
ASME PTB-3-2013

ASME 
Section VIII – Division 2
Example Problem Manual

Copyright      2013 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

c

https://www.normsplash.com/ASME/118449233/ASME-PTB-3?src=spdf


PTB-3-2013 

 

 

 

 

 

 

PTB-3-2013 

 
 

ASME Section VIII - Division 2 
Example Problem Manual 

 

 

 

James C. Sowinski, P.E. 

David A. Osage, P.E. 

Robert G. Brown, P.E. 

The Equity Engineering Group, Inc. 

 

  

Copyright      2013 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

c

https://www.normsplash.com/ASME/118449233/ASME-PTB-3?src=spdf


PTB-3-2013 

Date of Issuance: June 18, 2013 
 

This document was prepared as an account of work sponsored by ASME Pressure Technology 
Codes and Standards (PTCS) through the ASME Standards Technology, LLC (ASME ST-LLC). 

Neither ASME, the authors, nor others involved in the preparation or review of this document, nor 
any of their respective employees, members or persons acting on their behalf, make any warranty, 
express or implied, or assumes any legal liability or responsibility for the accuracy, completeness or 
usefulness of any information, apparatus, product or process disclosed, or represents that its use 
would not infringe upon privately owned rights. 

Reference herein to any specific commercial product, process or service by trade name, 
trademark, manufacturer or otherwise does not necessarily constitute or imply its endorsement, 
recommendation or favoring by ASME or others involved in the preparation or review of this 
document, or any agency thereof.  The views and opinions of the authors, contributors and reviewers 
of the document expressed herein do not necessarily reflect those of ASME or others involved in the 
preparation or review of this document, or any agency thereof. 

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 is the registered 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. 

 

The American Society of Mechanical Engineers 

Two Park Avenue, New York, NY 10016-5990 

 

Copyright © 2013 by 
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 

All rights reserved 

Printed in the U.S.A. 

 

Copyright      2013 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

c

https://www.normsplash.com/ASME/118449233/ASME-PTB-3?src=spdf


PTB-3-2013 

iii 

TABLE OF CONTENTS 
Foreword ................................................................................................................................................ vi 
Acknowledgements .............................................................................................................................. viii 

PART 1 ................................................................................................................................................... 1 

1.1 Introduction ............................................................................................................................. 1 
1.2 Scope ...................................................................................................................................... 1 
1.3 Organization and Use ............................................................................................................. 1 
1.4 References .............................................................................................................................. 1 

PART 2 ................................................................................................................................................... 2 

2.1 General ................................................................................................................................... 2 
2.2 Example Problem Format ....................................................................................................... 2 
2.3 Calculation Precision .............................................................................................................. 2 

PART 3 ................................................................................................................................................... 3 

3.1 Example E3.1 – Use of MDMT Exemptions Curves ............................................................... 3 
3.2 Example E3.2 – Use of MDMT Exemption Curves with Stress Reduction ............................. 4 
3.3 Example E3.3 – Develop MDMT Using Fracture Mechanics (API 579-1/ASME FFS-1)........ 6 

PART 4 ................................................................................................................................................. 19 

4.1 General Requirements .......................................................................................................... 19 
4.1.1 Example E4.1.1 – Review of General Requirements for a Vessel Design ..................... 19 
4.1.2 Example E4.1.2 – Required Wall Thickness of a Hemispherical Head .......................... 20 
4.1.3 Example E4.1.3 – Required Wall Thickness of a Hemispherical Head - Higher Strength 

Material ............................................................................................................................ 21 
4.2 Welded Joints........................................................................................................................ 22 

4.2.1 Example E4.2.1 – Nondestructive Examination Requirement for Vessel Design .......... 22 
4.2.2 Example E4.2.2 – Nozzle Detail and Weld Sizing .......................................................... 25 
4.2.3 Example E4.2.3 – Nozzle Detail with Reinforcement Pad and Weld Sizing ................... 26 

4.3 Internal Design Pressure ...................................................................................................... 28 
4.3.1 Example E4.3.1 – Cylindrical Shell ................................................................................. 28 
4.3.2 Example E4.3.2 – Conical Shell ..................................................................................... 29 
4.3.3 Example E4.3.3 – Spherical Shells ................................................................................. 30 
4.3.4 Example E4.3.4 – Torispherical Head ............................................................................ 31 
4.3.5 Example E4.3.5 – Elliptical Head .................................................................................... 34 
4.3.6 Example E4.3.6 – Combined Loadings and Allowable Stresses .................................... 37 
4.3.7 Example E4.3.7 – Conical Transitions Without a Knuckle.............................................. 43 
4.3.8 Example E4.3.8 – Conical Transitions with a Knuckle ................................................... 64 

