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FOREWORD

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 | 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.

Ij/luch 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 standardsby-ASNIE is
darried out by volunteers who serve on the different committees responsible for any diven stanflard.
Depending upon the complexity of the standard, the development of the first drafts may take up {o 15
years to complete based on past history. The prospect of taking 15 or more yedrs, to develop VIII-2
was unacceptable to ASME and the volunteer leadership. The decision was made to subcontragt the
development of the draft to the Pressure Vessel Research Council (PVRC) whofin 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 VI, Division 2.

A Steering Committee made up of ASME Subcommittee VIII| members was formed to provide technical
gversight and direction to the development team with the goalof facilitating the eventual balloting and
gpproval process. ASME also retained a Project Manager to-manage all the activities required to pring
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 developmeént effort was required to produce updated rules. A list of
qome of the new technology produced for.VIlI-2 rewrite includes:

e  Adoption of a design margin-on specified minimum tensile strength of 2.4,
e  Toughness requirements,

e  Design-by-rule for thescreep range,

e  Conical transition reinforcement requirements,

e  Opening reinforéement rules,

e Local strainycriteria for design-by-analysis using elastic-plastic analysis,

e Limitload and plastic collapse analysis for multiple loading conditions,

o Fatigue design for welded joints based on structural stress method, and

e /Ulirasonic examination in lieu of radiographic examination.

Wsers-of the Section VIII, Division 2 Code (manufacturers and owner/operators) were surveyed gt the
keginning of the project to identify enhancements that they felt the industry wanted and would lepd to
increased Use of the standard. SInce the nitial focus of the Code was Tor 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:

Xi


https://asmenormdoc.com/api2/?name=ASME PTB-1 2014.pdf

Man
Divis

After
tod

information is provided in this document to assist users in using.the*Code. In addition, the Criteria and

Com

PTB-1-2014

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

e  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,

e  Significant upgrade to the design-by-rule and design-by-analysis procedures,

e Extension of the time-independent range for low chrome alloys used in heavy wall vessels,
e Extension of fatigue rules to 900°F (400°C) for low-chrome alloys used in heavy wall vesselq,
e  Adoption of new examination requirements and simplification of presentation of the rules,

o User-friendly extensive use of equations, tables, and figures to define rules and)procedures,
and

e ISO format; logical paragraph numbering system and single column format,

of these enhancements identified by users were included in the first“rélease of Section VI|,
on 2 in 2007.

publication of Section VIII, Division 2, ASME contracted with theEquity Engineering Group, Ing.
pvelop the ASME Section VIII, Division 2 Criteria and Commentary. Valuable backgroun

T

mentary also ensures that the technology introduced inta.the Code is properly documented.
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ORGANIZATION AND USE

The 2009 Edition of the ASME B&PV Code, Section VIII, Division 2 Criteria and Commentary, covers
the 2007 Edition of Section VI, Division 2 including the 2008 and 2009 Addenda. In addition, some of
the changes planned for the 2010 Edition of the Code are also included. This document will be updated
as required to keep pace with future developments in Section VIII, Division 2.

In the ASME B&PV Code, Section VIII, Division 2 Criteria and Commentary, a complete description of
the Code is provided including technical background, an overview of many new features, and where
significant differences now exist between the new and old Section VIII, Division 2. In this document,
the dditions of the ASME B&PV Section VIII Codes are identified as follows:

e VIII-1 — Section VIII, Division 1, 2007 Edition
e VIII-2 — Section VIII, Division 2, 2007 Edition
e Old VIII-2 — Section VI, Division 2, 2004 Edition, 2006 Addenda
e VIII-3 — Section VIII, Division 3, 2007 Edition

The paragraph numbering in the Criteria and Commentary matches that of VIII-2 . Figure and table
are rjlumbered consecutively within each part of this document. If the figure or¢table is from VIII-2, the
the VIII-2 figure or table number is provided in parenthesis. Rules for referencing paragraphs, table
and figures are described below.

" £ v 1

e References to paragraphs, tables and figures within the Cfiteria and Commentary are mad
directly. For example, a reference to paragraph 4.2 in this'"document would be designated a
paragraph 4.2, a reference to Figure 5-20 in this document would be designated as Figur
5-20.

e References to paragraphs, tables and figures in"WVill-2 are preceded by the applicable sectio
number. For example, a reference to paragraph 4.2 in Part 4 of VIII-2 would be designate
in this document as Section 4, paragraph.2, a reference to Table 3.4 in Part 3 of VIII-
would be designated as Section 3, Figure 3.4, and a reference to Figure 5-205.20 of Part
of VIII-2 would be designated Section.5) Figure 5-20.

o References to paragraphs, tablescand figures in VIII-1, Old VIII-2, or VIII-2 are preceded b
this code designation. For example, a reference to paragraph UW-26(d) in VIII-1 would b
designated in this documentasVIlI-1, UW-26(d), a reference to Table UW-12 or VIII-1 woul
be designated as VIII-1, Table UW-12, and a reference to Figure UW-13.1 of VIII-1 would b
designated VIII-1, Figute UW-13.1.

o References to other sections of the ASME B&PV Code are made directly. For example a
reference to the-ASME B&PC Code, Section Il, Part D would be designated as Section Il
Part D, and acreference to Article 23 of Section V would be designated as Section V, Articl
23.

The {erm Section VHI"Committee used in this document refers to the Section VIl Standards Committe
of the¢ ASME B&PV Code.

orro— o

T o<

1”4

D

Anngx A _ef.this document includes the original criteria document for Section VIII, Division 2 entitled
Criter/a of the ASME BOIIer and Pressure Vessel Code for DeSIQn by Ana/ysrs in Sect/ons Il and VI
Divisio
Progress Volume One AnalySIs ASME, New York, N.Y., 1972 pages 61-83. This reference is
provided because some of the original criteria in Old VIII-2 have been kept in the development of VIII-
2.

Xiv
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GENERAL REQUIREMENTS

1.1 General

1.1.1

Introduction

Section 1 contains general type requirements addressing the following subjects:

Paragraph 1.1 — General; Introduction; Organization of the standard

O30 Q)

1.2 Organization

'he requirements of VIII-2, are contained in the nine_Séctions listed below. Each of these Seq
nd related Annexes is composed of paragraphs that are identified by an alphanumeric numb

Paragraph 1.2 — Scope

Paragraph 1.3 — Reference Standards
Paragraph 1.4 — Units of Measurement
Paragraph 1.5 — Tolerances
Paragraph 1.6 — Technical Inquiries
Paragraph 1.7 — Tables

Annex 1-A — Deleted

Annex 1-B — Definitions

Annex 1-C — Guidance for the Use of US Customary and Sl Upits'in the ASME Boiler and Preg
Vessel Codes

sure

tions
ering

ystem in accordance with the ISO Standard-Template for the Preparation of Normative{Type
Documents. References to paragraphs are made’directly by reference to the paragraph number] For
xample, the Scope is referenced as paragraph 1.2.
3d) Section 1 — General Requirements;-provides the scope of VIII-2 and establishes the extgnt of
coverage.
) Section 2 — Responsibilitiess and Duties: sets forth the responsibilities of the user| and
Manufacturer, and the duties of the Inspector.
¢) Section 3 — Material Requirements: provides the permissible materials of construction, appli¢able
material specifications, and special requirements, physical properties, allowable stresses) and
design fatigue curves.
d) Section 4 =.Design By Rule Requirements: provides requirements for design of vesselg and
components-using rules.
g) Section®b — Design By Analysis Requirements: provides requirements for design of vesselg and
components using analytical methods.
f Section 6 — Fabrication Requirements: provides requirements governing the fabrication of vegsels
and parts of vessels
g) Section 7 — Examination and Inspection Requirements: provides requirements governing the
examination and inspection of vessels and parts of vessels.
h) Section 8 — Pressure Testing Requirements: provides pressure testing requirements for fabricated

vessels.

Section 9 — Pressure Vessel Overpressure Protection: provides rules for pressure relief devices.

The organization within each section is as follows:

a)

Rules and requirements organized in paragraphs using the ISO numbering system
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b) Nomenclature

c) Tables

d) Figures

e) Normative Annexes (mandatory)

f)  Informative Annexes (non-mandatory)

Mandatory and non-mandatory requirements are provided as normative and informative annexes,

subjects not covered elsewhere in this Division and their requirements are mandatory when the subjeqt
N

ike all of the other ASME BPV Standards, VIII-2 has been published in single column format, which
facilifates use of the standard in electronic form, since its initial release in 2007. Ad{detailed Table gf
Contents precedes each Part, and each is numbered independently of each other«

1.1.3 Definitions

The gefinitions for the terminology are provided in Annex 1-B.

1.2 | Scope

1.2.1 Overview

Part {1, paragraph 1.2 defines the scope of coverage for Vili=2. The term scope refers to both the typ
of pressure equipment being considered in the development of these rules, as well as the geometri
scopg of the vessel that is stamped with the Certification Mark and U2 Designator as meeting VIII-2.

LN

In agcordance with Part 1, paragraph 1.2.1.1,\pressure vessels are defined as containers for th
containment of pressure, internal or external\This pressure may be obtained from any external sourc,
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sectipn of VIII-1. In the followingparagraphs, a discussion of requirements is provided only where
significant difference existsrbetween VIII-2 and the scope definition from VIII-1, or where a majo
chanjge was made from QldyVI1II-2.

=

With|regard to pressure vessels installed in non-stationary applications, Part 1, paragraph 1.2.1.2.
now permits stamping with the Certification Mark and U2 Designator of VIII-2 vessels installed on moto
vehigles and railway cars. This particular application was prohibited in the OId VIII-2. Construction an
stamfping with-the Certification Mark and U2 Designator of VIII-2 vessels in non-stationary application
requifres a-prior written agreement with the local jurisdictional authority covering operation ang
maintenahce control for a specific service. This operation and maintenance control must be retaineg
durinig e ife of the pre e vessel b he er in conformance with the e i

Specification.

L2 =

Part 1, paragraph 1.2.1.2.e defines pressure vessels in which steam is generated but which are not
classified as Unfired Steam Boilers that require construction in accordance with the rules of Section |
or VIII-1. A third category for a vessel that generates steam that may be constructed to VIII-2 was
added, paragraph 1.2.1.2.e.3: vessels in which steam is generated but not withdrawn for external use.

One significant difference between VIII-2 and the Old VIII-2 is special service vessels such as those in

lethal service. In Old VIII-2, paragraph AG-301.1(c), the user and/or his designated agent had to define
in the UDS if a vessel was intended for lethal service. If lethal service was specified, then additional

2
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technical requirements (e.g. enhanced NDE, restrictions on material, etc.) were imposed on this vessel.

In VIII-2, additional requirements are not specified for lethal service or any other special se

rvice

condition. The rationale behind this change is that the user and/or his designated agent are responsible
to describe in the UDS (see Part 2, paragraph 2.2.2), the intended operation of the vessel, and if a
vessel is intended for a service that is dangerous to life and property, then the user should specify any
additional requirements to mitigate the risks. Just as it has been the rule in ASME that it's standards
would not define when a vessel is in lethal service, what additional requirements would be appropriate

for any given vessel are best defined by the user, and not by the Committee.

1.2.2 Additional Requirements for Very High Pressure Vessels

The rules of VIII-2 do not specify a limitation on pressure but are not all-inclusive for all, typ
dgonstruction. For very high pressures, additions to these rules may be required to meetthe'd
principles and construction practices essential to vessels for such pressures. However, only i
gvent that, after application of additional design principles and construction practices, the vesse
q
g
i

n alternative to VIII-2, it is recommended that VIII-3 be considered for the capstruction of ve
htended for operating pressures exceeding 68.95 MPa (10,000 psi).

1.2.3 Geometric Scope of This Division

'he geometric scope of VIII-2 is intended to include only the vessel and integral communig
hambers, and the boundaries set forth are the same as presentéd in the Introduction chapter of
The vessel’'s scope is defined considering: the attachment of external piping, other vesse
nechanical device; nonpressure parts welded directly tosthe vessel’'s pressure retaining sur
ressure retaining covers and their fasteners; and the first\sealing surface of connections, fittin
omponents that are designed to rules that are not provided in VIII-2.

O O

1.2.4 Classifications Outside the Scope of this Division

bimilar to the Introduction chapter of VIII-1, the.description of pressure equipment covered by the s
f VIII-2 is handled by listing the type of equipment that is not covered under the scope of the stan
However, there is one significant difference’between VIII-1 and VIII-2 in this regard. Both stang
vill allow a pressure vessel that is othefwise outside the scope of the standard to be stamped wit
Certification Mark and appropriate U-Designator so long as all of the applicable requirements g
tandard are satisfied. In VIlI-1.this includes vessels that are otherwise covered under the sco
nother standard. However, iniRart 1, paragraph 1.2.4.2, if a pressure vessel is included in the §
f another ASME code sectionthen it may not be constructed and stamped with the Certification
nd U2 Designator. The-rationale for this has to do with the fact that the rules in any ASME star
re developed by experts‘in a particular field or type of equipment. In the case of VIII-2, experts i
elds of design, fabrication, inspection and testing of pressure vessels developed the rules in
tandard. For example, the developers of VIII-2 were not experts in the construction of power bg
nus it was deémed inappropriate to allow a power boiler to be certified to VIII-2 even if it did cq
vith all of its'rules.

= ~ (0 —h 0y ) 0O 0 (N <= T O N

essels\that are not included in the scope of VIII-2 are shown below. Again with the excepti
ubparagraph a), below, all of the remainder of the use exempted vessels may be constructed

omplies with all of the requirements of the Code, may it be stamped with the Certification Mark.
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tamped with the Certification Mark and U2 Designator if all of the applicable requirements are

met.

But similar to VIII-1, the Local Jurisdictional Authority at the location of an installation of a vessel

establishes the mandatory applicability of the Code rules.

a) Vessels within the scope of other ASME BPV Code Sections but not other design Codes (e.g
13445, BSI PD-5500, etc.).

b) Fired process tubular heaters as defined in API RP 560.

. EN

c) Pressure containers that are integral parts or components of rotating or reciprocating mechanical

devices.

d) Structures consisting of piping components whose primary function are the transport of fluids

from
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one location to another within a system.

e) Pressure containing parts of components, such as strainers and devices that serve such purposes
as mixing, separating, snubbing, distributing or controlling flow, provided that pressure containing
parts of such components are generally recognizes piping components or accessories.

f) A vessel for containing water under pressure where the design pressure does not exceed 2.07
MPa (300 psi) and the design temperature does not exceed 99°C (210 °F).

g) A hot water supply storage tank heated by steam or any other indirect means, and the heat input
does not exceed 58.6 kW, the water temperature does not exceed 99°C (210 °F), and the nominal
water containing capacity does not exceed 454 |

h) [Vessels with an internal or external design pressure not exceeding 103 KPa (15 psi).

O

i) [Vessels with an inside diameter, height or cross-section diagonal not exceeding the 150]mm (
n).

j)  [Pressure vessels used for human occupancy.
1.2.5 Combination Units

Wheh a pressure vessel unit consists of more than one independent pressure thamber, only the part$
of cHambers that come within the scope of this Division need be constructed in compliance with it§
provisions (see Section 4, paragraph 4.1.8).

1.2.4 Field Assembly of Vessels

The fules for field assembly of vessels are given in Part 1, patagraph 1.2.6, and they are essentially
unchianged from the rules that were published in the Old VIi=2.

1.2.7 Pressure Relief Devices

The |scope of this Division includes provisions for pressure relief devices necessary to satisfy the
requirements of Section 9.

1.3 | Standards Referenced by This Division

A compiled list of reference Standards ‘is given in Part 1, Table 1.1. Similar to VIII-1, any referencg
standlard that is considered a safety standard must be referenced with a specific year of acceptance.
Only|the year Edition listed in this table for any of these reference Standards may be used for VIII-2
construction.

O

1.4 | Units of Measurement

Part [, paragraph1:4 addresses units of measurement for the construction of pressure vessels to VI
2. US. Customary, International Systems of Units, i.e. Sl units, or any local customary units may b

1%

on these documents parenthetlcally

1.5 Tolerances

The ASME Staff Director of Pressure Technology Codes and Standards has made clear that the
Forewords found in the BPV Codes are not part of the Code. Accordingly, action was taken to move
those portions of the present Forewords of the BPV Codes which are perceived to contain mandatory
and enforceable language into an appropriate location in their respective Book Sections. It was the
Committee’s decision that a dedicated paragraph was needed in view of the broader range of
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applicability in which that these paragraphs may apply. Therefore, the section of the VIII-2 Foreword
that addressed tolerances was relocated to Part 1, paragraph 1.5.

1.6 Technical Inquires

A procedure for submittal of Technical Inquires to the ASME Boiler and Pressure Vessel Code
Committee is contained in the Front Matter of VIII-2 Annex 1.

1.7 Annexes

ne annexes 1or section 1 are provided as 10lIOWS:

Annex 1-A: Submittal of Technical Inquiries to the Boiler and Pressure Vessel Standards Committee —
DELETED

This annex titled, Submittal of Technical Inquiries to the Boiler and Pressure, Vessel Standards
Committee was removed from Part 1 and relocated to the Front Matter of VIII-2:) This section qgf the
Front Matter Annex 1-contains the mandatory rules for submittal of technical inquiries to the ASME
Boiler and Pressure Vessel Code Committee. Inquiries as used per this section ¢an represent reqliests
f
i
€
i

br code revisions, requests for code cases, or for interpretations of existing code rules. Explicit
ipstructions are provided in this section for the submittal of these inquiries, and the code uger is
ncouraged to follow these rules to ensure prompt consideration by-the committee of the subnjitted

ihquiry.

Annex 1-B: Definitions

Annex 1-B contains mandatory definitions of terms generally used in VIII-2. It was not intended that all
definitions for the standard be placed in this Annex;~definitions relating to specific applications are
placed in the appropriate parts of the standard.

Annex 1-C: Guidance for the Use of US Custotmary and S| Units in the ASME Boiler and Pres$sure
Vessel Codes

Annex 1-C contains non-mandatory guidance on the use of different units for the constructipn of
pressure equipment. For the convenjence of the code user, typical conversion factors are proyided
hetween U.S. customary and Sl units:
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2 RESPONSIBILITIES AND DUTIES

2.1 General

The responsibilities and duties of the User, Manufacturer, and Authorized Inspector have been
consolidated in Section 2. The most significant change in this area has to do with Registered
Professional Engineer (RPE) certification of the Manufacturers Design Report (MDR) and the User’s
Design Specification (UDS). An alternative to RPE certification is provided which will facilitate the use
of VIII-2 outside of North America. The other significant change concerns the information that must be
provided in the UDS and the Manufacturer’s construction records.

Sectjon 2 covers the following subjects:

e |Paragraph 2.1 — General; Introduction; Definitions, Code References

e |Paragraph 2.2 — User Responsibilities

e [Paragraph 2.3 — Manufacturer's Responsibilities

e [Paragraph 2.4 — The Inspector

e Annex 2-A — Guide for Certifying a User’s Design Specification (UDS)

¢ JAnnex 2-B — Guide for Certifying a Manufacturer’s Design Report (MDR)

e |Annex 2-C — Report Forms and Maintenance of Records

¢ |Annex 2-D — Guide for Preparing Manufacturer’s Data Reports

e Annex 2-E — Quality Control System

e Annex 2-F — Contents and Method of Stamping

e |Annex 2-G — Obtaining and Using Code Stamps

e Annex 2-H — Guide To Information Appearing on the Certificate of Authorization
¢ JAnnex 2-| — Establishing Governing Code Editions and Cases for Pressure Vessels and Parts

2.2 | User Responsibilities

The pser or his designated agent is required to provide a certified Users Design Specification (UDS
for €ach pressure vessel to be construeted in accordance with VIII-2. The user must specify th
effegtive Code edition and Addenda'to be used for construction, which shall be the Code edition an
Addgnda in effect when the contract-for the vessel is signed by the user and the Manufacturer.

L= =y s —g

Unlide OId VIII-2, the list of(ihfermation required to be given in the UDS in Part 2, paragraph 2.2.2 i
very extensive and compléeté. This was one area where both the code users as well as the Section VI
Compmittee felt that mare clearly defining the requirements of the UDS would help improve consistenc
in the specificationand ordering of pressure vessels. Hopefully the size of a typical user compan

~ NS N = U

a) [Installation site — identify location, Jurisdictional authority, and environmental conditions such a$
indnearthquake and snow loads, and the lowest one-day mean temperature for this location.

where specific properties are needed for design.

c) Vessel configuration and controlling dimensions — provide outline drawings, vessel orientation,
openings, connections, closures including quantity, type and size, the principal component
dimensions, and the support method.

d) Design conditions — specified design pressure (see paragraph 4.1.5.2.a) and design temperature,
minimum design metal temperature (MDMT), dead loads, live loads and other loads required to
perform load case combinations. Note that the specified design pressure is the design pressure
required at the top of the vessel and its operating position.
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e) Operating conditions — operating pressure and temperature, fluid transients and flow and sufficient
properties for determination of steady-state and transient thermal gradients across vessel
sections. Operating conditions are used to satisfy certain acceptance criteria limits when
performing a design by analysis per Section 5.

f)  Design fatigue life — When a vessel is designed for cyclic conditions, the number of design cycles

per year and the required vessel design life in years shall be stated. This is a new requirement
that was not required in the Old VIII-2. Note that this information is not required to be recorded on
either the Manufacturer’'s Data Report or the nameplate stamping, but shall be recorded in the
Manufacturer's Design Report and The User's Design Specification. This is required
documentation for operational monitoring and future remaining life evaluations of such pressure

[{a)
~

The certification process for the UDS is described in Annex-2~A.

2.3 Manufacturer’s Responsibilities

vessels.

Materials of Construction — specification of materials of construction, corrosion and/or ergsion
allowance.

Loads and loads cases — the user shall specify all expected loads and load casé/combinations as
listed in Part 4, paragraph 4.1.5.3.

Overpressure protection — describe the type of overpressure protection system. The system|shall
meet the requirements of Section 9.

Additional Requirements — Part 2, paragraph 2.2.2.2 lists additional requirements that mgy be
appropriate to be described in the UDS for the intended vessel service such as, addifional
requirements for NDE, heat treatments, type of weld joints, @nd information concerning ergction
loadings, etc.

2.3.1 Code Compliance

'he manufacturer is responsible for the stru¢tural and pressure retaining integrity of a vessel or p3
information provided in the UDS. The:Manufacturer completing any vessel or part marked wit

f VIII-2 and, through proper certification, to ensure that any work by others also complies wit
equirements of VIII-2.

2.3.2 Materials Selection

\When generic materjal types (i.e. carbon steel or Type 304 Stainless Steel) are specified
anufacturer is required to select the appropriate material from Section 3, while considering inform
rovided by théwser in the UDS. Any material substitutions by the Manufacturer are subject to app|
f the User:

.3.3 «..Manufacturer’s Design Report

:
€
i
Certification Mark with the U2 Designator is also fully responsible for compliance with the requirements
q
M

rtas

stablished by conformance with the réquirements of the rules of VIII-2 in conjunction with the

n the

N the

the
ation
roval

he-Manufacturer is responsible to provide a Manufacturer’s Design Report (MDR) which must in

as well as the certification. However, the Manufacturer is responsible that the MDR address all of the
items specified in the UDS, and that the certification of the design report complies with the requirements

given in Annex 2-B.

Similar to the UDS, VIII-2 now provides a detailed list of information that must be included in the MDR

in Part 2, paragraph 2.3.3.1. A sample of what is required in the MDR is:

a) Final & as-built drawings
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b) Actual material specifications used for each component

c) Calculations (design by rule) including all intermediate steps

d) The name and version of computer software (for design-by-rule), as applicable

e) When design-by-analysis is employed, the name and version of the computer software used

f)  Extensive details of the finite element model (e.g. model geometry, loading conditions, boundary
conditions, material models used, type of numerical analysis, copies of all significant graphical
results, validation of the FEA model, analysis of results, electronic storage of results)

g) esults of fm‘ignn nnnlyQiQ

The gertification process for the MDR is described in Annex 2-B.

2.3.4 Manufacturer’s Data Report

The Manufacturer is required to certify compliance to the requirements of this Division by'the completion
of the appropriate Manufacturer's Data Report as described in Annex 2-C and Annex2-D.

2.3.5 Manufacturer’'s Construction Records

The Manufacturer must maintain a file for three years after the vesselchas been marked with th
Certification Mark with the U2 Designator, containing certified copi€s” of the UDS, MDR, angd
Mandifacturers Data Report, as well as other construction records such(as:

1%

a) [Tabulated list of all the material used for fabrication with copies of Material Test Reports (MTR's];
b) List of any subcontracted services or parts;

c) [Copies of welding procedure specifications and progedure qualification records as well as welde
qualification test results;

=

d) [Records of all heat treatments and PWHT perfermed;

e) [Results of all production test plates

f)  [Copies of all non-conformance reports¢including resolution;

g) [Charts or other records as required-for the hydrostatic, pneumatic or other tests.

h) [Dimensional drawings of the as'built condition.

This type of file is often requested by the user of the vessel. However, having this information availabl¢
for alminimum of three yeats jalso means that it will also be available to ASME Team Leaders whem
they jare conducting their triennial audits of the Manufacturers (Certificate Holders).

2.3. Quality Control System

The Manufacturer-is required to have and maintain a Quality Control System in accordance with Anne
2-E.

~

2.3.7 ~Certification of Subcontracted Services

Manufacturers may subcontract certain fabrication activities such as forming, nondestructive
examination, heat treating, etc., so long as their Quality Control System describes the manner in which
they control and accept responsibility for the subcontracted work.

Manufacturers may subcontract welding to other companies, but these companies must hold a valid
U2 Certificate of Authorization. Alternatively, the Manufacturer may temporarily engage individuals by
contract for welding, so long as the welding activity takes place at the shop or site location shown on
the Manufacturer’s Certificate of Authorization. This provision is similar to VIlI-1, paragraph UW-26(d).
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2.3.8 Inspection and Examination

The Manufacturer’s responsibility for inspection and examination is summarized in Annex 7-A.

2.3.9 Application of Certification Mark

Vessels or parts shall be stamped in accordance with the requirements in Annex 2-F. The procedure
to obtain and use a Certification Mark is described in Annex 2-G.

2.4 The Inspector

ection 2, paragraph 2.4 addresses the Authorized Inspector, who may employ them, |their
ualifications and their duties. The requirements given in this paragraph and Annex 7-A.3.1 are
ssentially identical to that given in all other ASME BPV Code sections. The term “Inspector” as jused
in this Division always means the Authorized Inspector.

pecial note should be made of the Inspector's duties related to the vessel design.assaddressed in Part
, paragraph 2.4.3.2. Similar to the Old VIII-2, the Inspector is not responsible for Verifying the accyracy
f the design calculations, but instead to verify that the required calculationstahd analyses have peen
erformed and are available for review. This was routinely handled by cenfirming that a duly certified
Nanufacturer’s Design Report was on the file for the vessel constriieted and stamped to \llI-2.
lowever, VIII-2 introduced an additional requirement for the Authorized\nspector in that they also jhave
b verify that all of the requirements specified in the UDS have beén addressed in the Manufactdrer’s
Design Report. This can be a significant audit activity depending on the complexity of the vessel being
onstructed.

o —+ T

Annex 2-A: Guide for Certifying a User’s Design Specification

2-A.1__ General
any VIII-2 Manufacturers outside of North America have often found the need for the User's Dgsign
$pecification (UDS) and Manufacturer's Design Report (MDR) to be certified by a Regisjered
rofessional Engineer (RPE) to be an onerous requirement because the RPE had to be registerged in
gne of the states of the United States or provinces of Canada. Limited availability of RPEs outsife of
orth America often affected a User’s cor Manufacturer's decision to use VIII-2 because of potDFntial

delays in the construction schedule.(For this reason, providing an alternative to the RPE for certifigation
gf the UDS and MDR was a major-goal in the development of VIII-2. Another new addition is thaf one
gr more RPE’s or qualified individuals may certify the UDS.

Certification of the UDS_and MDR for VIII-2 construction has always been considered a necesgsary
gdditional quality requirement to justify the lower design margins used in the design of the vessels. In
the United States and-Canada, the laws governing engineering work generally recognize and ag¢cept
ork performed by:an RPE in terms of meeting technical competency standards and professional code
gf ethics standards. Similar laws governing engineering work exist in other countries such as Japan,
K, France, (India, New Zealand, South Africa, etc. However, there are many countries where|laws
governing‘engineering work are weak or non-existent. Therefore, the development of an alternative to
the RPEWas a difficult task, and the rules presently given in Annexes 2-A and 2-B will likely need fo be
gontinually monitored and updated.

- . o > . > o ofd ~ =To Jll’ed
qualifications to perform engineering work in the country where they will perform the work. The use of
the term Engineer below and in VIII-2 refers to an individual who has the requisite technical knowledge
and legal stature to perform engineering work, including certification, in the location where they perform
the work.

2-A.2 _ Certification of the User’s Design Specification

Part 2, paragraph 2-A.2.1 states that one or a combination of methods shown below shall be used to
certify the User’s Design specification.
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a) One or more Professional Engineers, registered in one or more of the states of the United States
of America or the provinces of Canada and experienced in pressure vessel design, shall certify
that the User’s Design Specification meets the requirements in Part 2, paragraph 2.2.2, and shall
apply the Professional Engineer seal in accordance with the required procedures. In addition, the
Registered Professional Engineer(s) shall prepare a statement to be affixed to the document
attesting to compliance with the applicable requirements of the Code, see Part 2, paragraph 2-
A.2.5. This Professional Engineer shall be other than the Professional Engineer who certifies the
Manufacturer’s Design Report, although both may be employed by or affiliated with the same
organization.

design conditions shall certify that the User’s Design Specification meets the requirements in Ra
P, paragraph 2.2.2. Such certification requires the signature(s) of one or more Engineers wit
equisite technical and legal stature, and jurisdictional authority needed for such a documént.” On
or more individuals shall sign the documentation based on information they reviewed, and th
nowledge and belief that the objectives of VIII-2 have been satisfied. In addition, these individual
shall prepare a statement to be affixed to the document attesting to compliance with'the applicabl
equirements of the Code, see Part 2, paragraph 2-.A.2.5.

LY "Z " 2N~ ¥ » e

, paragraph 2-A.2.2 states that any Engineer that signs and certifies a User’s Design Specification

A Registered Professional Engineer who is registered in one or moté ‘of the states of the United
States of America or the provinces of Canada and experienced.in{pressure vessel design.

An Engineer experienced in pressure vessel design that meets all required qualifications tp
perform engineering work and any supplemental requirements stipulated by the Owner-User. Th
ngineer shall identify the location under which he_'has received the authority to perform
engineering work.

W

An Engineer experienced in pressure vessel design who meets all required qualifications tp
perform engineering work and any supplemental requirements stipulated by the user. The
ngineer shall be registered in the International Register of Professional Engineers of thé¢
ngineers Mobility Forum.

Note|that subparagraph c) was added to fagilitate international use of VIII-2.

Part P, paragraph 2-A.2.3 stipulates,that the Engineer certifying the User’s Design Specification sha|l
comply with the requirements ofSthe location to practice engineering where that Specification i$
prepgred unless the jurisdiction-where the vessel will be installed has different or additional certificatio
requjrements.

=}

Part [2, paragraph 2-A 2:4-states that when more than one Engineer certifies and signs the User’
Design Specification.the” area of expertise shall be noted next to their signature under areas ¢
responsibilities (e.g4~design, metallurgy, pressure relief, fabrication, etc.). In addition, one of th
Engineers signing the User’s Design Specification shall certify that all elements required by VIII-2 ar
incluged in the Specification.

D &

Certification of the UDS is accomplished using the Certification of Compliance form as provided ip
Anngx'2=A, Table 2-A.1.

Annex 2-B: Guide for Certifying a Manufacturer’s Design Report

Annex 2-B contains similar certification requirements for the Manufacturer’s Design Report (MDR). The
only significant difference between the certification of the UDS and the MDR is the requirement that the
Authorized Inspector verify that all of the items listed in the UDS are addressed in the MDR, and to
certify to this on the Certificate of Compliance form.

Efforts are underway in Section VIII to explore additional alternatives to the RPE, including recognition
of Engineers registered with the International Engineering Alliance (http://www.ieagreements.com/).

10
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No matter how many different options are given for certification of the UDS and MDR, ultimately the
user will be held responsible for the content of the UDS, and the Manufacturer will be held responsible
for the content of the MDR. As stated earlier, the certifications of the UDS and MDR are considered
an additional quality check. It is believed that by clearly listing the responsibilities and duties of the
engineers who prepare the UDS and MDR, and requiring the certification of their work on a Certificate
of Compliance form will raise the level of importance associated with their work and associated
liabilities, and motivate them to carry out their work to the highest quality standards expected by their
profession, and to only certify the work if it fully complies with the ASME BPV Code.

Certification of the MDR is accomplished using Certification of Compliance form as provided in Annex
B Tabte2=B~1-

A summary of the certification requirements for the UDS and MDR is provided below.

3d) Both the RPE and/or Engineer must have the requisite experience in pressure vessel design and
working knowledge of VIII-2.

B) When an RPE certifies the UDS, this same individual cannot certify the MDR; however the RPE’s
certifying the UDS and MDR may be employed by the same company. Note that this restrictjon is
not applied to the alternative use of an Engineer, see Part 2, paragraphs:2-A.2.1(b) and 2-B.2]1(b).

¢) More than one RPE or Engineer may certify the UDS or MDR whendifferent skills are required.

d) The engineer that certifies the UDS and MDR (RPE or Engineer) must meet the legal requirenjents
governing engineering work at the location where he works/KHowever, even when the RPE apd/or
Engineer meets these legal requirements to perform engineering work, the Jurisdiction wherg the
vessel will be installed may invoke other requirements ¢concerning who may certify the UDS apd/or
MDR; see Part 2, paragraphs 2-A.2.3 and 2-B.2.3.

