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FOREWORD 

The goal of this publication is to provide background information on the development and scope of the 

elevated temperature design and construction rules in the ASME Boiler and Pressure Vessel Code 

(“BPVC”), Section III Rules for Construction of Nuclear Facility Components, Division 5 High 

Temperature Reactors. Subsection HB, Class A Metallic Pressure Boundary Components, Subpart B 

Elevated Temperature Service, is the primary focus; but additional information is provided for 

Subsection HC, Class B Metallic Pressure Boundary Components, Subsection HG, Class A Metallic 

Core Support Structures, and Code Cases. This information is provided through reference to existing 

background documentation and identification of key references and their relationships to the current 

rules. In other words, this document is an annotated directory of where to find the actual background 

information. 

 

Established in 1880, ASME is a professional not-for-profit organization with more than 100,000 

members promoting the art, science, and practice of mechanical and multidisciplinary engineering and 

allied sciences. ASME develops codes and standards that enhance public safety, and ASME provides 

lifelong learning and technical exchange opportunities benefiting the engineering and technology 

community. Visit www.asme.org for more information. 

 

STLLC is a not-for-profit limited liability company, with ASME as the sole member, formed in 2004 

to carry out work related to new and developing technologies. STLLC’s mission includes meeting the 

needs of industry and government by providing new standards-related products and services, which 

advance the application of emerging and newly commercialized science and technology and provides 

the research and technology development needed to establish and maintain the technical relevance of 

codes and standards. Visit http://asmestllc.org/ for more information. 

 

This is a preview of "ASME NTB-2-2019". Click here to purchase the full version from the ANSI store.

http://www.asme.org/
http://asmestllc.org/
https://webstore.ansi.org/Standards/ASME/ASMENTB2019?source=preview


ASME NTB-2-2019: BACKGROUND INFORMATION FOR ADDRESSING ADEQUACY OR 

OPTIMIZATION OF ASME BPVC SECTION III, DIVISION 5 RULES FOR METALLIC COMPONENTS 

v 

EXECUTIVE SUMMARY 

BPVC Section III Rules for Construction of Nuclear Facility Components, Division 5, High 

Temperature Reactors is structured to provide a central location for all aspects of construction for high 

temperature reactors. In ASME code terminology, “construction” covers all aspects of Materials 

(HBB-2000), Design (HBB-3000), Fabrication and Installation (HBB-4000), Examination 

(HBB-5000), Testing (HBB-6000), Overpressure Protection (HBB-7000), and Nameplates, Stamping 

etc. (HBB-8000). The scope of BPVC Section III, Division 5 covers high temperature gas-cooled 

reactors, liquid metal reactors and molten salt reactors. Although the primary focus of this document 

will be on the design and related material considerations for Class A elevated temperature metallic 

components, the other aspects of BPVC Section III, Division 5 for metallic components will also be 

briefly addressed.  

The rules for metallic components evolved over many years. There were initially a series of code cases 

(“CC”), CC 1331-1 through CC 1331-4; but the first code case that comprehensively addressed all the 

relevant failure modes was CC 1331-5 in 1971. The focus of CC 1331-5 was primarily restricted to 

design. The CC-1331 design series was replaced by the CC 1592-1596 series that were structured in 

traditional code format and cover all aspects of construction, as discussed above. When the nuclear 

code cases were separated from the non-nuclear code cases, the CC 1592 series was converted to the 

CC N-47 series. The CC N-47 series was subsequently converted to BPVC Section III, Subsection NH. 

In 2011, BPVC Section III, Division 5 was issued, but the construction rules for elevated temperature 

nuclear components were covered mostly by reference to Subsection NH and applicable code cases. 

Effective with the 2015 edition of BPVC Section III, the rules in Subsection NH and related code cases 

were transferred to BPVC Section III, Division 5, and Subsection NH was discontinued. 

First reference of interest 

The first reference of interest is the Companion Guide to the ASME Boiler and Pressure Vessel Code 

Volume 1, Fifth Edition (2017), K. R. Rao, Editor, Chapter 17 “Division 5 – High Temperature 

Reactors”, by R. I. Jetter and D. K. Morton [1]. Quoting from the Chapter 17 Introduction: 

This chapter provides information on the scope and need for Division 5, the structure of 

Division 5, where the rules originated, the basis for the elevated temperature rules 

specified in Division 5, the various changes made in finalizing Division 5 and the future 

near term and long term expectations for Division 5 development.  

Chapter 17 of the Companion Guide is based on the 2015 edition of BPVC Section III, Division 5 and 

covers all rules of construction (e.g., materials, design, fabrication and installation, examination, 

testing, overpressure protection, stamping and reports) for high-temperature, gas-cooled reactors, liquid 

metal reactors, and molten salt reactors. Both metallic and nonmetallic (e.g., graphite and composite) 

components are covered. Frequent reference is made to the low-temperature codes (i.e., NB, NC, ND, 

NF, and NG) for those components or portions thereof that operate below the creep range. Chapter 17 

provides an overall discussion of elevated temperature design criteria with sixty-seven additional 

references. It also discusses specific provisions in BPVC Section III, Division 5; however, to facilitate 

the background for specific articles, paragraphs, and subparagraphs of BPVC Section III, Division 5, 

the annotated background information is structured as a cross reference of specific code rules to the 

relevant section where background information is provided in Chapter 17.  