4.4 Shells Under External Pressure and Allowable Compressive Stresses ............................... 69 
4.4.1 Example E4.4.1 – Cylindrical Shell ................................................................................. 69 
4.4.2 Example E4.4.2 – Conical Shell ..................................................................................... 71 
4.4.3 Example E4.4.3 – Spherical Shell and Hemispherical Head .......................................... 74 
4.4.4 Example E4.4.4 – Torispherical Head ............................................................................ 75 
4.4.5 Example E4.4.5 – Elliptical Head .................................................................................... 77 
4.4.6 Example E4.4.6 – Combined Loadings and Allowable Compressive Stresses ............. 79 
4.4.7 Example E4.4.7 – Conical Transitions without a Knuckle .............................................. 95 
4.4.8 Example E4.4.8 – Conical Transitions with a Knuckle ................................................. 116 

Copyright      2013 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

c

https://www.normsplash.com/ASME/118449233/ASME-PTB-3?src=spdf


PTB-3-2013 

iv 

4.5 Shells Openings in Shells and Heads ................................................................................ 122 
4.5.1 Example E4.5.1 – Radial Nozzle in Cylindrical Shell and Weld Strength Analysis ...... 122 
4.5.2 Example E4.5.2 – Hillside Nozzle in Cylindrical Shell and Weld Strength Analysis .... 128 
4.5.3 Example E4.5.3 – Radial Nozzle in Elliptical Head and Weld Strength Analysis ........ 134 

4.6 Flat Heads .......................................................................................................................... 140 
4.6.1 Example E4.6.1 – Flat Un-stayed Circular Heads ........................................................ 140 
4.6.2 Example E4.6.2 – Flat Un-stayed Non-Circular Heads Attached by Welding ............. 142 

4.7 Spherically Dished Bolted Covers ...................................................................................... 143 
4.7.1 Example E4.7.1 – Thickness Calculation for a Type D Head ....................................... 143 
4.7.2 Example E4.7.2 – Thickness Calculation for a Type D Head Using the Alternative Rule 

in Paragraph 4.7.5.3 ..................................................................................................... 153 
4.8 Quick-Actuating (Quick Opening) Closures ....................................................................... 163 

4.8.1 Example E4.8.1 – Review of Requirements for Quick-Actuating Closures.................. 163 
4.9 Braced and Stayed Surfaces .............................................................................................. 165 

4.9.1 Example E4.9.1 – Braced and Stayed Surfaces .......................................................... 165 
4.10 Ligaments ........................................................................................................................... 168 

4.10.1 Example E4.10.1 – Ligaments ..................................................................................... 168 
4.11 Jacketed Vessels ................................................................................................................ 170 

4.11.1 Example E4.11.1 – Jacketed Vessel ............................................................................ 170 
4.11.2 Example E4.11.2 – Half-Pipe Jacket ............................................................................ 173 

4.12 NonCircular Vessels ........................................................................................................... 176 
4.12.1 Example E4.12.1 – Type 1 ........................................................................................... 176 
4.12.2 Example E4.12.2 – Type 4 ........................................................................................... 181 

4.13 Layered Vessels ................................................................................................................. 190 
4.13.1 Example E4.13.1 – Layered Cylindrical Shell .............................................................. 190 
4.13.2 Example E4.13.2 – Layered Hemispherical Head ....................................................... 190 
4.13.3 Example E4.13.3 – Maximum Permissible Gap in a Layered Cylindrical Shell ........... 191 

4.14 Evaluation of Vessels Outside of Tolerance....................................................................... 192 
4.14.1 Example E4.14.1 – Shell Tolerances ........................................................................... 192 
4.14.2 Example E4.14.2 – Shell Tolerances and Fatigue Evaluation ..................................... 194 
4.14.3 Example E4.14.3 – Local Thin Area ............................................................................. 200 

4.15 Supports and Attachments ................................................................................................. 203 
4.15.1 Example E4.15.1 – Horizontal Vessel, Zick’s Analysis ................................................ 203 
4.15.2 Example E4.15.2 – Vertical Vessel, Skirt Design ......................................................... 211 

