsharpness shall not exceed the lim-
its of Section V, Article 2, T-274.2, and the image quality
indicators (IQIs) of Table NB-5111-1 shall be used in lieu
of those shown in Table T-276. The requirements for the
retention of electronic and digital radiographic images
are the same as that for radiographic film. Ultrasonic ex-
amination shall be in accordance with Section V, Article 4;
magnetic particle examination shall be in accordance with
Section V, Article 7; liquid penetrant examination shall be
in accordance with Section V, Article 6; and leak testing
shall be in accordance with Section V, Article 10.

(b) Preservice. Ultrasonic examinations required for
weld preservice examination shall be in accordance with
Section XI, Mandatory Appendix I; eddy current examina-
tion shall be in accordance with Section V, Article 8; and
surface examinations shall be in accordance with (a).

(c) The examinations required by this Article, or by re-
ference to this Article, shall be performed by personnel
who have been qualified as required by this Article. The
results of the examinations shall be evaluated in accor-
dance with the acceptance standards of this Article.

NB-5112 Nondestructive Examination
Procedures

All nondestructive examinations required by this
Article shall be performed in accordance with detailed
written procedures which have been proven by actual de-
monstration to the satisfaction of the Inspector. The pro-
cedures shall comply with the appropriate Article of
Section V for the particular examination method. The di-
gitization of radiographic film and radioscopic images
shall meet the requirements of Section V, Article 2, Man-
datory Appendix III, “Digital Image Acquisition, Display,

and Storage for Radiography and Radioscopy.” Written
procedures and records of demonstration of procedure
capability and personnel qualification shall be made avail-
able to the Inspector on request. At least one copy of the
procedure shall be readily available to all applicable non-
destructive examination personnel for reference and use.

NB-5113 Post-Examination Cleaning

Following any nondestructive examination in which ex-
amination materials are applied to the piece, the piece
shall be thoroughly cleaned in accordance with applicable
material or procedure specifications.

NB-5120 TIME OF EXAMINATION OFWELDS AND
WELD METAL CLADDING

Acceptance examinations of welds and weld metal clad-
ding required by NB-5200 shall be performed at the times
stipulated in (a) through (h) below during fabrication
and installation.

(a) Radiographic examination of welds shall be per-
formed after an intermediate28 or final postweld heat
treatment, when required, except as provided in (1) and
(2) below.

(1) Radiographic examination of welds in piping,
pumps, and valves fabricated of P-No. 1 materials may
be performed prior to any required postweld heat
treatment.

(2) Radiographic examination of welds in vessels fab-
ricated of P-No. 1 materials and all welds in components
fabricated of P-No. 3 materials may be performed prior to
an intermediate or final postweld heat treatment, pro-
v ided the we lds are u l t rason i ca l l y examined
[NB-5111(a)] after an intermediate or final postweld heat
treatment. The ultrasonic examination and acceptance
standards shall be in accordance with NB-5331.

(b)Magnetic particle or liquid penetrant examinations
of welds shall be performed after any required postweld
heat treatment, except that welds in P-No. 1 material may
be examined either before or after postweld heat treat-
ment. The magnetic particle or liquid penetrant examina-
tion of welds at progressive stages of welding, as required
in NB-5245 and NB-5246, may be performed before
PWHT. Surface examination of applicable welds in vessels
shall be performed as specified in NB-5410(a).
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(c) All dissimilar metal weld joints, such as in austenitic
or high nickel to ferritic material, or using austenitic or
high nickel alloy filler metal to join ferritic materials
which penetrate the wall, shall be examined after final
postweld heat treatment.

(d) The magnetic particle or liquid penetrant examina-
tion of weld surfaces that are to be covered with weld me-
tal cladding shall be performed before the weld metal
cladding is deposited. The magnetic particle or liquid pe-
netrant examination of weld surfaces that are not accessi-
ble after a postweld heat treatment shall be performed
prior to the operation which caused this inaccessibility.
These examinations may be performed before PWHT.

(e) Weld metal cladding shall be examined after either
an intermediate28 or final postweld heat treatment, ex-
cept the examination of weld metal cladding on P-Nos.
1, 3, and 11 materials may be performed before or after
the intermediate28 or final postweld heat treatment.

(f) All of the joints in austenitic stainless steel and non-
ferrous material shall be examined by the liquid pene-
trant method after an intermediate or final postweld
heat treatment, if any, is performed. This requirement
does not apply to tube-to-tubesheet joints.

(g) Ultrasonic examination of electroslag welds in ferri-
tic materials shall be performed after a grain refining heat
treatment, when performed, or after final postweld heat
treatment.

(h) Required volumetric preservice examination for
welds in vessels shall be as specified in NB-5410(b).

NB-5130 EXAMINATION OF WELD EDGE
PREPARATION SURFACES

All full penetration weld edge preparation surfaces for
joint Categories A, B, C, D, and similar joints in material
2 in. (50 mm) or more in thickness shall be examined
by the magnetic particle or liquid penetrant method. Indi-
cations shall be evaluated in accordance with the accep-
tance standards of (a), (b), and (c) below.

(a) Only indications with major dimensions greater
than 1/16 in. (1.5 mm) shall be considered relevant
imperfections.

(b) Laminar-type imperfections are acceptable without
repair if they do not exceed 1 in. (25 mm) in length. The
extent of all laminar-type imperfections exceeding 1 in.
(25 mm) in length shall be determined by ultrasonic ex-
amination. Imperfections exceeding 1 in. (25 mm) in
length shall be repaired by welding to a depth of 3/8 in.
(10 mm) or the depth of the imperfection, whichever is
less, unless the ultrasonic examination reveals that addi-
tional depth of repair is required to meet the ultrasonic
examination requirement for the product form.

(c) Indications of nonlaminar imperfections of (1)
through (3) below are unacceptable:

Table NB-5111-1
Thickness, IQI Designations, Essential Holes, and Wire Diameters

Single Wall Material
Thickness Range,

in. (mm)

IQI(s) — Hole or Wire Type [Note (1)]

Source Side Film Side

Designa-
tion

Hole Size,
in. (mm)

Essential
Hole

Required
Wire

Diameter-IQI,
in. (mm)

Designa-
tion

Hole Size,
in. (mm)

Essential
Hole

Required
Wire

Diameter-IQI,
in. (mm)

Up to 0.25 (6.4) incl. 5 0.040 (1.02) 4T 0.006 (0.15) 5 0.040 (1.02) 4T 0.006 (0.15)
Over 1/4–

3/8 (6–10) 7 0.040 (1.02) 4T 0.006 (0.15) 7 0.040 (1.02) 4T 0.006 (0.15)
Over 3/8–

1/2 (10–13) 10 0.040 (1.02) 4T 0.010 (0.25) 10 0.040 (1.02) 4T 0.010 (0.25)
Over 1/2–

5/8 (13–16) 12 0.050 (1.27) 4T 0.013 (0.33) 12 0.050 (1.27) 4T 0.013 (0.33)
Over 5/8–

3/4 (16–19) 15 0.060 (1.52) 4T 0.016 (0.41) 12 0.050 (1.27) 4T 0.013 (0.33)
Over 3/4–1 (19–25) 20 0.040 (1.02) 2T 0.016 (0.41) 17 0.035 (0.89) 2T 0.013 (0.33)
Over 1–11/4 (25–32) 25 0.050 (1.27) 2T 0.020 (0.51) 17 0.035 (0.89) 2T 0.013 (0.33)
Over 11/4–1

1/2 (32–38) 30 0.060 (1.52) 2T 0.025 (0.64) 20 0.040 (1.02) 2T 0.016 (0.41)
Over 11/2–2 (38–50) 35 0.070 (1.78) 2T 0.032 (0.81) 25 0.050 (1.27) 2T 0.020 (0.51)
Over 2–21/2 (50–64) 40 0.080 (2.03) 2T 0.040 (1.02) 30 0.060 (1.52) 2T 0.025 (0.64)
Over 21/2–3 (64–75) 45 0.090 (2.29) 2T 0.040 (1.02) 35 0.070 (1.78) 2T 0.032 (0.81)
Over 3–4 (75–100) 50 0.100 (2.54) 2T 0.050 (1.27) 40 0.080 (2.03) 2T 0.040 (1.02)
Over 4–6 (100–150) 60 0.120 (3.05) 2T 0.063 (1.60) 45 0.090 (2.29) 2T 0.040 (1.02)
Over 6–8 (150–200) 80 0.160 (4.06) 2T 0.100 (2.54) 50 0.100 (2.54) 2T 0.050 (1.27)
Over 8–10 (200–250) 100 0.200 (5.08) 2T 0.126 (3.20) 60 0.120 (3.05) 2T 0.063 (1.60)
Over 10–12 (250–300) 120 0.240 (6.10) 2T 0.160 (4.06) 80 0.160 (4.06) 2T 0.100 (2.54)
Over 12–16 (300–400) 160 0.320 (8.13) 2T 0.250 (6.35) 100 0.200 (5.08) 2T 0.126 (3.20)
Over 16–20 (400–500) 200 0.400 (10.16) 2T 0.320 (8.13) 120 0.240 (6.10) 2T 0.160 (4.06)

NOTE:
(1) Hole (plaque)-type IQIs may be used on flat plates and on objects with geometries such that the IQI hole image is not distorted.
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(1) any linear indications greater than 3/16 in. (5 mm)
long;

(2) rounded indications with dimensions greater
than 3/16 in. (5 mm);

(3) four or more indications, in a line separated by
1/16 in. (1.5 mm) or less, edge to edge.

(d)Weld repairs made to weld edge preparations for
Category A, B, C, D, or similar type welds shall be exam-
ined by the magnetic particle or liquid penetrant method
before the surfaces become inaccessible. The examination
may be performed before or after postweld heat
treatment.

NB-5140 EXAMINATION OF WELDS AND
ADJACENT BASE MATERIAL

When performing the surface examinations of weld
joint Categories A, B, C, and D and the equivalent welded
joints in piping, pumps, and valves as required by
NB-5200, the external and accessible internal weld sur-
faces and adjacent base material for at least 1/2 in.
(13 mm) on each side of the weld shall be included in
the examination. Acceptance standards for the weld shall
be as stated in this Article while the acceptance standards
for base material shall be as stated in NB-2500.

NB-5200 REQUIRED EXAMINATION OF
WELDS FOR FABRICATION AND
PRESERVICE BASELINE

NB-5210 CATEGORY A VESSEL WELDED JOINTS
AND LONGITUDINAL WELDED JOINTS
IN OTHER COMPONENTS

Category A welded joints in vessels and longitudinal
welded joints in other components shall be examined by
a volumetric29 and either the liquid penetrant or mag-
netic particle method.

NB-5220 CATEGORY B VESSEL WELDED JOINTS
AND CIRCUMFERENTIAL WELDED
JOINTS IN PIPING, PUMPS, AND
VALVES

NB-5221 Vessel Welded Joints

Category B welded joints in vessels shall be examined
by a volumetric29 and either the liquid penetrant or mag-
netic particle method.

NB-5222 Piping, Pump, and Valve
Circumferential Welded Joints

(a) Butt-welded joints shal l be examined by a
volumetric29 and either the liquid penetrant or magnetic
particle method.

(b) Fillet and partial penetration welded joints shall be
examined by either the liquid penetrant or magnetic par-
ticle method.

(c) Instrument tube butt welds qualified in accordance
with NB-4337 shall be examined by the liquid penetrant
method.

NB-5230 CATEGORY C VESSEL WELDED JOINTS
AND SIMILAR WELDED JOINTS IN
OTHER COMPONENTS

NB-5231 General Requirements

(a) Category C full penetration butt-welded joints in
vessels and similar welded joints in other components
shall be examined by a volumetric29 and either the liquid
penetrant or magnetic particle method.

(b) Category C full penetration corner-welded joints
and similar welded joints in other components shall be ul-
trasonically or radiographically examined and either li-
quid penetrant or magnetic particle examined.

(c) Type 2 Category C full penetration corner-welded
joints similar to Figure NB-4243-1 sketches (d), (e), and
(f) also require the fusion zone and the parent metal be-
neath the attachment surface to be ultrasonically exam-
ined after welding to verify freedom from lack of fusion
and laminar defects.

(d) Category C partial penetration and fillet welded
joints, and similar welded joints in other components
shall be examined by either the magnetic particle or liquid
penetrant method on all accessible surfaces.

NB-5240 CATEGORY D VESSEL WELDED JOINTS
AND BRANCH AND PIPING
CONNECTIONS IN OTHER
COMPONENTS

NB-5241 General Requirements

All Category D welded joints in vessels and similar
welded joints in other components shall be examined as
stated in the following paragraphs.

NB-5242 Full Penetration Butt-Welded Nozzles,
Branch, and Piping Connections

Nozzles, branch, and piping connections attached by
full penetration butt-welded joints as shown in Figure
NB-4244(a)-1 shall be examined by the radiographic
and either the liquid penetrant or magnetic particle
method.

NB-5243 Corner-Welded Nozzles, Branch, and
Piping Connections

(a) Full penetration corner-welded nozzles in vessels
as shown in Figure NB-4244(b)-1 shall be examined by
either the ultrasonic or the radiographic method, and
either the liquid penetrant or magnetic particle method.
If radiographed, the weld fusion zone and the vessel par-
ent metal beneath the attachment weld for details shown
in Figure NB-4244(b)-1 sketches (a) and (b) and the weld
fusion zone and parent material beneath the nozzle sur-
face for details shown in Figure NB-4244(b)-1 sketches
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(c), (d), (e), and (g) shall be ultrasonically examined after
welding to assure freedom from lack of fusion and lami-
nar defects.

(b) Full penetration corner-welded branch and piping
connections exceeding NPS 4 (DN 100) in piping, pumps,
and valves, as shown in Figure NB-4244(b)-1, shall be ex-
amined by either the ultrasonic or the radiographic meth-
od, and either the liquid penetrant or magnetic particle
method.

(c) Full penetration corner-welded branch and piping
connections less than or equal to NPS 4 (DN 100) in pip-
ing, pumps, and valves shall be examined by either the
magnetic particle or liquid penetrant method.

NB-5244 Weld Metal Buildup at Openings for
Nozzles, Branch, and Piping
Connections

(a)When weld metal buildup is made to a surface as
shown in Step 1 of Figure NB-4244(c)-1, the weld metal
buildup and the parent metal beneath the weld metal
buildup shall be ultrasonically examined. The parent ma-
terial beneath the weld metal buildup shall be ultrasoni-
cally examined to detect laminar defects after weld
metal buildup. Nozzles, branch, and piping connections
may then be attached by a full penetration weld as shown
in Step 2 of Figure NB-4244(c)-1. The full penetration
butt-welded joint shall be examined by either the ultraso-
nic or radiographic method, and either the liquid pene-
trant or magnetic particle method and the weld metal
buildup shall be examined by either the magnetic particle
or liquid penetrant method.

(b) For branch and piping connections less than or
equal to NPS 4 (DN 100) in piping, pumps, and valves, full
penetration welds shown in Figure NB-4244(c)-1 shall be
examined in accordance with NB-5243(c).