@) The VIII-2 does not address verification of the qualifications of either the RPE and/or Enginepr as
to meeting the legal requirements governing engineering work at the location where they work.

Annex 2-C: Report Forms and Maintenance of Records

Annex 2-C contains the requirements fon the completion of the Manufacturer’s Data Report, anf the
naintenance of records. One change from OlId VIII-2 concerns the length of time that a Manufagturer
nust keep a copy of the data report on file. If the Manufacturer chose not to register the data rgport
vith the National Board of Boiler and Pressure Vessel Inspectors, the Manufacturer was requirgd to
eep a copy on file for 10 yearS:in Old VIII-2. This length of time was reduced to three years in \{llI-2.
Lopies of the Manufacturer's.-Data Report along with guidelines for filling them out are given in Annex
-D.

| N T W il i S S

Annex 2-D: Guide for\Preparing Manufacturer’s Data Reports

The instructiopsNin Annex 2-D provide general guidance to the Manufacturer in preparing the
Manufacturer’s,Data Reports. The data reports have been modified to meet the new requirements in
I11-2 discussed herein.

Annex=2-E: Quality Control System

Qther than minor editorial revisions and formatting, the requirements in Annex 2-E are identical to those
published in Appendix 18 of the Old VIII-2.

Annex 2-F: Contents and Method of Stamping

The Certification Mark with the U2 Designator is used to certify compliance to this Division. Additional
changes to marking requirements include the use of the term MAWP (Maximum Allowable Working
Pressure) in place of design pressure to mark pressure on the nameplate. Also added was the need
to identify the type of construction (F-Forged, W-Welded, HT-Heat Treated, WL-Welded Layered) on
the nameplate.
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Rules governing the application of markings as given in Annex 2-F, paragraph 2-F.5.a are consistent
with those given in VIII-1, but do differ from what was published in Old VIII-2, AS-130. For example 2-
F.5 now addresses minimum nameplate thickness, location of nameplate, restrictions governing
welding of nameplates, as well as restrictions governing the stamping of markings directly on the vessel.

Annex 2-G: Obtaining and Using Code Stamps

Annex 2-G contains the rules for obtaining and using code stamps that were previously published in
Old VIII-2, Article S-2.

Annex 2-H: Guide to Information Appearing on the Certificate of Authorization

=

Informative Annex 2-H is a guide to the information appearing on a Certificate of Authorization.n Fo
exanpiple, a manufacturer applying for a Certification Mark with U2 Designator may request permissio
to construct vessels at a shop location only, or more commonly at a shop location and field site,'etc. In
all there are nine scope combinations available for the Certification Mark with U2 Designator.

=

Anngx 2-1: Establishing Governing Code Editions and Cases for Pressure Vessels and Parts

Anngx 2-1 was developed to help clarify the statements made in the Foreward\of the Code whic
estalllishes the applicable Code Edition for new construction and parts. Intefpretation VIII-77-49 ha
long Jprovided guidance for vessels "contracted for" prior to the Code Edition¢and Addenda in effect g
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to egtablish a policy for the effective Code Edition for an item)to be stamped with the ASME Cod
Certification Mark and applicable Designator. The incorporation of this annex followed thereafter.

As shown in Annex 2-I, paragraph 2-1.1.a, the wording:tegarding when revisions to the Code becom
manglatory and when Code Cases may be used.isyin general the same as that presently in th
Forevord. However, new rules regarding the use-of Code Cases are also introduced. They requir
the use of the latest revision of the Code Casejwhen selected, and prohibit the use of incorporated
annuylled Code Cases. Paragraph 2-1.1.b wastincluded to emphasize the importance of being aware df
and ¢valuating the impact of Code changes, whether to the Code or Code Case. It also clarified th
the dpplication of such changes are a matter of agreement (i.e. contractual) between the Manufacture
and pwner/user.

DD

—

A significant change in philosophy is introduced in paragraph 2-1.2.d which permits the use gf
overpressure protection requirements from the Code Edition in effect when the vessel is placed in
service. Prior to issuance of this annex, the overpressure protection requirements of the vessel wer¢
consjdered to be a postconstruction issue and was not addressed by the Code.

The fontents of pparagraph 2-1.3 regarding materials are also in general the same as that presently
found in the Fereword and do not change what has be followed in the past.

12
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2.5 Criteria and Commentary Tables

Figure 2-1: Typical Certification of Compliance of the User’s Design Specification (VIII-2 Table
2-A1)

CERTIFICATION OF COMPLIANCE OF
THE USER’S DESIGN SPECIFICATION

{We), The undersigned, being experienced and competent In the applicable field of
design related to pressure vessel requirements relative to this User’s Design
Specification, certify that to the best of my knowledge and belief it is correct and complgte
with respect to the Design and Service Conditions given and provides a complete basis
for construction in accordance with Part 2, paragraph 2.2.2 and other@applicable

requirements of the ASME Section VIII, Division 2 Pressure Vessel-Code,

Edition with Addenda and Code
Case(s) . This certification is made on behalf of the organizatipn
that will operate these vessels (compahy name)

Certified

by:
Title and areas of responsibilityt

Date:

Certified
by:
Title and-areas of responsibility:

Date-

Professional Engineer Seal: (As required)

Date:

13
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Figure 2-2: Typical Certification of Compliance of the Manufacturer’s Design Report (VIII-2
Table 2-B.1)

CERTIFICATION OF COMPLIANCE OF
THE MANUFACTURER’S DESIGN REPORT

I (We), the undersigned, being experienced and competent in the applicable field of design

complete, accurate and complies with the User’s Design Specification and with all the

othér applicable construction requirements of the ASME Section VIII, Division2 Pressure
Vegsel Code, Edition with Addenda and.Code
Cage(s) . This certification is made on behalfof the
Manufacturer (company name)

Certified by:

Title and areas of responsibility: Date:
Certified by:

Title and areas of responsibility: Date:
Professional Engineer Seal: (As required)

Date:

Authorjzed Inspector Review:

Date:

14
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MATERIALS REQUIREMENTS

3.1 General Requirements

Section 3 contains the requirements for materials used in the construction of pressure vessel parts.
General rules and supplemental requirements are defined for different material types and product
forms. Section 3 is organized in a similar fashion to Part AM of VIII-2. Section 3 covers the following

subjects:

Paragraph 3.1 — General Requirements

aterials permitted for construction are covered in Section 3, paragraph 3.2. Section 3, paragr
.3 through 3.9 contain supplementary requirements for different materials that must be satisfied a
gdnd beyond that required by the material specification and paragraph 3.2. These suppleme
equirements follow_ closely those given in Old VIII-2, Part A. However more volumetric and su
g¢xamination is required compared to the Old VIII-2 based on the reduction in thickness above V
this additional NDE'is required. Below is a summary of the significant changes regarding supplem
equirementsfor the different material types.

0.2 Materials Permitted for Construction of Vessel Parts

Ill-2¢ontains an enlarged list of permitted materials for construction. During development of the

Paragraph 3.2 — Materials Permitted for Construction of Vessel Parts
Paragraph 3.3 — Supplemental Requirements for Ferrous Materials
Paragraph 3.4 — Supplemental Requirements for Cr-Mo Steels

Paragraph 3.5 — Supplemental Requirements for Q&T Steels with Enhanced Tg
Properties

Paragraph 3.6 — Supplemental Requirements for Nonferrous Materidls
Paragraph 3.7 — Supplemental Requirements for Bolting

Paragraph 3.8 — Supplemental Requirements for Castings

Paragraph 3.9 — Supplemental Requirements for Hubs Machined from Plate
Paragraph 3.10 — Material Test Requirements

Paragraph 3.11 — Material Toughness Requirements

Paragraph 3.12 — Allowable Design Stresses

Paragraph 3.13 — Strength Parameters

Paragraph 3.14 — Physical Properties

Paragraph 3.15 — Design Fatigue Curves

Annex 3-A — Allowable Design Stresses

Annex 3-D — Strength Parameters

Annex 3-E — Physical Properties

Annex 3-F — Design Fatigue Curves

nsile

aphs
bove
htary
Iface

hich
ental

ode,
ed by

VIII 1. Annex 3- A contains the complete list of materlal specmcatlons permitted for VIII-2 construction.

Section 3, Paragraph 3.2 provides general type rules governing the different types of materials that
may be used for construction. For example this paragraph covers material used as pressure parts,
attachments to pressure parts, welding materials, and prefabricated pressure parts. Also every effort
was made to consolidate all requirements related to materials in this part. For example rules related to
materials for non-pressure parts that were published in the design section of the OIld VIII-2, are now
presented in Part 3, paragraph 3.2.2
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Guidance concerning the suitability of material used for pressure parts has now been provided in Part
3, paragraph 3.2.1.6, based on the provisions of VIII-1, paragraph UG-4(f). It is required that the user
or their designated agent assure the materials used for the construction of vessels or vessel parts are
suitable for the intended service conditions with respect to mechanical properties, resistance to
corrosion, erosion, oxidation, and other damage mechanisms anticipated during service life.

Part 3, paragraph 3.2.5 covering product specifications has been expanded from what was originally
published in the Old VIII-2. For example requirements are now provided for rod and bar material based
on the rules given in VIII-1, paragraph UG-14. Part 3, paragraph 3.2.5.3 provides rules for using a
material product form that has not yet been adopted by VIII-2, modeled after VIII-1, paragraph UG-15.

Note|that during the development of VIII-2 it was intended to publish a summary of purchase options’i
Anngx 3-B based on the requirements given in Part 3, paragraph 3.2.1 through 3.2.10. In addition,
was [ntended to publish a cross reference between ASME materials and ISO materials for the purpos
of identifying different material specification requirements to facilitate Pressure Vessel Directive (PED|
acceptance of pressure vessels constructed to VIII-2 in Annex 3-C. This work has not‘<completed an
will be added in later addenda.

D= 3

o

Matdrials identified with a specification not permitted by VIII-2, may be accepted as satisfying th
requirements of a specification permitted by VIII-2 provided the conditions set forth below are satisfieq.
Only|the vessel or part Manufacturer is permitted to certify material.

D

a) [All requirements, (including but not limited to, melting method; melting practice, deoxidation
quality, and heat treatment, ) of the specification permitted by VI[+2, to which the material is to b
certified, including the requirements of VIII-2 (see VIII*2, paragraph 3.6.2), have bee
demonstrated to have been met.

= D -

b) A copy of the certification by the material manufactureriof the chemical analysis required by thé
permitted specification, with documentation showing.the requirements to which the material wag
produced and purchased, and which demonstrates*that there is no conflict with the requirement
of the permitted specification, has been furnished to the vessel or part Manufacturer and i
available to the Inspector.

oo

c) A certification that the material was mapufactured and tested in accordance with the requirements
of the specification to which the material is certified (a Certificate of Compliance), excluding th¢
specific marking requirements, has-been furnished to the vessel or part Manufacturer, togethey
with copies of all documents and.test reports pertinent to the demonstration of conformance to the
requirements of the permitted-specification (an MTR).

d) [The material and the Certificate of Compliance or the Material Test Report have been identified
with the designation ef.the specification.

This [new provision istimportant for fabricators and contractors, as well as owner-users, because |t
pernlits the use of materials produced to international standards.

3.3 | Supplemental Requirements for Ferrous Materials

Part 3, paragraph 3.3.3 requires that all plate 50 mm (2 in.) and over in nominal thickness shall b¢
ultragonically examined in accordance with the requirements of SA-578. SA-578 is found in Section

Article he-acceptance-standard-sh be-atleast-evel-B-of-SA 8- eFn e he-acceptance

nominal thickness entry point for UT examination was 100 mm (4 in), and where the UT examination
was performed in accordance with SA-435.

Examination requirement for forgings are discussed in Part 3, paragraph 3.3.4. All forgings 50 mm (2
in.) and over in nominal thickness shall be ultrasonically examined accordance with the requirements
of SA-388. Again this thickness is one-half of what it used to be. SA-388 is found in Section V, Article
23.
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Part 3, paragraph 3.3.5 requires that following final machining by the Manufacturer, all accessible
surfaces of thick and complex forgings shall be either MT or PT examined, which was not required in
Old VIII-2. This rule is based on a similar rule from VIII-3, paragraph KE-233. SA-578 is included in
Section V, Article 24.

3.4 Supplemental Requirements for Cr-Mo Steels

The rules in Part 3, paragraph 3.4 containing supplemental requirements for Cr-Mo steels are
unchanged from those that were published in Old VIII-2, Appendix 26.

3.5 Supplemental Requirements for Q&T Steels with Enhanced Tensile
Properties

The provisions of VIII-1, paragraph UHT-28 (regarding permitted attachment materials) ‘have peen
ddded to the existing requirements from the Old VIII-2 and are discussed in Part 3, paragraph 3.5

3.6 Supplemental Requirements for Nonferrous Materials

FPart 3, paragraph 3.6.2 requires that all plate 50 mm (2 in.) and over in-Aeminal thickness shgll be
dltrasonically examined in accordance with one of the following specifications: SE-114, SE-214, ASTM
B 127, or SB-548. Note that the thickness is one-half of what it usedito’be. SE-114 and SE-214 are
found in Section V, Article 23. Note that this represents a change from-the Old VIII-2 where the nominal
thickness entry point for UT examination was 100 mm (4 in).

Examination requirements for nonferrous forgings are discussed in Part 3, paragraph 3.6.3] All
nonferrous forgings that are either solid or hollow with a‘thickness greater than or equal to 50 mm (2
in.) shall be ultrasonically examined. Note that the thickness is one-half of what it used to be for hpllow
fprgings and is now for any thickness for solid forgings:

FPart 3, paragraph 3.6.4 discusses liquid penetrant examination of forgings. Following final machining
by the Manufacturer all accessible surfaces-of thick and complex forgings are required to be PT in
gccordance with Practice E165, which was*not required in Old VIII-2. This rule is based on a similar
rule from VIII-3, paragraph KE-233. Practice E-165 is found in Section V, Article 24.

3.7 Supplemental Requirements for Bolting

Fart 3, paragraph 3.7.2 discusses the Examination of Bolts, Studs, and Nuts - All bolts, studs and| nuts
gver 25 mm (1 in.) nominal\bolt size shall be examined using the MT or PT methods. Note that thq size
is one-half of what it usedto be. Examination is required per Section 7.

All bolts, studs, and\nuts greater than 50 mm (2 in.) nominal bolt size shall be ultrasonically exanpined
gver the entire surface prior to threading. This is a new requirement not presently the found in th¢ Old
I11-2. Examination is required to be in accordance with Part 3, paragraph 3.7.2(c) requirements, i.e.
not per Part</ or Section V.

All belts; studs, and nuts greater than 100 mm (4 in) nominal bolt size shall be ultrasonically exanpined
gver.the entire surface prior to or after threading. This is a new requirement not presently found ih the

Ol.l\llll Vo W H ' HP <l able- Dot 2 e Wier e WX AY H & H 4 P rt
U VITTr=4., LAAIriatuurt o mraciuruarive witlr mart J, palaulapll J. 0 L\U) IC\.".,!IICIIICIILD7 1.C. TTUL }Jcl a

7 or Section V.

Part 3, paragraph 3.7.6 contains the requirements for Nonferrous Bolting. When the nonferrous bolts
are fabricated by hot heading, the allowable design stress values for annealed materials in Annex 3-A
shall apply unless the manufacturer can furnish adequate control data to show that the tensile
properties of the hot rolled or heat treated bars or hot finished or heat treated forgings are being met;
this requirement came from OlId VIII-2, paragraph AM-521(b). When the nonferrous bolts are fabricated
by cold heading, the allowable design stress values for annealed materials in Annex 3-A shall apply
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unless the Manufacturer can furnish adequate control data to show that higher design stresses, as
agreed upon may be used, this requirement came from OId VIII-2, paragraph AM-521(c).

3.8 Supplemental Requirements for Castings

Requirements for Ferrous Castings are contained in Part 3, paragraph 3.8.2. All weld repairs of depth
exceeding 10 mm (3/8 in) or 20 percent of the section thickness shall be examined by radiography and
by the MT or PT methods. The requirement was found in Old VIII-2, paragraph AM-255.1, where the
depth limit was 25 mm (1 in) or 20 percent of the section thickness.

Part Q_pnaraaranh 2 Q 2 ~Anntaine tha Do iraman to for Nlonfareaiic Coctinac Al wald ranaire of dant

—paragraph-3-8-3-contains-the-Requirements-for-Nenrferrous-Castings—Al-weldrepairs-ef-dept
excepding 10 mm (3/8 in) or 20 percent of the section thickness shall be examined by radiography an
by the MT or PT method. The requirement was found in Old VIII-2, paragraph AM-421(b), whereth
depth limit was 25 mm (in) or 20 percent of the section thickness.

Y7 = e |

3.9 | Supplemental Requirements for Hubs Machined From Plate

AY%

The fules given in Part 3, paragraph 3.9 are essentially the same as published in the Old VIII-2 with th
addifjon of lap joint stub end from VIII-1, Appendix 20.

3.1Q Material Test Requirements

An ekemption from the requirement of sample test coupons is discusséd in Part 3, paragraph 3.10.3.
The PId VIII-2 provided an exemption from the additional specimentests for P-No.1, Groups 1 and
matdrials that are postweld heat treated during fabrication below:the lower transformation temperaturs
of the steel. This exemption is not allowed in VIII-2, because past experience indicates that even som
P-Nd. 1, Group 1 and 2 materials may lose notch toughnessyand strength when subjected to long Pos
Weld Heat Treat (PWHT) times and/or high PWHT temperatures, see WRC 481 [1] for more details.

— WD WD IO

3.11 Material Toughness Requirements

3.11/1 General

Charpy V-notch impact tests are required-for materials used for shells, heads, nozzles, and other
pressure containing parts, as well as for the structural members essential to structural integrity of the
vessgl, unless exempted by the rules'of Part 3, paragraph 3.11.

a) [Toughness requirements(for materials listed in Part 3, Table 3.A.1 (carbon and low alloy stegq|
Mmaterials except bolting materials) are given in paragraph Part 3, 3.11.2.

b) [Toughness requirements for materials listed in Part 3, Table 3.A.2 (quenched and tempered steels
with enhanced tensile properties) are given in Part 3, paragraph 3.11.3.

c) [Toughness requirements for materials listed in Part 3, Table 3.A.3 (high alloy steels except bolting
Mmaterials)-ar€ given in Part 3, paragraph 3.11.4.

d) [Toughness requirements for materials listed in Part 3, Table 3.A.4 through 3.A.7 (nonferrou
alloys)-are given in Part 3, paragraph 3.11.5.

o7
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Toughness testing procedures and requirements for impact testing of welds and vessel test plates of
ferrous materials are given in paragraphs Part 3, 3.11.7 and Part 3, 3.11.8, respectively.

Throughout Part 3, paragraph 3.11, reference is made to the Minimum Design Metal Temperature
(MDMT). The MDMT is part of the design basis of the vessel and is defined in Part 4, paragraph
4.1.5.2.e. The rules in Part 3, paragraph 3.11 are used to establish an acceptable MDMT for the
material based on the materials of construction, product form, wall thickness, stress state, and heat
treatment.
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Similar to Old VIII-2, the term MDMT has a mixed definition in VIII-2. It represents a lower temperature
limit of a material and also an associated design condition. Consideration should be given to adopting
the notion of a Critical exposure temperature (CET) and Minimum Allowable Temperature (MAT) as
used in API 579-1/ASME FFS-1. The CET is associated with the driving force for brittle fracture or the
operating temperature, or temperatures for an operating envelope, where the MAT is associated with
resistance to brittle fracture and is a property of the material. The criterion for acceptability is that the
CET must be warmer than or equal to the MAT. This approach has proven to be more palatable to
users, especially for in-service evaluations.

The major changes in toughness rules from Old VIII-2 are for carbon and low alloy steel materials,
Xctuging bottng materiats. 1 he toughmness Tequirements for quenchedand tempered Steefs] with
gnhanced properties, high alloy steels except bolting materials, nonferrous alloys, and bolting matérials
re from OId VIII-2 and VIII-1.

Q.

3.11.2 Carbon and Low Alloy Steels Except Bolting

3.11.21 Toughness Requirements for Carbon and Low Alloy Steels

[he presentation of the toughness rules for carbon and low alloy steels are_similar to those published
n the Old VIII-2 with the following major exceptions: new exemption curvesthave been developed based
n fracture mechanics approach, and separate curves are provided for parts not subject to Post Weld
leat Treatment (PWHT) and parts subject to PWHT. The background-or the Old VIII-2 and VIII-1Jrules
5 given by Selz [2] and Jacobs [3].

i il WL |

[he toughness rules in VIII-2 were established using the fractire mechanics assessment procedures
n API 579-1/ASME FFS, Part 9, and Level 2. To develop.the new toughness rules, an applied stress
qual to the allowable design stress and a residual stress for both the as-welded and heat treated
ondition were considered in conjunction with a surface breaking reference flaw. A driving forde for
rittle fracture or applied stress intensity is computed based on the applied stresses and reference|flaw.
[he resistance to brittle fracture or required material fracture toughness is set equal to this computed
tress intensity. The required Charpy V-Noteh impact energy (CVN), the minimum design metal
emperature (MDMT) using the familiar exemption curve designations (i.e. A, B, C, and D), angl the
Lrther reduction in the MDMT permittedibased on loading conditions were determined using al new
MPC fracture toughness model.

—h o~ (N T O M ]

Development of the toughness\rules, i.e. required CVN, impact test exemption curves, and the
gdditional reduction in the impact test temperature based on loading condition, is fully describgd by
Frager, et al. [4] and Osage [5].

The required Charpy V-Notch impact energy (CVN) is determined from the fracture toughness usjng a
new correlation deyeloped by Prager et al. [4] and Osage [5]. The required CVN based on the spegified
rminimum yield sfrength and nominal thickness is shown in Figure 3-12 and 3-13. The minimum Yyalue
gf CVN is set-at\20 ft-Ibs in accordance with European practice. It should be noted that the toughness
gxemption.curves are provided in both customary and Sl units in the Code but are only shown hgre in
gustomary units for convenience. If the specified minimum tensile strength is greater than or eqyal to
455 MPa (95 ksi), then the minimum lateral expansion, see Figure 3-14, opposite the notch fpr all
€
h

pecimen sizes shall not be less than the values shown in Figure 3-15. In VIII-2, the minimum lateral

pansion-reg ementin aure h been-incre ed-overthe es-in-0Old be e-of the

igher allowable design stress.
3.11.2.2 Required Impact Testing Based on the MDMT, Thickness and Yield Strength

If the governing thickness (see below) at any welded joint or of any non-welded part exceeds 100 mm
(4 in.) and the MDMT is colder than 32°C (90°F), then impact testing is required. The current
temperature requirement of 32°C should be 42.4°C (107.9°F), the value obtained from Figure 3-17
using Curve A and a thickness of 100 mm (4 in.) A similar philosophy is used to set the MDMT for
thickness greater than 150 mm (6 in) in VIII-1. Similar to Old VIII-2, materials having a specified
minimum yield strength greater than 450 MPa (65 ksi) are required to be impact tested unless exempted
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in Figure 3-16 for parts not subject to PWHT or Figure 3-17 for parts subject to PWHT, and for non-
welded parts.

3.11.2.3 Exemption from Impact Testing Based on the MDMT, Thickness and Material
Specification

The code rules for determining exemption from impact testing based on the MDMT, thickness and
material specification is similar to Old VIII-2 and VIII-1. However, new impact test exemption curves
are now provided with and without the influence of PWHT, see Figures 3.5 and 3.6. These curves were
also developed using the fracture mechanics model described above. Note that the maximum
gove ning thickness at any welded jnint not QIIth(‘de to PWHT is 38 mm (1 1/2 in) because PWHT i
required for thicknesses over this value in accordance with Section 6. Therefore, impact testing.i
required for welded non-postweld heat treated parts having a governing thickness exceeding 38 'mn
(1.5 In). Impact testing is also required for governing thicknesses greater than 100 mm (4 in) forpart
subjgct to PWHT and nonwelded parts, the same as is required in Old VIII-2.

U = ur U

The governing thickness, Z, is shown in Figures 3-18, 3-19 and 3-20. The definition* of governin

thickpess is unchanged from that given in Old VIII-2 and VIII-1. In The governing thickness used t
estallish impact test exemption for welded components is typically based on théthinner wall thicknes
of the two parts joined by the weld. This is presumably based on the fact thaf the thinner part is mor
highly stressed that the thicker part. This is the opposite to the criteria of EN, 13445 and PD 5500 wher
the thicker of the two parts joined at the weld is used. Use of the greater wall thickness in the procedur
will result in a higher exemption temperature. However, based on the\conservative assumptions use

Z— U~ (- - 0~ D0 O— &

13445 and PD 5500.

3.11]2.4 Exemption from Impact Testing Based on Material Specification and Product Form

Exemption from impact testing based on material specification and product form is from VIlI-1. The
20°F|impact test exemption permitted for ASME B16.5 and ASME B16.47 flanges is still provided and
only |applies when the flanges are supplied in heat treated condition (normalized, normalized and
tempered, or quenched and tempered).

3.11]2.5 Exemption from Impact Testing Based on Design Stress Values

Exemption from impact testing based on design stress values is similar to VIII-1. A further reduction i
the NIDMT based on design loading conditions may be determined by calculating the ratio R, usin
one of three methods;\thickness basis, stress basis, and pressure-temperature rating basis. Figure
3-21[and 3-22, with-or without the influence of PWHT, respectively, are used with R, to determine th

O— o3

additional reduction in temperature with proper accounting for residual stresses. Effectively, this i
trading stress’ for temperature when determining susceptibility to brittle fracture for an operatin
condjtion.<Fwo temperature reduction curves are provided in these figures rather than the single curv
In Figure 3-21, the < 345 MPa (50 ksi) curve closely parallels th

cUu O VIV cU L0 UV O U. LT . O

=00y

R, <0.24 the coldest MDMT approach is the same as in Old VIII-2 and VIII-1.

The step-by-step procedure for determining a colder MDMT for a component than that derived from the
exemption curves is shown below. The procedure is repeated for each welded part, and the warmest
MDMT of all welded parts is the MDMT for the vessel.

a) STEP 1 - For the welded part under consideration, determine the nominal thickness of the part,
¢, and the required governing thickness of the part, l,-

20


https://asmenormdoc.com/api2/?name=ASME PTB-1 2014.pdf

PTB-1-2014

STEP 2 — Determine the applicable material toughness curve to be used in Figure 3-16 for parts
not subject to PWHT or Figure 3-17 for parts subject to PWHT. A listing of material assignments
to the toughness curves is provided in the Figure 3-1.

STEP 3 — Determine the MDMT from Figure 3-16 for parts not subject to PWHT or Figure 3-17 for
parts subject to PWHT based on the applicable toughness curve and the governing thickness, ¢,

STEP 4 — Based on the design loading conditions at the MDMT, determine the stress ratio, R

ts ?
using one of the equations shown below. Note that this ratio can be computed in terms of required
design thickness and nominal thickness, applied stress and allowable design stress, or applied

€

)

pressure and maximum allowable working pressure based on the design rules In this Divisipn or
ASME/ANSI pressure-temperature ratings.

R = LE (Thickness Basis) (0.1)
- t,—CA
S'E
R =—"—" Stress Basis 3.2
ts SE ( ) ( )
P
R =—* (Pressure—T emperature Rating Basis) (3.3)

rating

STEP 5 — Determine the final value of the MDMT and.evaluate results

1)  If the computed value of the R, ratio from.STEP 4 is less than or equal to the 0.24, then set
the MDMT to —104°C (—155° F) . Impact testing is not required unless a lower MDMT is
required.

2) If the computed value of the R, ratio from STEP 4 is greater than 0.24, then determing the
temperature reduction, T,-\If the specified minimum vyield strength is less than or eqyal to
450 MPa (65 ksi), then,détermine T, from Figure 3-18 for parts not subject to PWHT or Fjgure
3-19 for parts subjectto PWHT based onthe R, ratio from STEP 4. If the specified minimum

yield strength is greater than 450 MPa (65 ksi), then determine the temperature reductiop, T,

from Equation (3.4). The final computed value of the MDMT is determined using Equation
(3.5). The_reduction in the MDMT given by Equation (3.5) shall not exceed 55°C (100°F).
Impaet testing is not required if the specified MDMT is warmer than the computed MIDMT.
HoweVver, if the specified or computed MDMT are colder than -48°C (-55°F), impact test|ng is
required.

( —27.20656—76.98828R, + }

103.0922R? +7.433649(10)"*S,
1-1.986738R, —1.758474(10) > S, +
6.479033(10)° S

R= I kst) (3.4)

MDMT = MDMT,,,,.. —T, (3.5)

For a flange attached by welding, the above procedure can be used by determining the temperature
reduction as determined for the neck or shell to which the flange is attached. The bolt-up condition
need not be considered when determining the temperature reduction for flanges.

21


https://asmenormdoc.com/api2/?name=ASME PTB-1 2014.pdf

PTB-1-2014

Figure 3.5 for parts not subject to PWHT or Figure 3-17 for parts subject to PWHT may be used for
components not stressed in primary membrane tensile stress, such as flat heads, covers, tubesheets,
and flanges (including bolts and nuts). The MDMT shall not be colder than the impact test temperature

less the allowable temperature reduction as determined from Figures 3.7 and 3.8. The ratio R, used

in STEP 4 above, is the ratio of the maximum design pressure at the MDMT to the Maximum Allowable
Working Pressure (MAWP) of the component at the MDMT.

rating used to determine the stress ratio, R,_, may be based on the temperature, coincident with th¢

ts ?

3.11J2.6 Adjusting the MDMT for Impact Tested Materials

For ¢gomponents that are impact tested, the components may be used at a MDMT colder than th
impalct test temperature, provided the stress ratio-in Figure 3-18 for parts not subject to PWHT or Figur:
3-19(for parts subject to PWHT is less than one ‘and the MDMT is not colder than -104°C (-155°F). Fo
such{components, the MDMT shall not be.€older than the impact test temperature less the allowabl¢
temperature reduction as determined from Part 3, paragraph 3.11.2.5 (i.e., the starting point for th
MDMT calculation in STEP 3 of the above procedure is the impact test temperature).

= 0 (D

U

<

=)

One |common usage of the exemptions in Part 3, paragraphs 3.11.6.6 and 3.11.6.7 is for vessels i
which the pressure is dependent on the vapor pressure of the contents (e.g., vessels in refrigeratio
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used. Comparison of pressure ratios to stress ratios may suffice when loadings not caused by pressur
are ipsignificant. This type of analysis is used in APl 579-1/ASME FFS-1, Part 3, Level 2, Method
Assessment, where equipment may be shown t0 be exempt from further britile fracture assessments If
it can be shown that the operating pressure and temperature are within a safe envelope.

3.11.2.7 Vessel or Components Operating Below the MDMT

Vessels or components may be operated at temperatures colder than the MDMT stamped on the name-
plate if:

a) The provisions of Section 3, paragraph 3.11.2 are met when using the reduced (colder) operating
temperature as the MDMT, but in no case shall the operating temperature be colder than -104°C
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(-155°F); or

b) Forvessels or components whose thicknesses are based on pressure loading only, the coincident
operating temperature may be as cold as the MDMT stamped on the nameplate less the allowable

temperature reduction as determined above. Theratio R, used in STEP 4 of the procedure above

is the ratio of maximum pressure at the coincident operating temperature to the design pressure
of the vessel at the stamped MDMT, but in no case shall the operating temperature be colder than
-104°C (-155°F).

3.11.2.8 Establishment of the MDMT using a Fracture Mechanics Methodology

'he MDMT may be established using fracture mechanics in accordance with Section 5, paragraph|5.11
nd Section 3, paragraph 3.11.2.8 in lieu of the procedures given in Section 3, paragraphs, 3.11.2.1
hrough 3.11.2.7. The assessment used to determine the MDMT shall include a systematic gvalupation
f all factors that control the susceptibility to brittle fracture, e.g. stresses from the applied loadlings
ncluding thermal stresses, flaw size, fracture toughness of the base metal and welded joints, |heat
reatment, and the loading rate. The reference flaw size used in the fracture mechanics evaluation is

surface flaw with a depth of ¢ = min[#/4, 25 mm (1 in.)] and a length of 2¢ = 6a where 1 Is the

Q)+ =  ~~ 0y )

thickness of the plate containing the reference flaw. If approved by the user;*an alternative refefence
flaw size may be used based on the weld joint geometry and thetNDE that will be used| and
demonstrated for qualification of the vessel (see Section 7). The material fracture toughness may be
gstablished using the exemption curve for the material (see Figure 3-1)and MPC Charpy impact energy
gorrelation described in API 579-1/ASME FFS-1, Appendix F, paragraph F.4. An alternative material
fracture toughness may be used based on fracture toughness4est results if approved by the user.| The
MDMT established using a fracture mechanics approach shall not be colder than that given in Part 3,
paragraph 3.11.6.4.e.

The above requirements for establishing the MDMT ‘based on a fracture mechanics approach is the
dame basis that was used to establish the CVN requirements in Part 3, paragraph 3.11.21, the inppact
test exemptions curves in Part 3, paragraph 3.1\.2.3 and the curves for reduction in the MDMT without
impact testing in Part 3, paragraph 3.11.2.5;

3.11.2.9 Postweld Heat Treatment.Requirements for Materials in Low Temperature Servicge

The PWHT requirements for materials in low temperature service are taken from VIII-1. PWHT is
required in accordance with the requirements of Part 6, paragraph 6.4.2 if the MDMT is colder than -
48°C (-55°F) and the stress fatio in Figure 3-18 for parts not subject to PWHT or Figure 3-19 for parts
qubject to PWHT is greatek than or equal to 0.24.