4.16 Flanged Joints .................................................................................................................... 219 
4.16.1 Example E4.16.1 – Integral Type ................................................................................. 219 
4.16.2 Example E4.16.2 – Loose Type ................................................................................... 229 

4.17 Clamped Connections ........................................................................................................ 238 
4.17.1 Example E4.17.1 – Flange and Clamp Design Procedure .......................................... 238 

4.18 Tubesheets in Shell and Tube Heat Exchangers ............................................................... 249 
4.18.1 Example E4.18.1 – U-Tube Tubesheet Integral with Shell and Channel ..................... 249 
4.18.2 Example E4.18.2 – U-Tube Tubesheet Gasketed With Shell and Channel ................. 253 
4.18.3 Example E4.18.3 – U-Tube Tubesheet Gasketed With Shell and Channel ................. 256 
4.18.4 Example E4.18.4 – U-Tube Tubesheet Gasketed With Shell and Integral with Channel, 

Extended as a Flange ................................................................................................... 259 
4.18.5 Example E4.18.5 – Fixed Tubesheet Exchanger, Configuration b, Tubesheet Integral 

with Shell, Extended as a Flange and Gasketed on the Channel Side ........................ 263 

Copyright      2013 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

c

https://www.normsplash.com/ASME/118449233/ASME-PTB-3?src=spdf


PTB-3-2013 

v 

4.18.6 Example E4.18.6 – Fixed Tubesheet Exchanger, Configuration b, Tubesheet Integral 
with Shell, Extended as a Flange and Gasketed on the Channel Side ........................ 275 

4.18.7 Example E4.18.7 – Fixed Tubesheet Exchanger, Configuration a ............................... 288 
4.18.8 Example E4.18.8 – Stationary Tubesheet Gasketed With Shell and Channel; Floating 

Tubesheet Gasketed, Not Extended as a Flange ......................................................... 300 
4.18.9 Example E4.18.9 – Stationary Tubesheet Gasketed With Shell and Channel; Floating 

Tubesheet Integral ........................................................................................................ 308 
4.18.10 Example E4.18.10 – Stationary Tubesheet Gasketed With Shell and Channel; Floating 

Tubesheet Internally Sealed .......................................................................................... 317 
4.19 Bellows Expansion Joints ................................................................................................... 324 

4.19.1 Example E4.19.1 – U-Shaped Un-reinforced Bellows Expansion Joint and Fatigue 
Evaluation ...................................................................................................................... 324 

4.19.2 Example E4.19.2 – Toroidal Bellows Expansion Joint and Fatigue Evaluation ............ 332 

PART 5 ............................................................................................................................................... 338 

5.1 General Requirements ........................................................................................................ 338 
5.2 Protection Against Plastic Collapse .................................................................................... 338 

5.2.1 Example E5.2.1 – Elastic  Stress Analysis ................................................................... 338 
5.2.2 Example E5.2.2 – Limit Load Analysis ......................................................................... 349 
5.2.3 Example E5.2.3 – Elastic-Plastic Analysis.................................................................... 352 

5.3 Protection Against Local Failure ......................................................................................... 356 
5.3.1 Overview ....................................................................................................................... 356 
5.3.2 Example E5.3.2 – Elastic Analysis ............................................................................... 356 
5.3.3 Example E5.3.3 – Elastic-Plastic Analysis.................................................................... 357 

5.4 Example E5.4 – Protection Against Collapse from Buckling .............................................. 361 
5.5 Protection Against Failure from Cyclic Loading .................................................................. 367 

5.5.1 Overview ....................................................................................................................... 367 
5.5.2 Example E5.5.2 – Fatigue Screening ........................................................................... 367 
5.5.3 Example E5.5.3 – Elastic Stress Analysis, and Equivalent Stresses ........................... 369 
5.5.4 Example E5.5.4 – Elastic-Plastic Stress Analysis, and Equivalent Strains .................. 376 
5.5.5 Example E5.5.5 – Elastic Stress Analysis, and Structural Stress ................................ 384 
5.5.6 Example E5.5.6 – Protection Against Ratcheting Using Elastic Stress Analysis ......... 391 
5.5.7 Example E5.5.7 – Protection Against Ratcheting Using Elastic-Plastic Stress Analysis ... 
  ...................................................................................................................................... 396 

PART 6 ............................................................................................................................................... 399 

6.1 Example E6.1 – Postweld Heat Treatment of a Pressure Vessel ...................................... 399 
6.2 Example E6.2 – Out-of-Roundness of a Cylindrical Forged Vessel ................................... 403 