NB-5245 Fillet Welded and Partial Penetration
Welded Joints

Fillet welded and partial penetration welded joints, as
permitted in NB-3352.4(d) or NB-3661.3, and as shown
in Figures NB-4244(d)-1 and NB-4244(d)-2 sketches (a)
through (c) or Figure NB-4246(b)-1, shall be examined
progressively using either the magnetic particle or liquid
penetrant methods. The increments of examination shall
be the lesser of one-half of the maximum welded joint di-
mension measured parallel to the center line of the con-
nection or 1/2 in. (13 mm). For Figure NB-4244(d)-2
sketch (d), the increments of examination shall be the les-
ser of one-half of the maximum weld joint dimension
measured perpendicular to the center line of the connec-
tion or 1/2 in. (13 mm). The surface of the finished welded
joint shall also be examined by either method.

NB-5246 Oblique Full Penetration Welded Joints
and Weld Buildup for Nozzles, Branch,
and Piping Connections

(a) Full penetration welded joints for oblique nozzles in
vessels as shown in Figure NB-4244(e)-1 shall be exam-
ined by either the ultrasonic or radiographic method,
and either the liquid penetrant or magnetic particle meth-
od. If radiographed, the fusion zone and the parent metal
beneath the weld metal buildup as shown in Figure
NB-4244(e)-1, sketches (b) and (c) shall be ultrasonically
examined after weld metal buildup to assure freedom
from lack of fusion and laminar defects. In addition, the
weld fusion zone and the parent material beneath the
weld as shown in Figure NB-4244(e)-1 sketch (a), shall
be ultrasonically examined after welding to assure free-
dom from lack of fusion and laminar defects.
(b) Full penetration oblique welded joint branch and

piping connections in piping, pumps, and valves, as shown
in Figure NB-4244(e)-1, shall be examined in accordance
with the requirements for corner-welded branch and pip-
ing connections specified in NB-5243(b) and NB-5243(c),
as applicable.

NB-5250 WELD METAL BUILDUPS TO FORM
NOZZLES, BRANCH AND PIPING
CONNECTIONS AND FOR CLOSURE
OPENING REINFORCEMENT

When weld metal buildup is made to a surface to form
nozzles, branch and piping connections or closure open-
ing reinforcement, the weld metal buildup shall be ultra-
sonically examined. In addition, the parent base metal
beneath the weld metal buildup shall be ultrasonically ex-
amined after welding to detect laminar defects.

NB-5260 FILLET, PARTIAL PENETRATION,
SOCKET, AND ATTACHMENT WELDED
JOINTS

NB-5261 Fillet, Partial Penetration, and Socket
Welded Joints

Fillet and partial penetration welded joints, except for
nonstructural attachments (NB-1132.1), and socket welds
shall be examined by the magnetic particle or liquid pene-
trant method.

NB-5262 Structural Attachment Welded Joints

Structural attachment welded joints made to
pressure-retaining material shall be examined by either
the magnetic particle or liquid penetrant method.

NB-5270 SPECIAL WELDED JOINTS
NB-5271 Welded Joints of Specially Designed

Seals

Welded joints of this type shall be examined by either
the magnetic particle or liquid penetrant method.
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NB-5272 Weld Metal Cladding
Weldmetal cladding shall be examined by the liquid pe-

netrant method.

NB-5273 Hard Surfacing
Hard surfacing weld metal shall be examined by the li-

quid penetrant method in accordance with NB-2546, and
the acceptance standards applicable to materials less than
5/8 in. (16 mm) thick shall apply. Penetrant examination is
not required for hard surfacing on valves with inlet con-
nections NPS 4 (DN 100) or less.

NB-5274 Tube-to-Tubesheet Welded Joints
Tube-to-tubesheet welded joints shall be examined by

the liquid penetrant method.

NB-5275 Brazed Joints
Flux and flux residue shall be removed from all surfaces

prior to examination. Joints shall be visually examined on
all accessible surfaces to determine whether there has
been adequate flow of brazing metal through the joint.
Optical aids may be employed for indirect visual examina-
tion of joints which cannot be directly examined.

NB-5276 Inertia and Continuous Drive Friction
Welds

(a)When radiographic examination is required by this
Article, inertia and continuous drive friction welds shall
also be examined by the ultrasonic method to verify
bonding over the entire area.

(b) The materials used shall be those assigned a
P-Number by Section IX, but shall not include rimmed
or semikilled steel.

(c) One of the two parts to be joined must be held in a
fixed position and the other part rotated. The two faces to
be joined must be symmetrical with respect to the axis of
rotation.

(d) The weld between the two members shall be a full
penetration weld.

NB-5277 Electron Beam Welds
In addition to the requirements for the type of weld

being examined, all complete penetration welds made
by the electron beam welding process shall be ultrasoni-
cally examined.

NB-5278 Electroslag Welds
In addition to the requirements for the type of weld

being examined, all complete penetration welds made
by the electroslag welding process in ferritic materials
shall be ultrasonically examined.

NB-5279 Special Exceptions
When the joint detail does not permit radiographic ex-

amination to be performed in accordance with this article,
ultrasonic examination plus liquid penetrant or magnetic

particle examination of the completed weld may be sub-
stituted for the radiographic examination. The absence
of suitable radiographic equipment shall not be justifica-
tion for such substitution. The substitution of ultrasonic
examination can be made provided the examination is
performed using a detailed written procedure which
has been proven by actual demonstration to the satisfac-
tion of the Inspector as capable of detecting and locating
defects described in this Subsection. The nondestructive
examinations shall be in accordance with NB-5110 and
meet the acceptance standards of NB-5300.

NB-5280 PRESERVICE EXAMINATION
NB-5281 General Requirements

(a) Examinations required by NCA-3252(c) shall be
completed prior to completion of the N-5 Data Report.

(b) All volumetric and surface examinations shall be
documented with results and identified in a form consis-
tent with those required in NCA-4134.17 for transfer to
the Owner.

NB-5282 Examination Requirements
(a) Components shall be examined as specified in Sec-

tion XI, IWB-2500. The method of examination for the
components and parts of the pressure-retaining bound-
aries shall comply with those tabulated in IWB-2500. Only
the volumetric and surface examinations are required to
be performed.

(b) For Control Rod housings, Examination Category
B-O, the examination shall be extended to include essen-
tially 100% of the welds in the installed peripheral con-
trol rod drive housing only.

NB-5283 Components Exempt From Preservice
Examination

The following components or parts of components are
exempted from the volumetric and surface examination
requirements of this subarticle:

(a) piping of NPS 1 (DN 25) and smaller, except for
steam generator tubing;

(b) reactor vessel head connections and associated pip-
ing, NPS 2 (DN 50) and smaller, made inaccessible by con-
trol rod drive penetrations; and

(c) integral attachments of supports and restraints that
are inaccessible due to being encased in concrete, buried
underground, or encapsulated by guard pipe.

NB-5300 ACCEPTANCE STANDARDS

NB-5320 RADIOGRAPHIC ACCEPTANCE
STANDARDS

Indications shown on the radiographs of welds and
characterized as imperfections are unacceptable under
the following conditions:

(a) any indication characterized as a crack or zone of
incomplete fusion or penetration;
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(b) any other elongated indication which has a length
greater than:

(1) 1/4 in. (6 mm) for t up to 3/4 in. (19 mm), inclusive
(2) 1/3t for t from

3/4 in. (19 mm) to 21/4 in. (57 mm),
inclusive

(3) 3/4 in. (19 mm) for t over 21/4 in. (57 mm)
where t is the thickness of the thinner portion of the

weld;
(c) internal root weld conditions are acceptable when

the density change or image brightness difference as indi-
cated in the radiograph is not abrupt; elongated indica-
t ions on the radiograph at either edge of such
conditions shall be unacceptable, as provided in (b)
above;
(d) any group of aligned indications having an aggre-

gate length greater than t in a length of 12t , unless the
minimum distance between successive indications ex-
ceeds 6L , in which case the aggregate length is unlimited,
L being the length of the largest indication;
(e) rounded indications in excess of that shown as ac-

ceptable in Section III Appendices, Mandatory Appendix
VI.

NB-5330 ULTRASONIC ACCEPTANCE
STANDARDS

NB-5331 Fabrication

All imperfections which produce a response greater
than 20% of the reference level shall be investigated to
the extent that the operator can determine the shape,
identity, and location of all such imperfections and evalu-
ate them in terms of the acceptance standards given in (a)
and (b) below.
(a) Imperfections are unacceptable if the indications

exceed the reference level amplitude and have lengths
exceeding:

(1) 1/4 in. (6 mm) for t up to 3/4 in. (19 mm), inclusive
(2) 1/3t for t from

3/4 in. (19 mm) to 21/4 in. (57 mm),
inclusive

(3) 3/4 in. (19 mm) for t over 21/4 in. (57 mm)
where t is the thickness of the weld being examined; if

a weld joins two members having different thicknesses at
the weld, t is the thinner of these two thicknesses.
(b) Indications characterized as cracks, lack of fusion,

or incomplete penetration are unacceptable regardless
of length.

NB-5332 Preservice Examination

(a) Components whose volumetric examination reveals
flaws that meet the acceptance standards of Section XI,
Article IWB-3000 shall be acceptable. The flaws will be di-
mensioned and recorded in accordance with Section V,
Article 4 and this Subsection.
(b) Components whose volumetric examination reveals

flaws that exceed the standards of Section XI, Article
IWB-3000 are not acceptable for service and shall be
repaired.

NB-5340 MAGNETIC PARTICLE ACCEPTANCE
STANDARDS

NB-5341 Evaluation of Indications

(a)Mechanical discontinuities at the surface are re-
vealed by the retention of the examination medium. All in-
dications are not necessarily defects, however, since
certain metallurgical discontinuities and magnetic perme-
ability variations may produce similar indications which
are not relevant.
(b) Any indication that is believed to be nonrelevant

shall be reexamined by the same or other nondestructive
examination methods to verify whether or not actual de-
fects are present. Surface conditioning may precede the
reexamination. After an indication has been verified to
be nonrelevant, it is not necessary to reinvestigate repeti-
tive nonrelevant indications of the same type. Nonrele-
vant indicat ions that would mask defec ts are
unacceptable.
(c) Relevant indications are indications which result

from imperfections. Linear indications are indications in
which the length is more than three times the width.
Rounded indications are indications which are circular
or elliptical with the length equal to or less than three
times the width.

NB-5342 Acceptance Standards

(a) Only imperfections producing indications with ma-
jor dimensions greater than 1/16 in. (1.5 mm) shall be con-
sidered relevant imperfections.
(b) Imperfections producing the following indications

are unacceptable:
(1) any cracks and linear indications;
(2) rounded indications with dimensions greater

than 3/16 in. (5 mm);
(3) four or more rounded indications in a line sepa-

rated by 1/16 in. (1.5 mm) or less edge to edge;
(4) ten or more rounded indications in any 6 in.2

(4 000 mm2) of surface with the major dimension of this
area not to exceed 6 in. (150 mm) with the area taken in
the most unfavorable location relative to the indications
being evaluated.

NB-5343 Preservice Examination

Components whose surface examination reveals flaws
that meet the acceptance standards of NB-2500 and
NB-5300 shall be acceptable and recorded as required
by NB-5281(b).

NB-5350 LIQUID PENETRANT ACCEPTANCE
STANDARDS

NB-5351 Evaluation of Indications

(a)Mechanical discontinuities at the surface are re-
vealed by bleeding out of the penetrant; however, loca-
lized surface discontinuities, such as may occur from
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machining marks, surface conditions, or an incomplete
bond between base metal and cladding, may produce sim-
ilar indications which are nonrelevant.

(b) Any indication which is believed to be nonrelevant
shall be reexamined to verify whether or not actual de-
fects are present. Surface conditioning may precede the
reexamination. Nonrelevant indications and broad areas
of pigmentation which would mask defects are
unacceptable.

(c) Relevant indications are indications which result
from imperfections. Linear indications are indications in
which the length is more than three times the width.
Rounded indications are indications which are circular
or elliptical with the length equal to or less than three
times the width.

NB-5352 Acceptance Standards

(a) Only imperfections producing indications with ma-
jor dimensions greater than 1/16 in. (1.5 mm) shall be con-
sidered relevant imperfections.

(b) Imperfections producing the following indications
are unacceptable:

(1) any cracks or linear indications;
(2) rounded indications with dimensions greater

than 3/16 in. (5 mm);
(3) four or more rounded indications in a line sepa-

rated by 1/16 in. (1.5 mm) or less edge to edge;
(4) ten or more rounded indications in any 6 in.2

(4 000 mm2) of surface with the major dimension of this
area not to exceed 6 in. (150 mm) with the area taken in
the most unfavorable location relative to the indications
being evaluated.

NB-5353 Preservice Examination

Components whose surface examination reveals flaws
that meet the acceptance standards of NB-2500 and
NB-5300 shall be acceptable and recorded as required
by NB-5281(b).

NB-5360 EDDY CURRENT PRESERVICE
EXAMINATION OF INSTALLED
NONFERROMAGNETIC STEAM
GENERATOR HEAT EXCHANGER
TUBING

Flaws revealed during preservice examination of in-
stalled nonferromagnetic heat exchanger tubing shall be
evaluated using the criteria in the Design Specification
[NCA-3252(c)].

NB-5370 VISUAL ACCEPTANCE STANDARDS FOR
BRAZED JOINTS

Braze metal shall give evidence of having flowed uni-
formly through a joint by the appearance of an uninter-
rupted, narrow visible line of brazing alloy at the end of
the joint.

NB-5380 BUBBLE FORMATION TESTING

Bubble formation testing shall be in accordance with
Section V, Article 10. When vacuum box testing is used,
the soak time shall be a minimum of 10 sec. Any indica-
tion of leaking, by the formation of bubbles or by the
breaking of the continuous soap film by leaks, shall be evi-
dence of an unacceptable condition.

NB-5400 FINAL EXAMINATION OF VESSELS

NB-5410 EXAMINATION AFTER HYDROSTATIC
TEST

After the pressure test of a vessel:
(a) All weld joints and heat-affected zones of Categories

A, B, C, and D, used to join ferritic material and repair
welds in ferritic material that exceed in depth either
3/8 in. (10 mm) or 10% of the section thickness, whichever
is less, shall be examined when physically accessible by
the magnetic particle or liquid penetrant method.

(b) All required volumetric preservice examinations
shall be performed.

NB-5500 QUALIFICATIONS AND
CERTIFICATION OF
NONDESTRUCTIVE EXAMINATION
PERSONNEL

NB-5510 GENERAL REQUIREMENTS

Organizations performing Code required nondestruc-
tive examinations shall use personnel competent and
knowledgeable to the degree specified by NB-5520. When
these services are subcontracted by the Certificate Holder
or Quality System Certificate Holder, he shall verify the
qualification of personnel to the requirements of
NB-5520. All nondestructive examinations required by
this Subsection shall be performed by and the results
evaluated by qualified nondestructive examination
personnel.