This requirement does not apply to the welded joints listed in paragraphs (a) and (b) below in vessgel or
Jessel parts fabricated of P-No. 1 materials that are impact tested at the MDMT or colder in accordance
with Part 3, patagraph 3.11.6.2. The minimum average energy requirement for base metal, weld npetal,

nd heat affected zones shall be 41J (30 ft-Ibs) instead of the values shown in Figure 3-12 for par{s not
ubject to PWHT or Figure 3-13 for parts subject to PWHT.

3d) Type’1 Category A and B joints, not including cone-to-cylinder junctions that have been 100%
examined using radiographic method in accordance with Section 7. Note that in the examination
method should be extended to include the ultrasonic method in Section 7. Category A and B joints
attaching sections of unequal thickness shall have a transition with a slope not exceeding 3:1.

b) Fillet welds having leg dimensions not exceeding 10 mm (3/8 in.) attaching lightly loaded
attachments, provided the attachment material and the attachment weld meet the requirements of
Part 3, paragraph 3.11.6 and Part 3, paragraph 3.11.8. Lightly loaded attachments, for this
application, are defined as attachments in which the stress in the attachment weld does not exceed
25% of the allowable stress. All such welds shall be examined by liquid penetrant or magnetic
particle examination in accordance with Section 7 of this Division.

Based on the discussion of the MDMT and Lower Shelf Operation that follows, and the work by Staats
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[6], the rules for PWHT may have to be extended to stress ratio’s less than 0.24.

2.10 Impact testing of Welding Procedures

The requirements for impact testing of welding procedures are taken from VIlI-1.

3.11.

3 Quenched and Tempered Steels

Material toughness requirements for quenched and tempered steels are from VIlI-1, paragraph UHT-

6.
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criteffion used by the ASME BPV Code Committees to determine allowable stresses is given in Sectio

Il, Pa

4 High Alloy Steels Except Bolting

rial toughness requirements for high alloy steels and bolting are from Old VIlI-2, paragraphs’ AM
P and AM-213, and VIII-1, paragraphs UHA-50 through UHA-52.

5 Non-Ferrous Alloys

rial toughness requirements for non-ferrous alloys are from VIII-1, paragraph UNF-65.
6 Bolting Materials
rial toughness requirements for bolting materials are from Old VIlI-2,-paragraph AM-214.

7 Toughness Testing Procedures

edures for material toughness testing are from OId VIlI-2;\paragraphs AM 204.1, AM-204.2, AM
B, AM-204.4, AM-211.3 and Am-211.4, and VIII-1, paragraph UG-84.

8 Impact Testing of Welding Procedures and Test Plates of Ferrous Materials

equirements for impact testing of welding procedures and test plates of ferrous materials are from
[lI-2, paragraph AM-218 and VIlI-1, paragraph UCS-67.

Allowable Design Stresses
'view

on 3, paragraph 3.12 direCts the user to Annex 3-A for the design stresses for materials permitte
II-2. The allowable stresses for VIII-2 are published in Section I, Part D, Tables 5A and 5B. Th

= B ¢ > = =

rt D Appendix 10,5and is shown in Figure 3-2. The significant differences from OlId VIII-2 are:

The design factor on specified minimum tensile strength (SMTS) at room temperature is set to 2.4
rather than 8.0 in OId VIII-2.

An adjustment is not made to the criterion on tensile strength for design temperatures warmer tha
room‘temperature.

=

Thé-design factor on the yield strength is unchanged.

e)

The time-dependent (creep) allowable design stresses that are used for Tables 1A and 1B for
Sections |, IlI-2, 11I-3, VIII-1 are now included in VIII-2 in Tables 5A and 5B. Design in the time-
dependent regime in Old VIII-2 was previously only permitted via Code Case 1489-2.

For austenitic materials, there is now only a single stress line, with a reference to Section I, Part
D, Table Y-2 that permits adjusting this value downward at the discretion of the Manufacturer’s
Design Report engineer, similar to Section lll, Class 1.

The design factors for bolting are unchanged from Old VIII-2, and the allowable stress are shown in
Section II, Part D, Tables 3 and 4, see Tables 3.3 and 3.4.
The design margin of 2.4 on the minimum specified room temperature ultimate tensile strength (i.e. the
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tensile strength at temperature is typically not considered) reflects European practice and recognizes
the successful service experience of vessel constructed to these requirements. An overview of
international pressure vessel codes and design requirements relative to both design margins and
operating margins for in-service equipment is provided in WRC 447 [7]. In general, the trend in Europe
was to use a lower design margin with increased examination and inspection requirements when
compared to the ASME B&PV Section VIl Codes. The additional examination requirements used in
conjunction with the new VIII-2 design margin on tensile strength are provided in Section 7.

Comparison with European Basis

he allowable e basis fo -2 is shown in Table and 34 and the allowable e basis
br the European pressure vessel standard, EN 13445, is shown in Tables 3.5 and 3.6.

he allowable stress criteria for wrought ferrous materials in VIII-2 are the same as that fof steels pther
than austenitic in EN 13445. However, for ferritic steels, a design factor of 2.4 put on the ultimate
4trength at 20° C impedes efficient use of the new modern high yield strengthi/steels (Thgrmo-

echanically rolled and Quenched and Tempered steels). Therefore Annex B of EN+13445-3, Design-
By-Analysis Direct Route, allows the use of a reduced design factor equal tor1.875. This factgr still
esults in a margin of two toward burst for vessels with moderate notch effects (e.g. weld detalils of
testing group 1 in accordance with Annex A of EN 13445-3).

In addition, even when the design margins are the same in VIII-2 andhEN 13445, the allowable sfress
3t temperature for a material will typically be different for each code because of the yield strength and
tensile strength used to derive the allowable stress values are different. For example, the yield strehgth,
tensile strength, and allowable stress data for SA 516 Grade.70.and P295GH are shown in Figurg 3-7.

he yield strength and allowable stress as a function of temperature are shown in Figures 3.14 and

.13, respectively. The yield, tensile and allowable stress data for SA 516 Grade 70 are taken|from
$ection Il, Part D, and these data for P295GH are taken from EN 10028-2. Note that a single stress
I[ne is provided for A516 grade 70 whereas six stress’lines can be determined for P295GH using the
grocedures of EN 13445, |n addition, the values(of'the yield strength and tensile strength for P295GH
gre different not only based on thickness range; but also based on the actual yield and tensile strgngth

alues reported for each temperature. The'values of yield strength and tensile strength at the design
temperature in Section I, Part D, TablestY and U, respectively, are based on the minimum spegified

4trength values at room temperature-multiplied by, Ry , the ratio of the average temperature dependent

trend curve value of strength divided by the room temperature strength value. The values of yield and
tensile strength that are usedSfer EN 13445 are provided in for ferrous and austenitic plates ih EN

0028, the applicable material.specifications and are required to be based on minimum properties at a
given temperature.

A review of Tables/3.2“and 3.5 indicates that the allowable stress criteria for wrought austeniti¢ and
dimilar nonferrous alloy are different. The allowable stress criteria in VIII-2 for these materials is similar
tp that for ferrous-materials except that 90% of the 0.2% offset yield strength at the design temperpture
is used in the_criteria rather that two-thirds of this value, see Figure 3-2. The allowable stress crjteria
br austenitic materials in EN 13345 is different in that the basic allowable stress is set at the 1.0%
gffset yield strength at the design temperature divided by 1.5, see Figure 3-5. If the tensile stren{th is

jgvailable from the applicable material specification, then the allowable stress may be determingd as
this”value divided by three with a limiting value of the 1.0% offset yield strength at the design
temperature divided by 1.2 to avoid large strains at the design condition, see Figure 3-5.

An example to compare VIII-2 to EN 13445 is provided in Figure 3-8 for SA 240 Type 304 and
X5CrNi18-10. The 0.2% offset yield strength, 1.0% offset yield strength, tensile strength and the
allowable stress are shown in Figures 3.14 through 3.17, respectively. At the design temperature, VIII-
2 is essentially using 90% of the 0.2% offset yields strength to determine the allowable stress whereas
EN13445 is using two-thirds of the 1.0% offset yield strength with a supplementary check based on
one-third of the tensile strength. For this material, the allowable stress values are close, see

Figure 3-28.
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For steel castings, VIII-2 uses the same allowable stress basis whereas EN 13445 uses a different
stress basis. The examination requirements in Part 3 were set such that a casting quality factor of 1.0
is permitted. Therefore, a reduction in the design stress in VIII-2 is not required.

ASME Criteria for Establishing Allowable Design Stress in the Time Dependent Material
Behavior

Historically, the official ASME position has been that a design in the creep range has no implied
maximum duration. When setting the allowable stress, ASME uses the average and minimum 100,000
hour stress rupture strengths of a material and also conS|ders a conservatlve estlmate of the 107/hr

multiplier applied to the average strength of 0.67 would increase the life by a factor'of about 1.5n wherg
n is fhe negative of the slope of the log time/log stress plot. Typically, the Value of n is a number ng
less fhan five and often as high as eight to ten.

Overl these ranges of n, life might reasonably be expected to be from\#00,000 to over a million hourq.
Obvipusly it is not known how much longer than 100,000 hours in fife'Can be expected, and it would bg
unreglistic to claim to base a design on a one million hour stressrupture life. Instead, ASME applied &
factor to the 100,000 value. In fact ASME does have a procedure whereby the 0.67 factor may bé¢
lowefed to a value which offers for average material a nominal life margin of ten beyond 100,000 hours
(i.e. the F-factor developed by MPC). Of course, the nominal strain rate at the design allowable stress
is aldo lowered roughly in inverse proportion to the inckease in life obtained by lowering stress by the
0.67 [factor. Typically, the practical effect is that strain rate in service under nominal conditions is o
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reduction in thickness ranged from a hlgh of 20% down to 0% dependlng on MSYS/MSTS ratio and the
design temperature. Note that in Figure 3-34, the allowable stress values for VIII-2 and Old VIII-2 are
the same; however, the percent in wall reduction is not equal to zero because a different wall thickness
equation for a cylindrical shell is used in VIII-2.

New Stress Basis — Changes in Code Requirements

The new higher allowable design stresses in VIII-2 will result in a lowering of the intersection between
time-independent behavior and time-dependent behavior. The lowering of the temperature where time-
independent behavior occurs will have an effect on design procedures currently limited to below the
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creep range such as application of external pressure charts and fatigue analysis.

In addition, other changes from OId VIII-2 were required. For example, the temperature requirement in
Part 3, paragraph 3.4.4.5 that for Category A welds in 2.25Cr-1Mo-0.25V construction, that each heat
of filler wire and flux combination used in production be qualified by a weld metal stress-rupture test,
was changed from 825°F to 875°F. The origin of the 875°F temperature is that this value was set at
25°F below the time-dependent temperature of 900°F in Old VIII-2. Since the time-dependent
temperature is 850°F in VIII-2, the temperature was changed to 825°F to honor the 25°F requirement.

3.13 Strength Parameters

The strength parameters for materials permitted by this Division are given in Annex 3-D

3.14 Physical Properties

References to obtain the physical properties for all permissible materials of construction are given in
Annex 3-E.

3.15 Design Fatigue Curves

[Design fatigue curves for non-welded and for welded construction are pfovided in Annex 3-F. As an
dlternative, the adequacy of a part to withstand cyclic loading may be demonstrated by means of fatigue
test following the requirements of Annex 5-F. However, a fatigue.test may not be used as justification
fpr exceeding the allowable values of primary or primary plus secondary stresses.

3.16 Nomenclature
The Nomenclature for Section 3 is provided.

3.17 Definitions

Definitions for Section 3 are provided by reference to Annex 1-B.

3.18 Annexes
The annexes for Section 3 are«provided herein, and described below.

Annex 3-A: Allowable Design Stress

Annex 3-A contains (1)tables listing the material specifications permitted for construction to \lII-2.
Each table is composed of the material specification, type/grade/class, UNS number, nominal
gomposition, andiproduct form. This Annex also redirects the user to the appropriate Tables in Segction
], Part D for the design allowable stresses.

Annex 3-B:Requirements for Material Procurement

Annex, 3-B was intended to provide a summary of material requirements in VIII-2 in tabular format to
facilitate the procurement process. This annex was not completed in time for the initial publicatio

-

Annex 3-C: ISO Material Group Numbers

Annex 3-C was intended to provide a comparison between ISO and ASME material requirements. This
annex was not completed in time for the initial publication.

Annex 3-D: Strength Parameters

Overview

A significant effort was placed on developing material models for use with the Design-By-Rule (DBR)
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procedures in Part 4 and the Design-By-Analysis (DBA) procedures in Part 5. These material models
include a temperature dependent stress-strain curve, a temperature dependent cyclic-stress-strain
curve, and temperature dependent tangent modulus. All material types including carbon and low alloy
steels, high alloys, and non-ferrous alloys are covered.

The availability of models that represent actual material behavior are one of key elements in using
numerical techniques for design. The standardization of these strength parameter models will promote
consistency in designs when using the DBR procedures in Part 4 or the DBA procedures in Part 5.

Monotonic Stress-Strain Curve

The model shown below is provided for determining the monotonic stress strain curve to be used.in
design calculations required by VIII-2 when the strain hardening characteristics of the stress.strain
curve are to be considered. Development of the model is fully described by Prager et al. [8].
O-t
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£ = 0.002 (3.16)
K=1.5R"-0.5R* -R* (3.17)
The parameters m, , and €, are provided in Figure 3-9 based on the type of material.

The temperature dependence in the stress-strain curve model is currently introduced by using the
temperature dependent yield strength, tensile strength, and elastic modulus values from Section Il, Part
D and WRC 503 [9], see paragraph 3.3.14. Recent work performed by MPC indicates that additional

temperature danandence-mavhe-raauired-inthe-modelforcardainmateriale
Hperatt-e-aepehaehce-Hay-Pe+equieati—te-oasr1ot e -HateHeS:

The stress-strain curve model also produces consistent results with the values of the yield. strehgth,
tensile strength, and elastic modulus. For example, the slope of the elastic portion of the Stress-$train
gurve is the elastic modulus and the 0.2% offset value is the yield strength. The proportional limit |s set

value of approximaterR~O'yS. The true ultimate tensile strength is given by Eduation (3.18}, the

gorresponding true total strain may be computed from Equation (3.6) by setting &, = o,

its,t "

Crtss = s €XP [, ] (B.18)
For an analysis, the development of the stress strain curve should be(limited to a value of true ultimate
tensile stress at true ultimate tensile strain. The stress strainieurve beyond this point should be
perfectly-plastic.

The stress-strain curve model presented is in terms of true stress and true strain. The enginepring
dtress-strain curve may be obtained by using the relationships between true stress and enginegring
gtress, and true strain and engineering strain shown.bélow.

o, = (1+€m)0'w (B-19)
eSIn[l+eg, | (B-20)

$ome carbon steels exhibit unusualstress-strain curves. These curves have been referred to ovar the
years as exhibiting jogs, discontinuous yielding, yield offset, Luder’s plateau, or yield plateau. | The
gppearance is schematically illustrated in Figure 3-37. The amount of offset that defines the |yield
plateau may exceed 1%. The ‘extent of the offset and the elevation of the yield point vary widely.
ariables affecting this phenomenon include dissolved interstitial elements (SN — Tin, B — Boron, H —
hydrogen), compositiof, ) tensile strength, heat treatment, thermo-mechanical history, time| and
temperature of aging prior to testing, loading rate, grain size, degree of cold work, among others.| The
gffect of cold work.on the stress-strain curve for a typical carbon steel is shown in Figure 3-38.| The
gtress-strain model described above may be adapted to accommodate precise description of a fyield
plateau behavior when such specific information is available. However, since this information is seJdom
gvailable, the use of the model herein permits assessment of general problems for carbon steelg with
qufficient{accuracy using elastic-plastic analysis. In addition, the stress-strain curve model is
gonsidered to more accurately model the stress-strain response of the material in the as-fabri¢ated
gondition, i.e. the effect of cold wok is to minimize the yield plateau effect.

An alternate mono-tonic stress-strain curve model is recommended Hoffelner [10].
Cyclic-Stress-Strain Curve

The cyclic stress-strain curve of a material (i.e. strain amplitude versus stress amplitude) may be
represented by the Equation (3.21). The material constants, 7. and C__, for this model are provided
in Figure 3-10. The materials covered in Figure 3-10 are currently limited and future work is required
to provide cyclic stress-strain curves for all of the materials in the code.
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£, = Z {[;‘ J (3.21)

The hysteresis loop stress-strain curve of a material (i.e. strain range versus stress range, see Draper
[11], obtained by scaling the cyclic stress-strain curve by a factor of two is represented by the Equation

(3.22). The material constants n, . and K_ provided in Figure 3-10 are also used in this equation.

1
E = 2L2Kr J G329

y

The pise of the cyclic stress-strain curve will become increasingly important as new method forifatigu
analyses are developed. For example, the new fatigue analysis method for welded joints.using elasti
stress analysis and the Structural Stress described in paragraph 5.8.5 directly utilize Equation (3.22).

T

For mnaterials that exhibit a yield plateau, the stabilized cyclic stress-strain curveland the monotoni
stresis-strain curve are identical in the lower part of the elastic range. The cyelic stress-strain curv
then|becomes nonlinear at stress values equal to 20 to 50% below that.of’the yield point for th¢
mongtonic curve. Typically, the monotonic upper yield point is eliminated under cyclic loading
condjtions. This behavior is shown in Figure 3-39. At large strains, the cyclic curves intersect or
converge with the monotonic curves.

D—<CJ

As described by Bannantine et al. [12], the stress-strain response.of'a material may be altered becaus
of cyglic loading. Depending on the initial conditions of the matérial and test conditions, a material may:
cycligally soften, cyclically harden, be cyclically stable, or_have a mixed behavior where softening of
hardéning may occur depending on the strain range.

AY”

Cyclic stress-strain data is difficult to obtain for the majerity of materials in VIII-2, especially as a function
of temperature. The lack of data has also been-an issue for other industries. To address the issud,
Baurpel and Seeger [13] developed a Uniform Material Law for estimating the cyclic stress-strain ang
straip life properties for plain carbon and_loaw-to medium alloy steels, and for aluminum and titanium
alloys. The method is shown in Table 2(11" The Uniform Material Law provides generally satisfactor
agreement with measured materials properties, and may on occasion provide an exceptions
corrglation. In the fatigue community, it is the recommended method for estimating cyclic stress-strai
and ptrain life properties when.‘actual data for a specific material is not provided in the form of

corrglation or actual data points._Note that an estimate of the cyclic stress-strain curve as well as strai
life properties or a fatigue.curve can be obtained from the Uniform Material Law. The estimation of

fatigyie curve is important because fatigue curves are not provided for the most of the materials in VIl
2.

U " A " R

Tangent Modulus\Based on Stress-Strain Curve Model

The fangentinodulus based on the stress-strain curve model in Part 3, paragraph 3.3.13.2 is given by
Equagtion (3.23).

-1

N\ —1

L AY
Et=0—0= % | _ L+DI+D2+D3+D4 (3.23)
o¢, oo, E,

t

P

where
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D, = (3.24)
2m1A1["1‘]
x L
Dz=—% ﬁ a,[’"] % (%2_%) {1—tanh2[H]}+;1q[m' jtanh[H] (3.25)
/41 1
o
D, =2 1 (B.26)
2m2A2[”]
p =11 | GH 2 i tann’ [H]}+io-”i2_lj tanh[H]|  (27)
4 B [L] t K(O-uts_o-y.s‘) n, 4 .
A4

e used rather than the external pressure charts in Section Il, Part D, Subpart 3. In the ext
ressure charts, the tangent modulus, E , is equal to 2A/B, where A is the strain given o
bscissa and B is the stress value on the ordinate 6f the external pressure chart.

\nnex 3-E: Physical Properties

A

[abular values for the Young’s Modulus, the)thermal expansion coefficient, thermal conductivity
ne thermal diffusivity as a function of temperature are provided in Section Il, Part D. However, n
roperties are provided in Section Il,-Rart D for materials permitted in VIII-2. Therefore, WRC 5(
vas prepared to cover all materials\permitted for use in VIII-1 and VIII-2. In WRC 503, the phy
roperties as function of temperature are provided in equation format.

As with the strength parameters discussed above, the standardization of physical property model
romote consistency in designs when using Design-By-Rule (DBR) procedures in Part 4 or Desig
Analysis (DBA) procedures in Part 5.

\nnex 3-F: Design.Fatique Curves

[he tangent modulus computed above is move representative/of actual material behavior and should

ernal
N the

and
ot all
3 [9]
sical

s will
n-By-

bmooth bar.design fatigue curves are provided in both tabular and equation formats. The design f:
urves are‘unchanged from Old VIII-2. The smooth bar design fatigue curves are used in conju

igue
tion

vith thevfatigue assessment requirements in Part 5, paragraphs 5.5.3 and 5.5.4. These fatigue cirves
re also used for fatigue screening in accordance with Part 5, paragraph 5.5.2. In addition to smooth
arfatigue curves, welded joint fatigue curves are provided for fatigue assessment in accordancq with

S
Q
\
2
¢
t

for environment or when fatigue improvement methods, i.e. burr grinding, are used.

he requirements of Part 5, paragraph 5.5.5. Modifications to the welded joint fatigue lite may be made

Both the smooth bar and welded joint fatigue curves are currently provided in equation format only.
Graphical representation of these curves will be provided in a future edition of VIII-2.
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3.19 Criteria and Commentary References
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[2] Selz, A., “New Toughness Rules in Section VIII, Division 1 of the ASME Boiler and Pressure
Code,” 88-PVP-8, ASME, New York, N.Y., 1988.

[3] Jacobs, W.S., “ASME Code Material Toughness Requirements for Low Temperature Operation,
Section VIII, Division 1 and Division 2, 1998, 1999 Addenda,” PVP Vol. 407 Pressure Vessel and
Piping Codes and Standards — 2000, ASME 2000, pg. 23-38.

[4] Osage, D.A. and Prager, M., “Technical Basis of Material Toughness Requirements in the ASME
Boiler and Pressure Vessel Code, Section VI, Division 2,” Journal of Pressure Vessql
Technology, ASME, June 2012, Vol. 134, pages 031001-1-031001-13.

[5] [Osage, D.A., and Prager, M., Development of Material Fracture Toughness Rules for Section VI,
Division 2, WRC Bulletin 528, The Welding Research Council, New York, N.Y., 2009

[6] [Staats,J., and Osage, D.A., “Determination of Fracture Arrest Stress”, PVP2009-77999,
Proceeding of PVP2009, 2009 ASME Pressure Vessels and Piping Division €onference July 26-
30, 2009, Prague, Czech Republic.

[7] Upitis, E. and Mokhtarian, Evaluation of Operating Margins for In-serviee) Pressure Equipment,
WRC Bulletin 447, The Welding Research Council, New York, N.Y., December 1999.

[8] [Prager, M. and Osage D.A., Development of a Stress-Strain Curve ‘ahd Local Strain Criterion far
Use with Elastic-Plastic Analysis for use in the ASME Code, A¥RC Bulletin 553, The Welding
Research Council, New York, N.Y., In Preparation.

[9] [Osage, D.A., Rabinovich, M., Heskamp, M.D., Gebers, J.A. and Prager, M., Compendium qf
Temperature-Dependent Physical Properties for Pressure Vessel Materials, WRC 503, The
Welding Research Council, New York, N.Y., In Preparation.
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3.2Q Criteria and Commentary Nomenclature

a reference flaw depth.

2c reference flaw length.

A Section Il, Part D, Subpart 3 external pressure chart A-value.

4 curve fitting constant for the elastic region of the stress-strain curve.

A, curve fitting constant for the plastic region of the stress-strain curve.

B Section Il, Part D, Subpart 3 external pressure chart B-value.

C K,, parameter.

CA corrosion allowance.

CVN .po-min  Minimum CVN requirement of the code.

CVN, CVN of lower shelf.

CVN CVN requirement for the upper shelf.

CVN(t) CVN requirement as a function of thickness.
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CVN,, (1) CVN requirement for the near lower shelf as a function of thickness.
CVN,,.(t)  CVN requirement for the transition region as a function of thickness.
D, coefficient used in the tangent modulus.
D, coefficient used in the tangent modulus.
D, coefficient used in the tangent modulus.
D, coefficient used in the tangent modulus.
AT (R ) temperature reduction as a function of R_
VIDMT Minimum Design Metal Temperature.
- joint efficiency (see Part 7) used in the calculation of 7, . For castings, the quality factor
or joint efficiency E, whichever governs design, shall be used.
E E equal to E except that E” shall not be less than 0.80, or £"/ max [ E, 0.§0].
5, tangent modulus of elasticity evaluated at the temperature of interest.
Ey modulus of elasticity evaluated at the temperature of interest,'see Annex 3-E.
E engineering strain.
F, stress-strain curve fitting parameter.
E, true strain.
€ 0 total true strain amplitude.
£, total true strain range.
E s 0.2% engineering offset strain.
| true plastic strain in the micro-strain region of the stress-strain curve.
) true plastic strain in the maero-strain region of the stress-strain curve.
| true strain in the migro=strain region of the stress-strain curve.
) true strain in the Macro-strain region of the stress-strain curve.
- stress-straincurve fitting parameter.
K material parameter for the stress-strain curve model.
K . materidl parameter for the cyclic stress-strain curve model.
K, fracture toughness estimate for the lower shelf.
K value of the material fracture toughness.
K () value of the material fracture toughness as a function of thickness.
K toughness ratio.
K- fracture toughness estimate for the upper shelf.
1d dynamic fracture toughness.
K ,P stress intensity factor based on primary stresses.
K ,SR stress intensity factor based on secondary and residual stresses.
K gy stress intensity factor.
K, (?) fracture toughness requirement for the near lower shelf region as a function of
thickness.
L load ratio.

r
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load ratio based on primary stress.
load ratio based on secondary and residual stresses.

curve fitting exponent for the stress-strain curve equal to the true strain at the
proportional limit and the strain hardening coefficient in the large strain region.

curve fitting exponent for the stress-strain curve equal to the true strain at the true
ultimate stress.

material parameter for the cyclic stress-strain curve model.

der

plasticity correction factor-
applied pressure for the condition under consideration.
maximum allowable working pressure based on the design rules in this Division df
ASME/ANSI pressure-temperature ratings.

engineering yield to engineering tensile ratio or the radius of the cylinder,applicable.
stress ratio defined as the stress for the operating condition under consideratio

divided by the stress at the design minimum temperature. The stress ratio may also b
defined in terms of required and actual thicknesses, and for components with pressur
temperature ratings, the stress ratio is computed as the ‘applied pressure for th
condition under consideration divided by the pressure rating at the MDMT .

reference stress factor.

—j

O—— <D

allowable stress from Annex 3-A.

applied general primary stress.
specified minimum yield strength.

total stress amplitude.
engineering stress.
total stress range.

true stress at which the true-strain will be evaluated, may be a membrane, membran
plus bending, or membrane, membrane plus bending plus peak stress depending on
the application.

engineering yield stress evaluated at the temperature of interest.

1%

engineering ultimate tensile stress evaluated at the temperature of interest.

true ultimate tensile stress at the true ultimate tensile strain evaluated at th

1%

temperature of interest.
primary membrane stress.
secondary-residual membrane stress.

thickness of the component.
governing thickness.

nominal uncorroded thickness. For welded pipe where a mill undertolerance is allowed

by the material specification, the thickness after mill undertolerance has been deducted
shall be taken as the nominal thickness. Likewise, for formed heads, the minimum
specified thickness after forming shall be used as the nominal thickness.

required thickness of the part under consideration in the corroded condition for all

applicable loadings.
temperature.

K,, parameter.
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T(t) temperature or MDMT as a function of thickness.
T.(R,) temperature as a function of R, .
T,(1) T,(R,) evaluated at R, =1.
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3.21 Criteria and Commentary Tables

Figure 3-1: Material Assignment Table
Based on Exemption Curves and Notes for Figure 3-16 and 3-17

Curve Material Assignment
A

a) Allcarbon and all low alloy steel plates, structural shapes and bars not listed in Curves
B, C, and D below.

b) SA-216 Grades WCB and WCC if normalized and tempered or water-quenched and
tempered; SA -217 Grade WCE6 if normalized and tempered or water-quenched and
tempered

B

a) SA-216 Grades WCA if normalized and tempered or water-quenched and tempered;
Grades WCB and WCC for thicknesses not exceeding 50 mm (2 in.) if preduced to a
fine grain practice and water-quenched and tempered

b) SA-217 Grade WCS9 if normalized and tempered

c) SA-285 Grades Aand B

d) SA-414 Grade A

e) SA-515 Grades 60

f)  SA-516 Grades 65 and 70 if not normalized

g) SA-662 Grade B if not normalized

h) SAJ/EN 10028-2 Grade P355GH as-rolled

i)  Except for cast steels, all materials of Curve A if produced to fine grain practice and
normalized which are not listed for. Gurve C and D below;

j)  Pipe, fittings, forgings, and tubing not listed for Curves C and D below;

k) Parts permitted from paragtaph 3.2.8, shall be included in Curve B even when
fabricated from plate that.otherwise would be assigned to a different curve.

a) SA-182 Grades F21.and F22 if normalized and tempered.

b) SA-302 Grades Cand D

c) SA-336 Grades’F21 and F22 if normalized and tempered, or liquid quenched and
tempered:

d) SA-384.Grades 21 and 22 if normalized and tempered, or liquid quenched and
tempered.

e) “SA-516 Grades 55 and 60 if not normalized

f)<{/ SA-533 Grades B and C

g) SA-662 Grade A

At materatstisted (@) through(g)and- (1) for Curve B-if produced to fimegraimn
practice and normalized, normalized and tempered, or liquid quenched and tempered
as permitted in the material specification, and not listed for Curve D below

D a) SA-203

b) SA-508 Class 1

c) SA-516 if normalized

d) SA-524 Classes 1 and 2
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Curve Material Assignment
e) SA-537 Classes1,2,and 3
f)  SA-612 if normalized; except that the increased C limit in the footnote of Table 1 of
SA-20 is not permitted
g) SA-662 if normalized
h) SA-738 Grade A
i) SA-738 Grade A with Cb and V deliberately added in accordance with the provisions
of theTmateriatspecificatiom, ot cotder tham=29°C(-26°F)
j)  SA-738 Grade B not colder than -29°C (-20°F)
k) SA/EN 10028-2 Grade P355GH if normalized [See Note d)3)]
Notes

@) Castings not listed as Curve A and B shall be impact tested
b) For bolting see paragraph 3.11.6.

c) When a class or grade is not shown in a material assignment, alhclasses and grades
indicated.

d) The following apply to all material assignment notes.

1)

2)

3)

e) Data of Figures 3.7 and 3.7M are shown-in' Table 3.14.
f)  Data of Figures 3.8 and 3.8M are shown in Table 3.15.
g) See paragraph 3.11.2.5.a.5.ii forlyield strength greater than 450 MPa (65 ksi).

Cooling rates faster than those obtained in air, followed by tempering, as permitted by
material specification, are considered equivalent{to normalizing and tempering
treatments.

Fine grain practice is defined as the procedures necessary to obtain a fine austenitic g
size as described in SA-20.

Normalized rolling condition is not considered as being equivalent to normalizing.

are

the
heat

rain
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Figure 3-2: Criteria for Establishing Allowable Stress Values for ASME B&PV Code Section I, Part D, Tables 5A and 5B

Below Room R
oom Temperature and Above
L Temperature
Product/Material
Tensile Yield Tensile . Creep
Strength Strength Strength Yield Strength Stress Rypture Rate
All Wrought or Cast
. S S R .
Ferrous And Non Sy el Sy y 7y min| F,, Sy, 08-S, | | 1:0-Se,,
Ferrous Product Fgrms 2.4 15 2.4 15 avg "~ Ravg Rmin 8
Except Bolting ’ )
All Wrought or Cast S g S S,<09-S, -R,
Austenitic and Simjlar T y T min| —£) ~—— =~ : [ . ) ] 1.0-
Non-Ferrous ProdUﬁt 2.4 G 2.4 15 1.0 min F:wg SRavg’ 0.8 Sein 0 Scang
Forms Except Bolting ’
Nomenclature:
Favg is the multiplier applied to average stress for rupture in 100;000 hr. At 1500°F and below, Favg =0.67 . Above [1500°F, it is determined from

the glope of the log time-to-rupture versus log stress plot at 100,000 hr such that log [Favg:|

Y oxy X

Cavg

(O

Ravg

t

Rmin

IZIZ

is the average stress to cause ruptureat the end of 100,000 hr

is th¢ specified minimum<ensile strength at room temperature

is a gpecified minimym_yield strength at room temperature

is th¢ average stress to produce a creep:rate of 0.01%/1,000 hr

is th¢ minimum stress to cause_rupture at the end of 100,000 hr

is a megative number equal to A log time-to-rupture divided by A log stress at 100,000 hours.
is the ratio of the average temperature depeéndent trend curve value of yield strength to the room temperature vyi

=1/n,but F

avg

may not exceed 0.67 .

eld strength
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Figure 3-3: Criteria for Establishing Allowable Stress Values for ASME B&PV Code Section Il, Part D, Tables 5A and 5B

Below Room R
oom Temperature and Above
Temperature
Product/Material
Tensile Yield . . Creep
Strength | Strength Tensile Strength Yield Strength Stress Rypture Rate
Bolting, Annealed S S 1.1S.R S SR, )
Ferrous and 57 - min| -, —TL min| &, =~ mm':Favg S pavg O-S'Skmm] 1.0-S¢,,
Nonferrous 4 1.5 4 4 L5 1.5
Bolting, Strength
Enhanced By Heat s S LIS.R s R
Treatment Or Stra|J Sy Sy min| 2z, L15rfs min (&L, 2 min':F S log.s . J 1.0-8,
Hardening, Ferrou 5 4 5 4 4’ 15 avg M Ravg Rmin avg
and Non Ferrous
(Note 2)

Notes:

Nomenclature is defined in Figure 3-2

For materials whose|

strength has been enhanced by heat treatment or by strain hardening, the criteria shown shall

are lower than for thé annealed material, in which case the annealed values shall be used.

govern unless the values

¥10¢-1-91d
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Figure 3-4: Criteria for Establishing Allowable Stress Values for ASME B&PV Code Section I, Part D, Table 4

Below Room

Raoom Temperature and Above
Temperature
Product/Materia

Tensile Yield Tensile Strength Yield Strength Stress Rupture Creep Rate

Strength | Strength 9 9 P p
Bolting, Strength
Enhanced By Heat S. SR
Treatment Or Stra't\ NA NA NA min| =%, X2 NA NA
Hardening, Ferrou 3 18
and Non Ferrous

Notes: Nomenclatyre is defined in Figure 3-2
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Figure 3-5: Criteria for Establishin

g the Nominal Design Stress for Pressure Parts Other than Bolt per EN13445

Material Normal Operating Load Cases Testing and Exceptional Load Cases
Steels other than Austenitic 4 <30% as per £, =min Kpoos L0 | = Rpo.z,zm,
paragraph(6.2 of EN 13445 d 15 ° 24 “ 105
Steels other than Austenitic 4 <30% as per £, = min Rz Rz = P02t
paragraph(6.3 of EN 13445 a 1.5 > 1.875 “ 105
" R0, 10,1
Austenitic Ste¢ls 30% < 4 <35% f, = P = L e
1.5 ‘ 1.05
R R R (R R
Austenitic [Steels 4 >35% f, =max| —22L min| 224 f.., = max | e e
1.5 1.2 3 | 1.05 2
| R R R
Cdst Steels f, = mm[ o2 m’zo} f.l= PO
1.9 3 : 1.33
Nomenclature:
A is the rupture elongation
f, is the allowable stress for normal operating load casés
frost is the allowable stress for testing and exceptional load cases
R, is the is the minimum upper yield strength at the design temperature
R, is the minimum tensile strength at 20°C.
R,, is the minimum tensile strength at.the design temperature
RPO.ZJ is the minimum 0.2% proof strength at the design temperature
Rpl.o’l is the minimum 1.0% proof.strength at the design temperature
Rp(m i is the minimum 0.2%,proof strength at the test or exceptional load case temperature
Rpl_o’[ ) is the minimum 1<0% proof strength at the test or exceptional load case temperature
Notes:

[1]1 For Testing Catpgory 4<he nominal stress

The yield strength R, may be used in lieu of R, if the latter is not available from the material standard.

shall be multiplied by 0.9.