Second reference of interest 

The second reference of interest is the MPC publication Recommended Practices in Elevated 

Temperature Design: A Compendium of Reactor Experiences (1970–1987) Edited by A. K. Dhalla [2]. 

This is a four-volume compendium of experience and lessons learned in the application of elevated 

structural design methods to sodium-cooled, fast breeder reactor components. Each volume has 

multiple individually authored chapters. In addition to inputs from U.S. authors, there was significant 
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input from Germany, France, and Japan. All of the chapters are of general interest, but the main focus 

is not on the background for the design rules themselves, however, there are a number of chapters that 

will be highlighted for their influence on design rule development. Note that the chapters are numbered 

sequentially, chapter numbers in the next volume pick up where the chapter numbers in the preceding 

volume left off. 

Third reference of interest 

The third reference of interest is Criteria for Design of Elevated Temperature Class 1 Components in 

Section III, Division 1, of the ASME Boiler and Pressure Vessel Code, ASME, May 1976 [3]. This is 

the first of the background documents addressing elevated temperature design rules and covers CC 

1331-5 through CC 1331-8 and its successor, the 1974 edition of CC 1592. Quoting from the document 

Introduction: 

This publication first provides a brief discussion of metal behavior when operated at 

elevated temperatures (i.e. in the creep range) under sustained and cyclic loadings. Then 

the relevant structural failure modes are described, and an explanation of the associated 

design rules and limit are provided. Special limits and considerations relative to the design 

procedure are also presented. Throughout this publication, comparisons of elevated 

temperature and low temperature design rules are made.  

The document material had several authors and numerous reviews prior to publication. Some of the 

material presented has been subsequently updated and revised in later revisions of the rules and 

associated background material. There are seventy-three references. 

These three references of interest are discussed in the following sections. 
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1  COMPANION GUIDE TO THE ASME BOILER AND PRESSURE VESSEL 
CODE, VOLUME 1, FIFTH EDITION (2017), K. R. RAO, EDITOR, CHAPTER 17 
“DIVISION 5 – HIGH TEMPERATURE REACTORS”, BY R. I. JETTER AND 
D. K. MORTON [1] 

1.1 Subsection HB Class A Metallic Pressure Boundary Components Subpart B 
Elevated Temperature Service 

 

ARTICLE HBB-1000 

INTRODUCTION 

As briefly mentioned in Section 17.4.4.1, this article addresses the scope and organization of HBB. The 

failure modes addressed in HBB are discussed in Section 17.4.4.3.3. 

ARTICLE HBB-2000  

MATERIALS 

Section 17.4.4.2 highlights the choice of materials, some unique characteristics of 9Cr-1Mo-V (Grade 91) 

steel, aging effects, and the creep-fatigue acceptance test for 304 stainless-steel (“SS”) and 316 SS. 

ARTICLE HBB-3000  

DESIGN 

HBB-3000 Design 

HBB-3100 General Requirements for Design 

HBB-3110 Scope, Acceptability and Loadings 

The need for more specific information on the component loading history as required for the rules of 

Appendix HBB-T is discussed in Section 17.4.4.3.9.6, Design Specifications and Load Histograms. Also 

identified are some of the additional considerations that must be identified in the Design Specification. 

HBB-3138 Elastic Follow-up 

Section 17.4.4.3.9.3, Consideration for Elastic Follow-up, provides a fairly extensive discussion of what 

constitutes elastic follow-up, where it is considered in the current rules, and guidance on how to implement 

that consideration. Also addressed is the background for the provisions for pressure-induced discontinuity 

stresses in the HBB-T-1330 rules for strain limits and the HBB-T-1430 rules for creep-fatigue damage 

evaluation. 

HBB-3200 Design by Analysis 

Some of the critical features of elevated temperature material behavior and how they differ from material 

response below the creep regime are discussed in Section 17.4.4.3.2, Elevated Temperature Material 

Behavior. These critical features apply to both load-controlled and displacement-controlled loading. How 

the limits on loading and material response at elevated temperature were separated into load-controlled and 

displacement-controlled quantities is discussed in Section 17.4.4.3.4, Stress and Strain Categories and 

Controlled Quantities. The load-controlled quantities are covered in HBB-3000 and the displacement-

controlled quantities in HBB Appendix T. Also shown is the flow diagram for elevated temperature 

analysis, Figure HBB-3221-1, that replaces the hopper diagrams used to illustrate the sequential application 

of the design rules below the creep regime. The various regimes of creep behavior are described. 
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