NB-5520 PERSONNEL QUALIFICATION,
CERTIFICATION, AND VERIFICATION

NB-5521 Qualification Procedure

(a) Personnel performing nondestructive examinations
shall be qualified in accordance with the recommended
guidelines of SNT-TC-1A.30,31 The ACCP Level II and III
provisions for qualification and certification and the
ASNT administered Level II certification provision for
qualification and certification of NDE Personnel shall
not be used for Section III. The Employer’s32 written prac-
tice, required by paragraph 5 of SNT-TC-1A, shall identify
the requirements relative to the recommended guide-
lines. The recommended guidelines of SNT-TC-1A shall
be considered as minimum requirements, except as mod-
ified in (1) through (5) below.
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(1) Qualification of Level III nondestructive examina-
tion personnel shall be by examination.

(-a) The basic and method examinations, para-
graphs 8.8.1 and 8.8.2 of SNT-TC-1A, may be prepared
and administered by Employer,32 ASNT, or an outside
agency.

(-b) The specific examination, paragraph 8.8.3 of
SNT-TC-1A, shall be prepared and administered by the
Employer or an outside agency. The Employer or outside
agency administering the specific examination shall iden-
tify the minimum grade requirement in the written pro-
gram when the basic and method examinations have
been administered by ASNT, which issues grades on a
pass/fail basis. In this case, the minimum grade for the
specific examination may not be less than 80%.

(2) The written practice identified in paragraph 5 of
SNT-TC-1A and the procedures used for examination of
personnel shall be referenced in the Employer’s Quality
Program.

(3) The number of hours of training and experience
for nondestructive examination personnel who perform
only one operation of a nondestructive examination
method that consists of more than one operation, or per-
form nondestructive examination of limited scope, may
be less than that recommended in Table 6.3.1 A of
SNT-TC-1A. The time of training and experience shall be
described in the written practice, and any limitations or
restrictions placed on the certification shall be described
in the written practice and on the certificate.

The minimum classroom training times for visual ex-
amination personnel identified in Table 6.3.1 A of SNT-
TC-1A for Level II certification may be reduced from
16 hr to 8 hr.

(4) For the near-vision acuity examination, the Jaeger
Number 1 letters shall be used in lieu of the Jaeger Num-
ber 2 letters specified in paragraph 8.2.1 of SNT-TC-1A.
The use of equivalent type and size letters is permitted.

(5) An NDE Level I individual shall be qualified to
properly perform specific setups, specific calibrations,
specific NDE, and specific evaluations for acceptance or
rejection determinations according to written instruc-
tions, and to record results. The NDE Level I individual
shall receive the necessary instruction and supervision
from a certified NDE Level II or Level III individual. A Lev-
el I individual may independently accept the results of
nondestructive examinations when the specific accep-
tance criteria are defined in the written instructions.

(6) Personnel performing the volumetric preservice
examination using the ultrasonic method shall meet the
requirements of Section XI, Mandatory Appendix VII;
and Section XI, Mandatory Appendix VIII when required
by Section XI, Mandatory Appendix I.
(b) For nondestructive examination methods not cov-

ered by SNT-TC-1A documents, personnel shall be quali-
fied to comparable levels of competency by subjection
to comparable examinations on the particular method
involved.
(c) The emphasis shall be on the individual’s ability to

perform the nondestructive examination in accordance
with the applicable procedure for the intended
application.
(d) For nondestructive examination methods that con-

sist of more than one operation or type, it is permissible
to use personnel qualified to perform one or more opera-
tions. As an example, one person may be used who is
qualified to conduct radiographic examination and an-
other may be used who is qualified to interpret and eval-
uate the radiographic film.

NB-5522 Certification of Personnel

(a) The Employer retains responsibility for the ade-
quacy of the program and is responsible for certification
of Levels I, II, and III nondestructive examination
personnel.
(b)When ASNT is the outside agency administering the

L e v e l I I I b a s i c a n d m e t h o d e x am i n a t i o n s
[NB-5521(a)(1)(-a)], the Employer may use a letter from
ASNT as evidence on which to base the certification.
(c) When an outside agency is the examining agent for

Level III qualification of the Employer’s personnel, the ex-
amination results shall be included with the Employer’s
record.

NB-5523 Verification of Nondestructive
Examination Personnel Certification

The Certificate Holder has the responsibility to verify
the qualification and certification of nondestructive ex-
amination personnel employed by Material Organizations
and qualified by them in accordance with NCA-3820 and
subcontractors who provide nondestructive examination
services to them.

NB-5530 RECORDS

Personnel qualification records identified in paragraph
9.4 of SNT-TC-1A shall be retained by the Employer.
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ARTICLE NB-6000
TESTING

NB-6100 GENERAL REQUIREMENTS

NB-6110 PRESSURE TESTING OF COMPONENTS,
APPURTENANCES, AND SYSTEMS

NB-6111 Scope of Pressure Testing

All pressure-retaining components, appurtenances, and
completed systems shall be pressure tested. The pre-
ferred method shall be a hydrostatic test using water as
the test medium. Bolts, studs, nuts, washers, and gaskets
are exempted from the pressure test.

NB-6112 Pneumatic Testing

A pneumatic test in accordance with NB-6300 may be
substituted for the hydrostatic test when permitted by
NB-6112.1(a).

NB-6112.1 Pneumatic Test Limitations.
(a) A pneumatic test may be used in lieu of a hydro-

static test only when any of the following conditions
exists:

(1)when components, appurtenances, or systems
are so designed or supported that they cannot safely be
filled with liquid;33

(2)when components, appurtenances, or systems
which are not readily dried are to be used in services
where traces of the testing medium cannot be tolerated.

(b) A pneumatic test at a pressure not to exceed 25% of
the Design Pressure may be applied, prior to either a hy-
drostatic or a pneumatic test, as a means of locating leaks.

NB-6112.2 Precautions to Be Employed in Pneu-
matic Testing. Compressed gaseous fluid is hazardous
when used as a testing medium. Therefore, it is recom-
mended that special precautions for protection of person-
nel be taken when a gaseous fluid under pressure is used
as a test medium.

NB-6113 Witnessing of Pressure Tests

Pressure testing required by this Article shall be per-
formed in the presence of the Inspector, except that test-
ing of each line valve and each pump having piping
connections of NPS 4 (DN 100) and less need not be wit-
nessed by the Inspector. For line valves and pumps NPS 4
(DN 100) and less, the Inspector’s review and acceptance
of the Certificate Holder’s test records will be authoriza-
tion to sign the Data Report Form and take precedence
over NCA-5280.

NB-6114 Time of Pressure Testing
NB-6114.1 System Pressure Test. The installed sys-

tem shall be pressure tested prior to initial operation.
(a) The pressure test may be performed progressively

on erected portions of the system.
(b) Systems which are open ended, such as spray sys-

tems, may be pressure tested with the nozzle attachment
opening plugged. The spray nozzles and their attachment
weld joints or mechanical joints need not be pressure
tested.

NB-6114.2 Component and Appurtenance Pressure
Test.

(a) Components and appurtenances shall be pressure
tested prior to installation in a system, except as per-
mitted in (b) below.

(b) The system pressure test may be substituted for a
component or appurtenance pressure test, provided:

(1) the component can be repaired by welding in ac-
cordance with the rules of NB-4130 and NB-4450, if re-
quired, as a result of the system pressure test;

(2) the component repair weld can be postweld heat
treated in accordance with NB-4620, if required, and non-
destructively examined in accordance with the rules of
NB-4130 and NB-4450, as applicable;

(3) the component is resubjected to the required sys-
tem pressure test following the completion of repair and
examination if the repair is required to be radiographed
by NB-4453.4.

(c) Valves require pressure testing prior to installation
in a system in accordance with NB-3500.

(d) Items which, when assembled, form a completed
pump or valve may be tested in the form of subassem-
blies, provided:

(1) the test pressure is in accordance with the re-
quirements of NB-6221;

(2) the pressure test is performed in a manner which,
in the subassembly under test, will simulate the loadings
present when the completed pump or valve is assembled
and pressurized;

(3) the component Certificate Holder approves any
pressure test of component subassemblies;

(4) the component Certificate Holder specifies the
pressure test requirements and test pressure to be used;

(5) each subassembly pressure test is performed by a
Certificate Holder and is performed in the presence of the
Authorized Inspector;
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(6) each subassembly pressure tested by other than
the component Certificate Holder is stamped with the
Certification Mark with NPT Designator, except as pro-
vided in NCA-8330. The test pressure shall be identified
on the Partial Data Report Form.

(7) each subassembly pressure tested by other than
the component Certificate Holder is listed on the Code
Data Report Form;

(8) the pressure tested subassemblies of pumps or
valves are subsequently assembled by mechanical meth-
ods only;

(9)welds examined during the subassembly pres-
sure test need not be reexamined during the system pres-
sure test.

NB-6114.3 Material Pressure Test. The component
or appurtenance pressure test may be used in lieu of
any such test required by the material specification for
a part or material used in the component or appurte-
nance, provided:

(a) nondestructive examinations, if required by the ma-
terial specification, can be performed subsequent to the
component or appurtenance pressure test;

(b) the material can be repaired by welding in accor-
dance with the rules of NB-4130, if required, as a result
of the pressure test;

(c) postweld heat treatment, when required after re-
pairs, can be performed in accordance with NB-4620.

NB-6115 Machining After Pressure Test

An additional amount of material, not to exceed 10% of
the wall thickness or 3/8 in. (10 mm), whichever is less, is
permitted on the completed component during pressure
testing where machining to critical dimensions and toler-
ances is required.

NB-6120 PREPARATION FOR TESTING
NB-6121 Exposure of Joints

All joints, including welded joints, shall be left uninsu-
lated and exposed for examination during the test.

NB-6122 Addition of Temporary Supports

Components designed to contain vapor or gas may be
provided with additional temporary supports, if neces-
sary, to support the weight of the test liquid.

NB-6123 Restraint or Isolation of Expansion
Joints

Expansion joints shall be provided with temporary re-
straints, if required, for the additional pressure load un-
der test.

NB-6124 Isolation of Equipment Not Subjected to
Pressure Test

Equipment that is not to be subjected to the pressure
test shall be either disconnected from the component or
system or isolated during the test by a blind flange or sim-
ilar means. Valves may be used if the valves with their clo-
sures are suitable for the proposed test pressure.

NB-6125 Treatment of Flanged Joints
Containing Blanks

Flanged joints at which blanks are inserted to isolate
other equipment during the test need not be retested.

NB-6126 Precautions Against Test Medium
Expansion

If a pressure test is to be maintained for a period of
time and the test medium in the system is subject to ther-
mal expansion, precautions shall be taken to avoid exces-
sive pressure.

NB-6127 Check of Test Equipment Before
Applying Pressure

The test equipment shall be examined before pressure
is applied to ensure that it is tight and that all low pres-
sure filling lines and other items that should not be sub-
jected to the test have been disconnected or isolated.

NB-6200 HYDROSTATIC TESTS

NB-6210 HYDROSTATIC TEST PROCEDURE
NB-6211 Venting During Fill Operation
The component or system in which the test is to be con-

ducted shall be vented during the filling operation to
minimize air pocketing.

NB-6212 Test Medium and Test Temperature
(a)Water or an alternative liquid, as permitted by the

Design Specification, shall be used for the hydrostatic test.
(b) It is recommended that the test be made at a tem-

perature that will minimize the possibility of brittle frac-
ture (Section III Appendices, Nonmandatory Appendix G).
The test pressure shall not be applied until the compo-
nent, appurtenance, or system and the pressurizing fluid
are at approximately the same temperature.

NB-6220 HYDROSTATIC TEST PRESSURE
REQUIREMENTS

NB-6221 Minimum Hydrostatic Test Pressure
(a) The installed system shall be hydrostatically tested

at not less than 1.25 times the lowest Design Pressure of
any component within the boundary protected by the
overpressure protection devices which satisfy the re-
quirements of Article NB-7000.
(b) Valves shall be hydrostatically tested in accordance

with the rules of NB-3500.
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(c) Components shall be hydrostatically tested at not
less than 1.25 times their Design Pressure.

NB-6222 Maximum Permissible Test Pressure

The stress limits specified in NB-3226 shall be used in
determining the maximum permissible test pressure. In
multichamber components, pressure may be simulta-
neously applied to the appropriate adjacent chamber to
satisfy these stress limits.

NB-6223 Hydrostatic Test Pressure Holding
Time

The hydrostatic test pressure shall be maintained a
minimum of 10 min prior to initiation of the examination
for leakage required by NB-6224.

NB-6224 Examination for Leakage After
Application of Pressure

Following the application of the hydrostatic test pres-
sure for the required time (NB-6223), all joints, connec-
tions, and regions of high stress, such as regions around
openings and thickness transition sections, shall be exam-
ined for leakage. Except in the case of pumps and valves
which shall be examined while at test pressure, this exam-
ination shall be made at a pressure equal to the greater of
the Design Pressure or three-fourths of the test pressure
and it shall be witnessed by the Inspector. Leakage of
temporary gaskets and seals, installed for the purpose
of conducting the hydrostatic test and which will be re-
placed later, may be permitted unless the leakage exceeds
the capacity to maintain system test pressure for the re-
quired amount of time. Other leaks, such as those from
permanent seals, seats, and gasketed joints in compo-
nents, may be permitted when specifically allowed by
the Design Specification. Leakage from temporary seals
or leakage permitted by the Design Specification shall
be directed away from the surface of the component to
avoid masking leaks from other joints.

NB-6300 PNEUMATIC TESTS

NB-6310 PNEUMATIC TESTING PROCEDURES
NB-6311 General Requirements

When a pneumatic test is performed, it shall be con-
ducted in accordance with the requirements of NB-6100
and this subarticle.

NB-6312 Test Medium and Test Temperature

(a) The gas used as the test medium shal l be
nonflammable.

(b) Testing temperature shall be in accordance with
NB-6212(b).

NB-6313 Procedure for Applying Pressure

The pressure in the system shall gradually be increased
to not more than one-half of the test pressure, after which
the pressure shall be increased in steps of approximately
one-tenth of the test pressure until the required test pres-
sure has been reached.

NB-6320 PNEUMATIC TEST PRESSURE
REQUIREMENTS

NB-6321 Minimum Required Pneumatic Test
Pressure

(a) The installed system shall be pneumatically tested
at not less than 1.1 times the lowest Design Pressure of
any component within the boundary protected by the
overpressure protection devices which satisfy the re-
quirements of Article NB-7000.

(b) Valves shall be pneumatically tested in accordance
with the rules of NB-3500.

(c) Components shall be pneumatically tested at not
less than 1.1 times their Design Pressure.

NB-6322 Maximum Permissible Test Pressure

The maximum test pressure shall be limited as defined
in NB-6222.

NB-6323 Test Pressure Holding Time

The test pressure of NB-6321 shall be maintained for a
minimum total time of 10 min.

NB-6324 Examination for Leakage After
Application of Pressure

Following the application of pressure for the time spe-
cified in NB-6323, the test pressure shall be reduced to a
value equal to the greater of the Design Pressure or
three-fourths of the test pressure and held for a sufficient
time to permit examination as defined in accordance with
NB-6224.

NB-6400 PRESSURE TEST GAGES

NB-6410
NB-6411 Types of Gages to Be Used and Their

Location

Pressure test gages used in pressure testing shall be in-
dicating pressure gages and shall be connected directly to
the component. If the indicating gage is not readily visible
to the operator controlling the pressure applied, an addi-
tional indicating gage shall be provided where it will be
visible to the operator for the duration of the test. For sys-
tems with a large volumetric content, it is recommended
that a recording gage be used in addition to the indicating
gages.