For definition of rupjure elongation see EN 13445-2:2002, Clause 4

¥10¢-1-91d
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Figure 3-6: Criteria for Establishing the Nominal Design Stress for Bolting per EN13445

A7

Material Normal Operating Load Cases Testing and Exceptional Load Cases
R R R, R, »
Steels other thgn Austenitic 4 < 30% f, =min| 2L = _m20 f, =1.5Mmip| 22 -
’ ¢ [ 30 7 40 ¢ 30~ 40
R R, %
Austenitic[Steels 4 > 30% =m0 f,=1.5] —==
’ f1="40 ¢ 4.0
Nomenclature:
A is the rupture elongation
fd is the allowable stress for normal operating load cases
fost is the allowable stress for testing and exceptional load cases
R, 5 is the minimum tensile strength at 20°C.
R s, is the minimum 0.2% proof strength at the design temperature
R, is the minimum 0.2% proof strength at the test or exceptional load case temperature
Notes:

[1] For determining the minimum bolt area.
For definition of rupjure elongation see EN 13445-2:2002, Clause 4

¥10¢-1-91d
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Figure 3-7: Strength Parameters and Allowable Stress for SA 516 Grade 70 and P295GH

Code Strength | | 'poiies Temperature (°C)
Parameter (mm) 20 50 100 150 200 250 300 350 400
YSO0.2p <16 295 285 268 249 228 209 192 178 167
YS0.2p 16 <t<40 290 280 264 244 225 206 189 175 165
EN 10028-2 YS0.2p 40<t<60 285 276 259 240 221 202 186 172 162
YS0.2p 60 <t<100 260 251 237 219 201 184 170 157 148
YS0.2p 100 <t<150 235 227 214 198 182 167 1%3 142 133
YS0.2p 150 <t< 250 220 213 200 185 170 156 144 133 125
ASME, Section
Il, Part D, Table ¥ So.2p FULL 262 256 239 232 225 216 204 193 181
Y
TS <16 460 4
TS 16 <t <40 460 -+
EN 10028-2 TS 40 <t<60 460 4
TS 60 <t <100 460 -1
TS 100 <t <150 440 4
TS 150 <t <250 430 -+
ASME, Section
Il, Part D, Table TS FULL 483 483 483 483 483 483 483 483 476
U
S <16 192 190 179 166 152 139 128 119 111
S 16 <t<40 192 187 176 163 150 137 126 117 110
S 40<t=<60 190 184 173 160 147 135 124 115 108
EN 134453 S 60 <t=<100 173 167 158 146 134 123 113 105 99
S 100 <t=<150 157 151 143 132 121 111 102 95 89
S 150 <t< 250 147 142 133 123 113 104 9P 89 83
ASME, Section
Il, Part D, Table S FULL 175 171 159 154 150 144 136 128 101
5AE
Notes:
[11 YSo.zp is the 0.2 percent offset yield strength
TS is the tensile strength
S is the allowable stréss

¥10¢-1-91d
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Figure 3-8: Strength Parameters and Allowable Stress for SA 240 Type 204 and X5CrNi18-10

144

¥10¢-1-91d

Strength | Product Thickness Temperature (°C)
Code Pafameter form Range L
(mm) 20| 50 100 | 150 | 200 | 250 | 300 | 1350 | 400 | 450 | 500
' So.2p C t<8 230 190 157 142 127 118 110 104 98 95 92
EN 10028-7 ¥ So.2p H t<13.5 210 190 157 142 127 118 110 1¢4 98 95 92
¥ So.2p P t<75 210 190 157 142 127 118 110 104 98 95 92
ASME, Section
Il, Part D, Table ¥ So.2p ALL FULL 207 198 170 154 144 135 129 123 118 114 110
Y
¥'S1.0p C t<8 260 228 191 172 157 145 135 129 125 122 120
EN 10028-7 Y'S1.0p H t<13.5 250 228 191 172 157 145 135 129 125 122 120
¥'S1.0p P t<75 250 228 191 172 157 145 135 129 125 122 120
ASME, Section
Il, Part D, Table Y'S1.0p ALL FULL -
Y
TS c t<8 540 | 494 | 450" | 420 | 400 | 390 | 380 | 380 | 380 | 370 | 360
EN 10028-7 TS H t<13.5 520 494 450 420 400 390 380 380 380 370 360
TS P t<75 494 450 420 400 390 380 380 380 370 360
ASME, Section
Il, Part D, Table TS ALL FULL 517 512 485 456 442 437 437 437 436 429 413
U
S C t<8 173 152 140 133 130 121 113 108 104 102 100
EN 13445 S H t<13.5 167 152 140 133 130 121 113 1¢)8 104 102 100
S P t<75 167 152 140 133 130 121 113 108 104 102 100
ASME, Section
Il, Part D, Table S ALL FUEE 138 138 138 138 129 122 116 111 107 103 99.1
Y
Notes:
[11 YSo.zp is the 0.2 percent offset yield strength
YS1.0p is the 1.0 percent offset yield strength
TS is the tensile strength
S is the allowable strgss
C is cold rolled strip
H is hot rolled strip
P is hot rolled plate
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Figure 3-9: (VIIl-2 Table 3.D.1) — Stress-Strain Curve Parameters

PTB-1-2014

Material Temperature Limit m, £,
Ferritic Steel 480°C (900°F) 0.60(1.00—R) 2.0E-5
Stainless Steel and o o _ )
Nickel Base Alloys 480°C (900°F) 0.75(1.00—R) 2.0E-5
Duplex Stainless Steel 480°C (900°F) 0.70(0.95—R) 2.0E-5
Drnr\ipiquinn
Hardenable Nickel 540°C (1000°F) 1.90(0.93—R) 2.0E-5
Base
Aluminum 120°C (250°F) 0.52(0.98—R) 5.0E-6
Copper 65°C (150°F) 0.50(1.00—R) 5.0E-6
Titanium and o o _ )
Zirconium 260°C (500°F) 0.50(0.98—R) 2.0E-5
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Figure 3-10: (VIIl-2 Table 3.D.2) — Cyclic Stress-Strain Curve Data

Material Description Temp:arature n.. Kes
(°F) (ksi)
70 0.128 109.8
. 390 0.134 105.6
Carbon Steel (0.75 in. — base metal)
570 0.093 107.5
750 0.109 96.6
/0 0.110 100.8
390 0.118 99.6
Carbon Steel (0.75 in. — weld metal)
570 0.066 100!8
750 0.067 79.6
70 0.126 100.5
390 0.113 92.2
Carbon Steel (2 in. — base metal)
570 0.082 107.5
750 0:101 93.3
70 0.137 111.0
390 0.156 115.7
Carbon Steel (4 in. — base metal)
570 0.100 108.5
750 0.112 96.9
70 0.116 95.7
390 0.126 95.1
1Cr—1/2Mo (0.75 in. — base metal)
570 0.094 90.4
750 0.087 90.8
70 0.088 96.9
390 0.114 102.7
1Cr-1/2Mo (0.75 in. — weldymetal)
570 0.085 99.1
750 0.076 86.9
70 0.105 92.5
i 390 0.133 99.2
1Cr-1/2Mo-(0.75 in. — base metal)
570 0.086 88.0
750 0.079 83.7
70 0.128 156.9
1Cr—1Mo-1/4V 930 0.143 118.2
1020 0.133 100.5
1110 0.153 80.6
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Material Description Temperature n Ko
(°F) (ksi)
70 0.100 115.5
570 0.109 107.5
2-1/4Cr-1/2Mo 750 0.096 105.9
930 0.105 94.6

1110 0.082 62.1
70 0.177 14114
930 0.132 100.5

9Cr-1Mo 1020 0.142 88.3

1110 0.121 64.3

1200 0.125 49.7

70 0471 178.0

750 0:095 85.6

Type 304 930 0.085 79.8

1110 0.090 65.3

1290 0.094 44 .4

Type 304 (Annealed) 70 0.334 330.0
70 0.070 91.5
930 0.085 110.5
800H 1110 0.088 105.7

1290 0.092 80.2

1470 0.080 45.7

Aluminum (Al—-4.5Zn-0.6Mn) 70 0.058 65.7
Aluminum (Al—-4.5Zn=-1.5Mg) 70 0.047 74.1
Aluminum (100-T6) 70 0.144 22.3
Alumingm~(2014-T6) 70 0.132 139.7
Aluminum (5086) 70 0.139 96.0
Aluminum (6009-T4) 70 0.124 83.7
Aluminum (6009-T6) 70 0.128 91.8
Copper 70 0.263 99.1
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Figure 3-11: Uniform Material Law for Estimating Cyclic Stress-Strain and Strain Life

Properties
Parameter Plain Carbon and Low to Aluminum and Titanium
Medium Alloy Steels Alloys
n,. 0.15 0.1
K., 1.650,,, 1.6lc,,
o, I.5c,, 1.670,
g 0.59-a 0.35
b -0.087 -0.095
C -0.58 -0,69
Cyglic Stress-Strain Curve
1
C Ty
gtr e U}" + 2 LlSI’nGI‘
Ey 2Kcss
Strain-Life

r __

y

When computing &7 :

O-_;(ZN./' )b +e; (ZNf )

a=1.0 for . S 20,003
E

a41.375-1.25| Jus form Zw >0.003
E E
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3.22 Criteria and Commentary Figures

Figure 3-12: (VIII-2 Figure 3.3) — Charpy V-Notch Impact Test Requirements for Full-Size
Specimens for Carbon and Low Alloy Steels As a Function of the Specified Minimum Yield
Strength — Parts Not Subject to PWHT

70

60

50 1 (See Note qg))

40 A

30 4

<38 ksi—

10 T T T T T T T T T T T T T T T T T T T T T T T
0.00 0.25 0.50 0.75 1.00 1.25 1.50

20 A

Cv, ft-Ib (average of three specimens)

Maximum Nominal Thickness of Material or Weld, in
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Figure 3-13: (VIlI-2 Figure 3.4) — Charpy V-Notch Impact Test Requirements for Full-Size
Specimens for Carbon and Low Alloy Steels As a Function of the Specified Minimum Yield
Strength — Parts Subject to PWHT

70

s)

oU A

50 -

1l

40 A

30 A

Vi

L1

20 A

UV, =10 (dverage Of Uiree bpebilllel

o

10 LA e B e o . D B B |

Maximum Nominal T hickness of Material or Weld, in

Notes.for Figures 3-14, 3.3M, 3.4, and 3.4M

h) | Interpolation between yield strength values is permitted.

The minimum impact.energy for one specimen shall not be less than two-thirds of the average
impact energy required for three specimens.

Materials preduced and impact tested in accordance with SA-320, SA-333, SA-334, SA-350,
SA-352, SA-420, SA-437, SA-508 Grade 5 Class 2, SA-540 (except for materials produced
under Table 2, Note 4 in the specification), SA-723, and SA-765 do not have to satisfy these
energyvalues. Materials produced to these specifications are acceptable for use at a minimum
desigh metal temperature not colder than the test temperature when the energy values required
by-the applicable specification are satisfied.

If the material specified minimum tensile strength is greater than or equal to 655 MPa (95 ksi),
then the material toughness requirements shall be in accordance with paragraph 3.11.2.1.b.2.

I)  Data of Figures 3.3 and 3.3M are shown in Table 3.12.
m) Data of Figures 3.4 and 3.4M are shown in Table 3.13.

See paragraph 3.11.2.1.b.1 for Charpy V-notch specimen thicknesses less than 10 mm (0.394
in.)
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Figure 3-14: (VIII-2 Figure 3.5) — lllustration of Lateral Expansion in a Broken Charpy V-Notch

Specimen
A<—|
| 0.079 In.
| (2,01 mm)
|
\,/ $ A
0.394 In.
(10,01 mm)
|
I Width Along Notch— a -
-
A
A-A
Charpy V-Notch Specimen
B
-+—
|
|
|
|
| b -
4—'
B
B-B
ﬁ Broken Specimen
Impact
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Figure 3-15: (VIlI-2 Figure 3.6) — Lateral Expansion Requirements
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Figure 3-16: (VIII-2 Figure 3.7) — Impact Test Exemption Curves — Parts Not Subject to PWHT
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Figure 3-17: (VIlI-2 Figure 3.8) — Impact Test Exemption Curves - Parts Subject to PWHT and
Non-welded Parts
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o
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Figure 3-18: (VIII-2 Figure 3.9) — Typical Vessel Details lllustrating the Governing Thickness

—— X b
r: ‘ ;
v
—— X
Section X-X /
ty1=ta
tyo=ta (seamless) or t, (welded)
(a) Butt Welded Components
G G

> et

\
\
t t t e /@ t
a a | a
- Jﬂ | ! L #ﬂ L
)// T T Y — ? - T % 4\ TL}*
tg1= min (ta, tc) t92= min (tb, tc) t93=min (ta, tb)

(b) Welded Connection with or without a Reinforcing Plate

54


https://asmenormdoc.com/api2/?name=ASME PTB-1 2014.pdf

PTB-1-2014

Figure 3-19: (VIII-2 Figure 3.10) — Typical Vessel Details lllustrating the Governing Thickness

1

§D \G:JOVG
|
—

the integral
ty2)

‘ f — t
ta ‘ ta
1 ; ¢ =) h " ¢
—— S ¢
Groove
2
tg1= ta/4 (for welded or nonwelded)
tg1= ta/4 (for welded
or nonwelded) tg2=tp
tgo=tc Note: The governing thickness of
flat head or tubesh@et'is max (tgs,
L ,g[f,
—»‘ e— t; —» — ty

(a) Bolted Flat Head or Tubesheet and Flange

(b) Integral Flat Head or(Tubesheet

*’://lf*

tg15°1/4 (for welded or nonwelded)

tgz=min (ta, tb)

Note: The governing thickness of the integral
flat head or tubesheet is max (tg1, tg2)

— tp

(c) Flat Head or Tubesheet with a Corner Joint
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Figure 3-20: (VIII-2 Figure 3.11) — Typical Vessel Details lllustrating the Governing Thickness

—» et
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ta ta i
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3 ) r [ ]
k\ Pressure Containing Part kLPressure Containing Part
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(b) Integrally-Reinforced Welded Connection
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Figure 3-21: (VIlI-2 Figure 3.12) — Reduction in the MDMT without Impact Testing — Parts Not
Subject to PWHT

1.0
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Figure 3-22: (VIlI-2 Figure 3.13) — Reductioniin the MDMT without Impact Testing - Part
Subject to PWHT-and Non-welded Parts
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Figure 3-23: SA 516 Grade 70 and P295GH Yield Strength — 0.2% Offset
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Figure 3-24: SA 516 Grade :70’and P295GH — Allowable Stress
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Figure 3-25: SA 240 Type 304 and X5CrNi18-10 Yield Strength — 0.2 Percent Offset
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Figure 3-26: SA 240 Type 304 and:X5CrNi18-10 Yield Strength — 1.0 Percent Offset
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Figure 3-27: SA 240 Type 304 and X5CrNi18-10 — Tensile Strength
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Figure 3-28: SA 240 Type 304 and X5CrNi18-10 — Allowable Stress
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Figure 3-29: Section VIII, Division 2 Wall Thickness Comparison: SA 516 Grade 70

9.0%
8.0%
7.0%
6.0%

5 0%

4.0%
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2.0%

Reduction in Wall| Thickness (%)

1.0%
0.0%

M

0 200

400

600

Temperature (°F)

800 1000

1200

Section VIII, Division 2 Wall Tthickness Comparison

SA 516 Grade 70, SMYS=38 ksi; SMTS=70 ksi, SMYS/SMTS=0.54

2004 Edition, 2006 Addenda 2007 Edition
Reductign in
Temperature Wall
(°F) Allowable | (4 o0 | Allowable | o RS e e
Stress (ksi) (in) Stress (ksi) (in) (%)
100 23:3 1.316 253 1.210 8.1
150 23.3 1.316 23.8 1.287 2.2
200 23.2 1.322 23.2 1.321 0.0
250 22.8 1.345 22.8 1.345 0.0
300 22.4 1.370 22.4 1.370 0.0
350 221 1.389 221 1.389 0.0
400 21.6 1.422 21.6 1.422 0.0
450 21.2 1.449 21.2 1.449 0.0
500 20.6 1.493 20.6 1.492 0.0
550 201 7531 201 530 00
600 19.4 1.587 19.4 1.587 0.0
650 18.8 1.639 18.8 1.639 0.0
700 18.1 1.705 18.1 1.704 0.0
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Figure 3-30: Section VIII, Division 2 Wall Thickness Comparison: SA 537 Class 1,<2.5in

25.0%
20.0%
15.0%

10.0%

Reduction in Wall TlJickness (%)

5.0%
0.0%
-5.0%
-10.0%
-15.0%

-20.0%

Temperature (°F)

Section VIII, Division 2 Wall Thickness Comparison

SA 537 Class 1, £ 2.5 in, SMYS=50 ksi, SMTS=70 ksi, SMYS/SMTS=0.71

2004 Edition, 2006 Addenda 2007 Edition
Reduction in
Temperature Wall
(°F) Allowable b Allowable Wall Thickness
. Thickness . Thickness (%)
Stress (ksi) . Stress (ksi) .
(in) (in)
100 23.3 1.316 29.2 1.045 20.6
150 23.3 1.316 29.2 1.045 20.6
200 23-3 1.316 29.2 1.045 20.6
250 23.0 1.333 29.2 1.045 21.6
300 22.8 1.345 29.0 1.053 21.8
350 22.7 1.351 28.3 1.079 20.2
400 22,7 1.351 27.7 1.103 18.4
450 22.7 1.351 27.2 1.123 16.9
500 22.7 1.351 26.7 1.145 15.3
oJIU ££.0 [.90/7 £0.2 I.TO7 14.U
600 22.4 1.370 25.7 1.190 13.1
650 21.9 1.402 22.5 1.363 2.7
700 21.4 1.435 18.3 1.685 -17.4
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Figure 3-31: Section VIII, Division 2 Wall Thickness Comparison: SA 537 Class 2,<2.5in
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Reduction in W3ll Thickness (%)

0.0%

L

0 200

400

600
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SA 537 Class 2, < 2.5 in, SMYS=60 ksi SMTS=80 ksi, SMYS/SMTS=0.75

Section VIII, Division 2 Wall Thickness Comparison

2004 Edition, 2006 Addenda 2007 Edition
Reductign in

Temperature Wall

(°F) Allowable wall Allowable Wall Thickngss
. Thickness . Thickness (%)

Stress (ksi) . Stress (ksi) .
(in) (in)

100 26.7 1.145 33.3 0.915 201
150 26%7 1.145 33.3 0.915 20.1
200 26.7 1.145 33.3 0.915 201
250 26.7 1.145 33.3 0.915 20.1
300 26.7 1.145 33.3 0.915 201
350 26.7 1.145 33.3 0.915 20.1
400 26.7 1.145 33.3 0.915 201
450 26.7 1.145 32.6 0.935 18.4
500 26.7 1.145 32.0 0.952 16.8
550 26.6 1.149 31.4 0.971 15.5
600 264 158 308 0990 45
650 26 1.176 26.0 1.176 0.0
700 24.3 1.261 243 1.260 0.0
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Figure 3-32: Section VIII, Division 2 Wall Thickness Comparison: SA 737 Grade B

25.0%
g
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©
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200 400 600 800 1000 1200
Temperature (°F)

SA 737 Grade B, SMYS=50 ksi, SMTS=70 ksi, SMYS/SMTS=0.71

Section VIII, Division 2 Wall Thickness.€Comparison

2004 Edition, 2006 Addenda 2007 Edition
Reduction in
Temperature Wall
(°F) Allowable Wall Allowable Wall Thickness
. Thickness . Thickness (%)
Stress (ksi) \ Stress (ksi) .
(in) (in)
100 23.3 1.316 29.2 1.045 20.6
150 23.3 1.316 29.2 1.045 20.6
200 23.3 1.316 29.2 1.045 20.6
250 23.3 1.316 29.1 1.049 20.3
300 23.3 1.316 27.6 1.107 15.9
350 23.3 1.316 26.2 1.167 11.3
400 23.3 1.316 251 1.219 7.3
450 23.3 1.316 242 1.266 3.8
500 23.3 1.316 23.5 1.304 0.9
550 22.8 1.345 23.0 1.333 0.9
600 22,6 1.357 22,6 1.357 0.0
650 223 1.376 223 1.376 0.0
700 221 1.389 221 1.389 0.0
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: Section VIII, Division 2 Wall Thickness Comparison: SA 737 Grade C

25.0%

20.0% -

15.0%

Reduction in W4ll Thickness (%)
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5.0%
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Temperature (°F)

1000

1200

Section VIII, Division 2 Wall Thickness Comparison

SA 737 Grade C, SMYS=60 ksi, SMTFS=80 ksi, SMYS/SMTS=0.75

2004 Edition, 2006 Addenda 2007 Edition
Reductign in

Temperature Wall

(°F) Allowable Hall Allowable Wall Thickngss
. Thickness . Thickness (%)

Stress (ksi) . Stress (ksi) .
(in) (in)

100 26.7 1.145 33.3 0.915 20.1
150 267 1.145 33.3 0.915 20.1
200 26.7 1.145 33.3 0.915 20.1
250 26.7 1.145 33.3 0.915 20.1
300 26.7 1.145 33.1 0.920 19.6
350 26.7 1.145 31.5 0.968 15.5
400 26.7 1.145 30.1 1.013 11.5
450 26.7 1.145 291 1.049 8.4
500 26.7 1.145 28.2 1.083 5.4
550 26.7 1.145 27.6 1.107 3.3
600 26.7 1.145 271 1.128 1.5
650 26.2 1.167 26.2 1.167 0.0
700 25.9 1.181 25.9 1.181 0.0

65



https://asmenormdoc.com/api2/?name=ASME PTB-1 2014.pdf

PTB-1-2014

Figure 3-34: Section VI, Division 2 Wall Thickness Comparison: SA 387 Grade 22, Class 1
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SA 387 Grade 22, Class 1, SMYS=30 ksi, SMTS=60 ksi, SMYS/SMTS=0.50

Section VIII, Division 2 Wall Thickness:Comparison

2004 Edition, 2006 Addenda 2007 Edition
Reduction in

Temperature Wall

(°F) Allowable | Wl Allowable Wall Thickness
Stress (ksi) oess Stress (ksi) Th'c.k ness (%)

(in) (in)

100 20.0 1.5385 20 1.5381 0.02
150 19.1 1.6129 191 1.6125 0.02
200 18.7 1.6484 18.7 1.6479 0.02
250 18.4 1.6760 18.4 1.6756 0.03
300 18.2 1.6949 18.2 1.6945 0.03
350 18.0 1.7143 18.0 1.7138 0.03
400 18.0 1.7143 18.0 1.7138 0.03
450 17.9 1.7241 17.9 1.7237 0.03
500 17.9 1.7241 17.9 1.7237 0.03
550 17.9 1.7241 17.9 1.7237 0.03
600 17.9 1.7241 17.9 1.7237 0.03
650 17.9 1.7241 17.9 1.7237 0.03
700 17.9 1.7241 17.9 1.7237 0.03
750 17.9 1.7241 17.9 1.7237 0.03
800 17.7 1.7442 17.7 1.7437 0.03
850 171 1.8072 171 1.8067 0.03
900 13.6 2.2901 13.6 2.2890 0.05
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Figure 3-35: Section VIlI, Division 2 Wall Thickness Comparison: SA 387 Grade 22, Class 2
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SA 387 Grade 22, Class 2, SMYS=45 ksi,(SMTS=75 ksi, SMYS/SMTS=0.60

Section VIII, Division 2 Wall Thickness Comparison

2004 Edition, 2006 Addenda 2007 Edition
Reductign in
Temperature Wall
(°F) Allowable | (BT | Allowable | RS | Thickngss
Stress (ksi) . Stress (ksi) . (%)
(in) (in)
100 25.0 1.224 30.0 1.017 17.0
150 250 1.224 28.3 1.079 11.9
200 25.0 1.224 27.5 1.111 9.3
250 24.5 1.250 26.8 1.141 8.8
300 24.3 1.261 26.2 1.167 7.4
350 24.2 1.266 25.8 1.186 6.3
400 24.1 1.271 254 1.205 5.2
450 24.0 1.277 25.1 1.219 4.5
500 24.0 1.277 24.8 1.234 3.3
550 24.0 1.277 24.6 1.245 25
600 23.8 1.288 24.3 1.260 2.1
650 23.6 1.299 24.0 1.276 1.7
700 234 1.310 23.7 1.293 1.3
750 23.0 1.333 23.3 1.316 1.3
800 22.5 1.364 229 1.339 1.8
850 21.9 1.402 21.9 1.402 0.0
900 17.0 1.818 17.0 1.818 0.0

67



https://asmenormdoc.com/api2/?name=ASME PTB-1 2014.pdf

PTB-1-2014

Figure 3-36: Section VIII, Division 2 Wall Thickness Comparison: SA 382 Grade 22V

30.0%

25.0%

20.0% M

Reduction in Wjall Thickness (%)

15.0%

10.0% \
5.0% \
0.0% l

0 200

400

600 800

Temperature (°F)

1600

1200

Section VI, Division 2 Wall Thickness:Comparison

SA 382 Grade 22V, SMYS=60 ksi, SMTS=85 ksi, SMYS/SMTS=0.71

2004 Edition, 2006 Addenda 2007 Edition
Reduction in

Temperature Wall

(°F) Allowable | — WAl | Anowable | o Wall - Thickness
Stress (ksi) . Stress (ksi) . (%)

(in) (in)

100 28.3 1.079 354 0.860 20.3
150 28.3 1.079 35.4 0.860 20.3
200 28.3 1.079 354 0.860 20.3
250 283 1.079 35.4 0.860 20.3
300 28.3 1.079 354 0.860 20.3
350 28.3 1.079 354 0.860 20.3
400 28.3 1.079 35.4 0.860 20.3
450 28.3 1.079 354 0.860 20.3
500 28.3 1.079 35.4 0.860 20.3
550 28.0 1.091 354 0.860 21.2
600 27.6 1.107 35.4 0.860 22.4
650 271 1.128 354 0.860 23.8
700 26.5 1.154 34.9 0.872 24 .4
750 25.9 1.181 34.2 0.890 24.6
800 25.2 1.215 33.4 0.912 249
850 245 1.250 28.9 1.056 15.5
900 23.6 1.299 23.8 1.287 0.9
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Figure 3-37: Stress-Strain Curve with Yield Plateau
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Figure 3-39: Monotonic and Cyclic Stress-Strain Curve
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DESIGN-BY-RULE REQUIREMENTS

4.1 General Requirements

411

Scope

The requirements of Section 4 provide design rules for commonly used pressure vessel shapes under
pressure loading and, within specified limits, rules or guidance for treatment of other loadings. The
design-by-rule methods in VIII-2 have been significantly enhanced when compared to OIld VIII-2.
Section 4 covers the following subjects:

g
\
I
!

(¢

4.1 — General Requirements
4.2 — Design Rules for Welded Joints
4.3 — Design Rules for Shells Under Pressure

4.4 — Design Rules for Shells Under External Pressure and Allowable Compressive Stre

4.5 — Design Rules for Shells Openings in Shells and Heads
4.6 — Design Rules for Flat Heads

4.7 — Design Rules for Spherically Dished Bolted Covers
4.8 — Design Rules for Quick Actuating (Quick Opening) Closures
4.9 — Design Rules for Braced and Stayed Surfaces

4.10 — Design Rules for Ligaments

4.11 — Design Rules for Jacketed Vessels

4.12 — Design Rules for Non-Circular Vessels

4.13 — Design Rules for Layered Vessels

4.14 — Evaluation of Vessels Outside of Tolerance

4.15 — Design Rules for Supports and ‘Attachments

4.16 — Design Rules for FlangedJoints

4.17 — Design Rules for Clamped Connections

4.18 — Design Rules for Shell and Tube Heat Exchangers
4.19 — Design Rules far, Bellows Expansion Joints

Annex 4-A — Not used

Annex 4-B — Guide For The Design And Operation Of Quick-Actuating (Quick-Ope

Closures

Annex 4-C > Basis For Establishing Allowable Loads For Tube-To-Tubesheet Joints
Annex)4-D — Guidance to accommodate Loadings Produced By Deflagration

bection 4 does not provide rules to cover all loadings, geometries, and details. When design rule]
ot providéd for a vessel or vessel part, a stress analysis in accordance with Section 5 ma
erformed considering all of the loadings specified in the User's Design Specification. The us
esignated agent is responsible for defining all applicable loads and conditions acting on the pres

SSEeS

hing)

5 are
y be
er or
sure

Specification.

vessel that aftect Its design. hese loads and conditions are required to be given in the User's L)esign

The design procedures in Section 4 may be used if the allowable stress at the design temperature is
governed by time-independent or time-dependent properties unless otherwise noted in a specific
design procedure.

If the vessel is operating at a temperature where the allowable stress is governed by time-dependent
properties, the effects of weld peaking and weld joint alignment in shells and heads shall be considered.
This requirement is based on in-service failures of high temperature piping with long seam welds

71


https://asmenormdoc.com/api2/?name=ASME PTB-1 2014.pdf

PTB-1-2014

operating in the creep range. Procedures for evaluating weld peaking and weld joint misalignment for
high temperature service applications are provided in APl 579-1/ASME FFS-1. An example of this type
of analysis is provided by Dobis [1] and [2].

A screening criterion is required to be applied to all vessel parts designed in accordance with VIII-2 to
determine if a fatigue analysis is required. The fatigue screening criterion is performed in accordance
with Section 5. If the results of this screening indicate that a fatigue analysis is required, then the
fatigue analysis is to be performed in accordance with Section 5. If the allowable stress at the design
temperature is governed by time-dependent properties, then a fatigue screening analysis based on
experience with comparable equipment must be satisfied as described in Section 5.

41.2 Minimum Thickness Requirements

Excegpt for special provisions listed in VIII-2, the minimum thickness permitted for shells and lheads,
after|forming and regardless of product form and material, is 1.6 mm (0.0625 in) exclusive of any
corrgsion allowance. ltis required that the final thickness of a material include allowance:fer/fabrication|,
mill yndertolerance, and pipe undertolerance, as applicable.

4.1.3 Material Thickness Requirements

The selected thickness of material shall be such that the forming, heat treatriient, and other fabricatio
procgsses will not reduce the thickness of the material at any point below the minimum required
thickpess.

=)

Platg material is required to be ordered not thinner than the minimum required thickness calculated
using the rules in Section 4 and Section 5. Vessels made of plate furnished with a mill undertoleranc
of ngt more than the smaller value of 0.3 mm (0.01 in.) or 6% ofthe ordered thickness may be used gt
the full maximum allowable working pressure for the thickness ordered. If the specification to which
the plate is ordered allows a greater mill undertolerance, the ordered thickness of the materials i$
requfred to be sufficiently greater than the designthickness so that the thickness of the materig
furnished is not more than the smaller of 0.3 mm (0:01 in.) or 6% under the design thickness.

D

If pige or tube is ordered by its nominal wall thickness, the manufacturing undertolerance on wa
thickhess shall be taken into account. Aftetr the minimum wall thickness is determined, it shall b
increpsed by an amount sufficient to provide the manufacturing undertolerance allowed in the pipe o
tube [specification.