PART 7 ............................................................................................................................................... 405 

7.1 Example E7.1 – NDE Requirements: Vessel with One Examination Group Designation .. 406 
7.2 Example E7.2 – NDE Requirements: Vessel with Two Examination Group Designations 410 

PART 8 ............................................................................................................................................... 419 

8.1 Example E8.1 – Determination of a Hydrostatic Test Pressure ......................................... 419 
8.2 Example E8.2 – Determination of a Pneumatic Test Pressure .......................................... 422 

 

 

Copyright      2013 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

c

https://www.normsplash.com/ASME/118449233/ASME-PTB-3?src=spdf


PTB-3-2013 

vi 

FOREWORD 

This document is the second edition of the ASME Section VIII – Division 2 example problem manual.  
The purpose of this second edition is to update the example problems to keep current with the 
changes incorporated into the 2013 edition of the ASME B&PV Code, Section VIII, Division 2.  The 
example problems included in the first edition of the manual were based on the contents of the 2010 
edition of the B&PV Code.  In 2011, ASME transitioned to a two year publishing cycle for the B&PV 
Code without the release of addenda.  The release of the 2011 addenda to the 2010 edition was the 
last addenda published by ASME and numerous changes to the Code were since adopted. 

Known corrections to design equations and results have also been made in this second edition.  
Additionally, some formatting modifications were made to facilitate better use of the example manual, 
as applicable. 

In 1998 the ASME Boiler and Pressure Vessel Standards Committee authorized a project to rewrite 
the ASME B&PV Code, Section VIII, Division 2.  This decision was made shortly after the design 
margin on specified minimum tensile strength was lowered from 4.0 to 3.5 in Section I and Section 
VIII, Division 1.  ASME saw the need to update Section VIII, Division 2 to incorporate the latest 
technologies and to be more competitive.  In lieu of revising the existing standard, the decision was 
made to perform a clean sheet rewrite.  By doing so it was felt that, not only could the standard be 
modernized with regard to the latest technical advances in pressure vessel construction, but it could 
be structured in a way to make it more user-friendly for both users and the committees that maintain 
it. 

Much new ground was broken in the development of the new Section VIII, Division 2, including the 
process taken to write the new standard.  Traditionally, development of new standards by ASME is 
carried out by volunteers who serve on the different committees responsible for any given standard.  
Depending upon the complexity of the standard, the development of the first drafts may take up to 15 
years to complete based on past history.  The prospect of taking 15 or more years to develop VIII-2 
was unacceptable to ASME and the volunteer leadership.  The decision was made to subcontract the 
development of the draft to the Pressure Vessel Research Council (PVRC) who in turn formed the 
Task Group on Continued Modernization of Codes to oversee the development of the new Section 
VIII, Division 2 Code.  PVRC utilized professionals with both engineering and technical writing 
expertise to develop new technology and the initial drafts of the new Section VIII, Division 2. 

A Steering Committee made up of ASME Subcommittee VIII members was formed to provide 
technical oversight and direction to the development team with the goal of facilitating the eventual 
balloting and approval process.  ASME also retained a Project Manager to manage all the activities 
required to bring this new standard to publication. 

The project began with the development of a detailed table of contents containing every paragraph 
heading that would appear in the new standard and identifying the source for the content that would 
be placed in this paragraph.  In preparing such a detailed table of contents, the lead authors were 
able to quickly identify areas where major development effort was required to produce updated rules.  
A list of some of the new technology produced for VIII-2 rewrite includes: 

 Adoption of a design margin on specified minimum tensile strength of 2.4,  
 Toughness requirements, 
 Design-by-rule for the creep range, 
 Conical transition reinforcement requirements, 
 Opening reinforcement rules, 
 Local strain criteria for design-by-analysis using elastic-plastic analysis, 
 Limit load and plastic collapse analysis for multiple loading conditions, 
 Fatigue design for welded joints based on structural stress method, and 
 Ultrasonic examination in lieu of radiographic examination. 
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Users of the Section VIII, Division 2 Code (manufacturers and owner/operators) were surveyed at the 
beginning of the project to identify enhancements that they felt the industry wanted and would lead to 
increased use of the standard.  Since the initial focus of the Code was for the construction of pressure 
equipment for the chemical and petrochemical industry, the people responsible for specifying 
equipment for this sector were very much interested in seeing that common requirements that are 
routinely found in vessel specifications would become a requirement within this standard.  This was 
accomplished by close participation of the petrochemical industry during the development of this 
standard.  Some of the enhancements included: 