189

ASME BPVC.III.1.NB-2015

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:08:51 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



NB-6412 Range of Indicating Pressure Gages
(a) Analog type indicating pressure gages used in test-

ing shall be graduated over a range not less than 11/2
times nor more than 4 times the test pressure.
(b) Digital type pressure gages may be used without

range restriction provided the combined error due to ca-
libration and readability does not exceed 1% of the test
pressure.

NB-6413 Calibration of Pressure Test Gages
All test gages shall be calibrated against a standard

dead weight tester or a calibrated master gage. The test
gages shall be calibrated before each test or series of tests.
A series of tests is that group of tests using the same pres-
sure test gage or gages which is conducted at the same
site within a period not exceeding 2 weeks.

NB-6600 SPECIAL TEST PRESSURE
SITUATIONS

NB-6610 COMPONENTS DESIGNED FOR
EXTERNAL PRESSURE

Components designed for external pressure only shall
be subjected to an internal or external test pressure at
1.25 times the design external pressure. The pressure
shall be under proper control so that the required test
pressure is never exceeded by more than 6%.

NB-6620 PRESSURE TESTING OF COMBINATION
UNITS

NB-6621 Pressure Chambers Designed to
Operate Independently

Pressure chambers of combination units that have been
designed to operate independently shall be hydrostati-
cally tested as separate vessels; that is, each chamber
shall be tested without pressure in the adjacent chamber.

NB-6622 Common Elements Designed for a
Maximum Differential Pressure

(a)When pressure chambers of combination units have
their common elements designed for the maximum differ-
ential pressure that can occur during startup, operation,
and shutdown, and the differential pressure is less than
the higher of the Design Pressures of the adjacent cham-
bers, the common elements shall be subjected to a hydro-
static test pressure of at least 11/4 times the maximum
differential pressure.

(b) Following the test of the common elements, as re-
quired by (a) above and their inspection, the adjacent
chambers shall be hydrostatically tested (NB-6221). Care
must be taken to limit the differential pressure between
the chambers to the pressure used when testing the com-
mon elements.
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ARTICLE NB-7000
OVERPRESSURE PROTECTION

NB-7100 GENERAL REQUIREMENTS

NB-7110 SCOPE
(a) A system34 shall be protected from the conse-

quences arising from the application of conditions of
pressure and coincident temperature that would cause
either the Design Pressure or the Service Limits specified
in the Design Specification to be exceeded.

(b) Pressure relief devices35 are required when the op-
erating conditions considered in the Overpressure Pro-
tection Report would cause the Service Limits specified
in the Design Specification to be exceeded.

(c) Protection of the system from the effects of pres-
sure increases of extremely short duration, such as water
hammer resulting from the rapid closing of a valve, is be-
yond the scope of this Article. These effects shall be in-
cluded in the Design Specification.

(d) Rules covering the design of reactor shutdown sys-
tems and their application as an integrated part of system
overpressure protection are beyond the scope of this
Article. Appropriate guidance is found in engineering
standards and in requirements of the regulatory and en-
forcement authorities having jurisdiction at the nuclear
power plant site.

NB-7111 Definitions
(a) Overpressure is that pressure which exceeds the De-

sign Pressure and is caused by increases in system fluid
pressure resulting from thermal imbalances, excess pump
flow, and other similar phenomena capable of causing a
system pressure increase of a sufficient duration to be
compatible with the dynamic response characteristics of
the pressure relief devices listed in this Article.

(b) The basic definitions of pressure relief devices as
specified in this Article are given in ASME PTC 25, Pres-
sure Relief Devices.

(c) Primary pressure is the pressure of the fluid at the
inlet of the pressure relief device.

(d) Secondary pressure is that value of pressure existing
in the passage between the actual discharge area and the
outlet for which the discharge system of the pressure re-
lief devices shall be designed.

NB-7120 INTEGRATED OVERPRESSURE
PROTECTION

Overpressure protection of the components shall be
provided by any of the following as an integrated over-
pressure protection:

(a) the use of pressure relief devices and associated
pressure-sensing elements;

(b) the use of the reactor shutdown system;
(c) a design without pressure relief devices that does

not exceed the Service Limits specified in the Design Spe-
cifications [NB-7110(b)].

NB-7130 VERIFICATION OF THE OPERATION OF
RECLOSING PRESSURE RELIEF
DEVICES

NB-7131 Construction

(a) Reclosing pressure relief devices shall be con-
structed so that potential impairment of the overpressure
protection function from service exposure to fluids can be
determined by test or examination.

(b)Means shall be provided for remote monitoring of
valve position (fully open and fully closed). These means
may be incorporated in the valve design or its system
installation.

(c) Reclosing pressure relief devices and their asso-
ciated pressure-sensing elements shall be so constructed
that their correct operation can be demonstrated under
service or test conditions, as may be required by regula-
tory or enforcement authorities having jurisdiction at
the nuclear power plant site.

NB-7140 INSTALLATION
NB-7141 Pressure Relief Devices

(a) Pressure relief devices shall be as close as practic-
able to the major source of overpressure anticipated to
arise within the system under the conditions summarized
in the Overpressure Protection Report (NB-7200).

(b) The connection between a system and its pressure
relief device shall have a minimum inside diameter equal
to or greater than the nominal inside diameter of the
pressure relief device inlet. The opening in the connection
shall be designed to provide direct and unobstructed flow
between the system and the pressure relief device.

(c) The connection between a system and its safety
valve shall be not longer than the face-to-face dimension
of the corresponding tee fitting of the same dimension
and pressure rating listed in ASME B16.5, ASME B16.9,
or ASME B16.11. Alternatively the connection shall not re-
sult in accumulative line losses greater than 2% of the re-
lieving pressure.
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(d) The connection between a system and its safety re-
lief valve or relief valve shall not result in accumulated
line losses greater than 3% of the relieving pressure.
(e) Safety, safety relief, and relief valves shall be in-

stalled in an upright position.
(f) The flow area of the discharge piping connected to a

pressure relief device shall not be less than the flow area
of the device outlet. If two or more pressure relief valves
discharge into common piping, the area of the common
piping shall not be less than the combined outlet area of
the valves discharging into it. Back pressure that may ex-
ist or develop shall not reduce the relieving capacity of
the relieving device(s) below that required to protect
the system; potential for flashing shall be considered.
(g) Valve installation not in accordance with (c), (d),

(e), and (f) above may be used provided:
(1) the NV Certificate Holder confirms that the valve

design is satisfactory for the intended installation and sa-
tisfies the requirements of the valve Design Specification;

(2) the valves are adjusted for acceptable perfor-
mance in conformance with the requirements of the valve
Design Specification;

(3) technical justification for the adequacy of the in-
stallation is provided in the Overpressure Protection Re-
port, including verification that the requirements of (1)
and (2) have been met.
(h) A pressure relief valve certified for steam service

may be installed on an inlet water loop seal36 if the fol-
lowing conditions are met:

(1) the loop seal water purge time is considered and
included in the Overpressure Protection Report;

(2) the requirements of NB-7510, NB-7520, and
NB-7732.2 as applicable are met and the pressure relief
valve set pressure is established on steam.

NB-7142 Stop Valves
(a) No stop valve or other device shall be placed in such

a location relative to a pressure relief device, that it could
reduce the overpressure protection below that required
by the rules of this Article, unless such stop valves are
constructed and installed with controls and interlocks
so that the relieving capacity requirements of NB-7300
are met under all conditions of operation of both the sys-
tem and the stop valves.
(b) Simple administrative control of stop valve position

is not acceptable.
(c) Stop valves shall have independent and diverse in-

terlocks to prevent valves from being closed during all
conditions of system operation when the pressure relief
device is needed to meet the requirements of NB-7300.
(d) Stop valves shall have independent and diverse in-

terlocks to assure that the valves will automatically open
and remain open during all conditions of system opera-
tion when the pressure relief device is needed to meet
the requirements of NB-7300.
(e) Means shall be provided to permit verification of

the operation of controls and interlocks.

NB-7143 Draining of Pressure Relief Devices

(a) A pressure relief device installation shall be fitted
with a drain at its lowest point where liquid or residue
can collect, if such liquid or residue could interfere with
proper relieving operation.
(b) If the design of a pressure relief device permits li-

quid or residue to collect on the discharge side of the disk
and could interfere with the proper relieving operation,
the device shall be fitted with a drain to minimize the col-
lection of liquid or residue.
(c) Drains shall discharge to a controlled thermal dissi-

pation or discharge storage system.

NB-7150 ACCEPTABLE PRESSURE RELIEF
DEVICES

NB-7151 Pressure Relief Valves37

Pressure relief valves may be used in accordance with
NB-7170 and NB-7500.

NB-7152 Nonreclosing Pressure Relief Devices38

Nonreclosing pressure relief devices may be used in ac-
cordance with NB-7170 and NB-7600.

NB-7160 UNACCEPTABLE PRESSURE RELIEF
DEVICES

NB-7161 Deadweight Pressure Relief Valves

Dead weight valves shall not be used.

NB-7170 PERMITTED USE OF PRESSURE RELIEF
DEVICES

NB-7171 Safety Valves39

Safety valves, meeting the requirements of NB-7510,
may be used for:
(a) steam service;
(b) air and gas service.

NB-7172 Safety Relief Valves40

Safety relief valves, meeting the requirements of
NB-7510, may be used for:
(a) steam service;
(b) air and gas service;
(c) liquid service.

NB-7173 Relief Valves41

Relief valves, meeting the requirements of NB-7510,
may be used for liquid service.

NB-7174 Pilot Operated Pressure Relief Valves42

Pilot operated pressure relief valves, meeting the re-
quirements of NB-7520, may be used for:
(a) steam service;
(b) air and gas service;
(c) liquid service.
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NB-7175 Power-Actuated Pressure Relief
Valves43

Power-actuated pressure relief valves, meeting the re-
quirements of NB-7530, may be used for:

(a) steam service;
(b) air and gas service;
(c) liquid service.

NB-7176 Safety Valves With Auxiliary Actuating
Devices

Safety valves with auxiliary actuating devices, meeting
the requirements of NB-7540, may be used for steam
service.

NB-7177 Pilot Operated Pressure Relief Valves
Wth Auxiliary Actuating Devices

Pilot operated pressure relief valves with auxiliary ac-
tuating devices, meeting the requirements of NB-7540,
may be used for:

(a) steam service;
(b) air and gas service;
(c) liquid service.

NB-7178 Nonreclosing Devices

Rupture disk devices44 may be used on air or gas ser-
vice in accordance with NB-7600.

NB-7200 OVERPRESSURE PROTECTION
REPORT

NB-7210 RESPONSIBILITY FOR REPORT

The provisions intended to meet the requirements of
this Article shall be the subject of an Overpressure Protec-
tion Report prepared by the Owner or his designee.

NB-7220 CONTENT OF REPORT

The Overpressure Protection Report shall define the
protected systems and the integrated overpressure pro-
tection provided. As a minimum, the Report shall include
the following:

(a) identification of specific ASME Section III, Article
NB-7000, Edition and Addenda and applicable Code Cases
used in the design of the overpressure protection system;

(b) drawings showing arrangement of protected sys-
tems, including the pressure relief devices;

(c) the range of operating conditions, including the ef-
fect of discharge piping back pressure;

(d) an analysis of the conditions that give rise to the
maximum pressure-relieving requirements, except when
the basis for establishing relieving capacity is the loss of
the heat sink of the protected system when the thermal
output of the reactor is at its rated power;

(e) the relief capacity required to prevent a pressure
rise in any component from exceeding the limitations of
NB-7300;

(f) the operating controls or safety controls of the pro-
tected system upon which the anticipated required relief
capacity and the maximum pressure and temperature are
predicted;

(g) the redundancy and independence of the pressure
relief devices and their associated pressure sensors and
controls employed to preclude a loss of overpressure pro-
tection in the event of a failure of any pressure relief de-
vice, sensing elements, associated controls, or external
power sources;

(h) the extent that an individual component can be iso-
lated from the overall system overpressure protection
and the analysis of the conditions under which additional
individual overpressure protection is necessary;

(i) the design secondary pressure, including a justifica-
tion of the value identified in the Design Specification for
pressure relief devices;

(j) the analysis of pressure transient conditions, in-
cluding those associated with the response time of pres-
sure relief valves, taking into account the effect of liquid
and two-phase flow;

(k) consideration of set pressure and blowdown limita-
tions, taking into account opening pressure tolerances
and overpressure of the pressure relief device;

(l) consideration of burst pressure tolerance and man-
ufacturing design range of the rupture disk device;

(m) verification that pressure relief devices are not re-
quired, if applicable. Verification shall include reference
to each component’s Design Report and applicable re-
quirements in Article NB-3000 that demonstrate that
the calculated stress intensity levels do not exceed the
Service Limits specified in the component Design Specifi-
cation for all system service loadings; and

(n) the purge time of the inlet water loop seal, if the
pressure relief valve is installed on a loop seal, since the
full opening of the valve may not occur until the loop seal
is purged of water.

NB-7230 CERTIFICATION OF REPORT

The Report, after it has been reconciled with the re-
quirements of this Article, shall be certified by one or
more Registered Professional Engineers competent in
the applicable field of design and qualified in accordance
with the requirements of Section III Appendices, Manda-
tory Appendix XXIII.

NB-7240 REVIEW OF REPORT AFTER
INSTALLATION

(a) Any modification of the installation from that used
for the preparation of the Overpressure Protection Report
shall be reconciled with the Overpressure Protection
Report.

(b)Modifications shall be documented in an addendum
to the Overpressure Protection Report. The addendum
shall contain a copy of the as-built drawing and shall in-
clude either:
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(1) a statement that the as-built system meets the re-
quirements of the Overpressure Protection Report; or

(2) a revision to the Overpressure Protection Report
to make it agree with the as-built system; or

(3) a description of the changes made to the as-built
system to make it comply with the Overpressure Protec-
tion Report.

(c) The addendum shall be certified by one or more Re-
gistered Professional Engineers competent in the applic-
able field of design and qualified in accordance with the
requirements of Section III Appendices, Mandatory
Appendix XXIII.

NB-7250 FILING OF REPORT

A copy of the Overpressure Protection Report shall be
filed at the nuclear power plant site prior to the Inspector
signing the Owner’s Data Report. The report shall be
made available to the Authorized Inspector and regula-
tory and enforcement authorities having jurisdiction at
the nuclear plant site.

NB-7300 RELIEVING CAPACITY

NB-7310 EXPECTED SYSTEM PRESSURE
TRANSIENT CONDITIONS45

NB-7311 Relieving Capacity of Pressure Relief
Devices

(a) The total relieving capacity of the pressure relief de-
vices (certified in accordance with NB-7700 intended for
overpressure protection within the scope of this Subsec-
tion and credited in conformance with NB-7500 or
NB-7600) shall take into account any losses due to flow
through piping and other components.

(b) The total relieving capacity shall be sufficient to
prevent a rise in pressure of more than 10% above the
Des ign Pressure of any component with in the
pressure-retaining boundary of the protected system un-
der any expected system pressure transient conditions as
summarized in the Overpressure Protection Report
(NB-7200).