=~ D —

41. Corrosion Allowance’in-Design Equations

The |dimensional symbols~used in all design equations and figures throughout VIII-2 represer]
dimensions in the corroded-condition. The term corrosion allowance as used in VIII-2 is representativ
of logs of metal by cerroesion, erosion, mechanical abrasion, or other environmental effects. The use
or dgsignated agentis required to determine the required corrosion allowance over the life of the vessq|
and $pecify suchnin' the User’s Design Specification. The Manufacturer is required to add the required
allowance to”all minimum required thicknesses in order to arrive at the minimum ordered materigl
thickhess.. Thé corrosion allowance need not be the same for all parts of a vessel.

= W -

4.1. Design Basis

4.1.51 Design Thickness

The design thickness of the vessel part shall be determined using the design-by-rule methods of
Section 4 with the load and load case combinations specified in paragraph 4.1.5.3. A design-by-
analysis in accordance with Section 5 may be used to establish the design thickness and/or
configuration (i.e. nozzle reinforcement configuration) in lieu of the design-by-rules in Section 4 for any
geometry or loading conditions. This is a significant departure from the philosophy in the Old VIII-2
which stated that the minimum required wall thickness for common shapes (shells, cones, formed
heads) calculated using the rules of AD-200 could not be replaced by a lower thickness if an analysis

72


https://asmenormdoc.com/api2/?name=ASME PTB-1 2014.pdf

PTB-1-2014

per Appendix 4 were performed. In either case, the design thickness shall not be less than the minimum
thickness specified in paragraph 4.1.2.

4.1.5.2 Definitions

The following definitions are used to establish the design basis of the vessel, and are required to be
specified in the User’s Design Specification. These definitions make VIII-2 similar to VIII-1 in term of
specification of design conditions and nameplate stamping.

a) De3|gn Pressure — The pressure used in the design of a vessel component together with the

thickness or physical charactenstrcs of the different zones of the vessel. Where applicablé;. static
head and other static or dynamic loads are included in addition to the design pressure in the
determination of the thickness of any specified zone of the vessel. The design pressure should
not be confused with the specified design pressure. The specified design pressure.is defingd as
the design pressure at the top of the vessel in its operating position as specified in the Users
Design Specification, See VIII-2, Annex 1-B, paragraph 1.B.2.13. The design pressure i the
specified design pressure plus the pressure due to static head, if applicable.

B) Maximum Allowable Working Pressure — The maximum gage pressurepermissible at the top of a
completed vessel in its normal operating position at the designated ¢oincident temperature fof that
pressure. This pressure is the least of the values for the internal or external pressure fo be
determined by the rules of VIII-2 for any of the pressure boundary parts, considering static head
thereon, using nominal thicknesses exclusive of allowanges\for corrosion and considering the
effects of any combination of loadings specified in the *User's Design Specification aj the
designated coincident temperature. It is the basis for the\pressure setting of the pressure reli¢ving
devices protecting the vessel. The specified design‘pressure may be used in all cases in Which
calculations are not made to determine the value, of'the maximum allowable working pressuie.

¢) Test Pressure — The test pressure is the pressure to be applied at the top of the vessel during the
test. This pressure plus any pressure due i@’static head at any point under consideration is used
in the applicable design equations to check the vessel under test conditions.

d) Design Temperature and CoincidentPressure — The design temperature for any componentmust
not be less than the mean metal\temperature expected coincidentally with the corresponding
maximum pressure (internal and, jif specified, external). If necessary, the mean metal temperature
must be determined by, computations using accepted heat transfer procedures by
measurements from equipment in service under equivalent operating conditions. Also undér no
condition may the material temperature anywhere within the wall thickness exceed the maximum
temperature limit specified in Part 4, paragraph 4.1.5.2.d.1.
1) A design teniperature greater than the maximum temperature listed for a material

specification in Annex 3-A is not permitted. In addition, if the design includes extgernal

pressure; then the design temperature must not exceed the temperature limits specified in

Part4, Table 4.4.1.

2)  The maximum design temperature marked on the nameplate must not be less thanp the
expected mean metal temperature at the corresponding MAWP.

3)~" When the occurrence of different mean metal temperatures and coincident pressures during

deS|gn metal temperatures with their correspondlng MAWP, may be marked on the
nameplate as required.

e) Minimum Design Metal Temperature and Coincident Pressure — The minimum design metal
temperature (MDMT) must be the coldest expected in normal service, except when colder
temperatures are permitted by Part 3, paragraph 3.11. Considerations include the coldest
operating temperature, operational upsets, auto refrigeration, atmospheric temperature, and any
source of cooling.

1) The MDMT marked on the nameplate must correspond to a coincident pressure equal to the
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MAWP.

2) When there are multiple MAWP, the largest value must be used to establish the
corresponding MDMT marked on the nameplate.

3) When the occurrence of different MDMT and coincident pressures during operation can be
accurately predicted for different zones of a vessel, the MDMT for each of these zones may
be based on the predicted temperatures. These additional MDMT together with their
corresponding MAWP, may be marked on the nameplate as required.

4.1.5.3 Load Case Combinations

oo/ =

O—P—0O

comlbinations that are to be considered for the design include, but not limited to,"those shown in Figur
4-1 gnd

Figure 4-2, respectively.

An ekception to wind loading is provided when a different recogniz€d standard for wind loading is used.
In this case, the User's Design Specification shall cite the Standard to be applied and provide suitabl
load [factors if different from ASCE/SEI 7-10. The factors forwind loading (W) in Table 4.1.2, Desig
Load Combinations, are based on ASCE/SEI 7-10 wind.‘maps and probability of occurrence. If
diffefflent recognized standard for earthquake loading is used, the User's Design Specification shall cit
the Standard to be applied and provide suitable load factors if different from ASCE/SEI 7. It should b
noted that this exception should also be extendedto other loads, such as to snow and earthquak
load$, where the magnitude of the load is location dependent.

A28 Y "2 N < " = 7

The [design load case combinations to he(evaluated for use with design-by-rule are based on th
allowable stress design (ASD) load combinations given in Chapter 2, Combination of Loads, @
ASCE/SEI 7-10 [3]. The loads from ASCE/SEI 7-10 and notation used in VIII-2 are described in Figur:
4-1. [ Not all loads given in ASCESEI 7-10 are applicable to pressure vessels. For instance, th
ASCE/SEI 7-10 rain load ( R )/ Toef live load ( L, ) and flood load ( /) are not relevant and are ng

incluged in the load combinations in VIII-2. Dead loads and pressure loads, including internal an
extefqnal maximum allowable working pressure and static head, are treated as the permanent loads

D apd F in ASCE/SEl7/10). Temporary loads considered in this Code include wind ( W ), earthquak
(E))snow load (.S)'and self-straining forces (7 ). Where wind and earthquake are considered, the

load [that results.in’the more rigorous design is used. Wind and earthquake load do not need to b
consjdered as jacting concurrently. The earthquake loads in ASCE/SEI 7-10 have been updated
significantly.\in"the past two revisions of the standard and are based on recent NEHRP research.

O~ W D —x

%4

1”4

Whep_analyzing a loading combination, the value of allowable stress is evaluated at the coincident
temperature. In evaluating load cases involving the pressure term, P, the effects of the pressure being
equal to zero is required to be considered. For example, the maximum difference in pressure that may
exist between the inside and outside of the vessel at any point or between two chambers of a
combination unit or, the conditions of wind loading with an empty vertical vessel at zero pressure may
govern the design. The applicable loads and load case combinations are required to be specified in
the User’s Design Specification. If the vessel or part is subject to cyclic operation and a fatigue analysis
is required, then a pressure cycle histogram and corresponding thermal cycle histogram must be
provided in the User’s Design Specification.
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41.6 Design Allowable Stress

The allowable stresses for the design condition are published in Section II, Part D, Tables 5A and 5B.
The wall thickness of a vessel computed by the rules of Section 4 for any combination of loads (see
Part 4, paragraph 4.1.5) that induce primary stress (see Part 5, paragraph 5.12.17) and are expected
to occur simultaneously during operation must satisfy the equations shown below. These stress limits
are imposed to ensure against failure by plastic collapse. Additional information on the primary stress
limits may be found in Part 5, paragraph 5.2. The primary stress limits are implicitly satisfied if a design
rule is provided for calculation of a wall thickness. Other design rules will require calculation of stresses
and will be limited by these equations.

P <S (4.1)
P +PB <15S,, 4.2)

Requirements for the allowable stress for the test condition are shown below for<hydrostatically and
pneumatically tested vessels.

) Hydrostatically Tested Vessels — The equations below are similar to these in the Old VIII-2 except
they have been modified to account for a hydrostatic test pressure that will result in a membrane
stress equal to 95% of the yield strength as compared to 90% of theyield strength in Old VIIj-2.

Q.

P, <0.95S, (4.3)
P, +P, <1438, Jor P, <0.678, (4.4)
P,+B,<(2438,-15P,) for 0.67S, <P, <0958, (4.5)

) Pneumatically Tested Vessels
P =< O.SOSy (4.6)
P, +P, <1208, for P, <0.678, 4.7)
P,+P,<(2.208;-15P,) for 0.67S, <P, <0.8S, (4.8)

Controls are required to ensure that the Test Pressure is limited such that these allowable stressgs for
the test condition are not-exceeded.

4.1.7 Materials.in Combination

The materials permitted for construction are listed in Annex 3-A. As in the OId VIII-2, except yhen
prohibited by _the rules of this Division, a vessel may be designed for and constructed of| any
gombination of materials listed in Section 3. For vessels operating at temperatures other than ampient
temperature, the effects of differences in coefficients of thermal expansion of dissimilar materials are
required to be considered.

4.1.8 Combination Units

A combination unit is a pressure vessel that consists of more than one independent pressure chamber,
operating at the same or different pressures and temperatures. The parts separating each independent
pressure chamber are the common elements. Each element, including the common elements, are
required to be designed for at least the most severe condition of coincident pressure and temperature
expected in normal operation. Additional design requirements for chambers classified as jacketed
vessels are provided in Part 4, paragraph 4.11. It is permitted to design the common elements for a
differential pressure less than the maximum of the design pressures of its adjacent chambers
(differential pressure design) and/or a mean metal temperature less than the maximum of the design
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temperatures of its adjacent chambers (mean metal temperature design), only when the vessel is to be
installed in a system that controls the common element operating conditions.

41.9 Cladding and Weld Overlay
The design calculations for integrally clad plate or overlay weld clad plate may be based on a thickness
equal to the nominal thickness of the base plate plus the rnin[l.O, SC/SB] times the nominal

thickness of the cladding, less any allowance provided for corrosion subject to special requirements.
The requirements of this paragraph are the same as Old VIII-2.

4.1.10 Internal Linings

A Cdrrosion resistant or abrasion resistant lining not integrally attached to the vessel wall is not.given
any ¢redit when calculating the thickness of the vessel wall. The requirements of this paragraph ar¢
the same as Old VIII-2.

41.11 Flanges and Pipe Fittings

The [following standards covering flanges and pipe fittings are acceptable foriuse under VIII-2 i
accofdance with the requirements of Section 1. The requirements of this paragraph are the same a
Old Ylii-2.

=

o7

) |ASME B16.5, Pipe Flanges and Flanged Fittings
) |ASME B16.9, Factory-Made Wrought Steel Butt-welding Fittings
c) JASME B16.11, Forged Fittings, Socket- Welding and Thteaded
) |ASME B16.15, Cast Bronze Threaded Fittings, Classes”125 and 250
) |ASME B16.20, Metallic Gaskets for Pipe Flanges s Ring-Joint, Spiral-Wound, and Jacketed

f)  JASME B16.24, Cast Copper Alloy Pipe Flanges and Flanged Fittings, Class 150, 300, 400, 600,
000, 1500, and 2500

g) JASME B16.47, Large Diameter Steel.Rlanges, NPS 26 Through NPS 60

Pressure-temperature ratings must be in accordance with the applicable standard except that th
pressure-temperature ratings for ASME B16.9 and ASME B16.11 fittings are calculated as for straigh
seanless pipe in accordance withithe rules of VIII-2 including the maximum allowable stress for th
matgrial. A forged nozzle flange (i.e. long weld neck flange) may be designed using the ASME B16.
or ABME B16.47 pressure-temperature ratings for the flange material being used subject to specig
provisions.

— O (U —+ (U

4.1.12 Nomenclature

The pomenclature-for Section 4.1 are provided in Section 4.21 herein.

4.2 | Design Rules for Welded Joints

4.2.1—Scope

Design requirements for welded joints are provided in Part 4, paragraph 4.2. Most of the common weld
joints used in pressure vessel construction are covered. In addition, a weld joint efficiency similar to
VIII-1 is introduced. Examination requirements for welds are covered in Section 7.

4.2.2 Weld Category

Weld joints are identified by a Weld Category and Weld Joint Type. The term weld category defines
the location of a joint in a vessel, but not the weld joint type. The weld categories established in Part
4, paragraph 4.2 are used elsewhere in VIII-2 for specifying special requirements regarding joint type
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and degree of examination for certain welded pressure joints. The weld categories are defined in Table
4.2.1 and shown in Figure 4.2.1. Note that a new Weld category, E, has been introduced.

4.2.3 Weld Joint Type

The weld joint type defines the type of weld between pressure and/or nonpressure parts. The
definitions for the weld joint types are shown in Table 4.2.2.

4.2.4 Weld Joint Factor

[he weld-icint factor or efficiencyof a-welded-jocint-is-expressed-as-a-numericalguantitv-and-is used in
J J J Ll 1 J

the design of a joint as a multiplier of the appropriate allowable stress value taken from Annex 34A{ The
weld joint efficiency is determined from Section 7 and Table 7.2. Significant differences exist betyveen
111-2 and existing ASME Codes. For example:

o)

) VIII-2 — the weld joint efficiencies are a function of material testing group, NDE method and eixtent
of examination, wall thickness, welding process, and service temperature.

) Old VIlI-2 — the weld joint efficiency is 1.0 for all construction because’ 100% examinatipn is
required.

¢) VIII-1 — the weld joint efficiencies are a function of extent of examination and weld type; mixed
extent of examination is permitted (RT1, RT2, RT3, and RT4).

D

.2.5 Types of Joints Permitted

[he design requirements for welds have been consolidated:>Acceptable weld joint details are proyided
br the most common configurations. Acceptable weld joint.details typically only require design-bytrule.
Design-by-analysis may be required for supplemental“loading such as piping loads on a nqgzzle.
\ternative weld joint details may be used if they can be qualified by a design procedure using Sgction
. Typical weld joint details are provided in Part 4,"paragraph 4.2, Tables 4.2.4 through 4.2.14. As an
xample, Section 4, Table 4.2.5 and 4.2.11 are\shown in Tables 4.5 and 4.6. These tables contdin all
veld joint details that would typically be dispérsed throughout the codebook. In addition, each deiail is
elf-contained. This means that all applicable Code requirements related to the use of the details will
e contained within the figure, theréby eliminating the need to locate and read additional Code
equirements within the body of the ‘Cade.

SO0 < 0O (Yl —h

D

.2.6 Nomenclature

The nomenclature for Section 4.2 is provided in Section 4.21 herein.

4.3 Design Rules for Shells Under Internal Pressure

431 Scope

Fart 4, paragraph 4.3 provides rules for determining the required wall thickness of cylindrical, conical,
4pherical,“torispherical, and ellipsoidal shells and heads subject to internal pressure. In this conptext,
internal® pressure is defined as pressure acting on the concave side of the shell. The effeqts of
gupplemental loads are not included in design equations for shells and heads. Supplemental lpads
must be defined in the User's Design Specification and their effects that result in combined loadings
are evaluated in a separate analysis.

4.3.2 Shell Tolerances

Tolerances for shells of a completed vessel must satisfy the following requirements. These
requirements are consistent with VIII-1 and OId VIII-2. Shells that do not meet the tolerance
requirements of this paragraph may be evaluated using Part 4, paragraph 4.14.

a) The difference between the maximum and minimum inside diameters at any cross section must
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not exceed 1% of the nominal diameter at the cross section under consideration.

b) When the cross section passes through an opening or within one inside diameter of the opening
measured from the center of the opening, the permissible difference in inside diameters given
above may be increased by 2% of the inside diameter of the opening. When the cross section
passes through any other location normal to the axis of the vessel, including head-to-shell
junctions, the difference in diameters must not exceed 1%.

c) Theinner surface of a torispherical, toriconical, hemispherical, or ellipsoidal head must not deviate
outside of the specified shape by more than 1.25% of D nor inside the specified shape by more
than 0.625% of D, where D is the nominal inside diameter of the vessel shell at the point of

attachment. Such deviafions are measured perpendicular to the specified shape and must not bg

abrupt.

4.3.3 Cylindrical Shells

The @lesign equation for cylindrical shells subjected to internal pressure is shown below< This equatiof
may be used for both thin and thick cylindrical shells.

t—Q ex {i}—l 4.9
2Pl sE '

~

Equagtion (4.9) may be rewritten as:

P t
—:ln{1+—} (4.10)
S R
The gquations for a cylindrical shell in Old VIII-2 are shewn below.
= l fOl” £ < 04
§-0.5P S
(4.11)
n|1+L|cE or Lso4
R S S

Note| that Equation (4.10) is thé same as Equation (4.11) when P/S >0.4. Equation (4.11) may b
writtgn in the following format.

1%

52% for ESO.4
S —+0.5 S
! 4.12)
L 1{1#} or Ls04
S R S

To compare the equations for VIII-2 to Old VIII-2, a plot of Equation (4.10) and (4.12) can be made
where R/t is the independent variable and P/S is the dependent variable. This plot is shown in Figure

4-10. Note that the equations give identical results; the curves of the two plots overlay each other. The
percent difference between VIII-2 and Old VIII-2 is shown in Figure 4-11. The positive percent
difference indicates that the equation for wall thickness in VIII-2 will always give a wall thickness less
than or equal to Old VIII-2.

The development of this equation was originally carried out by Turner [4] and reported by Kalnins, et
al. [6]. The derivation is repeated here. The design equation is based on a limit analysis theory using
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the Tresca Yield Criterion that has a three dimensional yield or limit surface as shown in Figure 4-12.
This Tresca limit surface is defined by Equation (4.13) in the principal stress space.

f(0'1,0'2,0'3):max[|0'1—0'2 , |0, =03, 0'2—63|]SSL (4.13)

It should also be noted that in Section 5, the design-by-rules are based on the von Mises Yield Criterion
given by Equation (4.14), see Figure 4-13. The reason this criterion is used for design-by-analysis is
discussed in paragraph 5.2.2.

11, 2 2 2]
f(01,02,0'3)=$l_(0']—02) +(O'2—O'3) +(O'3—O'1) JSDL (B.14)

RFor a cylindrical pressure vessel subject to internal pressure, the three principal stress arg¢ the
gircumferential stress, o, =0,, the meridional of longitudinal stress, o, =0,, and(he radial sfress.

0, =0, . The circumferential stress is positive, the longitudinal stress is positives and the radial sfress

is negative. Therefore, o, >0, > o, and the maximum principal stress_difference is given by the

gircumferential stress minus the radial stress. Therefore, the limiting plane of the Tresca yield sufface
@n which the stress points lie is defined by Equation (4.15).

0,—0,=0,—0,<58, (#.15)

The line of intersection of this plane with a plane of &, = c.\="Const is shown in
figure 4-14.

The equilibrium equation is developed by considering a‘force balance in the radial direction. The forces
in the radial direction are obtained by multiplying:the stresses by their respective areas as shoyn in
Equation (4.16), see Figure 4-15.

ZF; = (O'r + do;)(r +dr)d6’dz—0'rrd0dz —20,drdzsin [d—;} =0 (#.16)

For infinitesimal d@ , sin[d@/2]'=d6/2, and if higher order terms in do,, dr.df, and d are
neglected, this equation can be simplified to:

do. o,-0
r [ ro_ O
- = (#.17)
dr r
The equation for the limit state is derived by substituting Equation (4.15) into Equation (4.17).
do. §
r L
= (#.18)
dr r

Integration of this equation results in following equation where C is a constant of integration that is
determined by application of boundary conditions.

o, =8, In[r]+C (4.19)
The boundary conditions for a pressurized cylindrical shell are:

o =-P  a  r=R (4.20)
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o =0 at r=R (4.21)

r [

Substituting these boundary conditions into Equation (4.19) gives:

Solvi

—-P=S,In[R]+C (4.22)

0=S,In[R,]+C (4.23)

ng for C and noting that R =R+t results in:

The
unde

The

An 3
cylin
elast
deriv

can be found in Chakrbarty [8]. The limit load solutior’is a limiting case of the elastic-plastic solution.

P ln[l+i} (4.24)
R

L

hbove equation gives the limit pressure based on the Tresca yield criterion for a_cylindrical she
r internal pressure. Equation Solving Equation (4.24) for { and substituting D =R/2 gives:

t—2 ex £ -1 4.25
2P, *

Hesign equation, Equation (4.9), is obtained by substituting S,=/SFE into Equation (4.25).

~

lternative derivation of Equation (4.9) can be obtained following the work of Fishburn [6] fo
jrical shells with closed ends subject to internal pressure. This work included an overview of thg
c, elastic-plastic with no work hardening, and limit*oad solutions. The elastic solution was firg
ed by Lame and is given by Timoshenko et al. [7Z}> The derivation of the elastic-plastic solutio

=+ D

The glastic solution equations for the circumferential, radial and meridional or axial stresses are given
by thie following equations.
2
[ +1
o, :P[ 5 j (4.26)
a -1
pl £
0, == 4.27
aZ _1 ( )
o =P ! (4.29)
’ a’ -1 '
Wherle
RO
p=— (4.29)
r
RO
o=— 4.30
R (4.30)
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The pressure where initial yielding occurs is given by:

1
P :k(l_?J (4.31)
Where
s, | y
k= - (Tresca Yield Condltzon) (4.32)
s, o y
k==L (von Mises Yield Condition) (#.33)

The elastic-plastic solution with no work hardening is given by the following equations for the elastic
nd plastic regions of the cylinder. The radius at the elastic-plastic interfaceis defined R | and

o)

R, <R, <R, forall values of the internal pressure.

In the elastic region where Rep <r<R:

2 +1
Ge=k[ﬂy2 j (34
1
o, :—k[ﬁy2 ] (#.35)
1
o, = k(—zj (#.36)
v
In the plastic region where R << Rep :
a(,:k[1+i2—2-lnFD (#.37)
/4 /4
o :—k(l—iﬁz-ln{ﬁﬂ (#.38)
/4 /4
Z 7 -
¥ L7])
Where
_ & 4.40
V=% (4.40)

For this elastic-plastic condition, the internal pressure is:
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| a
Qp:k[l——2+2~ln{—}J (4.41)
4 4

For the fully plastic condition with no work hardening, i.e. the limit load, defined by ) = 1 the above
equations become:

o, =2k(1-In[B]) (4.42)
o, =-2k(In[B]) (4.49)
o, =k(1-2-In[B]) (4.44)
P, =2k(In[a]) (4.48)

Solving Equations (4.45) for k results in:

__ B
_2-ln[a]

(4.46)

Subdtituting Equation (4.46) into Equations (4.42), (4.43), and (4:44) gives the stress components as @
function of the pressure:

_ A (1-n[g))

Oy = ln[a] (4.47)
AL )
ln[a]
_R(1-2:[4])
% 2-In[a] @49

The above equations are’the reference stress solutions for a cylinder given in APl 579-1/ASME FFS
1, Sqction 10, Table*10.2 with P=F, .

Subdtituting Equations (4.47) and (4.48) into (4.15) and rearranging:

P
o =In[a] (4.59)
&7
that can be written as:
b ln[l+i} (4.51)
S, R

or,
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t—Q ex i—1 452
5 p 3 (4.52)

Equation (4.52) is the same as Equation (4.25) with P =P, . Note that Equation (4.50) could be
obtained directly from Equation (4.45) by substituting the value for k from Equation (4.32).

Equation (4.9) was selected for VIII-2 because it provides essentially identical results to Equations
(4.11) of OId VIII-2, and is easier to implement in the design rules because it is applicable to thin and
ty ES. i oy i rion
while the Section 5 design-by-rules is based on the von Mises Yield Criterion given by Equation\4.14).
There is only a small difference, approximately 15%, in the result and the choice of the Tresca criterion
results in a more convenient equation for design.

4.3.4 Conical Shells

The design equation for conical shells, see Figure 4-17, subjected to internal pfessure is shown below.
This equation may be used for both thin and thick cylindrical shells. Thissequation is the cylindrical
ghell equation modified for the half-apex angle of the conical shell.

D P

The design rules provided for conical transitions also cover offset transitions. The cylinders for an ¢ffset
gone shall have parallel centerlines that are offset from-each other by a distance no greater thap the
difference of their minimum radii, as shown in Figure-4-18. Configurations that do not satisfy this
requirement shall be evaluated per Section 5. The offset cone is designed as a concentric cone lising
the angle, &, as defined in Equation (4.54). This,approximation is taken from VIII-1.

a:max[al, az] (#.54)

4.3.5 Spherical Shells and Hemispherical Heads

The design equation for spherical'shells or hemispherical heads subjected to internal pressure is shown
below. This equation may b€ used for both thin and thick spherical shells.

t—2 ex {ﬂ}—l (#.55)
2P e '
Equation (4.55)may be rewritten as:
P
oo+t (4.56)
S R
The equations for a spherical shell in Old VIII-2 are shown below.
0.5PR P
t=—7— for —<04
S-0.25P S

(4.57)

1+ 2292 o Ploa
Rl s S

Note that Equation (4.46) is the same as Equation (4.57) when P/S >(0.4. Equation (4.57) may be
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written in the following format.

__ 2 for
+0.5

<04

Yl

(4.58)
Poomli+L]  fr Ls04
S R S

To cphmpare the equations for VIII-Z 1o OId VIIT-Z, a plot of Equation (4.56) and (4.58) can be mad
whe R/t is the independent variable and P/S is the dependent variable. This plot is shown in Eigur

4-19] Note that the equations give identical results; the curves of the two plots overlay each other,” Th
percent difference between VIII-2 and Old VIII-2 is shown in Figure 4-20. The positive percen
diffeffence indicates that the equation for wall thickness in VIII-2 will always give a wallthickness les
than jor equal to Old VIII-2.

A%

O+ (O D

The flevelopment of this equation was originally carried out by Turner [4] and reported by Kalnins, gt
al. [9]. The derivation is repeated here. The design equation is based on a lifmit analysis theory using
the Tresca Yield Criterion that has a three dimensional yield or limit surface\@s shown in Figure 4-14.
This [Tresca limit surface is defined by Equation (4.13) in the principal stress space.

For B spherical pressure vessel subject to internal pressure, the/three principal stress are th
circumferential stress, o, =0, , the meridional of longitudinal stress, o, = g, , and the radial stresy.

AY%

o, 90, . The circumferential stress is positive, the longitudinal stress is positive, and the radial stres

"2

is negative. Therefore, o, =0, >0, and the maximum principal stress difference is given by th

1%

14

circumferential stress minus the radial stress. Therefore, the limiting plane of the Tresca yield surfac
on which the stress points lie is defined by Equation (4.59).

0,—03F0,—0, <8, (4.59)

The [ine of intersection of this plane with aplane of o, = Const is shown in Figure 4-14.

The ¢quilibrium equation is developed by considering a force balance in the radial direction. The forceg
in the radial direction are obtained by multiplying the stresses by their respective areas as shown in
Equation (4.60), see Figure@-16.

~

> F =(a\®do, )((r+dr)dé) —o, (rd6) - 4Lae smE Jerer =0 (4.6

For infinitesimald®), sin[d6/2]=d6/2, and if higher order terms in do,, dr,df, and dz ar
neglécted;ithis equation can be simplified to:

1%

(,t’() 2 (U U )
r ~ 0 r
- =0 (4.61)
dr r
The equation for the limit state is derived by substituting Equation (4.59) into Equation (4.61).
do. 2§,
- = 4.62
ar r #.02)

Integration of this equation results in the following equation where C is a constant of integration that
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is determined by application of boundary conditions.
o, =25, In[r]+C (4.63)

The boundary conditions for a pressurized spherical shell are:

o,=—P at r=R (4.64)
o, =0 at r=R, (4.65)

S$ubstituting these boundary conditions into Equation (4.63) gives:
—P=2S, In[R]+C (#.66)

0=2S, In[R,]+C (#.67)

$olving for C and noting that R, = R+1 results in:

£:2-1n[1+£} (#.68)
| t

The above equation gives the limit pressure based on the Tresea yield criterion for a spherical [shell
dnder internal pressure. Solving Equation (4.68) for ¢ and substituting D = R/2 gives:

D[ 0. SP} J
t=—| exp 1 (#.69)
S,

2
The design equation, Equation (4.55), is obtained by substituting S, = SE into Equation (4.69).

Equation (4.55) was selected for V|11-2' because it provides essentially identical results to Equations
(B.57) of OId VIII-2, and is easier to implement in the design rules because it is applicable to thin and
thick geometries. It should alse:be noted although Equation (4.55) is based on the Tresca yield criterion
while the Section 5 design-by-rules is based on the von Mises Yield Criterion, there is only a $mall
difference in the result and\the choice of the Tresca criterion results in a more convenient equatign for
design.

4.3.6 Torispherical Heads

hinimum pressure that results in a buckling failure of the knuckle and the minimum pressure that rgsults
in rupturé~of the crown. The minimum pressure that results in buckling of the knuckle is developg¢d by
3pplyinga 1.5 margin to an empirically developed equation for the failure pressure of the knuckle based
an test results. The minimum _pressure that results in a rupture of the crown is determined us|ng a

The design method for a torispherical head subjected to internal pressure is based on calculating the
M
|

set as the minimum of these two minimum pressure values. Development of the method is given in
WRC 501 [9]. The new method was developed to account for the failure modes of the knuckle and
crown, bucking and burst, respectively, provide a uniform design margin for various geometries and

different materials, and to extend the range of applicability of the design rules in terms of L/t.

The calculation method is presented as a step-by-step procedure as shown below. Because thickness
is the independent variable in the calculation of the pressure, an iterative procedure is required to
determine the required thickness of a head.
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STEP 1 — Determine the inside diameter, D, and assume values for the crown radius, L, the
knuckle radius, 7, and the wall thickness ¢.

STEP 2 — Compute the head L/D, /D, and L/t ratios and determine if the following equations

are satisfied. If the equations are satisfied, then proceed to STEP 3; otherwise, the head shall be
designed in accordance with Section 5.

0.7<—<1.0
(4.70)
~>0.06
D 4.71)
20< L <2000
t (4.72)
STEP 3 — Calculate the following geometric constants:
B, =arccos {w}
L-r 4.79)
JLt
bp=——
¥ (4.74)
Rth:ﬂ—i_r for ¢th< "
cos[ By~ 4] (4.75)
R, =0.5D for 4,2 p, (4.76)
STEP 4 — Compute the coefficients~C; and C, using the following equations.
E r
C = 9.31(—] —0.086 for —<0.08 4.77)
D D
r r
€5="0.692| — |+0.605 for —>0.08 4.79)
D D
C, =125 for % <0.08 4.79)
r r
C, =146 2.6&) for —>0.08 (4.80)
\J L

STEP 5 — Calculate the value of internal pressure expected to produce elastic buckling of the
knuckle.

CE,1’
P, = + (4.81)
CZRth (;—FJ

STEP 6 — Calculate the value of internal pressure that will result in a maximum stress in the knuckle
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equal to the material yield strength.
Cit

Rl
Cthh (2: - j

If the allowable stress at the design temperature is governed by time-independent properties, then
C3 is the material yield strength at the design temperature, or C, = Sy . If the allowable stress at

P = (4.82)

the design temperature is governed by time-dependent properties, then C3 is determined as

follows:

1) If the allowable stress is established based on 90% vyield criterion, then C; isithe material

allowable stress at the design temperature multiplied by 1.1, or C, =1.15'.

2) If the allowable stress is established based on 67% vyield criterion, them €5 is the material

allowable stress at the design temperature multiplied by 1.5, or C, &.5S .

d) STEP 7 — Calculate the value of internal pressure expected to resultin a buckling failure df the

knuckle.
P, =0.6P, for G<1.0 (#.83)
0.77508G —0.20354G* +0.019274G?
P, = . - |P, Jfor G>1.0 (#4.84)
1+0.19014G —0.089534G" + 0.0093965G
Where
P
G= - (#.85)
P,
i) STEP 8 — Calculate the allowablepressure based on a buckling failure of the knuckle.
P
P, =—* (#.86)
“ 15
i STEP 9 - Calculate-the‘allowable pressure based on rupture of the crown.
2S8E
P = 7 (#.87)
—+0.5
t

j STEP10 - Calculate the maximum allowable internal pressure.

P, =min[E,. 2] (b0

ac

Ky——STEPTt—{fthe affowable intermatpressure computed from STEP 1O 1S greater thamor equal to
the design pressure, then the design is complete. If the allowable internal pressure computed
from STEP 10 is less than the design pressure, then increase the head thickness and repeat
STEPs 2 through 10. This process is continued until an acceptable design is achieved.

The step-by-step procedure shown above has been adopted throughout VIII-2 for both design-by-rule
procedures and design-by-analysis procedures to facilitate hand calculations and promote consistency
in results. Step-by-step procedures also significantly help in computerization of rules, faster
implementation and fewer errors in calculations.
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In WRC 501 [9], the recommended equation for the parameter P, was given as Equation (4.89).

_( 1.396G"° —1.377G +0.3132G"* +0.02688G> j
ck T y

1+0.1439G"° —0.8510G +0.3010G"* —0.008248G" (4.89)

This equation was later replaced with Equation (4.84) because this equation was thought to represent
structural behavior more appropriately and the comparison with experimental results produced results
that were acceptable for design. In addition, Equations (4.83) and (4.84) can be combined into a single
equation. This will be considered for inclusion in a future edition of the code.

4.90

~

eth?