 Alternatives provided for U.S. and Canadian Registered Professional Engineer certification of 
the User Design Specification and Manufacturers Design Report, 

 Consolidation of weld joint details and design requirements, 
 Introduction of a weld joint efficiency and the use of partial radiographic and ultrasonic 

examination, 
 Introduction of the concept of a Maximum Allowable Working Pressure (MAWP) identical to 

VIII-1, 
 Significant upgrade to the design-by-rule and design-by-analysis procedures, 
 Extension of the time-independent range for low chrome alloys used in heavy wall vessels, 
 Extension of fatigue rules to 900°F (400°C) for low-chrome alloys used in heavy wall vessels, 
 Adoption of new examination requirements and simplification of presentation of the rules, 
 User-friendly extensive use of equations, tables, and figures to define rules and procedures, 

and 
 ISO format; logical paragraph numbering system and single column format, 
 Many of these enhancements identified by users were included in the first release of Section 

VIII, Division 2 in 2007. 
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PART 1 

GENERAL REQUIREMENTS 

PART CONTENTS 

1.1 Introduction 

ASME B&PV Code, Section VIII, Division 2 contains mandatory requirements, specific prohibitions, 
and non-mandatory guidance for the design, materials, fabrication, examination, inspection, testing, 
and certification of pressure vessels and their associated pressure relief devices.  The 2007 edition of 
the code has been re-written and reorganized, and incorporates the latest technologies for pressure 
vessel design.  Since this initial release the code has undergone further development in all of its 
Parts, including refinement of its Part 4 design-by-rule procedures and Part 5 design-by-analysis 
methods.  These modifications are captured in this PTB document. 

1.2 Scope 

Example problems illustrating the use of the design-by-rule and design-by-analysis methods in ASME 
B&PV Code, Section VIII, Division 2 are provided in this document.  Example problems are provided 
for all calculation procedures primarily in US Customary units, however select problems are shown 
using SI units. 

1.3 Organization and Use 

An introduction to the example problems is described in Part 2 of this document.  The remaining Parts 
of this document contain the example problems.  The Parts 3, 4, and 5 in this document coincide with 
the Parts 3, 4 and 5 in the ASME B&PV Code, Section VIII, Division 2.  For example, example 
problems illustrating the design-by-rule calculations contained in Part 4 of Section VIII, Division 2 are 
provided in Part 4 of this document.  All paragraph references are to the ASME B&PV Code, Section 
VIII, Division 2, 2013 Edition. [1]. 

The example problems in this manual follow the calculation procedures in ASME B&PV Code, 
Section VIII, Division 2.  It is recommended that users of this manual obtain a copy of ASME PTB-1-
2013 [2] that contains criteria and commentary on the use of the design rules. 

It should be noted that VIII-2 permits the use of API 579-1/ASME FFS-1 [3] for some calculation 
procedures.  When reviewing certain example problems in this manual, it is recommended that users 
obtain a copy of this standard. 

1.4 References 
1. ASME B&PV Code, Section VIII, Division 2, 2013, ASME, New York, New York, 2013. 
2. Osage, D., ASME Section VIII – Division 2 Criteria and Commentary, PTB-1-2013, ASME, New 

York, New York, 2013. 
3. API, API 579-1/ASME FFS-1 2007 Fitness-For-Service, American Petroleum Institute, 

Washington, D.C., 2007. 
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PART 2 

EXAMPLE PROBLEM DESCRIPTIONS 

PART CONTENTS 

2.1 General 

Example problems are provided for the following parts of the document;  

 Part 3 – Materials Requirements  
 Part 4 – Design By Rule Requirements 
 Part 5 – Design By Analysis Requirements 
 Part 6 – Fabrication Requirements 
 Part 7 – Examination Requirements 
 Part 8 – Pressure Testing Requirements 

A summary of the example problems provided is contained in the Table of Contents. 

2.2 Example Problem Format 

In all of the example problems, with the exception of tubesheet design rules in paragraph 4.18, the 
code equations are shown with symbols and with substituted numerical values to fully illustrate the 
use of the code rules.  Because of the complexity of the tubesheet rules, only the results for each 
step in the calculation producer is shown. 

2.3 Calculation Precision 

The calculation precision used in the example problems is intended for demonstration proposes only; 
an intended precision is not implied.  In general, the calculation precision should be equivalent to that 
obtained by computer implementation, rounding of calculations should only be done on the final 
results. 
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