NB-7312 Relieving Capacity of Pressure Relief
Devices Used With Pressure-Reducing
Devices

When using pressure-reducing devices, the combined
relieving capacity of the pressure relief devices shall be
sufficient to meet the requirements of NB-7311, when:

(a) pressure-reducing devices and their bypass valves
are fully open; and

(b) all discharge paths are blocked on the low pressure
side of the pressure-reducing device.

NB-7313 Required Number and Capacity of
Pressure Relief Devices

The required relieving capacity for overpressure pro-
tection of a system shall be provided by the use of at least
two pressure relief devices. In each such group of pres-
sure relief devices when more than one device is used,
no device shall have a capacity less than 50% of the device
with the largest capacity.

NB-7314 Required Number and Capacity of
Pressure Relief Devices for Isolatable
Components

The required relieving capacity of an isolatable compo-
nent shall be provided by at least one pressure relief de-
vice meeting the requirements of NB-7500 or NB-7600.
Alternatively, pressure relief devices are not required if
the design of the component, when isolated, is in compli-
ance with NB-7120(c).

NB-7320 UNEXPECTED SYSTEM EXCESS
PRESSURE TRANSIENT CONDITIONS46

NB-7321 Relieving Capacity of Pressure Relief
Devices

(a) The total relieving capacity of the pressure relief de-
vices (certified in accordance with NB-7700 intended for
overpressure protection within the scope of this Subsec-
tion and credited in conformance with NB-7500 or
NB-7600) shall take into account any losses due to flow
through piping and other components.
(b) The total relieving capacity shall be sufficient to lim-

it the maximum system pressure such that the require-
ments of (c) are satisfied for each of the components of
the system for which overpressure protection is provided,
under each of the unexpected system excess pressure
transient conditions specified in the Overpressure Protec-
tion Report.
(c) The system overpressure established for setting the

required total relieving capacity of (b) shall be such that
the calculated stress intensity and other design limita-
tions for Service Limit C specified in Article NB-3000
are not exceeded for each of the components in the pro-
tected system.

NB-7400 SET PRESSURES OF PRESSURE
RELIEF DEVICES

NB-7410 SET PRESSURE LIMITATIONS FOR
EXPECTED SYSTEM PRESSURE
TRANSIENT CONDITIONS

The stamped set pressure of at least one of the pressure
relief devices connected to the system shall not be greater
than the Design Pressure of any component within the
pressure-retaining boundary of the protected system. Ad-
ditional pressure relief devices may have higher stamped
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set pressures, but in no case shall these set pressures be
such that the total system pressure exceeds the system
limitations specified in NB-7310.

NB-7420 SET PRESSURE LIMITATION FOR
UNEXPECTED SYSTEM EXCESS
PRESSURE TRANSIENT CONDITIONS

The establishment of the stamped set pressure shall
take into account the requirements of NB-7320.

NB-7500 OPERATING AND DESIGN
REQUIREMENTS FOR PRESSURE
RELIEF VALVES

NB-7510 SAFETY, SAFETY RELIEF, AND RELIEF
VALVES

NB-7511 General Requirements
NB-7511.1 Spring-Loaded Valves. Valves shall open

automatically by direct action of the fluid pressure as a re-
sult of forces acting against a spring.

NB-7511.2 Balanced Valves.
(a) Balanced valves, whose operation is independent of

back pressure, may be used if means are provided to ver-
ify the operability of the balancing device.

(b) Balanced safety valves for steam service shall addi-
tionally have a redundant back pressure balancing device.

NB-7511.3 Antisimmer Type Valves. Valves which
are fitted with antisimmer devices that serve to raise
the set pressure of the valve during normal operation of
the system may be used, provided:

(a) the design is such that the valve opens automati-
cally and discharges its certified capacity at 110% of the
system design pressure in the event any item of the aux-
iliary loading device should fail;

(b) the operating signal and energy source provisions
are such that the valve reverts to its normal set pressure
in the event of any failure of signal or loss of energy
source;

(c) the auxiliary loading force imposed on such valves
does not raise the set pressure of the valve by more than
10%;

(d) the auxiliary loading force that augments the force
exerted by the valve spring is automatically unloaded at
a pressure not greater than the set pressure of the valve.

NB-7512 Safety Valve Operating Requirements
NB-7512.1 Antichattering and Lift Requirements.

Safety valves shall be constructed to operate without
chattering and to attain rated lift at a pressure which does
not exceed the set pressure by more than 3% or 2 psi
(15 kPa), whichever is greater.

NB-7512.2 Set Pressure Tolerance.

(a) The set pressure tolerance plus or minus shall not
exceed the following: 2 psi (15 kPa) for pressures up to
and including 70 psi (480 kPa), 3% for pressures from
70 psi (480 kPa) to 300 psi (2 MPa), 10 psi (70 kPa) for
pressures over 300 psi (2 MPa) to 1,000 psi (7 MPa),
and 1% for pressures over 1,000 psi (7 MPa). The set
pressure tolerance shall apply unless a greater tolerance
is established as permissible in the Overpressure Protec-
tion Report (NB-7200) and in the safety valve Design
Specification (NCA-3250).

(b) Conformance with the requirements of (a) shall be
established for each production valve by test. Steam
valves shall be tested on steam.

NB-7512.3 Blowdown. Safety valves shall be adjusted
to close after blowing down to a pressure not lower than
95% of the set pressure unless a different percentage is
specified in the safety valve Design Specification
(NCA-3250) and the basis for the setting is covered in
the Overpressure Protection Report (NB-7200). The ad-
justment shall be determined by test or by proration from
the Certificate Holder’s blowdown test data.

NB-7513 Safety Relief and Relief Valve
Operating Requirements

Safety relief and relief valves shall be constructed to at-
tain rated lift at a pressure that does not exceed the set
pressure by more than 10% or 3 psi (20 kPa), whichever
is greater.

NB-7513.1 Set Pressure Tolerance.

(a) The set pressure tolerance plus or minus from the
set pressure of safety relief and relief valves shall not ex-
ceed 2 psi (15 kPa) for pressures up to and including
70 psi (480 kPa) and 3% for pressure above 70 psi
(480 kPa). The set pressure tolerance shall apply unless
a greater tolerance is established as permissible in the
Overpressure Protection Report (NB-7200) and in the
valve Design Specification (NCA-3250).

(b) Conformance with the requirements of (a) shall be
established for each production valve by test. Steam
valves shall be tested on steam, air or gas valves on air
or gas, and liquid valves on liquid. Alternative fluids
may be used as the test media if the requirements of
NB-7550 have been met.

NB-7513.2 Blowdown. Safety relief and relief valves
shall be adjusted to close after blowing down to a pres-
sure not lower than that specified in the valve Design
Specification (NCA-3250), and the basis for the setting
shall be covered in the Overpressure Protection Report
(NB-7200). The adjustment shall be determined by test
or by proration from the Certificate Holder’s blowdown
test data.
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NB-7514 Credited Relieving Capacity

The credited relieving capacity of safety, safety relief,
and relief valves shall be based on the certified relieving
capacity. In addition, the capacity can be prorated as in
NB-7700.

NB-7515 Sealing of Adjustments

Means shall be provided in the design of all valves for
sealing all adjustments or access to adjustments that
can be made without disassembly of the valve. For a pilot
operated pressure relief valve, an additional seal shall be
provided to seal the pilot and main valve together. Seals
shall be installed by the Certificate Holder at the time of
initial adjustment. Seals shall be installed in a manner
to prevent changing the adjustment or disassembly of
the valve without breaking the seal. The seal shall serve
as a means of identifying the Certificate Holder making
the initial adjustment.

NB-7520 PILOT OPERATED PRESSURE RELIEF
VALVES

NB-7521 General Requirements

Pilot operated pressure relief valves shall operate inde-
pendently of any external energy source.

NB-7522 Operating Requirements
NB-7522.1 Actuation. The pilot control device shall

be actuated directly by the fluid pressure of the protected
system.

NB-7522.2 Response Time. The Overpressure Pro-
tection Report (NB-7200) shall include the effects of di-
ve rgence be tween open ing ( se t ) and c lo s ing
(blowdown) pressures of the pilot valve and the pres-
sures at which the main valve attains rated lift and closes.
These divergences are caused by the inherent time delay
(e.g., response time) between the operation of the pilot
and the main valve, and the rate of the system pressure
change. The limits for response time shall be specified
in the valve Design Specification (NCA-3250).

NB-7522.3 Main Valve Operation. The main valve
shall operate in direct response to the pilot control device.
The valve shall be constructed to attain rated lift under
stable conditions at pressures which do not exceed the
set pressure by more than 3% or 2 psi (15 kPa), which-
ever is greater, for steam, and 10% or 3 psi (20 kPa),
whichever is greater, for air, gas, or liquid service.

NB-7522.4 Sensing Mechanism Integrity. For other
than spring loaded direct acting pilot control devices,
means shall be provided to detect failure of the pressure-
sensing element, such as bellows, when operation of the
pilot control device is dependent upon the integrity of a
pressure-sensing element.

NB-7522.5 Set Pressure Tolerance.
(a) The set pressure tolerance shall apply only to the

pilot valve.
(b) The set pressure tolerance plus or minus shall not

exceed the following: 2 psi (15 kPa) for pressures up to
and including 70 psi (480 kPa), 3% for pressures over
70 psi (480 kPa) for liquid valves and 3% for pressures
over 70 psi (480 kPa) up to and including 300 psi
(2 MPa), 10 psi (70 kPa) for pressures over 300 psi
(2 MPa) up to and including 1,000 psi (7 MPa), and 1%
for pressures over 1,000 psi (7 MPa) for steam, air, and
gas valves. The set pressure tolerance as stated shall ap-
ply unless a greater tolerance is established as permissi-
ble in the Overpressure Protection Report (NB-7200)
and in the valve Design Specification (NCA-3250).
(c) Conformance with the requirements of (b) above

shall be established for each production valve by test.
Steam valves shall be tested on steam, air or gas valves
on air or gas, and liquid valves on liquid. Alternative fluids
may be used as the test media if the requirements of
NB-7550 have been met.

NB-7522.6 Blowdown.
(a) The blowdown requirements shall only apply to the

pilot valve.
(b) Pilot operated valves shall be adjusted to close after

blowing down to a pressure not lower than 95% of the set
pressure for steam, unless a different percentage is speci-
fied in the valve Design Specification (NCA-3250) and the
basis for the setting is covered in the Overpressure Pro-
tection Report (NB-7200). For all other fluids, pilot oper-
ated valves shall be adjusted to close after blowing down
to a pressure not lower than that specified in the valve
Design Specification (NCA-3250), and the basis for the
setting shall be covered in the Overpressure Protection
Report (NB-7200).
(c) Conformance with the requirements of (b) above

shall be established for each production valve by test or
by proration from the Certificate Holder’s blowdown test
data. Alternative fluids may be used as the test media if
the requirements of NB-7550 have been met.

NB-7523 Credited Relieving Capacity
The credited relieving capacity of pilot operated pres-

sure relief valves shall be based on the certified relieving
capacity. In addition, the capacity may be prorated as per-
mitted in NB-7700.

NB-7524 Sealing of Adjustments
The sealing requirements of NB-7515 shall apply.
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NB-7530 POWER-ACTUATED PRESSURE RELIEF
VALVES

NB-7531 General Requirements

Power-actuated pressure relief valves which depend
upon an external energy source, such as electrical, pneu-
matic, or hydraulic systems, may be used provided the re-
quirements of NB-7530 are met.

NB-7532 Operating Requirements
NB-7532.1 Actuation. Power-actuated pressure re-

lief valves shall be actuated in response to signals from
protected system fluid pressure-sensing devices.

NB-7532.2 Response Times.
(a) The opening response time is the time delay between

the time the pressure sensor recognizes a predetermined
system pressure and the time the power-actuated pres-
sure relief valve attains its certified capacity.

(b) The closing response time is the time delay between
the time the pressure sensor recognizes a predetermined
system pressure and the time the power-actuated pres-
sure relief valve is fully closed.

(c) The Overpressure Protection Report (NB-7200)
shall include an analysis of the effect that opening and
closing time responses have on the overpressure protec-
tion for the system.

(d) Each production valve shall be tested to verify that
the stipulated response time in the Design Specification
(NCA-3250) for the valve has been met.

NB-7532.3 Main Valve Operation. The main valve
shall provide rated flow under stable system conditions
at pressures which do not exceed the opening actuation
pressure by more than 3% or 2 psi (15 kPa) whichever
is greater for steam, and 10% or 3 psi (20 kPa) whichever
is greater for air, or gas, or liquid service.

NB-7532.4 Sensors, Controls, and External Energy
Sources.

(a) The sensors, controls, and external energy sources
for valve operation shall have redundance and indepen-
dence at least equal to that required for the control and
safety protection systems associated with the system
being protected.

(b) The pressure sensors shall be capable of controlling
the opening actuation pressure to within a tolerance of
±1% when the automatic control is in use.

(c) When automatic control is in use, the valve closing
actuation pressure shall be controlled to a pressure not
lower than 95% of the opening actuation pressure unless
a different percentage is specified in the Design Specifica-
tion (NCA-3250) and the basis for the closing actuation
pressure is covered in the Overpressure Protection Re-
port (NB-7200).

(d) Conformance with requirements of (b) and (c)
above shall be established through test by the owner or
his designee. Steam valves shall be tested on steam, gas

or air valves on gas or air, and liquid valves on liquid. Al-
ternative fluids may be used as the test media if the re-
quirements of NB-7550 have been met.

NB-7533 Certified Relieving Capacity

The power-actuated pressure relief valve certified re-
lieving capacity and the proration of capacity shall be as
determined by NB-7700.

NB-7534 Credited Relieving Capacity
NB-7534.1 Expected System Pressure Transient

Conditions. For expected system pressure transient con-
ditions, the relieving capacity with which these valves are
credited shall be not more than:

(a) the certified relieving capacity of the smaller one
when two valves are installed;

(b) one-half of total certified relieving capacity when
three or more valves are installed.

NB-7534.2 Unexpected System Excess Pressure
Transient Conditions. For unexpected system excess
pressure transient conditions, the credited relieving ca-
pacity with which these valves are credited shall be not
more than:

(a) the certified relieving capacity of the valve with the
smaller certified capacity when two valves are installed;

(b) the certified relieving capacity of all except the
valve with the largest certified capacity when three
through ten valves are installed;

(c) the certified relieving capacity of all except two
valves of the largest certified capacity when more than
ten valves are installed.

NB-7535 Sealing of Adjustments

Means shall be provided for the sealing of all adjust-
ments which affect valve operation. Seals shall be in-
stalled by the owner or his designee at the time of
setting. Seals shall be installed in such a manner as to pre-
vent changing the adjustment without breaking the seal
and shall serve as a means of identifying the organization
responsible for making the adjustment.