0.77508G —0.20354G* +0.019274G*
P, =max| 0.6P 5 - P,
1+0.19014G - 0.089534G" +0.0093965G” | *

4.3.71 Ellipsoidal Heads

The minimum required thickness of an ellipsoidal head subjected to internal presSure is calculated
using the equations for the torispherical head with the following substitutions for,'7* and L .

r= D(E—O.Oégj (4.91)
k
L =D(0.44k+0.02) (4.92)
D
e 4.93
h (4.93)

Ellipfical heads that do not satisfy the following equation must be designed using Section 5.
1.7<k<2.2 (4.94)

4.3.8§ Local Thin Areas

Loca] thin areas may be evaluatédjusing Section 4, paragraph 4.14. A complete local circumferentia
band of reduced thickness at ‘a_weld joint in a cylindrical shell as shown in Figure 4-21 is permitte
providing all of the following requirements are met. The rules for the complete local circumferentis
band are from paragraph'AD-200 of Old VIII-2.

—

a) [The design of the-local reduced thickness band is evaluated by limit load or elastic plastic analysi$
n accordaneewith Section 5. All other applicable requirements of Section 5 for stress analysis
and fatigueranalysis are satisfied.

b) [The cylinder geometry satisfies R, /t >10.

c) [Thé thickness of the reduced shell region is not less than two-thirds of the cylinder required
thickness determined in accordance with this paragraph.

d) The reduced thickness region is on the outside of the vessel shell with a minimum taper transition
of 3:1in the base metal. The transition between the base metal and weld is designed to minimize
stress concentrations.

e) The total longitudinal length of each local thin region does not exceed,/Rmt .

f)  The minimum longitudinal distance from the thicker edge of the taper to an adjacent structural
discontinuity is the greater of 2.5, /Rmt or the distance required to assure that overlapping of areas
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where the primary membrane stress intensity exceeds 1.1S does not occur.

4.3.9 Drilled Holes not Penetrating Through the Vessel Wall

Design requirements for partially drilled holes that do not penetrate completely through the vessel wall

are provided in this paragraph. These rules are not applicable for studded connections or telltale h
The rules are similar to VIII-1, Mandatory Appendix 30.

4.3.10 Combined Loadings and Allowable Stresses

oles.

:-IC IU:UO dal'c plUVIdUd tU dCtUIIIIiIIC thc auucptalluc Ul ItUI ;d fUI DtIUODUD dCVC:UPUd ;II by:;ll
gpherical, and conical shells subjected to internal pressure plus supplemental loads consisting
gpplied net section axial force, bending moment, and torsional moment. The rules are applicable
nequirements shown below are satisfied. If all of these requirements are not satisfied, the shell se
ghall be designed per Section 5.

3d) The rules are applicable for regions of shells that are 2.5\/Rt from <@hy major stru
discontinuity.

B) These rules do not take into account the action of shear forces, sinéerthese loads generally
be disregarded.

¢) The ratio of the shell inside radius to thickness is greater than 3.0

for a conical shell subject to internal pressure and a net-section axial force, torsional moment
ending moment, the design rules are summarized in the step-by-step procedure shown below.
hat the equations for a cylindrical shell can be derived by-Substituting ¢ =0 into these equation
hould be noted that in STEP 3, the equivalent stress”is used for the combined stress calcul
onsistent with Section 5.

o~ v -,

) STEP 1 - Calculate the membrane stress:

o)

o PD (
"0 E(D,-D)cos|a]

1 PR . 4F ,  32MD, cos[0]
"E (D2 —Dz)cos[a] 7Z'(D02 —Dz)cos[a] - ﬂ(Dj —D4)cos[a]

o, =—05P (
32MD, . 16M.D,
T:—E(Dj—D4)tan[a]81n[9]+—7r(Dj—D4) (

) ,STEP 2 — Calculate the principal stresses.

rical,
Df an
if the
ction

tural

can

and
Note

s. It
ation

1.95)

1.96)

1.97)

1.98)

. /, N2 42 \
o= U.Dko_‘gm T, T\ Com O ) 77 )
) J Car
0,=0.5| 0,,+0,,—\(0,, —0,,) +4r (4
o, =—0.5P (4

c) STEP 3 — At any point on the shell, the following limit shall be satisfied.
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1 0.5
ﬁ[(al—az)z+(02—63)2+(03—0'1)2} <S (4.102)

d) STEP 4 — For cylindrical and conical shells, if the meridional stress Oom is compressive, then the
following equation shall be satisfied where F_ is evaluated using Section 4, paragraph 4.4.12.2

with 4=0.15.
o, <F, (4.103)

As shown in paragraph 4.3.3, the design equations for the required thickness of cylindrical, conical,
and $pherical shells subjected to internal pressure, Equations (4.9), (4.53), and (4.55) respectively, ar
based on the Tresca failure theory and a limit stress set equal to the allowable tensile stress; Note that
thes¢ design equations are not simply a function of circumferential stress, but the_difference df
circumferential and radial stress. When evaluating the stresses developed in cylindrical,*¢onical, an
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largg end or flare at the small end under loadings of internal pressure and applied net section axig
forcg and bending moment are provided. These rules are based on the cylinder and cone being size
using the design-by-rule equations for these components in conjunction with a stress analysis. In thg

O—C——

covered in WRC 521 [10].

4.3.12 Cylindrical-To-Conical Shell Transition Junctions With a Knuckle
Overview

A common practice in the construction of vessels subject to severe pressure and/or temperature service
requiring cylinder/cone transitions is to use toroidal sections, i.e. a knuckle at the large end of the
transition and a flare at the small end of the transition. Advantages of using toroidal sections at
cylindrical-conical shell transitions over a direct cylindrical and conical junction are reduced stresses
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due to a less severe structural discontinuity and improved radiographic inspection of the weld joints.
This is particularly true for cone half-apex angles greater than 30°.

Development of Design Rules

Rules for the design of conical transitions of circular cross-section with a knuckle at the large end or
flare at the small end under loadings of internal pressure and applied net section axial force and bending
moment are provided. The development and validation of the design rules in VIII-2 are covered in WRC
521 [10]. As indicated in WRC 521, the VIII-2 rules are based on the work of Gilbert, et al. [11] that
utilizes a pressure-area method to determine membrane stresses in the cylinder, cone, and knuckle or
flare_The pressure area method for determining membrane stresses in shells of revolution is fully

described by Zick [12].

4.3.13 Nomenclature

The nomenclature for Section 4.3 is provided in Section 4.21 herein.

.4 Design Rules for Shells Under External Pressure and Alowable
Compressive Stresses

441 Scope

$ection 4, paragraph 4.4 provides rules for determining the reduired wall thickness of cylindrical,
gonical, spherical, torispherical, and ellipsoidal shells and heads subject to external pressure. Rules
fpr the design of stiffening rings for cylindrical and conical shélls are also provided. In this context,
gxternal pressure is defined as pressure acting on the convex side of the shell. The effeqgts of
qupplemental loads are not directly included in the wall thickness design equations for shells and h¢ads.
$upplemental design rules are provided to evaluate.thie effects of supplemental loads that resllt in
gombined loadings, i.e. external pressure, net section-axial force and bending moment, and loads that
produce shear stresses.

The design equations in paragraph 4.4 are.based on ASME B&PV Code Case 2286-1, WRC 406([13],
\VRC 462 [14], API Bulletin 2U [15], and-ASME Code Case N-283 [16]. Miller et al. [17] showp the
benefits of the new design equations.when compared to Section VIII, Division 1. Additional refergnces
fpr the basis of the rules in paragraph/4.4 are provided by Miller et al. [18], [19], and [20].

®ne modification made to the~-design method contained in these documents is in the determinatipn of
the tangent modulus. Whilg'the tangent modulus may be determined using the external pressure charts
in Section I, Part D, itris fecommended that the tangent modulus be computed directly using the
yniversal stress-strain curve described in Annex 3-D.

'he equations jn‘paragraph 4.4 are applicable for D, /¢ <2000. If D, /t > 2000, then the design must

.
Be in accordance with Section 5. In developing the equations in paragraph 4.4, the shell sectipn is
gssumed. to~be axisymmetric with uniform thickness for unstiffened cylinders and formed hgads.
q
1
|

btiffened cylinders and cones are also assumed to be of uniform thickness between stiffeners. Where
ozzles with reinforcing plates or locally thickened shell sections exist, the thinnest uniform thickness
in the applicable unstiffened or stiffened shell section is used for the calculation of the allowable

ompressive Siress.

The buckling strength formulations presented in paragraph 4.4 are based upon linear structural stability
theory which is modified by capacity reduction factors that account for the effects of imperfections,
boundary conditions, non-linearity of material properties, and residual stresses. The capacity reduction
factors are determined from approximate lower bound values of test data of shells with initial
imperfections representative of the tolerance limits specified in this paragraph.
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442 Design Factors

The allowable stresses are determined by applying a design factor, FS, to the predicted buckling
stresses. The required values of FS are 2.0 when the buckling stress is elastic and 1.667 when the
predicted buckling stress equals the minimum specified yield strength at the design temperature. A

linear variation is used between these limits. The equations for FS are given below where F;_ is the
predicted buckling stress that is determined by setting /S =1.0 in the allowable stress equations.

FS=20 Jor  F,_<055S, (4.104)
F

FS=2.407- 0.741[S—"’J Jor 055§ <F_ <S, (4.105)
)

FS =1.667 Jor  F.=S, (4.108)

For dombinations of design loads and earthquake loading or wind loading, the allowable stress for F;,

or F], may be increased by a factor of 1.2.

4.4.3 Material Properties

The flesign equations for wall thickness for the basic shell geometsies in paragraphs 4.4.5 thru 4.4.9
the gquations for the allowable compressive stress for combined\oadings in paragraph 4.4.12, and th
design rules for transitions in paragraphs 4.4.13 and 4.4.14 are'based on carbon and low alloy stegq
platematerials as defined in Section 3. For materials other than carbon or low alloy steel, a modificatio
to the allowable stress is required. The procedure for modification of the allowable stress is to calculat
the gllowable compressive stress based on carbon andiow alloy steel plate materials, and then mak
the fopllowing adjustments as described below.

O

a) [Determine the tangent modulus, E, , from*Rart 3, paragraph 3.D.5 based on a stress equal to

F_, . For Axial Compression the allowable stress is adjusted as follows:

r. E

L=t (4.107)
FSE,

F, =F, (4.108)

b) [Determine thetangent modulus, E,, from Part 3, paragraph 3.D.5 based on a stress equal to

F,,. ForExternal Pressure the allowable stress is adjusted as follows:

_h £

= 4.109
ha FS E ( )

c) Determine the tangent modulus, £, , from Part 3, paragraph 3.D.5 based on a stress equal to

F . For Shear the allowable stress is adjusted as follows:

_fe B

L= (4.110)
FSE,
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As shown above, this adjustment involves a modification of the ratio of the actual materials tangent
modulus to that of an actual materials Young’s modulus at the design temperature. The tangent module
is computed from Part 3, paragraph 3.D.5. In this paragraph a closed form solution for the tangent
modulus is provided based on a stress-strain curve model developed by MPC for use with Section 5.
This model is therefore universal, and is recommended for design. An acceptable alternative for
calculating the Tangent Modulus is to use the External Pressure charts in Section II, Part D, Subpart 3,
including the notes to Subpart 3. The appropriate chart for the material under consideration is assigned
in the column designated “External Pressure Chart Number” given in Tables 1A or 1B. The tangent

modulus, E, , is equal to 2B/A , where A is the strain given on the abscissa and B is the stress value
n-the ordinate of the chart

The design equations and allowable compressive stress in paragraph 4.4 may be used in-the fime-
independent region for the material of construction. The maximum temperature limit permitted for these
materials is defined in Section 4, Table 4.4.1. If the component as designed is in the time-dependent
region (i.e. creep is significant), the effects of time-dependent behavior shall be‘considered. | The
rodification that would need to be made would be to develop the tangent modulusas a function of time
hhased on a creep model, and to modify the knock-down factors embedded inthe‘design equations to
gccount for operation in the creep regime.

4.4.4 Shell Tolerances

Tolerances are provided for out-of-roundness of shells. For cylindrical and conical shells tolergnces
gre provided for inward deviation from a straight line measuredflong a meridian over a gauge lehgth.
$hells that do not meet the tolerance requirements of this paragtaph may be evaluated using paragraph
4.14. The tolerances are based on ASME B&PV Code Case 2286-1, and the work reported in YWRC
406 [13] and WRC 462 [14].

4.4.5 Cylindrical Shells

A procedure is given to compute the required\thickness of a cylindrical shell subjected to extprnal
pressure loading only. Design rules for both-large stiffening rings and bulkheads and small stiffgning
nngs are also provided. If loads other than pressure are present, the design rules in paragraph 4{4.12
must be invoked. The design procedure,;to compute the thickness and for sizing of stiffening rings is
hased on ASME B&PV Code Case 2286-1, and the work reported in WRC 406 [13] and WRC 462/[14].

The procedure to determine the-required thickness of a cylindrical shell subjected to external pregsure
Ipading is shown below.

gd) STEP 1 — Assume an initial thickness, ¢, and unsupported length, L (see Figures 4.4.1 and
4.4.2).

B) STEP 2 - Calculate the predicted elastic buckling stress, F; .

o _L6GES i
he =
DG
AL L LA
lle —_— R l \“"112)
0.94
c, :0.55[DLJ for szz(?] (4.113)
—1.058 D o
C, =1.12M" for 13<M, <2 = (4.114)
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0.92

h:M——()579 fJor 1.5<M <13 (4.115)

C, =10 for M _<1.5 (4.116)

c) STEP 3 - Calculate the predicted buckling stress, F_ .
Ly
F, =S, for —=>2.439 (4.117)
S
0.4
£ Ly
FE, =0.7Sy —= for 0.552<—%<2.439 (4.119)
S, S
y y
Ly
=k, for —=<0.552 (4.119)
S)/
d) [STEP 4 — Calculate the value of design factor, FS, per paragraph 4.4.2;
e) [STEP 5 - Calculate the allowable external pressure, P,.
! 4.120
F,=2F, D, (4.120)
where,
E
F,, === (4.121))
FS
f) |STEP 6 —If the allowable external pressure, P , is less than the design external pressure, increase
the shell thickness or reduce the unsupported length of the shell (i.e. by the addition of a stiffening
rings) and go to STEP 2. Repeat this process until the allowable external pressure is equal to of
greater than the design external*pressure.
Note|that the thickness is implicit in the design procedure and F§ is a function of F;_ , see paragraph
4.4.2; therefore, an iteration is required. A similar step-by-step procedure is provided for other shell
types, but is not provided'for determining allowable compressive stresses. A step-by-step procedure
for determining allowable compressive stresses would be beneficial to the user because of th¢

complexity of the‘equations.

4.4.6

A prg

Conical Shell

cedure is given to compute the required thickness of a conical shell subjected to external pressur

loadi

O

g nnly The dncign Ihrr'sr‘radlln: ishased onthe rules fora r‘ylindrir‘nl shellin Ir\:\rngraph 445 usin

an equivalent diameter and length based on the conical shell geometry.

44.7

Spherical Shell and Hemispherical Head

A procedure is given to compute the required thickness of a spherical shell or hemispherical head
subjected to external pressure loading only. If loads other than pressure are present, the design rules
in paragraph 4.4.12 must be invoked. The design procedure to compute the thickness and for sizing
of stiffening rings is based on ASME B&PV Code Case 2286-1, and the work reported in WRC 406 [13]
and WRC 462 [14].
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4.4.8 Torispherical Head

A procedure is given to compute the required thickness of a torispherical head subjected to external
pressure loading only. The design procedure is based on the rules for a spherical shell in paragraph
4.4.7 using the outside crown radius of the torispherical head geometry for the outside radius in the
design equations. Torispherical head design with a different crown and knuckle radius may be used,
but these configurations are required to be designed using the design-by-analysis rules in Section 5.

449 Ellipsoidal Head

A Ir\rm‘r:dnm- is gi\mn to compute the rpqnirpd thickness of an pllilncnidnl head cllhjprfpd ta_external

pressure loading only. The design procedure is based on the rules for a spherical shell in paragraph
4.4.7 using an equivalent radius based on the elliptical head geometry.

4410 Local Thin Areas

Rules for local thin areas are provided in paragraph 4.14.

4.4.11 Drilled Holes not Penetrating Through the Vessel Wall

Design rules are the same as given in paragraph 4.3.9.

4.412 Combined Loadings and Allowable Compressive Stresses

[he rules in Section 4, paragraphs 4.4.2 through 4.4.11 are applicable for external pressure loading.
[he rules in this paragraph provide allowable compressive stresses that shall be used for the design of
hells subjected to supplemental loads that result in combined loadings. The allowable stresses df this
aragraph shall also be used as the acceptance critefia for shells subjected to compressive sfress
valuated using Section 5.

DTSl ] ]

4.413 Cylindrical-To-Conical Shell Transition’Junctions Without a Knuckle

Rules for the design of conical transitions of Circular cross-sections that do not have a knuckle at the
brge end or flare at the small end under loadings of internal pressure and applied net section [axial
pbrce and bending moment are provided. These rules are based in the cylinder and cone being sized
sing the design equations of this paragraph in conjunction with a stress analysis. In the stress
nalysis, discontinuity stressesat the conical-to-cylindrical shell junction are computed {ising
arametric equations developed in close form for both the large end and small end of the cone.| The
esulting stresses are compared to an allowable stress to qualify the design. Developmen{ and
alidation of the design rtules in VIII-2 are covered in WRC 521 [10].

< N T o —h = -

4.414 Cylindrical=To-Conical Shell Transition Junctions With a Knuckle

Rules for the"design of conical transitions of circular cross-section with a knuckle at the large epd or
flare at thessmall end under loadings of internal pressure and applied net section axial force and bemding
rmoment’are provided. Development and validation of the design rules in VIII-2 are covered in YWRC
21 [0}

4+4:45—Nomenctature

The nomenclature for Section 4.4 is provided in Section 4.21 herein.

4.5 Design Rules for Shells Openings in Shells and Heads

The rules in Section 4, paragraph 4.5 are applicable for the design of nozzles in shells and heads
subjected to internal pressure, external pressure, and external forces and moments from supplemental.
Nozzles may be circular, elliptical, or of any other shape which results from the intersection of a circular
or elliptical cylinder with vessels of the shapes for which design equations are provided in paragraphs
4.3 and 4.4.
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The design rules in this paragraph may only be used if the following are satisfied.

a) The ratio of the inside diameter of the shell and the shell thickness is less than or equal to 400 for
Cylindrical and conical shells. This restriction does not apply to radial or hillside nozzles in
spherical shells or formed heads.

b) The ratio of the diameter along the major axis to the diameter along the minor axis of the finished
nozzle opening is less than or equal to 1.5.

Configurations, including dimensions and shape, and/or loading conditions that do not satisfy the rules
of this paragraph 45 may he dpqignpd in accordance with Section 5 Also there are nao exemptions
from|reinforcement calculations provided in paragraph 4.5, a significant departure from the rules in the
Old Y1lI-2 and VIII-1.

Development and validation of the design rules in Section 4, paragraph 4.5 are covered in"'WRC 52
[21].] These design rules were originally proposed by Bildy [22] and are based on a. fpressure-are
method that is incorporated in other pressure vessel design codes such as PD 5500 [23]. The pressure
areajmethod is based on ensuring that the reactive force provided by the vessel material is greater tha
or equal to the load from the pressure. The former is the sum of the product of the.average membran
stresls in each component, i.e. vessel shell, nozzle and reinforcing elements, and-its associated cross
sectipnal area. The latter is the sum of the product of the pressure and,the pressure loaded cross
sectipnal areas. As in the area-replacement method, additional reinforcement can be provided in thg
vessgl shell, nozzle or by the addition of a reinforcing pad. The key element of applying this method i
to dgtermine the length and height of the reinforcement zone, i.e.-the length of the shell, nozzle an
pad ¢lements that resist the pressure.

T W = 1 2 O

oo

The pressure-area method was also used to derive the desjgh equation for conical transitions with &
knuckle and/or flare at the large and small end of the transition, respectively, WRC 521 [10]. The new
design rules do not require the calculation of a bending stress as described by McBride and Jacobg

[24] because multiplication factors to the parameter:\/R¢ for the shell and Rt for the nozzle used in

the pressure area method have been developed using the shell theory. The stresses computed using
thesg factors in the new design rules provide.good correlation with experimental data on actual nozzl¢
tests

14

Design procedures for the following nozzle configurations are provided.

a) adial Nozzle in a Cylindrical Shell

b) illside Nozzle in a Cylindrical Shell

c) ozzle in a Cylindrieal-Shell Oriented at an Angle from the Longitudinal Axis
d) adial Nozzle jira Conical Shell

e) ozzle in a Conical Shell Oriented Perpendicular to the Longitudinal Axis

f) ozzle i a Conical Shell is Oriented Parallel to the Longitudinal Axis

g) adiaMNozzle in a Spherical Shell or Formed Head

h) illside or Dnrpnndir\lllar Nozzle in a Formed Head

i)  Circular Nozzles in a Flat Head

Spacing requirements for nozzles is provided. If the limits of reinforcement determined in accordance
with this paragraph, do not overlap, no additional analysis is required. If the limits of reinforcement
overlap, a supplemental design procedure is provided. Alternatively, the design of closely spaced
nozzles may be qualified using the design-by-analysis methods in Section 5.

Design rules are provided to determine if the strength of nozzle attachment welds are sufficient to resist

the discontinuity force imposed by pressure for nozzles attached to a cylindrical, conical, or spherical
shell or formed head.

96


https://asmenormdoc.com/api2/?name=ASME PTB-1 2014.pdf

PTB-1-2014

Design rules for evaluation of localized stresses at nozzle locations in shells and formed heads resulting
from external loads has been a topic subject to significant study in the last 60 years. Numerous design
methods have been developed for determining localized stresses and developing appropriate
acceptance criteria. With the advent of modern computational techniques, numerical studies have
continued and recommendations for design procedures have been developed. A summary of some of
the more significant work undertaken to develop design rules for external loads on nozzles is provided
in WRC 529 [21]. This work includes experimental, analytical, and numerical studies including all work
performed and documented in WRC Bulletins. It should be noted that despite the advancements in
computational techniques, many of the references cited below are still valuable because they provide
documentation of early efforts and invaluable experimental results that would be cost prohibitive to
produce.

An explicit procedure is not provided in paragraph 4.5 to evaluate local stresses in nozzlésyin ghells
gnd formed heads resulting from external loads. Alternatively, guidelines are provided/for stress
dalculation procedures using one of the following methods. For each method, the acceptance crjteria
must be in accordance with Section 5.

3d) Nozzles in cylindrical shells — stress calculations may be in accordance with WRC 537 [25], YWRC
107 [26] or WRC 297 [27].

) Nozzles in formed shells — stress calculations may be in accordance.with WRC 537 [25] and YWRC
107 [26].

¢) For all configurations, the stress calculations may be performed using a numerical analysis|such
as the finite element method.

Design rules for reinforcement of openings subject to «compressive stress are provided. | The
gompressive stress may result from external pressure_or externally applied net-section forceg and
khending moments. Nozzle designs subject to compressive stress that do not satisfy the design fules
in this paragraph may be designed in accordance with Section 5.

4.6 Design Rules for Flat Heads

The design rules in Section 4, paragraph.4.6-cover the minimum thickness of unstayed flat heads, ¢over
plates and blind flanges. These requiretments apply to both circular and noncircular heads and copers.
The design methods in this paragraph*provide adequate strength for the design pressure. A greater
thickness may be necessary if a . deflection criterion is required for operation (e.g. leakage at threpded
qr gasketed joints). The desigh:equations for flat heads are taken from VIII-1, paragraph UG-34. [Also
included are design equations’ for a flat head with a single, circular, centrally located opening that
gxceeds one-half of the head diameter. The designs rules for this geometry are from VIlI-1, Mandgtory
Appendix 14 and were-originally developed by Schneider [28].

Recent work by .Dixon et al. [29] has shown the flat head equation may be unconservative for| high
dtrength materials' and an alternative design procedure is proposed. This work will be reviewed for
inclusion in.future updates of VIII-2.

4.7 .Design Rules for Spherically Dished Bolted Covers

ided
e, 4-
23, 4-24, and 4-25, respectlvely The deS|gn rules cover both mternal and external pressure, pressure
that is concave and convex to the spherical head, respectively. The maximum value of the pressure
differential is used in all of the equations.

esngn rules for four configurations of C|rcular spherlcally dished heads with boIt|ng flanges are pro

The design equations for the four head types are taken from VIII-1, Appendix 1, paragraph 1-6. A Type
A head may only be used when both of the following requirements are satisfied.

a) The material of construction satisfies the following equation. Note that if this equation is satisfied,
then the allowable stress in VIII-2 at a given temperature is the same as VIII-1. Therefore, the
fillet welded detail between the flange and head in use with VIII-1 are permissible in VIII-2 because
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the allowable stress is the same.

S
SLT <0.625 (4.122)

u

b) The component is not in cyclic service, i.e. a fatigue analysis is not required.

Derivation of the design equation for Type 6D heads is provided by Jawad et al. [30]. An alternative
design procedure may procedure can be used to determine the required head and flange thickness of
a Type D head. This procedure, developed by Soehrens [20], accounts for the continuity between the
flang

4.8 | Design Rules for Quick Actuating (Quick Opening) Closures

Design requirements for quick-actuating or quick-opening closures are provided in Section.4,paragraph
4.8. [Quick-actuating or quick-opening closures are those that permit substantially faster access to the
contgnts space of a pressure vessel than would be expected with a standard bolted flange connection

addijonal design mformatlon for the Manufacturer and prowdes mstallatlon operatlonal and
maintenance requirements for the Owner.

4.9 | Design Rules for Braced and Stayed Surfaces

Design requirements for braced and stayed surfaces are provided in Section 4 paragraph 4.9.
Reqyirements for the plate thickness and requirements for the staybolt or stay geometry including sizs
pitch| and attachment details are provided. Only welded'staybolt or stay construction is permitted. Th
design rules in Section 4, paragraph 4.9 are from VNI<1, paragraph UG-47 and VIII-1, UW-19.

)~y

4.1Q Design Rules for Ligaments

Rules for determining the ligament efficiéngy for hole patterns in cylindrical shells are covered in Sectiop
4, pgragraph 4.10. The ligament efficiency or weld joint factor is used in conjunction with the desigf
equdtions for shells in Section 4, paragraph 4.3. The design rules in paragraph 4.10 are from VIlI-1,
paragraph UG-53. The background for these design rules is discussed by Jawad et al. [32].

4.11 Design Rules for-Jacketed Vessels

Design rules for the jackéted portion of a pressure vessel are provided in Section 4, paragraph 4.11.
The |acketed portion-of the vessel is defined as the inner and outer walls, the closure devices and a|l
other penetration or parts within the jacket that are subjected to pressure stress. Parts such as nozzl¢
closyre members and stay rings are included in this definition. For the purposes of Section 4, paragraph
4.11) jackets’are assumed to be integral pressure chambers, attached to a vessel for one or morg¢
purppses-such as:

a) Totheatthevessetand-itscontents;
b) To cool the vessel and its contents, or

c) To provide a sealed insulation chamber for the vessel.

Section 4, paragraph 4.11 applies only to jacketed vessels having jackets over the shell or heads as
shown in Figure 4-26, partial jackets as shown in Figure 4-27 and half—pipe jackets as shown in
Figure 4-28. The jacketed vessels shown in Figure 4-26 are categorized as five types shown
below. For these types of vessels, the jackets are continuous circumferentially for Types 1, 2, 4 or 5
and are circular in cross section for Type 3. The use of any combination of the types shown is permitted
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on a single vessel provided the individual requirements for each are met. Nozzles or other openings in
Type 1, 2, 4 or 5 jackets that also penetrate the vessel shell or head are designed in accordance with
Section 4, paragraph 4.5. Section 4, paragraph 4.11 does not cover dimpled or embossed jackets.

a) Type 1 - Jacket of any length confined entirely to the cylindrical shell

b) Type 2 — Jacket covering a portion of the cylindrical shell and one head

c) Type 3 — Jacket covering a portion of one head

d) Type 4 — Jacket with addition of stay or equalizer rings to the cylindrical shell portion to reduce the

effective length

¢) Type 5 — Jacket covering the cylindrical shell and any portion of either head.

$ection 4, paragraph 4.11 does not contain rules to cover all details of design and construction. Jacket
types subject to general loading conditions (i.e. thermal gradients) or jacket types of different
gonfigurations subject to general loading conditions are designed using Section 5,

The design rules in Section 4, paragraph 4.11 are similar to those in Mandatory /Appendix 9 and Non-
mandatory VIIII-1, Appendix EE. The background to the development of the-half-pipe jackets in [Non-
rmandatory Appendix EE is provided by Jawad [33]. One difference is that the use of partial penetration
gnd fillet welds are only permitted when both of the following requirenients are satisfied.

3d) The material of construction satisfies the following equation, Note that if this equation is satisfied,
then the allowable stress in VIII-2 at a given temperature;is/the same as VIII-1. Thereforg, the
fillet welded jacket details in use with VIII-1 are permissible in VIII-2 because the allowable stress
is the same.

S
SLT <0.625 4|123)

u

B) The component is not in cyclic service, i.e:*a fatigue analysis is not required.

4.12 Design Rules for NonCircular Vessels

[he procedures in Section 4, paragraph 4.12 cover the design requirements for single wall vegsels
aving a rectangular or obround tross section. The design rules cover the walls and parts of the vessels
ubject to pressure stressesincluding stiffening, reinforcing and staying members. All other typgs of
badings must be evaluated in‘accordance with the design-by-analysis rules of Section 5.

—tD e =l

The design rules in this)paragraph cover noncircular vessels of the types shown in Figure 4-7. Vessel
gonfigurations other than Types 1 through 12 may be used. However, in this case, the desigh-by-
gnalysis rules of;Section 5 are used.

In Figure 4-%,-each noncircular vessel configuration is associated with a type, figure number and fable
dgontaining design rules. The type provides a convenient method to reference the vessel configuration,
the figure provides an illustration of the vessel configuration and also provides locations where ress
r

Type 1 Noncrrcular Vessel (Rectangular Cross Sectlon see Flgure 4 29) are provrded in Flgure 4-8.
The design of a noncircular vessel requires an iterative approach where the vessel configuration and
wall thickness are initially set and the stresses at locations on the cross section are computed and
compared to allowable values. If the allowable values are exceeded, the configuration and/or wall
thickness are changed, and the stresses are revaluated. This process is continued until a final
configuration including wall thickness is obtained where all allowable stress requirements are satisfied.
The design rules in Section 4, paragraph 4.12 are from VIlI-1, Mandatory Appendix 13. A commentary
on the design rules is provided by Faupel [34].
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4.13 Design Rules for Layered Vessels

Design rules for layered vessels are covered in Section 4, paragraph 4.13. A layered vessel is a vessel
having a shell and/or heads made up of two or more separate layers. There are several manufacturing
techniques used to fabricate layered vessels, and these rules have been developed to cover most
techniques used today for which there is extensive documented construction and operational data.
Examples of acceptable layered shell and head types are shown in Figures 4-30 and 4-31. The design
rules in Section 4, paragraph 4.13 are from VIII-1, Part ULW.

4.14 Evaluation of Vessels Outside of Tolerance

4.14/1 Shell Tolerances

The pssessment procedures in Section 5 or in APl 579-1/ASME FFS-1 may be used to gualify th
design of components that have shell tolerances that do not satisfy the fabrication tolerances in Sectio
4, pgragraphs 4.3.2 and 4.4.4 if agreed to by the user or designated agent. If APl 579-4/ASME FFS-
is used in the assessment, a Remaining Strength Factor of 0.95 is used in the calculations unles
another value is agreed to by the User. However, the Remaining Strength Factor must not be less tha
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The assessment procedures in Section 5 or in APl 579-1/ASMEEFS-1 may also be used to qualify the
design of components that have a local thin area if agreed to‘bythe User. A local thin area (LTA) is @

analysis must be performed in accordance with APl 579-1/ASME FFS-1 as applicable. Developmer
of th¢ assessment procedures for local thin areas’in API 579-1/ASME FFS-1 are provided in WRC 46
[36] and WRC 505 [37].

OT —~+ U

4.14)3 Marking and Reports

The manufacturer is required t@ maintain a copy of all required calculations. This information i$
furnighed to the user if requested; This information is an integral part of the life-cycle of the vessel aftg
it is glaced in service, and willbe invaluable is future in-service damage is found.

=3

4.18 Design Rules for Supports and Attachments

4151 Scope

The fules inSéction 4, paragraph 4.15 cover requirements for the design of structural support system(s
for vesselsi* The structural support system may be, but not limited to, saddles for a horizontal vessel,
a skift for-a vertical vessel, or lug and leg type supports for either of these vessel configurations.

~—

4.15.2 Design of Supports

Vessels are required to be supported for all specified design conditions. The design conditions
including load and load case combinations defined in paragraph 4.1.5.3 are required to be considered
in the design of all vessel supports. The vessel support attachment is required to be evaluated using
the fatigue screening criteria of paragraph 5.5.2. In this evaluation, supports welded to the vessel may
be considered as integral attachments.

As with all components, if the design-by-rule requirements for design of supports are not applicable, a
stress analysis of the vessel and support attachment configuration must be performed. The stress
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results in the vessel and in the support within the scope of this Division are required to satisfy the
acceptance criteria in Section 5.

Vessel support systems composed of structural steel shapes are permitted to be designed in
accordance with a recognized code or standard that cover structural design (e.g. Specification for
Structural Steel Buildings published by the American Institute of Steel Construction). If the support is
at a temperature above ambient due to vessel operation and the recognized code or standard does not
provide allowable stresses at temperatures above ambient conditions, then the allowable stress, yield
strength, and ultimate tensile strength, as applicable, is required to be determined from Annex 3-A and
Annex 3-D using a material with a similar minimum specified yield strength and ultimate tensile strength.