NB-7540 SAFETY VALVES AND PILOT
OPERATED PRESSURE RELIEF VALVES
WITH AUXILIARY ACTUATING DEVICES

NB-7541 General Requirements

Safety valves and pilot operated pressure relief valves
with auxiliary actuating devices that operate indepen-
dently of the self-actuating mechanism of the valve may
be used provided the requirements of NB-7510 or
NB-7520, as applicable, are met, except as modified
below.
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NB-7542 Construction

(a) The construction shall be such that the valve opens
automatically by direct action of the fluid at a pressure
not higher than the valve set pressure and relieves at
the certified relieving capacity in the event of failure of
any essential part of the valve’s auxiliary devices.
(b) The construction of the auxiliary actuating device

shall be such that loss of electrical power or loss of auxili-
ary actuating pressure to the device will not prevent the
valve from closing.

NB-7543 Auxiliary Device Sensors and Controls

The sensors, controls, and external energy sources for
the auxiliary actuating device shall comply with the re-
quirements of NB-7532.

NB-7544 Relieving Capacity
NB-7544.1 Expected System Pressure Transient

Conditions. For expected system pressure transient con-
ditions, credit for capacity (NB-7544.3) can be taken for
valves opening at the setpoint of the auxiliary actuating
device in accordance with (a) and (b) below.
(a)When two valves are installed, the valve of the smal-

ler certified capacity is credited with opening at the set-
point of the auxiliary actuating device. The valve with
the larger certified capacity is credited with opening at
the valve set pressure.
(b) For groups of more than two valves (all of the same

certified capacity), half the valves in a group containing an
even number of valves or the number of valves in the
group minus one divided by two in a group containing
an odd number of valves are credited with opening at
the setpoint of the auxiliary actuating device. The remain-
der of the valves in the group are credited with opening at
the valve set pressure.

NB-7544.2 Unexpected System Excess Pressure
Transient Conditions. For unexpected system excess
pressure transient conditions, credit for capacity
(NB-7544.3) may be taken for valves opening at the set-
point of the auxiliary actuating device in accordance with
the following.
(a)When two valves are installed, the valve with the

smaller certified capacity may be credited with opening
at the setpoint of the auxiliary actuating device. The valve
with the larger certified capacity shall be credited with
opening at the valve set pressure.
(b)When three through ten valves are installed, credit

may be given for opening at the setpoint of the auxiliary
actuating device for all valves except one with the largest
certified capacity. The valve assumed not to open at the
setpoint of the auxiliary actuating device shall be credited
with opening at the valve set pressure.
(c) When more than ten valves are installed, credit may

be given for opening at the setpoint of the auxiliary ac-
tuating device for all valves except for two of the largest

certified capacity. The two valves assumed not to open
at the setpoint of the auxiliary actuating device shall be
credited with opening at the valve set pressure.

NB-7544.3 Credited Relieving Capacity. The cred-
ited relieving capacity of these valves shall be:
(a) for valves credited with opening at auxiliary actuat-

ing device setpoint, the capacity at the lower relieving
pressure as determined by the rules of NB-7700 (this
shall specifically include the 90% of average tested capac-
ity inherent in Code certification procedure);
(b) for valves credited with opening at the valve set

pressure, the certified capacity as determined by the rules
of NB-7700.

NB-7545 Response Time

Valves credited with opening at the auxiliary actuating
device setpoint, shall comply with the requirements of
NB-7532.2.

NB-7550 ALTERNATIVE TEST MEDIA
NB-7551 General Requirements

Pressure relief devices may be subjected to set pres-
sure tests using a test medium of a fluid type or tempera-
ture other than that for which they are designed, provided
the testing complies with NB-7552 through NB-7554.
Valves designed for compressible fluid (other than steam)
shall be tested with a compressible fluid, and valves de-
signed for noncompressible fluids shall be tested with
noncompressible fluid. Valves designed for steam service
shall be tested with steam.

NB-7552 Correlation

Correlation of pressure relief device operation, with re-
spect to the parameters under test, shall be established
for the specified alternative test medium, as compared
with the conditions of the operating medium.

NB-7553 Verification of Correlation Procedure

The certificate holder shall ensure that the correlation
established in accordance with the procedure will be of
sufficient accuracy such that the pressure relief device
tested or adjusted, or both, using the alternative media,
will comply with the operating requirements. Results of
the tests performed to verify the adequacy of the alterna-
tive test media correlation shall be documented.

NB-7554 Procedure

Awritten procedure shall be prepared by the certificate
holder and certified in accordance with the requirements
of NB-7553. The procedure shall specify all the test para-
meters that affect correlation and shall include at least the
following:
(a) specific description of test setup;
(b) specific requirements for instrumentation;

198

ASME BPVC.III.1.NB-2015

Copyrighted material licensed to University of Toronto by Thomson Scientific, Inc. (www.techstreet.com).  This copy downloaded on 2015-07-13 07:08:51 -0500 by authorized user logan ahlstrom.  No further reproduction or distribution is permitted.



ð15Þ

(c) specific requirements for assist equipment (if any);
and

(d) specific requirements for testing conditions, i.e., de-
vice temperature, ambient temperature, ambient pres-
sure, etc.

Test parameters shall be listed, i.e., time between open-
ings, number of tests, etc.

NB-7600 NONRECLOSING PRESSURE
RELIEF DEVICES

NB-7610 RUPTURE DISK DEVICES

Rupture disk devices certified in accordance with
NB-7720 are subject to the following:

(a) rupture disk devices shall not be used as the sole
pressure relief devices;

(b) rupture disk devices used in conjunction with pres-
sure relief valves shall be located only on the outlet side of
the valve (NB-7623).

NB-7611 Burst Pressure Tolerance

The burst pressure tolerance at the specified disk
temperature47 shall not exceed ±2 psi (±15 kPa) for
stamped burst pressure up to and including 40 psi
(300 kPa) and ±5% for stamped burst pressure above
40 psi (300 kPa) as established by the rules of NB-7612,
unless other values have been established in the Design
Specification and are covered in the Overpressure Protec-
tion Report.

NB-7612 Tests to Establish Stamped Burst
Pressure

(a) Every rupture disk shall have a stamped burst pres-
sure established by rules of NB-7611 within a manufac-
turing design range48 at a specified disk temperature,
and shall be stamped with a lot number.

(b) Each lot of rupture disks shall be tested in accor-
dance with one of the following methods. All tests of disks
for a given lot shall be made in a holder of the same form
and pressure area dimensions as that being used in
service.

(1) At least two sample rupture disks from each lot of
rupture disks49 shall be burst at the specified disk tem-
perature. The stamped burst pressure shall be deter-
mined so that the sample rupture disk burst pressures
are within the tolerance specified by NB-7611.

(2) At least four sample rupture disks, but not less
than 5%, from each lot of rupture disks shall be burst at
four different temperatures distributed over the applic-
able temperature range for which the disks will be used.
This data shall be used to establish a smooth curve of
burst pressure versus temperature for the lot of disks.
The burst pressure for each data point shall not deviate
from the curve more than the burst pressure tolerance
specified in NB-7611.

The value for the stamped burst pressure shall be es-
tablished from the curve for a specified disk temperature.

(3) For prebulged solid metal disks or graphite disks
only, at least four sample rupture disks using one size of
disk from each lot of material shall be burst at four differ-
ent temperatures, distributed over the applicable tem-
perature range for which this material will be used. This
data shall be used to establish a smooth curve of burst
pressure versus temperature for the lot of material. The
burst pressure for each data point shall not deviate from
the curve more than the burst pressure tolerance speci-
fied in NB-7611.

At least two disks from each lot of disks, made from this
lot of material and of the same size as those to be used,
shall be burst at the ambient temperature to establish
the room rating of the lot of disks. The curve shall be used
to establish the stamped rating at the specified disk tem-
perature for the lot of disks.

NB-7620 INSTALLATION
NB-7621 Provisions for Venting or Draining

When a rupture disk is used in conjunction with a pres-
sure relief valve, the space between the rupture disk and
the pressure relief valve shall be vented and/or drained
to controlled thermal dissipation or discharge storage
systems.

NB-7622 System Obstructions

Piping and other components downstream of the rup-
ture disk shall be constructed so that bursting of the rup-
ture disk will not impair the function of the pressure relief
valve by the release of rupture disk material.

NB-7623 Rupture Disk Devices at the Outlet Side
of Pressure Relief Valves

A rupture disk device may be installed at the outlet side
of pressure relief valves if the following provisions are
met:

(a) the set pressure of the valve is independent of back
pressure, or the set pressure of the valve plus the
stamped burst pressure of the rupture disk plus any pres-
sure in the outlet piping does not exceed the limits of
NB-7400;

(b) the relieving capacity meets the requirements of
NB-7300;

(c) the stamped burst pressure of the rupture disk at
the specified disk temperature plus any pressure in the
outlet piping from the rupture disk device shall not ex-
ceed the secondary Design Pressure of the pressure relief
valve and the Design Pressure of any pipe or fittings be-
tween the valve and the rupture disk device. However,
in no case shall the stamped burst pressure of the rupture
disk at the operating temperature plus any pressure in
the outlet piping from the rupture disk device exceed
the limits of NB-7400;
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(d) the opening provided through the rupture disk de-
vice after burst is sufficient for the pressure relief valve
to flow at its certified capacity.

NB-7700 CERTIFICATION

NB-7710 RESPONSIBILITY FOR CERTIFICATION
OF PRESSURE RELIEF VALVES

The Certificate Holder shall be responsible for having
the relieving capacity of its valves certified as prescribed
in this subarticle.

NB-7720 RESPONSIBILITY FOR CERTIFICATION
OF NONRECLOSING PRESSURE RELIEF
DEVICES

The rupture disk Manufacturer shall certify the
stamped burst pressure of the disk.

NB-7730 CAPACITY CERTIFICATION PRESSURE
RELIEF VALVES — COMPRESSIBLE
FLUIDS

NB-7731 General Requirements
NB-7731.1 Capacity Certification.
(a) Capacity certification procedures shall be as re-

quired in NB-7732 through NB-7737.
(b) For steam at pressures over 1,500 psig (10.4 MPa)

and up to 3,200 psig (2.21 MPa), the value of K used to
determine the certified relieving capacity shall be multi-
plied by:

(U.S. Customary Units)

(SI Units)

where

P = set pressure, psig

This correction is also applicable to the certified reliev-
ing capacity as determined by the curve method. This cor-
rection shall only be used if it is 1.0 or greater.

NB-7731.2 Test Media.
(a) Capacity certification tests of pressure relief valves

for steam service shall be conducted with dry saturated
steam. For test purposes, the limits of 98% minimum
quality and 20°F (10°C) maximum superheat shall apply.
Capacity shall be corrected to the dry saturated condition
from within these limits.
(b) Capacity certification tests for pressure relief valves

for air and gas service shall be conducted with air, gas, or
dry saturated steam.

(c) Demonstration of function tests shall be performed
using the same fluid media to which the pressure relief
valve is expected to be exposed in service.

NB-7731.3 Test Pressure.
(a) Capacity certification tests of pressure relief valves

(except safety relief valves) for steam service shall be con-
ducted at a pressure which does not exceed the set pres-
sure by more than 3% or 2 psi (15 kPa), whichever is
greater, except as permitted in (b).
(b) Capacity certification tests of safety relief valves

(NB-7513) for steam service shall be conducted at a pres-
sure which does not exceed the set pressure by more than
10% or 3 psi (20 kPa), whichever is greater.
(c) Capacity certification tests of pressure relief valves

for air or gas shall be conducted at a pressure which does
not exceed the set pressure by more than 10% or 3 psi
(20 kPa), whichever is greater.

NB-7731.4 Blowdown. Valves having an adjustable
blowdown construction shall be adjusted prior to capaci-
ty certification testing so that the blowdown does not ex-
ceed 5% of the set pressure.

NB-7731.5 Drawings. Prior to capacity certification
and demonstration of function tests, the Certificate
Holder shall submit drawings showing the valve construc-
tion to the Authorized Observer. The Authorized Obser-
ver shall submit the drawings and all test results to the
ASME designated organization for review and acceptance.

NB-7731.6 Design Changes.When changes are made
in the design of a pressure relief valve which affect the
flow path, lift, or performance characteristics, new tests
shall be performed in accordance with this subarticle.

NB-7732 Flow Model Test Method
NB-7732.1 Flow Capacity. When test facility limita-

tions make it impossible to perform tests of the full-scale
pressure relief valves, flow models of three different sizes
may be utilized as a basis for capacity certification. Such
flow models shall be sized consistent with the capabilities
of the accepted test laboratory where the tests will be
conducted and shall accurately model those features
which affect flow capacity, such as orifice size, valve lift,
and internal flow configuration. The test models need
not be functional pressure relief valves, provided that
other tests are conducted to demonstrate proper function
of the valve design as prescribed in NB-7732.2. The re-
lieving capacity of valve designs certified by the use of
flow models shall be established by the coefficient of dis-
charge method similar to that outlined in NB-7734.1 and
NB-7734.2. The certified relieving capacity of all sizes and
pressures of a given design for which the value of K has
been established, based on flowmodel tests in accordance
with the method of NB-7734, shall not exceed the value
calculated by the appropriate equation in NB-7734.2 mul-
tiplied by the coefficient K .
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NB-7732.2 Demonstration of Function.
(a) The function of three valves of the design to be cer-

tified shall be demonstrated by test. The three valves se-
lected shall envelop the largest and smallest combination
of inlet size and orifice size of the specific design. Such
tests may be performed in conjunction with the capacity
certification tests outlined above or as separate tests
using production valves.

(b) These tests shall be conducted at a place meeting
the requirements of NB-7739 to demonstrate to the satis-
faction of a representative from an ASME designated or-
ganization that the valves will meet the operating
requirements specified in NB-7500 and achieve full lift
under the conditions established in (c).

(c) The NV Certificate Holder shall specify the range of
pressures, temperatures, and other fluid conditions for
which the valves are to be tested. The range shall be suf-
ficient to cover all expected operating fluid conditions.
Additionally, tests shall include the range of inlet pressure
losses and discharge back pressure conditions for which
the valves are expected to be used.

(d) The NV Certificate Holder shall document in the re-
marks section on the Data Report Form NV-1 (see Section
III Appendices, Mandatory Appendix V) that the require-
ments of this subparagraph have been met.

NB-7733 Slope Method

(a) For pressure relief valves of a specific design, four
valves of each combination inlet size and orifice size shall
be tested. These four valves shall be set at pressures that
will cover the appropriate range of pressures for which
the valves are to be used or within the range of the
authorized test facility.

(b) The instantaneous slope of each test point shall be
calculated and averaged, where slope is defined as the
measured capacity divided by the absolute inlet pressure.
If any of the experimentally determined slopes fall out-
side of a range of ±5% of the average slope, the unaccep-
table valves shall be replaced by two valves of the same
size and set pressure. Following a test of these valves, a
new average slope shall be determined, excluding the re-
placed valve test results. If any individual slope is now
outside of the ±5% range, then the tests shall be consid-
ered unsatisfactory and shall be cause for the ASME desig-
nated organization to refuse certification of the particular
valve design. The certified capacity shall be 90% of the
average slope multiplied by the flow rating pressure, psia.

(c) In addition, demonstration of function tests shall be
conducted as prescribed in NB-7732.2.

NB-7734 Coefficient of Discharge Method

A coefficient K may be established for a specific pres-
sure relief valve design according to the procedure given
in the following subparagraphs.

NB-7734.1 Number of Valves to Be Tested. For each
design, at least three valves for each of three different
sizes shall be submitted for test. Each valve of a given size
shall be set at a different pressure.

NB-7734.2 Establishment of Coefficient of Dis-
charge.

(a) Tests shall be made on each pressure relief valve to
determine its lift, opening, blowdown pressures, and ca-
pacity in terms of the fluid used in the test. A coefficient
of discharge KD shall be established for each test run as
follows:

where Actual Flow is determined quantitatively by test,
and Theoretical Flow is calculated by the following
equation:

For test with dry saturated steam:

(U.S. Customary Units)

(SI Units)

Pressures over 1,500 psig (10 MPa gage) and up to
3,200 psig (22.1 MPa gage) the value of WT, calculated
by the above equation, shall be corrected by being multi-
plied by the following factor (which shall only be used if it
is 1.0 or greater):

(U.S. Customary Units)

(SI Units)

For test with air:

(U.S. Customary Units)

(SI Units)
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For test with gas:

where

A = actual discharge area through the valve at devel-
oped lift, in.2 (mm2)

C = constant for gas or vapor which is a function of the
ratio of specific heats, k

k = c p /c v (see Section III Appendices, Mandatory
Appendix XVIII, Figure XVIII-1110-1)

M = molecular weight
P = (set pressure × 1.03) plus atmospheric pressure,

psia (kPa abs), or set pressure plus 2 psi
(15 kPa) plus atmospheric pressure, whichever is
greater, for test pressures determined by
NB-7731.3(a)

= (set pressure × 1.10) plus atmospheric pressure,
psia (kPa abs), or set pressure plus 3 psi
(20 kPa) plus atmospheric pressure, whichever is
greater, for test pressures determined by
NB-7731.1(b) or (c)

T = absolute temperature at inlet, °F + 460 (K)
[°C + 273 (K)]

WT = theoretical flow, lb/hr (kg/h)
Z = compressibility factor corresponding to P and T

The average of the coefficients of discharge KD of the
tests required shall be multiplied by 0.90, and their pro-
duct shall be taken as the coefficient K of that design.
The coefficient of the design shall not be greater than
0.878 (the product of 0.9 × 0.975).

(b) If any of the experimentally determined coefficients
fall outside of a range of ±5% of the average coefficient,
the unacceptable valves shall be replaced by two valves
of the same size and set pressure. Following the test of
these valves, a new average coefficient shall be deter-
mined, excluding the replaced valve test results. If any in-
dividual coefficient is now outside of the ±5% range, then
the test shall be considered unsatisfactory and shall be
cause for the ASME designated organization to refuse cer-
tification of the particular valve design.

NB-7734.3 Calculation of Certified Capacity.

(a) The certified capacity of all sizes and pressures of a
given design, for which the value of K has been estab-
lished under the provisions of NB-7734.2 and which are
manufactured subsequently, shall not exceed the value
calculated by the appropriate equation multiplied by the
coefficient K .

(b) The coefficient shall not be applied to valves whose
beta ratio (the ratio of valve throat and inlet diameter)
lies outside the range of 0.15 to 0.75, unless tests have de-
monstrated that individual coefficients of discharge, KD ,
for valves of the extreme ends of a larger range is within

±5% of the average coefficient, K . For designs where lift is
used to determine the flow area, all valves shall have the
same nominal lift-to-seat diameter ratio (L/D).

NB-7734.4 Demonstration of Function. Tests shall
be conducted as prescribed in NB-7732.2.

NB-7735 Single Valve Method
NB-7735.1 Valve Capacity Within Test Facility Lim-

its.
(a)When a single valve is to be capacity tested, the cer-

tified capacity may be based on three separate tests asso-
ciated with each set pressure for which capacity
certification is required.
(b) The certified capacity associated with each set pres-

sure shall not exceed 90% of the average capacity estab-
lished by the tests. Failure of the individual test capacities
to fall within ±5% of the average capacity associated with
each set pressure shall be cause for rejection of the test.
The reason for the failure shall be determined, and the
test repeated.
(c) Should additional valves of the same design be con-

structed at a later date, the results of the tests on the ori-
ginal valve may be included as applicable to the particular
test method selected.

NB-7735.2 Valve Capacity in Excess of Test Facility
Limits. For valves whose capacity exceeds that of the test
facility, the certified capacity may be based on a flow coef-
ficient K (NB-7734.2) determined from either blocked
open flow tests or flow model tests, provided the orifice
area is such that choked flow conditions are obtained.
The certified capacity shall be calculated as directed in
NB-7734.3.

NB-7735.3 Valve Demonstration of Function. Tests
shall be conducted as prescribed in NB-7732.2, except
that one valve of the specific inlet size, orifice size, and
specific design shall be tested. Should additional valves
of the same design be constructed at a later date, the re-
sults of the tests on the original valve may be included as
applicable to meet the three valve requirement of
NB-7732.2.

NB-7736 Proration of Capacity
(a) The capacity of a pressure relief valve applied to a

system may be prorated to an overpressure greater than
the overpressure for which the valve design is certified.
This overpressure shall be within the allowable limits of
the system.
(b) Depending on the method used for the initial capac-

ity certification:
(1) the prorated capacity shall be 90% of the average

slope determined in NB-7733 multiplied by the prorated
relieving pressure, psia (kPa abs); or

(2) the prorated capacity shall be calculated using
the appropriate equation from NB-7734.2 [where P is
the prorated relieving pressure (psia) multiplied by the
coefficient K].
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NB-7737 Capacity Conversions

The relieving capacity of pressure relief valves for
fluids other than the fluid used for certification shall be
determined by the method of conversion given in Section
III Appendices, Mandatory Appendix XVIII, Article
XVIII-1000, except that valves for steam service shall be
tested on steam.

NB-7738 Laboratory Acceptance of
Pressure-Relieving Capacity Tests

Tests shall be conducted at a place where the testing fa-
cilities, methods, procedures, and Authorized Observer
(person supervising the tests) meet the applicable re-
quirements of ASME PTC 25, Pressure Relief Devices.
The tests shall be made under the supervision of, and cer-
tified by, an Authorized Observer. The testing facilities,
methods, procedures, and qualifications of the Authorized
Observer shall be subject to the acceptance of the ASME
Boiler and Pressure Vessel Committee on recommenda-
tion from a representative from an ASME designated or-
ganization. Acceptance of the testing facility is subject to
review within each 5-yr period. Capacity test data shall
be submitted to the ASME designated organization for re-
view and acceptance.50

NB-7739 Laboratory Acceptance of
Demonstration of Function Tests

The NV Certificate Holder shall assure that the tests are
conducted at a place where the testing facilities, methods,
and procedures provide for sufficient testing capacity and
range of fluid properties so that the testing requirements
of NB-7732.2 are met.

NB-7740 CAPACITY CERTIFICATION OF
PRESSURE RELIEF VALVES —
INCOMPRESSIBLE FLUIDS

NB-7741 General Requirements
NB-7741.1 Capacity Certification. Capacity certifica-

tion procedures shall be as required in NB-7742 through
NB-7745.

NB-7741.2 Test Medium. The test medium to be used
for capacity certification shall be water at a temperature
between 40°F (5°C) and 125°F (52°C). Demonstration of
function tests shall be performed on water at tempera-
tures representative of those to which the pressure relief
valve is expected to be exposed in service.

NB-7741.3 Test Pressure. The capacity certification
tests shall be conducted at pressures which do not exceed
the set pressure by more than 10% or 3 psi (20 kPa),
whichever is greater. Demonstration of function tests
shall be performed at pressures representative of those
to which the pressure relief valve is expected to be ex-
posed in service.

NB-7741.4 Blowdown. Blowdown shall be recorded
at the time of the capacity certification and demonstration
of function tests.

NB-7741.5 Drawings. Prior to capacity certification
and demonstration of function tests, the Certificate
Holder shall submit drawings showing the valve construc-
tion to the Authorized Observer. The Authorized Obser-
ver shall submit the drawings and all test results to the
ASME designated organization for review and acceptance.

NB-7741.6 Design Changes.When changes are made
in the design of a pressure relief valve in such a manner as
to affect the flow path, lift, or performance characteristics
of the valve, new tests in accordance with this subarticle
shall be performed.

NB-7742 Valve Designs in Excess of Test Facility
Limits

(a) For a valve design where test pressures will exceed
test facility limits, the certified capacity may be based on a
flow coefficient K (NB-7744.2) determined from blocked
open flow tests at four pressures covering the range of
the test facility.

(1) For a valve design to be certified at a single size
and set pressure, a demonstration of function test shall
be conducted as prescribed in NB-7732.2 on one valve
at the specified pressure.

(2) For a valve design of a single size to be certified
over a range of set pressures, demonstration of function
tests shall be conducted as prescribed in NB-7732.2 on
two valves covering the minimum set pressure which
can be accommodated at the demonstration facility se-
lected for the test.

(b) For a valve design which will be used over a range
of set pressures and sizes, where test facility limitations
make it impossible to perform tests of full-scale pressure
relief valves, flow models of three different sizes may be
utilized as a basis for capacity certification. The flow mod-
el test method of NB-7732.1 shall be used along with the
coefficient of discharge method as outline in NB-7744.

(1) A demonstration of function test for three valves
which envelope the smallest and largest combination of
inlet size and orifice size shall be performed as prescribed
in NB-7732.2

NB-7743 Slope Method

(a) Four valves of each combination of pipe size and or-
ifice size shall be tested. These four valves shall be set at
pressures that cover the appropriate range of pressures
for which the valves are to be used, or within the range
of the test facility. The instantaneous slope of each test
point shall be calculated and averaged, where slope is de-
fined as the measured capacity divided by the square root
of the difference between the flow rating pressure and the
valve discharge pressure. If any of the experimentally de-
termined slopes fall outside of a range of ±5% of the aver-
age slope, the unacceptable valves shall be replaced by
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two valves of the same size and set pressure. Following a
test of these valves, a new average slope shall be deter-
mined, excluding the replaced valve test results. If any in-
dividual slope is now outside of the ±5% range, then the
tests shall be considered unsatisfactory and shall be cause
for the ASME designated organization to refuse certifica-
tion of the particular valve design. The certified capacity
shall be 90% of the average slope multiplied by the
square root of the difference between the flow rating
pressure and the valve discharge pressure.
(b) Demonstration of function tests shall be conducted

as specified in NB-7732.2.

NB-7744 Coefficient of Discharge Method

Instead of individual capacity tests or the capacity
curve method, a coefficient K may be established for a
specific pressure relief valve design in accordance with
the following subparagraphs.

NB-7744.1 Number of Valves to Be Tested. For each
design, three valves for each of three different sizes shall
be tested, for a total of nine valves. Each valve of a given
size shall be set at a different pressure.

NB-7744.2 Establishment of Coefficient of Dis-
charge.
(a) Tests shall be made on each relief valve to deter-

mine its lift, opening and closing pressures, and actual ca-
pacity, in terms of pounds of water per hour. A coefficient
of discharge KD shall be established for each test run as
follows:

where Actual Flow is determined quantitatively by test,
and Theoretical Flow is calculated by the following
equation:
For tests with water:

(U.S. Customary Units)

(SI Units)

where

A = actual minimum discharge area through the valve
at developed lift, in.2 (mm2)

P = (set pressure × 1.10) plus atmospheric pressure,
psia, or set pressure plus 3 psi (20 kPa) plus atmo-
spheric pressure, whichever is greater, flow rating
pressure, psia (kPa abs)

Pd = pressure at discharge from valve, psia (MPa)
W = density of water at valve inlet conditions, lb/ft3

(kg/m3)

Wt = Theoretical Flow, lb/hr (kg/h)

The average of the coefficients of discharge KD of the tests
shall be multiplied by 0.90, and the product shall be taken
as the coefficient K of the design. The coefficient of the de-
sign shall not be greater than 0.878 (the product of 0.9 ×
0.975).
(b) If any of the experimentally determined coefficients

fall outside of a range of ±5% of the average coefficient,
the unacceptable valves shall be replaced by two valves
of the same size and set pressure. Following the test of
these valves, a new average coefficient shall be deter-
mined, excluding the replaced valve test results. If any in-
dividual coefficient is now outside of the ±5% range, then
the test shall be considered unsatisfactory and shall be
cause for the ASME designated organization to refuse cer-
tification of the particular valve design.

NB-7744.3 Calculation of Certified Capacity.
(a) The certified capacity of all sizes and pressures of a

given design for which the value of K has been established
under the provisions of NB-7744.2 shall not exceed the
value calculated by the theoretical equation above multi-
plied by the coefficient K .
(b) The coefficient shall not be applied to valves whose

beta ratio (the ratio of valve throat and inlet diameter)
lies outside the range of 0.15 to 0.75, unless tests have de-
monstrated that individual coefficients of discharge, Kd ,
for valves of the extreme ends of a larger range is within
±5% of the average coefficient, K . For designs where lift is
used to determine the flow area, all valves shall have the
same nominal lift-to-seat diameter ratio (L/D).

NB-7744.4 Demonstration of Function. Tests shall
be conducted as specified in NB-7732.2.

NB-7745 Single Valve Method

(a)When a single valve at a single pressure is to be ca-
pacity tested, the capacity rating may be based on three
separate tests of the single valve at the specified set
pressure.
(b) The certified capacity rating of the valve shall not

exceed 90% of the average established by the tests. Fail-
ure of the individual test capacities to fall within 5% of
the average capacity shall be cause for rejection of the
test. The reason for the failure shall be determined and
the tests repeated.
(c) Should additional valves of the same design be con-

structed at a later date, the results of the tests on the ori-
ginal valve may be included as applicable to the particular
test method selected.
(d) Demonstration of function tests shall be conducted

as specified in NB-7732.2 except one valve of the specific
inlet size, orifice size, and that specific design shall be
tested. Should additional valves of the same design be
constructed at a later date, the results of the tests on
the original valve may be included as applicable, to meet
the three valve requirement of NB-7732.2.
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ð15Þ NB-7746 Laboratory Acceptance of
Pressure-Relieving Capacity Tests

Tests shall be conducted at a place where the testing fa-
cilities, methods, procedures, and Authorized Observer
(person supervising the tests) meet the applicable re-
quirements of ASME PTC 25, Pressure Relief Devices.
The tests shall be made under the supervision of, and cer-
tified by, an Authorized Observer. The testing facilities,
methods, procedures, and qualifications of the Authorized
Observer shall be subject to acceptance of the ASME Boil-
er and Pressure Vessel Committee upon recommendation
from a representative from an ASME designated organiza-
tion. Acceptance of the testing facility is subject to review
within each 5-yr period. Capacity test data shall be sub-
mitted to the ASME designated organization for review
and acceptance.

NB-7747 Proration of Capacity
(a) The capacity of a pressure relief valve applied to a

system may be prorated to an overpressure greater than
the overpressure for which the valve design is certified.
This overpressure shall be within the allowable limits of
the system.

(b) Depending on the method used for the initial capac-
ity certification:

(1) the prorated capacity shall be 90% of the average
slope determined in NB-7743 multiplied by the prorated
relieving pressure (psia); or

(2) the prorated capacity shall be calculated using
the appropriate equation from NB-7744.2 [where P is
the prorated relieving pressure (psia) multiplied by the
coefficient K].