4.15.3 Saddle Supports for Horizontal Vessels

The design method for saddle supports for horizontal vessels is based on an analysis of the lengitydinal
dtresses exerted within the cylindrical shell by the overall bending of the vessel, considered as a heam
@n two single supports, the shear stresses generated by the transmission of the loadsion the supgorts,
gnd the circumferential stresses within the cylindrical shell, the head shear and additional tensile stress
ih the head, and the possible stiffening rings of this shell, by this transmission of the loads on the
4
¢
i

upports. The stress calculation method is based on the work of Zick [38]«and the implementatipn of
lick’s procedure in the CODAP Pressure Vessel Code [39]. The modes offailure considered in Zick’s
nalysis are excessive deformation and elastic instability. Additional background on the dgsign
rocedure by Zick was provided by Brownell et al. [40]. Alternatively, Saddle supports may be designed
in accordance with Section 5.

4.15.4 Skirt Supports for Vertical Vessels

bkirt supports are designed using the rules for combined stress in Section 4, paragraph 4.3.| The
quations provided in this paragraph may be used by'Setting the pressure equal to zero. Alternat|vely,
kirt supports may be designed using the design.by analysis methods in Section 5. The follgwing
hould be considered in the design of vertical vessels supported on skirts.

oD O

)  The skirt reaction — The weight of vessel and contents transmitted to the skirt by the shell apove
and below the level of the skirt attachment, and the load due to externally applied momentg and
forces when these are a factor, e.g:;y wind, earthquake, or piping loads.

Q.

B) Localized Stresses At The Skirt' Attachment Location — High localized stresses may exist in the
shell and skirt in the vicinity.of the skirt attachment if the skirt reaction is not in line with the vgssel
wall. When the skirt is.attached below the head tangent line, localized stresses are introduced in
proportion to the compohent of the skirt reaction which is normal to the head surface at the point
of attachment. Localized stresses at the skirt attachment location may be evaluated by the désign
by analysis metheds in Section 5.

q¢) Thermal Gradients — Thermal gradients may produce high localized stresses in the vicinity gf the
vessel to-skirt attachment. A hot-box detail as shown in Figure 4-32 is recommended to minjmize
thermalgradients and localized stresses at the skirt attachment to the vessel wall. If a hot-gox is
used; the thermal analysis should consider convection and thermal radiation in the hot-box cavity.

4.15'5 Lug and Leg Supports

Lug supports may be used on horizontal or vertical vessels. The localized stresses at the lug support
locations on the shell may be evaluated using one of the following methods. If an acceptance criterion
is not provided, the results from this analysis may be evaluated in accordance with Section 5.

a) Numerical analysis such as finite element analysis
b) WRC 107 [26]
c) WRC 198 [41]
d) WRC 353 [42]
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e) WRC 448 [43]
f)  WRC 537 [25]

g) Other closed-form analytical methods contained in recognized codes and standards for pressure
vessel construction, i.e. BSI PD-5500 [23].

4.15.6 Nomenclature

The nomenclature for Section 4.15 is provided in Section 4.21 herein.

The glesign rules in Section 4, paragraph 4.16 are for the design of circular flanges subject to interng
and/@r external pressure. These rules provide for hydrostatic end loads, gasket seating, and externall
applied axial force and net-section bending moment. The rules in Section 4, paragraph 4.16. apply t
the design of bolted flange connections with gaskets that are entirely located within the cirCle enclose
by the bolt holes. The rules do not cover the case where the gasket extends beyond the bolt hole circl
or where metal-metal contact is made outside of the bolt circle. Other types of flanged‘connections nd
covefed by the rules in Section 4, paragraph 4.16 may be used provided.they are designed i
accofdance with Section 5.

=S A = . w . ~pe—

The Hesign rules in Section 4, paragraph 4.16 are similar to those in Vii{*1, Mandatory Appendix 4.
Notaple differences are that the design allowable stress is determinedrom Section Il, part D, Table 5/
or Tgble 5B, as applicable and a flange rigidity criterion has been introduced to limit flange rotation thg
may [otherwise occur from the use of the higher allowable design Stresses. The design bolt load ha
been modified to include the externally applied axial force and.net-section bending moment as show

below.
A+ A4
Wg:[—mz ’))Sbg (4.124
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In addition, the term M given by Equation (4.126) has been introduced into the flange desigh

moment term, M s for internal and external pressure, Equations (4.127) and (4.128), respectively, t

accopnt for the gffect of a net-section moment and axial force term typically present at a flange join
from|piping loads: The development of these equations is described by Koves [44].

— O

1 h
Myr=4M,| ——— || —2— |+ F,h, (4.126)
LU.JO‘I'UIP T 1 JL AHD}J
MO:abs[(H hy, +H h, + H;h; +M0€)FS] for internal pressure (4.127)
M, :abs[(HD (hD —hG)+HT (hT —hG)+Moe)FS] for external pressure (4.128)

Design equations, including acceptance criteria, are presented in tables to facilitate use and
computerization. In addition, equations have been provided for all of the flange stress factors.
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A comprehensive reference describing the background of the current flange design rules does not exist.
The derivation of the stress analysis procedure was developed by Waters et al. [45] and summarized
by Brownell et al. [46]. Additional insight into the flange design rules may also be found in a Taylor
Forge Design Guide [47].

As discussed in WRC 514 [48] the focus for modification to the analysis method for flanged joints has
been the incorporation of leakage based design. Currently the leakage-based design has not been
adopted by the Section VIII Committee. Therefore, with the exception of changes described above,
the same flange design method that is in OLD VIII-2 was incorporated in VIII-2.

I ; ved
Flange Design) has been initiated to identify areas of possible improvement, develop ruleg for
ihcorporation of those areas of improvement into the code and finally, verify any newly developed fules
gr technology. The intent of the project is to incorporate the best available technology intothe flange
gnalysis section in order to provide designs that meet the following goals:

)  Fit for Purpose (Safe)

o)

) Less prone to leakage

q¢) Use as simple as practical methods of design

The project will prioritize the work based on areas of known deficiencies with the present methpd of
flange design in VIII-2 and on areas that will provide the largest,impact in overall reduction df the
incidence of flange failure (leakage). The project will look at recent international code developnpents
gn improved flange design (EN-1591) and recent testing conducted by PVRC and JPVRC resear¢hers
gn various aspects of flange design. The project is structured in three phases:

3d) Phase 1: Summarize status of flange design on wofld-wide basis. In this phase, an industry sdirvey
will be conducted in order to establish areas of primary concern with flange design in industry. In
addition, a comparison will be made between:the principal code rules available today for flange
design.

) Phase 2: Draft alternative flange design’rules, incorporating findings of Phase 1. In this phase,
the proposed direction from Phase #1 for each aspect of improvement to the ASME VIII, Div.2
flange design rules will be furthersexamined to determine the final format of any proposeq rule
change. Where possible, comparison will be made with existing test data to establish the feasjbility
of the proposed design rule. In addition, comparison with the existing ASME VIII, Div.2 flange
design rules will be made‘to ensure that the proposed rule changes will result in an improved
flange design (less likely to leak).

q¢) Phase 3: Furtherresearch or testing to verify validity of design rules. Should any of the proposed
changes (in the~area of gasket creep/relaxation for example) require new or modified testipg to
establish material properties, then a series of tests will be run to ensure that the proposeq test
method and-application into the code rules is appropriate.

.17 Design Rules for Clamped Connections

hetules in Section 4, paragraph 4.17 apply specifically to the design of clamp connections for pregsure

essels and vessel parts. These rules are not to be used for the determination of thickness of suppprted
or unsupported tubesheets integral with a hub or for the determination of the thickness of covers. The
rules in Section 4, paragraph 4.17 provide only for hydrostatic end loads, assembly, and gasket seating.
The design rules in Section 4, paragraph 4.17 are from VIII-1, Mandatory Appendix 24.

4.18 Design Rules for Shell and Tube Heat Exchangers

The design rules in Section 4, paragraph 4.18 cover the minimum requirements for design, fabrication
and inspection of following shell-and-tube heat exchangers.

a) U-Tube Heat Exchanger — A heat exchanger with one stationary tubesheet attached to the shell
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and channel. The heat exchanger contains a bundle of U-tubes attached to the tubesheet.

b) Fixed Tubesheet Heat Exchanger — A heat exchanger with two stationary tubesheets, each
attached to the shell and channel. The heat exchanger contains a bundle of straight tubes
connecting both tubesheets.

c) Floating Tubesheet Heat Exchanger — A heat exchanger with one stationary tubesheet attached
to the shell and channel, and one floating tubesheet that can move axially. The heat exchanger
contains a bundle of straight tubes connecting both tubesheets.

[ <~ =Ry R v £y w s

D

of th¢ Expansion Joint Manufacturers Association [59] that were originally developed by Anderson [60
and [61]. A review of the design equations*and an overview of bellows fatigue performance ars
provided in WRC 466 [62].

o0

Anngx 4-A: Currently Not Used

Annax 4-B: Guide For The DesignAnd Operation Of Quick-Actuating Closures

Anngx 4-B provides guidance.in the form of recommendations for the installation, operation, and
maintenance of quick-actuating closures. This guidance is primarily for the use of the Owner and the¢
Userl The safety of the.quick-actuating closure is the responsibility of the user. This includes the
requirement for the user to provide training for all operating personnel, follow safety procedures
perigdically inspectthe closure, provide scheduled maintenance, and have all necessary repairs mad
in a fimely fashian.) This Annex also contains guidance for use by the Designer. The rules specific t
the design and-construction of quick-actuating closures are found in paragraph 4.8. Annex 4-B i
identical to V<1, Non-mandatory Appendix FF.

LY 2 =~ - e

Anndx4-C: Basis For Establishing Allowable Loads For Tube-To-Tubesheet Joints

Annex 4-C provides a basis for establishing allowable tube-to-tubesheet joint loads, except for the full-
strength welds defined in accordance with Section 4, paragraph 4.18.10.2.a and partial-strength welds
defined in accordance with Section 4, paragraph 4.18.10.2.b. The rules of this Annex are not intended
to apply to U-tube construction. Annex 4-C is identical to VIII-1, Non-mandatory Appendix A; however,
they are now mandatory because of the normative status of Annex 4-C.

Annex 4-D: Guidance To Accommodate Loadings Produced By Deflagration

An informative annex has been added to provide guidance to accommodate loadings produced by
deflagration in the 2009 Addenda to VIII-2. This information annex was taken from VIII-1, Appendix H.
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Annex 4-D provides two criteria that a vessel may be designed to withstand the loads produced by
deflagration: without significant permanent distortion or without rupture. The decision between these
two criteria should be made by the user or his designated agent based on the likelihood of occurrence
and the consequence of significant deformation. The annex then makes reference to Section lll,
Subsection NB for Class 1 Vessel, Level C and D criteria as a design basis. In addition,
recommendations for evaluating the likelihood of occurrence, consequence of occurrence, and
recommendations to avoid construction details that result in strain concentration are provided. While
the Section Ill design basis may be used, the methods in this code do not take advantage of the
technology in VIII-2. For example, in Section 5, the elastic-plastic analysis method in paragraph 5.3.3
can be used to evaluate protection against plastic collapse, and to evaluate strain concentrations the

nd load case combinations need to be developed for deflagration. In addition, ASME PCC:2{§3] or
Pl 581 [64] can be used for determining the consequence of a rupture. An update to thisyannex is
commended for future additions of the code to take advantage of current technology.
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4.21 Criteria and Commentary Nomenclature

a taper length.

b taper height.

A Section II, Part D, Subpart 3 external pressure chart A-value.

A, cross-sectional area of the bolts based on the smaller of the roct diameter or the leagt
diameter of the unthreaded portion.

A, total minimum required cross-sectional area of the bolts’

a one-half of the apex angle of a conical shell.

a, cone angle in an offset transition.

a, cone angle in an offset transition.

B curve-fit geometric constant or the Section}l, Part D, Subpart 3 external pressure chait
B-value.

B.. geometric factor for the cone.

B., geometric factor for the cylinder:

B, angle used in the conical transition calculation when a flare is present.

B angle used in the conical transition calculation when a flare is present.

B angle used in the genical transition calculation when a flare is present.

B angle used in the-conical transition calculation when a knuckle is present.

B angle used(in the conical transition calculation when a knuckle is present.

B, angle used in the conical transition calculation when a knuckle is present.

B, angle .used in the torispherical head calculation.

C, shell parameter.

C, equation coefficients.

C angle constant used in the torispherical head calculation, or equation coefficient.

C, angle constant used in the torispherical head calculation, or equation coefficient.

C, strength parameter used in the torispherical head calculation, or equation coefficient.

C, —>C,, equation coefficients.

d diameter of a drilled hole that does not completely penetrate a shell.

D inside diameter of a shell or head.

D outside diameter of a shell or head.

Q
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e maximum plus or minus deviation from a true circle or the measured local inward
deviation from a straight line.

e, shell tolerance parameter.

e permissible local inward deviation from a straight line.

E weld joint factor (see Part 4, paragraph 4.2.4), the ligament efficiency (see part 4,
paragraph 4.10.2), or the casting quality factor (see Part 3), as applicable, for the weld
seam being evaluated (i.e. longitudinal or circumferential).

E, factor applied to the bending stress to account for a ligament or weld joint factor.

F Tactor applied 1o the membrane Siress 1o account 1or a ligament or weld joint 1acton.

'8 tangent modulus of elasticity evaluated at the temperature of interest.

Ey modulus of elasticity evaluated at the temperature of interest, see Annex;3-E.

., modulus of elasticity at maximum design temperature.

o net-section axial force acting at the point of consideration, a positive force producgs an
axial tensile stress in the cylinder.

a9 allowable compressive membrane stress of a cylinder subjectto a net-section bending
moment in the absence of other loads as given in Part 4, paragraph 4.4.

Foha allowable axial compressive membrane stress of a cylinder subject to bending in the
presence of hoop compression as given in Part 4 paragraph 4.4.

2% allowable hoop compressive membrane stress*of a cylinder or formed head subjgct to
external pressure only as given in Part 4, patagraph 4.4.

o elastic hoop compressive membrane failure stress of a cylinder or formed head subject
to external pressure only as given in\Part 4, paragraph 4.4.

i predicted buckling stress, which isidetermined by letting FS =1.0 in the allowable stress
equations.

o allowable shear stress ofla cylinder subject only to shear loads as given in Part 4,
paragraph 4.4.

o elastic shear buckling stress of a cylinder subject only to shear loads as given in Part 4,
paragraph 4.4,

- allowable compressive membrane stress of a cylinder due to an axial compressive] load
with 4,<0.15 as given in Part 4, paragraph 4.4.

‘2 moment factor used to design split rings (see Part 4, paragraph 4.16.8), F, = 1.0 for
non-split rings.

a allowable compressive axial membrane stress as given in Part 4, paragraph 4.4.
4 value of the external tensile net-section axial force, compressive net-section forceg are
to be neglected and for that case, /', should be taken as equal to zero.

F, net-section axial force acting on the large end cylindrical Shell, a positive Torce produces
an axial tensile stress in the cylinder.

F net-section axial force acting on the small end cylindrical shell, a positive force produces
an axial tensile stress in the cylinder.

FS design factor.

G constant used in the torispherical head calculation or the diameter at the location of the

gasket load reaction, as applicable
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height of the ellipsoidal head measured to the inside surface, or the height of rectangular
noncircular vessel.

moment arm for load H,.
moment arm for load H;.

moment arm for load H, .

curve-fit geometric constant, or the width of a rectangular noncircular vessel.
total hydrostatic end force on the area inside of the flange.
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gasket load Tor the operating condition.

difference between the total hydrostatic end force and hydrostatic end force on the areg

inside the flange.
bending moment of inertia of the flange cross-section.
polar moment of inertia of the flange cross-section.

moment of inertia of strip thickness 7, .
moment of inertia of strip thickness ¢, .

number of locations around the knuckle that shall be evaluated, used in the conicdl

transition stress calculation when a non-compact knuckle is’present.
number of locations around the flare that shall be evaltiated, used in the conical transition

stress calculation when a non-compact flare is present.

angle constant used in the torispherical and elliptical head calculation.
calculation parameter for a noncircular vessel.

calculation parameter for a noncircular:vessel.
calculation parameter for a noncircular vessel.

calculation parameter for a noncircular vessel.
calculation parameter fora noncircular vessel.
length factor used in the conical transition calculation when a flare or knuckle is present.
cylinder-to-cone junction plasticity correction factor for the cylinder.

cylinder-to-cone‘junction plasticity correction factor for the cone.

compressive stress factor.
inside.crown radius of a torispherical head or unsupported length of a cylindrical shell.

projected length of a conical shell.

chord length of template for tolerance measurement of spherical shells and formed

heads.
length used in the conical transition stress calculation when a flare is present.

h

Shelltolerance parameter.
shell tolerance parameter.

length used in the conical transition stress calculation when a flare is present.
length used in the conical transition stress calculation when a flare is present.
length used in the conical transition stress calculation when a knuckle is present.

length used in the conical transition stress calculation when a knuckle is present.
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length used in the conical transition stress calculation when a knuckle is present.
length of reinforcement in the cone.
length of reinforcement in the cylinder.

net-section bending moment acting at the point of consideration.
absolute value of the external net-section bending moment.

flange design moment for the operating condition.

component of the flange design moment resulting from a net section bending moment

S 3

and/or axial force.
total resultant meridional moment acting on the cone.

P cylinder-to-cone junction resultant meridional moment acting on the cone,/du€ to internal

pressure.

M. cylinder-to-cone junction resultant meridional moment acting on{the’ cone, due fo an
equivalent line load.

B total resultant meridional moment acting on the cylinder.

VI cylinder-to-cone junction resultant meridional moment.acting on the cylinder, djie to
internal pressure.

(8 cylinder-to-cone junction resultant meridional moment acting on the cylinder, due fo an
equivalent line load.

M normalized curve-fit resultant meridional mement acting on the cylinder.

V, net-section bending moment acting atithe large end cylindrical shell.

M net-section bending moment acting-at the small end cylindrical shell.

V1, net-section torsional moment acting on a shell section.

\/[9 circumferential bending moment in the cylinder.

MV, circumferential bending;moment in the cone.

V shell parameter.

V. resultant meridional membrane force acting on the cone, due to pressure plus an
equivalent line load.

V., resultant)circumferential membrane force acting on the cone, due to pressure plys an
equivalent line load.

V tesultant meridional membrane force acting on the cylinder, due to pressure plds an
equivalent line load.

v, resultant circumferential membrane force acting on the cylinder, due to pressure pllis an
equivalent line load.

1 ratio of the thickness of the cone to the thickness of the cylinder or a shell tolerpnce
parameter.

n, number of points for stress calculation in the flare.

n, number of points for stress calculation in the knuckle.

P specified design pressure.

P allowable internal pressure of a torispherical head or the allowable external pressure of
a cylindrical shell.

P allowable internal pressure of a torispherical head based on the rupture of the crown.
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allowable internal pressure of a torispherical head based on buckling failure of the
knuckle.

value of the internal pressure expected to result in a buckling failure of the knuckle in a
torispherical head.

equivalent design pressure used in the conical transition stress calculation when a
knuckle or flare is present.

pressure from static head of liquid.

equivalent design pressure at locations around the knuckle or flare, used in the conical

transition stress calculation when a knuckle or flare is present.
value of internal pressure expected to produce elastic buckling of the knuckle)in &
torispherical head.
limit pressure.

general primary membrane stress.
general primary bending stress
general primary membrane plus primary bending stress.

value of the internal pressure expected to result in a, maximum stress equal to th

14

material yield strength in a torispherical head.
angle used in the conical transition calculation.
angle used in the conical transition calculationwhen a flare is present.

angle used in the conical transition calculation’'when a non-compact flare is present.
angle used in the conical transition calcufation when a non-compact flare is present.
angle used in the conical transition calculation when a non-compact flare is present.
angle used in the conical transijtion calculation when a knuckle is present.

angle used in the conicalransition calculation when a non-compact knuckle is present.
angle used in the conical transition calculation when a non-compact knuckle is present.
angle used in the.conical transition calculation when a non-compact knuckle is present.
angle used in‘the torispherical head calculation.

total resultant shear force acting on the cylinder.

total resultant shear force acting on the cone.

normalized curve-fit resultant shear force acting on the cylinder.

cylinder-to-cone junction resultant shear force acting on the cylinder, due to interng|

pressure.
cvlinder-to-cone _junction resultant shear force acting _on_the cylinder. due to_am

equivalent line load.
inside knuckle radius used in torispherical head calculation or radial coordinate, as
applicable.

local radius.
local radius.
local radius.

inside knuckle radius of the large end of a toriconical transition.
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inside flare radius of the small end of a toriconical transition.

inside radius.
equivalent radius of the cone.

radius to the elastic-plastic interface.
radius to the center of curvature for the flare.
radius to the center of curvature for the knuckle.

inside radius of the large end of a conical transition.

~

= s> mm§whmm%=msm§

A A A ATIA
& 3 o

o

mean radius of the cylinder.

outside radius, equal to infinity for a flat plate.

mean radius of the nozzle.

inside radius of the shell meridian.

inside radius of the small end of a conical transition.

radius used in the torispherical head calculation.

inside radius of shell circumference measured normal t6 the shell.
meridional distance.

circumferential distance.

distance measured along the cylinder from.the centroid of the stiffening ring centrg

the intersection of the cylinder and cone,
allowable stress value from Annex 3-A\evaluated at the design temperature.

allowable stress from Annex 3-A forthe bolt evaluated at the gasket seating tempera
allowable stress from Annex 3-A" for the bolt evaluated at the design temperature.
allowable stress from Anpex 3-A for the base plate at the design temperature.

allowable stress from Annex 3-A at the design temperature for the cladding or, fg

weld overlay, the allowable stress of the wrought material whose chemistry most cl
approximates that'of the cladding at the design temperature.

the allowable jlimit on the local primary membrane and local primary membrane

bending-stress computed as the maximum value of: 1.5Sor § , except the val

id to

ture.

r the
bsely

plus

le of

1.5S'shall be used when the ratio of the minimum specified tensile strength t¢ the

ultimate yield strength exceeds 0.70 or the value of S is govered by time-depec
properties.

allowable primary plus secondary stress evaluated using Part 5, paragraph 5.5.6.1

the design temperature.
yield strength from Annex 3-D evaluated at the design temperature.

nent

.d at

yield strength from Annex 3-D at the design temperature.
specified minimum tensile strength from Annex 3-D.
radial membrane stress in a shell.

meridional membrane stress in a shell.

meridional bending stress in a shell.

circumferential stress in a shell.
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circumferential membrane stress in a shell.
circumferential membrane stress in a shell.
circumferential bending stress in a shell.
circumferential membrane stress at the jth location.
meridional membrane stress at the jth location.

principal stress in the 1-direction.

nrincinal stress in the 2-direction
L L

~
»—-Ntn

d

SSECEERGS

S
D

principal stress in the 3-direction.

minimum required thickness of a shell, or the thickness of the cylinder at & conicdl
transition.

cone thickness.

reinforcing element thickness.
final thickness after forming.
nozzle fillet weld size.

nozzle fillet weld size.
thickness of the head.
thickness of the cylinder, knuckle, or flue, as applicable, at the junction of a toriconicg|
transition, 7, >¢ and ¢, >¢,.

thickness of the knuckle.

thickness of the nozzle neck.

thickness of the cylinder.

thickness of the cylinder at infernal head location.

thickness of the cylinder atvinternal head location.

remaining wall thickness at the location of a partially drilled hole.

limit for the remaining wall thickness at the location of a partially drilled hole.
thickness of the cone in a conical transition.

thickness of the large end cylinder in a conical transition.

thiekness of the small end cylinder in a conical transition.

thickness of the short side plate.

thickness of the long side plate.

torsional shear stress in a shell.

average shear stress In a shell at the location of a partially drilled hole.

circumferential angle or the location where stress is computed for shells subject to
supplemental loads. A value of zero defines the location of maximum positive
longitudinal stress from net-section bending moment.

circumferential angle.
meridional angle.

meridional angle used in knuckle of flare calculation.
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o, meridional angle used in knuckle of flare calculation.

1% Poisson’s ratio.

w wind load.

Wg design bolt load for the gasket seating condition.

w, design bolt load for the operating condition.

X, equivalent line load acting on the large end cylinder, due to an axial force and bending
moment.

X, equivalent Tine Toad acting on the small end cylinder, due 1o an axial force and bending

moment.
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4.22 Criteria and Commentary
Figure 4-1: (VIII-2 Table 4.1.1) Design Loads

Design Load Description
Parameter
P Internal or External Specified Design Pressure (see paragraph 4.1.5.2.a)
P Static head from liquid or bulk materials (e.g. catalyst)

Dead weight of the vessel, contents, and appurtenances at the location

of interest, including the following:

+—Neight—ofvesselinchidirg—internals—suppors—{e-g—skirts—ugs;
saddles, and legs), and appurtenances (e.g. platforms, ladders, etc))
Weight of vessel contents under operating and test conditions
Refractory linings, insulation

e Static reactions from the weight of attached equipment, such as
motors, machinery, other vessels, and piping

e Appurtenance Live loading

L o Effects of fluid flow, steady state or transient

e Loads resulting from wave action

Earthquake loads (see ASCE 7 for the specific definition of the

£ earthquake load, as applicable)
4% Wind Loads

S Snow Loads

F

Loads due to Deflagration

Figure 4-2: (VIIl-2 Table 4.1.2) — Désign Load Combinations

Design Load Combination (1) Gen‘:;'lilvfarggagrin:sn}g)rane
P+P +D S
P+P +D+L S
P+P +D«+S S
0.9P+P +D+0.J5L+0.75S S
0.9P+ P & D+(0.6W or0.7E) §
0.9P + P, + DF0.75(0.6W 0or0.7E)+0.75L+0.75S §
0.6D+(0.6W or0.7E) (3) S
P+D+F See Annex 4-D

Noteg

d) The parameters used in the Design Load Combination column are defined in Table 4.1.1.

e) S is the allowable stress for the load case combination (see paragraph 4.1.5.3.c)

f)  This load combination addresses an overturning condition. If anchorage is included in the design,
consideration of this load combination is not required.

g) Loads listed herein shall be considered to act in the combinations described above; whichever
produces the most unfavorable effect in the component being considered. Effects of one or more
loads not acting shall be considered.
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Figure 4-3: (VIIl-2 Table 4.2.1) — Definition Of Weld Categories

Weld D e
Category escription

Longitudinal and spiral welded joints within the main shell, communicating chambers
(1), transitions in diameter, or nozzles

A Any welded joint within a sphere, within a formed or flat head, or within the side plates
(2) of a flat-sided vessel
Circumferential welded joints connecting hemispherical heads to main shells, to
transitions in diameter, to nozzles, or to communicating chambers.
Circumierential welded joints within the main_shell, communicating chambefs (1),
nozzles or transitions in diameter including joints between the transition andja 'cyflinder

B at either the large or small end
Circumferential welded joints connecting formed heads other than hemispherical to
main shells, to transitions in diameter, to nozzles, or to communicating chambeis.
Welded joints connecting flanges, Van Stone laps, tubesheets or.flat heads tg main
shell, to formed heads, to transitions in diameter, to nozzles,<r to communigating

C chambers (1)
Any welded joint connecting one side plate (2) to another side plate of a flattsided
vessel.
Welded joints connecting communicating chambers(1) or nozzles to main shdlls, to

D spheres, to transitions in diameter, to heads, or t0 flat-sided vessels
Welded joints connecting nozzles to communicating chambers (1) (for nozzles fat the
small end of a transition in diameter see Category B).

E Welded joints attaching nonpressure parts)and stiffeners

h] Notes:

Communicating chambers are defined as appurtenances to the vessel that intersect the shell or

heads of a vessel and form an integral part\of the pressure containing enclosure, e.g., sumps|

Side plates of a flat-sided vessel are defined as any of the flat plates forming an integral part
pressure containing enclosure.

of the
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Figure 4-4: (VIIl-2 Table 4.2.2) — Definition Of Weld Joint Types

Weld
Joint Description
Type
Butt joints and angle joints where the cone half-apex angle is less than or equal to 30
1 degrees produced by double welding or by other means which produce the same
quality of deposited weld metal on both inside and outside weld surfaces. Welds using
backing strips which remain in place do not qualify as Type No.1 butt joints.
2 Butt joints produced by welding from one side with a backing strip that remains. in
place.
3 Butt joints produced by welding from one side without a backing strip.
7 Corner joints made with full penetration welds with or without coverfillet welds
8 Angle joints made with a full penetration weld where the cone half-apex angle is
greater than 30 degrees
9 Corner joints made with partial penetration welds.with or without cover fillet welds
10 Fillet welds
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Figure 4-5: (VIll-2 Table 4.2.5) — Some Acceptable Weld Joints For Formed Heads

Detail

Joint
Type

Joint
Category

Design Notes

Figure

1

1

A,B

Joint Types 2 and 3 may be
permissible, see paragraphs
4.2.5.2 through 4.2.5.6 for
limitations

- | -

A,B

A,B

a23b when 7, exceeds 7, .

ty <05(1,-1,)

The skirt minimum length is

min [3t,, 38 mm(1.5in)| except when

necessary to provide the required
taper length

If £, <1.25¢_, then the length of

the skirt shall be sufficient for any
required taper

The length of the taper @ may
include the width of the weld.

The shell plate center line may®be
on either side of the head plate
center line

Joint Types 2 and 3 may be
permissible, see paragraphs
4.2.5.2 through 4.2.5.6 for
limitations

g
A
=

Thinner Part ' Tangent Line

Thinner Part : Tangent line

AB

a>3b
ty<0.5(¢,—t,)

The length of the taper a may
include the width of the weld.

The shell plate center line may be
on either side of the head plate

g >

T

¥

e e,
-

center line

Joint Types 2 and 3 may be
permissible, see paragraphs
4.2.5.2 through 4.2.5.6 for
limitations

Y

Thinner Part
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.. | Joint Joint . .
Detail Type | Category Design Notes Figure
5 1 AB | See Detail 4
toffi

I
4V_f7 R
3
b

N
\\
AN
t a / AN
s

Thinner Part
6 2 B e Butt weld and , if used, fillet weld
shall be designed to take a shear | TangentPoint 7\ |<-a-»<-a» b
load at 1.5 times the design \ malin
differential pressure ¢ : ID
e a> rnin[Zth, 25mm(1in)] ' h} ,/'\\ s Y
R\

's2

e b, 13 mm (0.5 in.) minimum ) \JL [ I

: t t
e The shell thicknesses ¢, and Seal (; Fillet Weld

t_, may be different Butt Weld
. al5°<a<20°

7 1 AB oy 221

* n>minft, 1]
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Figure 4-6: (VIlI-2 Table 4.2.11) — Some Acceptable Pad Welded Nozzle Attachments And Other
Connections To Shells

Detail ‘.:.;:: CaJtZI;(:ry Design Notes Figure
1 / D |e ¢ >min[0.7¢,,6 mm (0.25 in)]
e 1, 2min[0.6z,, 0.6¢] > h
t
e 71, =min[6mm (0.25 in.), 0.5¢,]; Ao e
alternatively, a chamfer of t, 4//‘ %
ri;;;ﬁn[omm (02573m); U.Z.)ln] %/< . X t;
a egrees
t —
8
tC
2 / D |e ¢ >min[0.7¢,,6 mm (0.25 in)] [
e t,>min[0.6t,, 0.6¢] ML
: t
e 0.125¢<r <0.5¢ >/ c
t, A
te
~
v M !
3 7 D |e ¢ >min[0.7¢,,6mm (0.25 in)] S
o 1, 2min[0.64,7 0.6¢] ot e
o r,>min[6mm (0.25 in.), 0.5¢,]; gl
alterpatively, a chamfer of ﬂ $
& min[6mm (0.25 in.), 0.25¢, | b \ t,
at 45 degrees
4
A
te
41 =10 D le ¢,>min[0.7¢, 0.7¢]
WP
te
t I |
<:2/ ! ! >/ ty
.
y
t
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. | Joint Joint . .
Detail Type | Category Design Notes Figure
5 / D |e ¢,>=min[0.72,, 0.7¢]
g ——— W

0.125¢ <r, <0.5¢

t
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Figure 4-7: (VIll-2 Table 4.12.1) — Noncircular Vessel Configurations And Types

Configuration

Type

Figure
Number

Table Containing
Design Rules

Rectangular cross-section in which the opposite
sides have the same wall thickness. Two opposite
sides may have a wall thickness different than that
of the other two opposite sides.

4121

4.12.2

oot

members have the same thickness and the other
two members have two different thicknesses.

actanaular coross-caction—in—which twao _onbosite
oA gutat—rosSyS O —WHrhoH—tvwo 14

4.12.2

4.12.3

Rectangular cross section having uniform wall
thickness and corners bent to a radius. For corners
which are cold formed, the provisions Part 6 shall

apply

4123

4124

Rectangular cross-section similar to Type 1 but
reinforced by stiffeners welded to the sides.

4.12.4

4.12.5

Rectangular cross-section similar to Type 3 but
externally reinforced by stiffeners welded to the flat
surfaces of the vessel.

4.12.5

4.12.6

Rectangular cross section with chamfered corner
segments (octagonal cross-section) joined to the
adjacent sides by small curved segments with
constant radii and reinforced by stiffeners welded to
the flat surfaces of the vessel.

4.12.6,
4.12.7

4.12.7

Rectangular cross section similar to Type~3 but
having two opposite sides stayed at mid-length.

4.12.8

4.12.8

Rectangular cross section similar to(Type 1 but
having two opposite sides stayed at the third points.

4129

4.12.9

Obround cross-section in which\the opposite sides
have the same wall thickness: The flat sidewalls
may have a different thickness than the semi-
cylindrical parts.