NB-7748 Capacity Conversions
The rated pressure-relieving capacity of pressure relief

valves for liquids other than the liquids used for certifica-
tion shall be determined by the method of conversion gi-
ven in Section III Appendices, Mandatory Appendix XVIII,
Article XVIII-1000. This conversion is not valid for liquid
flashing valve operating conditions.

NB-7749 Laboratory Acceptance of
Demonstration of Function Tests

The NV Certificate Holder shall assure that the tests are
conducted at a place where the testing facilities, methods,
and procedures provide for sufficient testing capacity and
range of fluid properties so that the requirements of
NB-7732.2 are met.

NB-7800 MARKING, STAMPING WITH
CERTIFICATION MARK, AND DATA
REPORTS

NB-7810 PRESSURE RELIEF VALVES
NB-7811 Marking and Stamping With

Certification Mark
Each pressure relief valve shall be plainly marked by

the Certificate Holder with the required data below in
such a way that the marking will not be obliterated in ser-
vice. The data shall be in characters not less than 3/32 in.
(2.5 mm) high. The marking shall be placed on the valve
or on a nameplate securely fastened to the valve. The Cer-
tification Mark shall be stamped on the valve or name-
plate, but the other required data may be stamped,
etched, impressed, or cast. The marking shall include
the following:

(a) the name, or an acceptable abbreviation, of the Cer-
tificate Holder;

(b) Certificate Holder’s design or type number;
(c) size ______ NPS (DN) of the valve inlet;
(d) set pressure ______ psi (kPa);
(e) certified capacity and overpressure in percent or

psi (kPa):
(1) lb/hr (kg/h) of saturated steam for valves certi-

fied on steam; or
(2) scfm (standard cubic feet per minute) at 60°F

(15°C) and 14.7 psia (101 kPa) of air for valves certified
on air or gas; or

(3) gal/min of water at 70°F (20°C) for valves certi-
fied on water.

(f) applicable official Certification Mark, as shown in
Table NCA-8100-1.

In addition to the above, each pressure relief valve shall
have a separate nameplate attached to the component
that includes the marking requirements of NCA-8220
and NB-3593.2.

NB-7812 Report Form for Pressure Relief Valves
A Data Report Form NV-1 (see Section III Appendices,

Mandatory Appendix V) shall be filled out and signed by
the Certificate Holder, and signed by the Inspector for
each safety and safety relief valve stamped with the Cer-
tification Mark with NV Designator.

NB-7820 RUPTURE DISK DEVICES
NB-7821 Rupture Disks

Every rupture disk shall be plainly marked by the man-
ufacturer in such a way that the marking will not be oblit-
erated in service. The rupture disk marking may be
placed on the flange of the rupture disk or on a metal
tab permanently attached thereto.51 The marking shall in-
clude the following:

(a) the name or ident i fy ing trademark of the
manufacturer

(b)manufacturer’s design or type number
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(c) lot number
(d) size _____ NPS (DN)
(e) stamped bursting pressure _____ psi (kPa)
(f) specified disk temperature _____°F (°C)
(g) capacity _____ lb/hr (kg/h) of saturated steam or

_____ standard ft3 (m3) of air (60°F and 14.7 psia)/min
[(15°C and 101 kPa)/min]
(h) year built

NB-7822 Disk Holders (If Used)
Rupture disk holders shall be marked with the

following:
(a) the name or ident i fy ing trademark of the

manufacturer

(b)manufacturer’s design or type number
(c) size _____ NPS (DN)
(d) year built
(e) serial number

NB-7830 CERTIFICATE OF AUTHORIZATION TO
USE CERTIFICATION MARK

Each pressure relief valve within the scope of this
Article shall be constructed by a Manufacturer possessing
a Certification Mark with NV Designator and valid Certifi-
cate of Authorization. Pressure relief valves shall have the
Certification Mark with NV Designator applied in accor-
dance with the rules of NB-8100.
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ARTICLE NB-8000
NAMEPLATES, STAMPING WITH CERTIFICATION MARK, AND

REPORTS

NB-8100 GENERAL REQUIREMENTS

The requirements for nameplates, stamping with Certi-
fication Mark, and reports shall be as given in Article
NCA-8000.
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ENDNOTES

1 Any postweld heat treatment time that is anticipated to be applied to the material or item after it is completed shall
be specified in the Design Specification. The Certificate Holder shall include this time in the total time at temperature
specified to be applied to the test specimens.

2 In addition to providing a basis for acceptance standards for material, the test data are designated to be used as a
basis for establishing inservice operation and for use in fracture prevention evaluation [NB-3211(d) and Section III
Appendices, Nonmandatory Appendix G].

3 The requirements for impact testing of the heat-affected zone (NB-4335.2) may result in reduced test temperatures
or increased toughness requirements for the base material.

4 The methods given in the Appendix of SFA-5.9, Specification for Corrosion Resisting Chromium and
Chromium-Nickel Steel Welding Rods and Bare Electrodes, shall be used to establish a welding and sampling method
for the pad, groove, or other test weld to ensure that the weld deposit being sampled will be substantially free of
base metal dilution.

5 The volumetric examinations required by this paragraph need only be conducted from one surface.

6 The direction of ultrasonic examinations referenced is the direction of sound propagation.

7 Lowest service temperature is the minimum temperature of the fluid retained by the component or, alternatively,
the calculated volumetric average metal temperature expected during normal operation, whenever pressure within
the component exceeds 20% of the preoperational system hydrostatic test pressure.

8 This definition of stress intensity is not related to the definition of stress intensity applied in the field of Fracture
Mechanics.

9 Equivalent linear stress is defined as the linear stress distribution which has the same net bending moment as the
actual stress distribution.

10 As is stated in NB-3223, for components operating within the temperature limits of this Subsection, Service Loadings
for which Level B Limits are designated must be considered as though Level A Limits were designated in evaluating
exemptions from fatigue analysis.

11 Adjacent points are defined in (a), (b), and (c) below.
(a) For surface temperature differences on surfaces of revolution in the meridional direction, adjacent points are
defined as points that are less than the distance , where R is the radius measured normal to the surface from
the axis of rotation to the midwall and t is the thickness of the part at the point under consideration. If the product Rt
varies, the average value of the points shall be used.
(b) For surface temperature differences on surfaces of revolution in the circumferential direction and on flat parts,
such as flanges and flat heads, adjacent points are defined as any two points on the same surface.
(c) For through-thickness temperature differences, adjacent points are defined as any two points on a line normal to
any surface.

12 Normal service is defined as service, other than startup and shutdown, resulting in specified Service Loadings for
which Level A Limits, Level B Limits, or Testing Limits are designated.

13 The algebraic range of the difference shall be used.

14 It is permissible to use 1.5Sm whenever it is greater than Sy .

15 Communicating chambers are defined as portions of the vessel which intersect the shell or heads of a vessel and form
an integral part of the pressure-retaining closure, e.g., sumps.
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16 Side plates of a flat-sided vessel are defined as any of the flat plates forming an integral part of the pressure-retaining
enclosure.

17 These requirements for the acceptability of a valve design are not intended to ensure the functional adequacy of the
valve. However, for pressure relief valves the Designer is cautioned that the requirements of Article NB-7000 rela-
tive to set pressure, lift, blowdown, and closure shall be met.

18 The severity and frequency of specified fluid temperature variations may be such that the period of calculated pres-
sure integrity is less than plant design life. In such cases it is the responsibility of the Certificate Holder to state these
conditions in the Design Report (NB-3560).

19 Special features such as wear surfaces or seating surfaces may demand special alloys or proprietary treatments. The
absence of such materials from Section II, Part D, Subpart 1, Tables 2A and 2B shall not be construed to prohibit their
use and such materials do not require approval under Section III Appendices, Mandatory Appendix IV (NB-2121).

20 A listed pressure-rated valve is one listed in the tables of ASME B16.34. A nonlisted pressure-rated valve is one
whose Design Pressure and Temperature do not specifically appear in those tables (NB-3543).

21 For all listed pressure ratings except Class 150, the Pressure Rating Class Index is the same as the pressure rating
class designation. For Class 150, use 115 for the Pressure Rating Class Index.

22 Adjacent points are defined as points which are spaced less than the distance from each other, where R and t
are the mean radius and thickness, respectively, of the vessel, nozzle, flange, or other component in which the points
are located.

23 For piping products, such as tees and branch connections, the second term of eqs. NB-3652(9), NB-3653.1(a)(10),
and NB-3653.2(a)(11), namely that containing Mb is to be calculated as referred to in NB-3683.1(d).

24 Socket welds shall not be used where the existence of crevices could accelerate corrosion.

25 The flexibility of a curved pipe or welding elbow is reduced by end effects, provided either by the adjacent straight
pipe or by the proximity of other relatively stiff members which inhibit ovalization of the cross section. In certain
cases, these end effects may also reduce the stress.

26 t equals nominal wall thickness.

27 Welds that are exposed to corrosive action should have a resistance to corrosion that is not substantially less than
that of the cladding. The use of filler metal that will deposit weld metal which is similar to the composition of the
cladding material is recommended. If weld metal of different composition is used, it should have properties compa-
tible with the application.

28 An intermediate postweld heat treatment for this purpose is defined as a postweld heat treatment performed on a
weld within a temperature range not lower than the minimum holding temperature range to which the weld shall be
subjected during the final postweld heat treatment.

29 A radiographic examination [NB-5111(a)] is required; a preservice examination [NB-5111(b)] may or may not be
required for compliance to the Design Specification [NCA-3252(c)].

30 SNT-TC-1A is a Recommended Practice for Nondestructive Testing Personnel Qualification and Certification pub-
lished by the American Society for Nondestructive Testing, 1711 Arlingate Lane, P.O. Box 28518, Columbus, OH
43228-0518.

31 Personnel qualified by examination and certified to the previous editions of SNT-TC-1A are considered to be qual-
ified to the edition referenced in Table NCA-7100–2 when the recertification is based on continuing satisfactory per-
formance. All reexaminations and new examinations shall be in accordance with the edition referenced in Table
NCA-7100–2.

32 Employer as used in this Article shall include: N Certificate Holders; Quality System Certificate Holders; Material Or-
ganizations who are qualified in accordance with NCA-3842; and organizations who provide subcontracted nondes-
tructive examination services to organizations described above.

33 These tests may be made with the item being tested partially filled with liquid, if desired.

34 Wherever the word system appears in this Article, it refers to the component or group of components for which over-
pressure protection is provided as described in the Overpressure Protection Report.
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35 A pressure relief device is designed to open to prevent a rise of internal fluid pressure, greater than a specified value,
resulting from exposure to pressure transient conditions. It may be a pressure relief valve or a nonreclosing pres-
sure relief device.

36 An inlet water loop seal consists of valve inlet piping that is configured to form a water seal below the pressure relief
valve seat which separates the normal system relieving fluid (steam) from the valve seat.

37 A pressure relief valve is a pressure relief device that is designed to reclose and prevent the further flow of fluid after
normal conditions have been restored.

38 A nonreclosing pressure relief device is a pressure relief device designed to remain open after operation.

39 A safety valve is a pressure relief valve actuated by inlet static pressure and characterized by rapid opening or pop
action.

40 A safety relief valve is a pressure relief valve characterized by rapid opening pop action, or by opening generally
proportional to the increase in pressure over the opening pressure.

41 A relief valve is a pressure relief valve actuated by inlet static pressure and having a gradual lift generally propor-
tional to the increase in pressure over the opening pressure.

42 A pilot-operated pressure relief valve is a pressure relief valve in which the major relieving device is combined with
and is controlled by a self-actuated auxiliary pressure relief valve.

43 A power-actuated pressure relief valve is a pressure relief valve in which the major relieving device is combined with
and controlled by a device requiring an external source of energy.

44 A rupture disk device is a nonreclosing pressure relief device actuated by inlet static pressure and designed to func-
tion by the bursting of a pressure-containing disk.

45 Expected system pressure transient conditions are those associated with normal system transient operation, such as
loss of feedwater or loss of load.

46 Unexpected system excess pressure transient conditions are those associated with unusual or abnormal system tran-
sients, but still considered to be within the design basis, such as loss of load with failure of reactor scram.

47 The specified disk temperature supplied to the rupture disk manufacturer shall be the expected temperature of the
disk when the disk is expected to burst.

48 Themanufacturing design range is a range of pressure within which the stamped burst pressure must fall. This range
is included in the Design Specification and the Overpressure Protection Report.

49 A lot of rupture disks is those disks manufactured of material at one time, of the same size, thickness, type, heat, and
manufacturing process, including heat treatment.

50 Valve capacities published in “Pressure Relief Device Certifications.” This publication may be obtained from the Na-
tional Board of Boiler and Pressure Vessel Inspectors, 1055 Crupper Avenue, Columbus, OH 43229.

51 In lieu of marking all of the listed items on the flange or tab of each rupture disk, the marking may consist of a Man-
ufacturer’s coding number sufficient to identify each rupture disk with a certificate or tab which includes the re-
quired information and is supplied with each lot of rupture disks.
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ASME CODES AND STANDARDS TRAINING

To assist in a better understanding of the practical applications of ASME Codes and Standards and their impact on
safety, quality, and integrity, ASME Training & Development provides more than 200 different courses, ranging from
fundamental to advanced, that focus on various ASME Codes and Standards.

Developed and taught by ASME-approved instructors who are recognized experts within their respective professional
disciplines, training programs are offered in multiple learning formats, including face-to-face “live” courses and eLearning
courses, as well as In-Company Training held onsite at an organization’s location.

For more information and to explore the wide range of ASME Codes and Standards training programs, you can reach
us in the following ways:

Website: go.asme.org/standardstraining
Email: training-info@asme.org
Phone: ASME Customer Care at +1 973 882 1170
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ASME Services

ASME is committed to developing and delivering technical information. At ASME’s Customer Care, we make every effort to answer your questions
and expedite your orders. Our representatives are ready to assist you in the following areas:

ASME Press Member Services & Benefits Public Information
Codes & Standards Other ASME Programs Self-Study Courses
Credit Card Orders Payment Inquiries Shipping Information
IMechE Publications Professional Development Subscriptions/Journals/Magazines
Meetings & Conferences Short Courses Symposia Volumes
Member Dues Status Publications Technical Papers

How can you reach us? It’s easier than ever!

There are four options for making inquiries* or placing orders. Simply mail, phone, fax, or email us and a Customer Care representative will
handle your request.

Mail Call Toll Free Fax—24 hours E il—24 hours
ASME US & Canada: 800-THE-ASME 973-882-1717 customercare@asme.org

973-882-5155
Mexico: 95-800-THE-ASME

07424-2138 (95-800-843-2763)
Universal: 973-882-1167

* Customer Care staff are not permitted to answer inquiries about the technical content of this code or standard. Information as to whether
or not technical inquiries are issued to this code or standard is shown on the copyright page. All technical inquiries must be submitted in
writing to the staff secretary. Additional procedures for inquiries may be listed within.

150 Clove Road, 6th Floor     (800-843-2763)
Little Falls, New Jersey
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