4.12.10

4.12.10

Obround cross-section similar to Type 9 but
reinforced by stiffeners welded to the curved and flat
surfaces of the/vessel.

10

4.12.11

4.12.11

Obround eross-section similar to Type 9 but having
the flat.side plates stayed at mid-length.

11

4.12.12

4.12.12

Circular Section With A Single Stay Plate

12

4.12.13

4.12.13
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Figure 4-8: (VIlI-2 Table 4.12.2) — Stress Calculations and Acceptance Criteria for Type 1

Noncircular Vessels (Rectangular Cross Section)

Membrane And Bending Stresses — Critical Locations of Maximum Stress

S = Ph
2tE
SSC _SSC(_i}:PbJZSCi ’7_1 5H2+h2(1+a2K}-‘
bi bo (‘U ]211 F'b I . K
SSB __SSB i _ th2J3SCi 1+a2K
wT e, )T 12LE, | 14K
g = PH
" 2LE,

0

S =g [ < j _ PbRJyc, [1 + azK}
C

g _qu| G _ Pbh*J ¢, 154 1+a’K
S 121,E, 1+K

12LE, | 1+K

Membrane And Bending Stresses — Defined Locations for Stress Calculation

2
spf =g | = PPy s e K gy
¢,) 121E, 1+K

2
s —str| G| o Poe |y gl 1EE K gy
c, E 1+K

Equation Constants

7= bt} J,, =1.0 (see paragraph 4.12.5 for exception)
=
12 J,, =1.0 (see paragraph 4.12.5 for exception)
bt
I, = 1_22 J, =1.0 (see paragraph 4.12.5 for exception)
& T, . Jy, =1.0 (see paragraph 4.12.5 for exception)
1
)24
oa=—
h

124



https://asmenormdoc.com/api2/?name=ASME PTB-1 2014.pdf

PTB-1-2014

Acceptance Criteria — Critical Locations of Maximum Stress

S <SS AR

S5 +85¢<1.58 S/ +851<1.58
S5 +85¢<1.58 S, +54<1.58
S5 +8.7<1.58 S/ +S% <158
S* 87 <158 S +87 <158

Acceptance Criteria — Defined Locations for Stress Calculation

S +S;F <1.58 S +8) <1.58
S5 +8%<1.58 S +S¥ <1.58

Nomenclature For Stress Results

membrane stress in the short side.

vd

b sB sB
Pbi > Pbo

bending stress in the short side at point B on thelinside and outside surfaces,
respectively.
bending stress in the short side at point Clon’ the inside and outside surfages,
respectively.
z:,X, S;'f bending stress in the short side at a point*defined by X on the inside and outside

surfaces, respectively.

membrane stress in the long side.

b sC sC
bi » Sbo

A

?Ii‘?, S,if bending stress in the long _side at point B on the inside and outside surfaes,

respectively.
?Iff, Slfﬁ bending stress in the.long side at point A on the inside and outside surfates,
respectively.
?,if, S,g bending stresseinthe long side at a point defined by ¥ on the inside and oufside
surfaces, respectively.
p ! membrane stress in the stay bar or plate, as applicable.
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4.23 Criteria and Commentary Figures
Figure 4-9: (VIII-2 Figure 4.2.1) — Weld Joint Locations Typical of categories A, B, C, D, and E

TG T
9 /JJ/@%— i ‘D __DCBD
® ® —F @ @

3

Figure 4-10: Cylindrical Shell Wall Thickness Equation Comparison Between VIlI-2 and Old
Viii-2
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Note: Equations (4.9) and (4.710) produce essenftially identical results and these equations cannot be
discerned in this figure, see Figure 4-11
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Figure 4-11: Percent Difference in Cylindrical Shell Wall Thickness Equation Between VIII-2

and Old VIil-2
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Figure 4-12: Tresca Yield Criterion
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Figure 4-13: Von Mises Yield Criterion
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Figure 4-14: Tresca Yield Criterion’and Von Mises Yield Criterion
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Figure 4-15: Equilibrium of Cylindrical Element

Figure 4-16: Equilibrium of Spherical Element
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Figure 4-17: (VIlI-2 Figure 4. 3.1) — Conical Shell
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Figure 4-18: (VIII-2 Figure 4.3.2) — Offset Conical Transition
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Figure 4-19: Spherical Shell Wall Thickness Equation Comparison Between VIlI-2 and Old VIil-
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Note: Equations (4.52) and (4.54) produce essentially idéntical results and these equations cannpt be

Figure 4-20: Percent Difference in Spherical.Shell Wall Thickness Equation Between VIlII-2|and
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Figure 4-21: (VIll-2 Figure 4.3.6) — Local Thin Band in a Cylindrical Shell
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Figure 4-22: (VIII-2 Figure 4.7.1) — Type A Dished Cover with a Bolting Flange
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Figure 4-23: (VIII-2 Figure 4.7.2) — Type B Spherically'Dished Cover with a Bolting Flange

t

<« 1/2A
}471/2C

Preferably

Ring Gasket
Shown

133


https://asmenormdoc.com/api2/?name=ASME PTB-1 2014.pdf

PTB-1-2014

Figure 4-24: (VIll-2 Figure 4.7.3) —
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gure 4-25: (VIII-2 Figure 4.7.4) -
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Figure 4-26: (VIlI-2 Figure 4.11.1) — Types of Jacketed Vessels
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Figure 4-27: (VIlI-2 Figure 4.11.2) — Types of Partial Jackets
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Figure 4-28: (VIlI-2 Figure 4.11.1) — Half Pipe Jackets
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Figure 4-29: (VIlI-2 Figure 4.12.1) — Type 1 Noncircular Vessels (Rectangular Cross Section)

t

L e
|
Iy iC B
|
| _
2 i
|
|
I Y
|
| A
________{____lt _____ . L
|
|
|
h/2 i
to—r— }-<—H:"2—b r—= {5
|
|
|
i

Notes:
[11 Critical Locations of Maximum Stress areldefined at points A, B, and C.
[2] Defined Locations for Stress Calculations are determined using variables X and Y.
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Figure 4-30: (VIll-2 Figure 4.13.1) — Some Acceptable Layered Shell Types
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Note (2) (b) Coil Wound

Note (3) Note (2) (c) Shrink Fit

Note (1)

)
/

Note (4
ote (4) Note (2) (d) Spiral Wrapped

Innér shell — the inner cylinder that forms the pressure tight membrane.
Dummy layer (if used) — a layer used as a filler between the inner shell (or inner head) and pther
layers, and not considered as part of the required total thickness.

[3]

(4]
[5]
[6]

Layers — layers may be cylinders formed from plate, sheet, forgings, or the equivalent formed by
coiling. This does not include wire winding.

Shell layer (tapered)

Balance of layers

Gap
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Figure 4-31: (VIlI-2 Figure 4.13.2) — Some Acceptable Layered Head Types
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hner head — the inner-head that forms the pressure tight membrane.
bummy layer (if used) — a layer used as a filler between the inner shell (or inner head) and othe
byers, and not.considered as part of the required total thickness.
lead layers = anyone of the head layers of a layered vessel except the inner head.
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Figure 4-32: (VIlI-2 Figure 4.15.8) — A Typical Hot-Box Arrangement for Skirt Supported Vertical
Vessels
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5 DESIGN-BY-ANALYSIS REQUIREMENTS

5.1 General Requirements

5.1.1 Scope

The design requirements for application of the design-by-analysis methodology in VIII-2 are described
in Section 5. Detailed design procedures utilizing the results from a stress analysis are provided to
evaluate components for plastic collapse, local failure, buckling, and cyclic loading. Supplemental
requirements are provided for the analysis of bolts, perforated plates and layered vessels. Procedures
are glso provided for design using the results from an experimental stress analysis, and for fracture
mechanics evaluations.

Sectjon 5 covers the following subjects:

aragraph 5.1 — General Requirements

aragraph 5.2 — Protection Against Plastic Collapse

aragraph 5.3 — Protection Against Local Failure

aragraph 5.4 — Protection Against Collapse from Bucking

aragraph 5.5 — Protection Against Failure from Cyclic Loading

aragraph 5.6 — Supplemental Requirements for Stress Classification-in Nozzle Necks
aragraph 5.7 — Supplemental Requirements Supplemental Requirements for Bolts

aragraph 5.8 — Supplemental Requirements SupplementalRequirements for Perforated Plates
aragraph 5.9 — Supplemental Requirements Supplemental’Requirements for Layered Vessels
aragraph 5.10 — Experimental Stress Analysis

aragraph 5.11 — Fracture Mechanic Evaluations

Annex 5-A — Linearization Of Stress Results ForStress Classification

Annex 5-B — Histogram Development And Gycle Counting For Fatigue Analysis

Annex 5-C — Alternative Plasticity Adjustment Factors And Effective Alternating Stress For Elasti
atigue Analysis

Annex 5-D — Stress Indices
Annex 5-E — Design Methods-For Perforated Plates Based On Elastic Stress Analysis

\L4

Annex 5-F — Experimental (Stress Analysis

design-by-analysis requirements are organized based on protection against the failure mode
below. The component shall be evaluated for each applicable failure mode. If multipl
sment procedures-are provided for a failure mode, only one of these procedures must be satisfie

oo

Protection\Against Plastic Collapse — these requirements apply to all components where th
hickness“and configuration of the component is established using design-by-analysis rules.

D

necessary to evaluate the local strain limit criterion if the component design is in accordance wit
the component wall thickness and weld details of Section 4.

I W

c) Protection Against Collapse From Buckling — these requirements apply to all components where
the thickness and configuration of the component is established using design-by-analysis rules
and the applied loads result in a compressive stress field.

d) Protection Against Failure From Cyclic Loading — these requirements apply to all components
where the thickness and configuration of the component is established using design-by-analysis
rules and the applied loads are cyclic. In addition, these requirements can also be used to qualify
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a component for cyclic loading where the thickness and size of the component are established
using the design-by-rule requirements of Section 4.

The design-by-analysis procedures in Section 5 may only be used if the allowable stress from Annex
3-A evaluated at the design temperature is governed by time-independent properties unless otherwise
noted in a specific design procedure. If the allowable stress from Annex 3-A evaluated at the design
temperature is governed by time-dependent properties and the fatigue screening criteria based on
experience with comparable equipment are satisfied, the elastic stress analysis procedures may be
used.

LN

'Iailed

'he design-by-analysis rules in Section 5 are based on the use of results obtained from_a“de
tress analysis of a component. Depending on the loading condition, a thermal analysis to‘determine
he temperature distribution and resulting thermal stresses may also be required. Procedure$ are
rovided for performing stress analyses to determine protection against plastic collapse, local fajlure,
uckling, and cyclic loading. These procedures provide the necessary details to{obtain a consistent
esult with regards to development of loading conditions, selection of material properties, post-
rocessing of results, and comparison to acceptance criteria to determine the suitability of a compopent.

o o Wi T . il S e S ¢ M |

Recommendations on a stress analysis method, modeling of a component; and validation of analysis
esults are not provided. While these aspects of the design process are important and shdll be
onsidered in the analysis, a detailed treatment of the subject is net provided because of the varigbility
N approaches and design processes. However, an accurate stfess analysis including validation fof all
esults shall be provided as part of the design.

e Tl o Wil S =

A significant effort was made in Part 3 of VIII-2 to expand upon the existing physical propertief, i.e
oung’s Modulus, thermal expansion coefficient, thetmal conductivity, thermal diffusivity, density,
FPoisson’s ratio, to facilitate elastic-plastic stress and fatigue analyses. A temperature dependent
monotonic true-stress strain curve model including hardening characteristics was developed] see
$ection 3, paragraph 3.3.12.2, to cover a broad, spectrum of materials. This stress-strain curve model
was originally developed for use in APl 579-1/ASME FFS-1. Cyclic stress-strain curves for a var’i}ty of
M
¢

naterials and temperatures are also provided for use with the new elastic-plastic fatigue analysis
rocedures.

8.1.3 Loading Conditions
General

All applicable applied-leads on the component shall be considered when performing a desigh-by-
gnalysis. Supplemental loads shall be considered in addition to the applied pressure in the fofm of
gpplicable load cases. If the load case varies with time, a loading histogram shall be developgd to
ghow the time #ariation of each specific load. The load case definition shall be included in the User’s
Design Specification. An overview of the supplemental loads and loading conditions that shgll be
gonsidered:in a design are shown in Figure 5-1.

lLload Cases and Load Case Combinations

lload case combinations shall he considered in the nnnlycic Typir‘al load dpqr‘rilntinnc are prn\/id din
Figure 5-2. Load case combinations for elastic analysis, limit load analysis, and elastic plastic analysis
are shown in Figure 5-3, 5-4, and 5-5, respectively. In evaluating load cases involving the pressure
term, P, the effects of the pressure being equal to zero shall be considered. The applicable load case
combinations shall be considered in addition to any other combinations defined in the User’s Design
Specification. The load case combinations to be used for analysis were developed consistent with
ASCE/SEI 7-10 [1].

The factors for wind loading (W) in Figure 5-3, Design Load Combinations, and in Tables 5.4 and 5.5,
Required Factored Load Combinations, are based on ASCE/SEI 7-10 wind maps and probability of
occurrence. If a different recognized standard for wind loading is used, the user shall indicate in the
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User's Design Specification the Standard to be applied and provide suitable load factors if different from
ASCE/SEI 7-10. If a different recognized standard for earthquake loading is used, the user shall
indicate in the User's Design Specification the Standard to be applied and provide suitable load factors
if different from ASCE/SEI 7-10. Note this permits the use of international standards for loadings that
are dependent on location.

Determination of Load Cases and Load Case Multipliers
Overview

Design load case combinations to be evaluated for the elastic stress analysis method, limit-load
analjrsis method and elastic-plastic stress analysis method are given in Figure 5-3, Figure 5-4 an
Figure 5-5 respectively. Note that the versions of these tables that are shown are being proposed. f
use ih the 2010 Edition of VIII-2. These load combinations are based on the basic load combination
given in Chapter 2, Combination of Loads, of ASCE/SEI 7-10. ASCE/SEIl 7-10 provides loa
comlbinations for use with both allowable stress design (ASD) and strength design (sometimes terme
Load and Resistance Factor Design, or LRFD). The load factors given in ASCE/SEI 7-10 wer:
developed using probabilistic analysis and reliabilities inherent in design practices that were surveyed.
The Joad combinations in the ASCE standard were developed for use with canventional structurd|
matdrials.

The |oads from ASCE/SEI 7-10 and notation used in VIII-2 are described:in Figure 5-2. Not all load
given in ASCE/SEI 7-10 are applicable to pressure vessels. Forinstanc¢e, the ASCE/SEI 7-10 rain loa

(R)) roof live load (L,) and flood load (F,) are not relevant.and are not included in the loa
combinations in VIII-2. Dead loads and pressure loads, including internal and external maximu

allowable working pressure and static head, are treated as\the permanent loads (D and F i
ASCE/SEI 7-10). Temporary loads considered in this Codednclude wind (7 ), earthquake ( £ ), sho

load|(S,) and self-straining forces (7 ). Where wind and earthquake are considered, the load that

results in the more rigorous design is used. Wind and earthquake load do not need to be considere
as agting concurrently. The earthquake loads in ASCE/SEI 7-10 have been updated significantly in th
past fwo revisions of the standard and are based-on recent NEHRP research.

D

Elasiic Stress Analysis

o

The [load combinations for the elastic.stress analysis method are given in Figure 5-3. The loa
comTinations are based on the eightload cases given in paragraph 2.4.1 of ASCE/SEI 7-10, Combinin

o

Nomjnal Loads Using Allowable-Stress Design. In allowable stress design, load factors are not applie
and the safety factor inherent in-the design is a result of the allowable stress basis.

Mosf loads, other than dead load and other permanent loads, vary with time. It is very unlikely that th
maximum magnitude.of-\multiple time-varying loads will occur simultaneously. The load combination
in allpwable stress‘design account for this by including a 25% reduction of variable loads when the
are ¢gombined. «This same reduction does not apply to permanent loads involved in the same load
comlbpinations’, "\ASCE/SEI 7-10 indicates that combinations involving earthquake load are handled
somewhat. différently than other variable loads in the allowable stress design to give comparable result
to the stfemgth design basis. In the allowable stress design load combinations, the greater of the win
load pr\70% of the earthquake load is used.

o

o0

Cases 7 and 8 in paragraph 2.4.1 of ASCE/SEI 7-10, which address overturning considerations, appear
as Case 4 in Figure 5-3. This case is not applicable if the pressure vessel is appropriately anchored to
resist overturning. In Figure 5-3, 0.9 times the internal or external maximum allowable working pressure
(0.9P) is considered an operating pressure and is used in load combinations involving temporary loads
(Cases 5, 6 and 7).
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Limit-Load Analysis

The load combinations for the limit-load analysis method, given in Figure 5-4, are based on the first five
load cases given in paragraph 2.3.1 of ASCE/SEI 7-10, Combining Factored Loads Using Strength
Design. Cases 6 and 7 in ASCE/SEI 7-10 address overturning, which is not considered in the limit-
load analysis of a pressure vessel. In the basic strength design, factored loads (and in some cases
factored resistances) are used. The philosophy behind the load combinations in the strength factor
design method is that only one variable load is at its maximum magnitude, while other variable loads
are at arbitrary magnitudes. Nominal design loads are significantly in excess of these coincident,
arbitrary point-in-time values. Therefore, load combinations in strength design methods include some

laad-factaralocathan-1.0
1P CtoTroTCoottrart .o

Ih the load combinations for limit-load analysis, all of the applicable load factors in paragraph 2.3.1 of
ASCE7-05 have been increased by the ratio of 1.5 (the design margin for limit-load analyses) tp 1.4
(the basic factor on permanent loads in ASCE/SEI 7-10). For example, the 1.2 load factqr on

P+P +D+T) in Case 2 of paragraph 2.3.1 of ASCE/SEI 7-10 becomes:

1.2-(13}:1.3 (5.1)
1.4

The remaining load factors in Figure 5-4 were determined in this samé manner.

Klastic-Plastic Stress Analysis

The load combinations for the elastic-plastic analysis method are given in Figure 5-5. These|load
gombinations are also based on the first five strength design load cases given in paragraph 2.3.1 of
ASCE/SEI 7-10. As in the limit-load case, load combinations which address overturning ar¢ not
dgonsidered in the elastic-plastic analysis of a pressure vessel.

In the load combinations for elastic-plastic stress analysis, all of the applicable load factors in paragraph
2.3.1 of ASCE/SEI 7-10 have been increased by the ratio of 2.4 (the design factor on specified minimum
tensile strength) to 1.4 (the basic factor en_permanent loads in ASCE/SEI 7-10), for example:

The 1.2 load factor on (P+PS +D+T) in Case 2 of paragraph 2.3.1 of ASCE/SEI 7-10 becomsgs:

1.2.(ﬁj =2.1 (5.2)
1.4

The remaining load{factors in Figure 5-5 were determined in this same manner. In Figure 5-5, thg load
factor 2.4 on perfmanent loads (P+R +D) in Cases 4 and 5, and the load factor 2.6 on live load (L)

,|snow load (SS) and wind load (W) in Cases 2, 3 and 4 appear to be typographical errors and should
Be 2.1 and 2.7, respectively, i.e.:

1.2-(ﬁ) =2.1 (5.3)
(1.4
1.6-(ﬁj =2.7 (5.4)
1.4

These changes will be addressed in the VIII-2 2009 Addenda.

Local Failure Criteria

In the evaluation of the local failure criteria, a load case consisting of pressure, static head and dead

145


https://asmenormdoc.com/api2/?name=ASME PTB-1 2014.pdf

PTB-1-2014

loads is considered. The factor for this load case is 1.7. This factor was developed based on a series
of numerical analyses that showed how the local strain at locations of high triaxiality varied based on
the load case multiplier. After review of these analyses, the Section VIII Committee decided that the
1.7 factor resulted in reliable designs.

Hydrostatic and Pneumatic Test Condition

Load combinations for evaluating the hydrostatic test and pneumatic test condition are given in Figure
5-4 and Figure 5-5. The test case includes consideration of permanent loads (P, Ps and D) and a
reduced wind load. For limit-load analysis, the load factors on permanent loads are derived from the
prescribed hydmcmtir‘ and pneumatic test pressures in pamgraphc 82and 83 rpeppr‘fivply ie the
maximum of 1.43 or 1.25 times the stress-temperature correction ratio for hydrostatic testing and 111%

for ppeumatic testing. For elastic-plastic analysis, the load factors on permanent loads from the.limit
load [case are scaled by the ratio of the two design factors discussed previously, 2.4 (for elastic-plasti
stresls analysis) and 1.5 (for limit-load analysis), for example:

In Figure 5-4, the 1.15 load factor on pneumatic load in the Figure 5-5 is increased to:
24

1.15-| — |=1.8 (5.9
1.5

The hydrostatic and pneumatic test load combinations include a reduced-wind load. A reduced win
load fis considered since testing will typically not be done when high-Winds are forecast. This actus
wind|load to be used is to be defined by the user. The load factor{laced on the wind load is 1.0. Not
that in Figure 5-5, the load factor on the wind load is set as 2.6. This should be 1.0 and will be addresse
in the VIII-2, 2009 Addenda.

~

o p——

Serviceability

The |oad combinations in Figure 5-3, Figure 5-4 and’Figure 5-5 apply to strength or allowable stres
design states. Serviceability criteria defined in~the Users’ Design Specification are also to b
consjdered.

o~

Load Histograms for Fatigue Analysis

If any of the loads vary with time, the development of a loading histogram is required to show the tim¢
varigtion of each specific load, &-The loading histogram must include all significant operating
temperatures, pressures, supplemental loads, and the corresponding cycles or time periods for al
significant events that are applied to the component. The following is required to be considered in
devejoping the loading histegram.

a) [The number of cycles associated with each event during the operation life, these events shall
nclude start-ups,-normal operation, upset conditions, and shutdowns.

b) MWhen creating the histogram, the history to be used in the assessment shall be based on th
anticipated sequence of operation. When it is not possible or practical to develop a histogra
based.on the actual sequence of operation, a histogram may be used that bounds the actug|
pperation. Otherwise, the cyclic evaluation shall account for all possible combinations of loadingsg.

1%

d) The relationship between the applied loadings during the time history.

5.2 Protection Against Plastic Collapse

5.2.1 Overview

Three alternative analysis methods are provided for evaluating protection against plastic collapse. A
brief description of these analysis methodologies is provided below.
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a) Elastic Stress Analysis Method — Stresses are computed using an elastic analysis, classified into
categories, and limited to allowable values that have been conservatively established such that a
plastic collapse will not occur.

b) Limit-Load Method — A calculation is performed to determine a lower bound to the limit load of a
component. The allowable load on the component is established by applying design factors to the
limit load such that the onset of gross plastic deformations (plastic collapse) will not occur.

c) Elastic-Plastic Stress Analysis Method — A collapse load is derived from an elastic-plastic analysis
considering both the applied loading and deformation characteristics of the component. The
allowable load on the component is established by applying design factors to the plastic collapse
foad:

for components with a complex geometry and/or complex loading, the categorization of 'strgsses

F

requires significant knowledge and judgment by the analyst. This is especially true for three-
dimensional stress fields. Application of the limit load or elastic-plastic analysis methods\in paragriaphs
B

.2.3 and 5.2.4, respectively, is recommended for cases where the categorization process may produce
mbiguous results.

The use of elastic stress analysis combined with stress classification procédures to demongtrate
tructural integrity for heavy-wall (R/tS4) pressure containing compahents, especially arpund

tructural discontinuities, may produce non-conservative results and is.nét recommended. The reason
br the non-conservatism is that the nonlinear stress distributions associated with heavy wall segtions
re not accurately represented by the implicit linear stress.distribution utilized in the s}ress
ategorization and classification procedure. The misrepreséntation of the stress distribution is
nhanced if yielding occurs. For example, in cases where calculated peak stresses are above |yield
ver a through thickness dimension which is more than five percent of the wall thickness, linear elastic
nalysis may give a non-conservative result. In these’cases, the limit load or elastic-plastic stress
nalysis procedures in paragraphs 5.5.3 and 5.5.4, respectively, shall be used.

0

Q- O O 0O Q) —h (o

'he structural evaluation procedures based on.elastic stress analysis in paragraph 5.2.2 provide an
pproximation of the protection against plastic collapse. A more accurate estimate of the protection
gainst plastic collapse of a component may-be obtained using elastic-plastic stress analysis to deyelop
mit and plastic collapse loads. The limits'on the general membrane equivalent stress, local membrane
quivalent stress and primary membrane plus primary bending equivalent stress in paragraph p.2.2
ave been placed at a level which-conservatively assures the prevention of collapse as determingd by
he principles of limit analysis. < hese limits need not be satisfied if the requirements of paragraph $.2.3
r paragraph 5.2.4 are satisfied.

O =~ M — a0y

\ critical evaluation of_plastic behavior and a unified definition of both limit load and plastic collppse
bads for pressure vessel components is described in WRC 254 [2]. However, with the advent of r¢gbust
umerical procedures for inelastic analysis including geometric nonlinearity and material nonlingarity
.e. plasticity),,material models to define elastic-plastic behavior as described in paragraph 3.13| and
bster computational speeds, the limit and plastic collapse loads are now defined when convergerice is
chieved,in-a numerical solution.

Q —ho~ 5 = 3

8.2.2- Elastic Stress Analysis Method
EqiivalentS

To evaluate protection against plastic collapse, the results from an elastic stress analysis of the
component subject to defined loading conditions are categorized and compared to an associated
limiting value using the Hopper Diagram approach. The original basis for the elastic analysis method
is provided in Criteria of the ASME Boiler and Pressure Vessel Code for Design by Analysis in Sections
Il and VIII, Division 2, see Annex A.

In VIII-2, the maximum distortion energy yield criterion is used to establish the equivalent stress rather
than the maximum shear or Tresca yield criterion of Old VIII-2. The equivalent stress is equal to the
von Mises equivalent stress given by the Equation (5.6).
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05
Se:O-e:_|:(O-1_02)2+(62_03)2+(O-3_61)2:| (5.6)

Validation of Equivalent Stress for Elastic Stress Analysis

A comparison between the von Mises or maximum distortion energy yield criterion and the Tresca yield
criterion was evaluated experimentally by Lode [3], and Taylor and Quincy [4]. Lode conducted tests
on the yielding of thin-walled tubes made of steel, cooper and nickel subject to various combinations of

internal pressure and axial load. To evaluate the experimental data, the Lode parameter was
introrlnr\nd’ seaD'lea [R],

20, —0,—0
pu=—— (5.7)
0, —0;

where o, >0, > 0,. Consider the following cases.

O, =0

oo u=-1 pure tension (5.9)
o,=0,=0
o, =20

' 2] u=0 internal pressureniy (5.9
o,=0
o, =0

! 2J u=1 equal wall stress (5.10)
o,=0

Solving for o, in Equation (5.7) and substituting into Equation (5.6) with o, = o, results in,

ooy 2

) _\/3+u2 (5.11)

Accgrding to the Tresca yield criterion, the governing equation when o, >0, >0, is 0,-0, =0

s

Or

8% (5.12)

(Tys

w

A comparisen.of Equations (5.11) and (5.12) with experimental results is shown in Figure 5-20. Th
maximum.distortion energy yield criteria shows better agreement with the test data.

T | A <l ol b ot H a4t H 4 £ EY o Haod $ b 2l £ ot
ay urariu SXXUITTO Y LUTTUULITU CUTTTVITTTU TUT OTUTT ATTu tTTToIVITT T oto UTT UimTvwaltu tuvT o TTTautt Ut oo T,

copper and aluminum. The axial stress was designated o, and the shear stress T, - The results
are presented in terms of the principal stress equations for the case of plane stress, see D’lsa [5].

(5.13)

(5.14)

148


https://asmenormdoc.com/api2/?name=ASME PTB-1 2014.pdf

PTB-1-2014

(5.15)

Substituting Equations (5.13) through (5.15) into Equation (5.16) with o, = o, results in,

2 2
O | 13| Do | oy (5.16)
o, o,

$ubstituting Equations (5.13) through (5.135) into the Tresca yield criterion, o, — o, = o, results in,

2 2
T
Ir | 44| 2| =1
o, o,

A comparison of Equations (5.16) and (5.17) with experimental results is shewn'in Figure 5-21. Ag with
the Lode test results, the maximum distortion energy yield criteria shows better agreement with th¢ test
data.

The maximum distortion energy yield criterion is used in VIII-2 becatse it matches experimental rgsults
more closely and is also consistent with plasticity algorithms used/in numerical analysis software.| The
lptter was considered to be especially important since many.of-the analysis methods in Section p are
hased on elastic-plastic analysis. Further validation of the.-maximum distortion energy yield criterfon is
provided by Rees [6] for a wide range of materials. Acdiscussion and validation of plastic-flow fules
typically included in numerical software is also providéd by Rees [6].

Equivalent Stress Categories, Classification, @and Acceptance Criteria

[he three basic equivalent stress categorieS)and associated limits that are to be satisfied for p|astic
ollapse are defined below. These limitsLare unchanged from OId VIII-2. The terms general primary
nembrane stress, local primary membrane stress, primary bending stress, secondary stress, and peak
tress used for elastic analysis are_defined in the following paragraphs. The design loads to be
valuated and the allowable stress acceptable criteria are provided in Figure 5-3. Stress limits fqr the
ressure test condition are covered in Section 4, paragraph 4.1.6.2.

o cn W W o W, Y cn W |

) General Primary Membrane Equivalent Stress (P, )

m

Q)

1) The generalprimary membrane equivalent stress (see Figure 5-22) is the equivalent sfress,
derived from the average value across the thickness of a section, of the general primary
stresses produced by the design internal pressure and other specified mechanical loads but
excluding all secondary and peak stresses.

2) »Examples of this stress category and classification for typical pressure vessel compomfents
are shown in Figure 5-6.

B) \~Local Primary Membrane Equivalent Stress (P, )

1) The local primary membrane equivalent stress (see Figure 5-22) is the equivalent stress,
derived from the average value across the thickness of a section, of the local primary stresses
produced by the design pressure and specified mechanical loads but excluding all secondary
and peak stresses. A region of stress in a component is considered as local if the distance
over which the equivalent stress exceeds 1.1S does not extend in the meridional direction

more than Rt .

2) Regions of local primary membrane stress that exceed 1.1S shall be separated in the

meridional direction by a distance greater than or equal to 1.25\/(R1 +R, )(11 +t2) . Discrete
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regions of local primary membrane stress, such as those resulting from concentrated loads
on support brackets, where the membrane stress exceeds 1.1S, shall be spaced so that
there is not an overlapping area in which the membrane stress exceeds 1.1S .

3) Examples of this stress category and classification for typical pressure vessel components
are shown in Figure 5-6.

Primary Membrane (General or Local) Plus Primary Bending Equivalent Stress (PL +I77)

1) The Primary Membrane (General or Local) Plus Primary Bending Equivalent Stress (see
Figure 5-22) is the equivalent stress, derived from the highest value across the thickness of

Note

prots
evall

The
inad
the g
5-22

a)

acaootion oAftha naariond anonaral ar lacal neimaarmy manmherana ctraccac nliic Ao, handin
SO CCHOH O e Mmoo et rar O otarpririary THemerane-—StresSSeopras—priht ot y-oeram

stresses produced by design pressure and other specified mechanical loads but excluding all
secondary and peak stresses.

P) Examples of this stress category and classification for typical pressure vessel components
are shown in Figure 5-6.
that the equivalent stresses categories ) and F do not need to be determined to evaluat

ction against plastic collapse. However, these components are needed for fatigue and ratcheting
ations that are based on elastic stress analysis, see paragraphs 5.5.3 and.5.576, respectively.

1%

ollowing procedure is provided in VIII-2 to compute and categorize the equivalent stress at a poin
omponent, and to determine the acceptability of the resulting stress state. A schematic illustratin
ategorization of equivalent stresses and their corresponding allowable values is shown in Figur

O—C—=

STEP 1 — Determine the types of loads acting on the component. In general, separate load case
are analyzed to evaluate "load-controlled" loads such as pressure and externally applied reaction
due to weight effects and "strain-controlled" loads resulting from thermal gradients and impose
displacements. The loads to be considered in the design shall include, but not be limited to, thos
given in Figure 5-1. The load combinations that-shall be considered for each loading conditiof
shall include, but not be limited to those given in Figure 5-3.

oo o

STEP 2 — At the point on the vessel that\is' being investigated, calculate the stress tensor (si
uniqgue components of stress) for eachtype of load. Assign each of the computed stress tensor
to one or to a group of the categoriesdefined below. Assistance in assigning each stress tenso
to an appropriate category for a component can be obtained by using Figure 5-22 and Figure 5-9.

N VX

Note that the equivalent stresses Q and F do not need to be determined to evaluate protection

against plastic collapse. (However, these components are needed for fatigue and ratcheting
evaluations that are based on elastic stress analysis (see paragraphs 5.5.3 and 5.5.9,
respectively).

1)  General primary membrane equivalent stress — P,
) Local primary membrane equivalent stress — P,
3) Pritnary bending equivalent stress — P,

4)_““Secondary equivalent stress — Q

c)

) Additionat equivalent Stress proauced Dy d Stress concentration or a thermat stress over and
above the nominal ( P+ Q)stress level — F

STEP 3 — Sum the stress tensors (stresses are added on a component basis) assigned to each
equivalent stress category. The final result is a stress tensor representing the effects of all the
loads assigned to each equivalent stress category. Note that in applying STEPs in this paragraph,
a detailed stress analysis performed using a numerical method such as finite element analysis

typically provides a combination of P, +F, and P, + B, +Q+ F directly.

1) If aload case is analyzed that includes only "load-controlled" loads (e.g. pressure and weight
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effects), the computed equivalent stresses shall be used to directly represent the P |,

P +PB,or P+PF +(Q. For example, for a vessel subject to internal pressure with an

elliptical head; P equivalent stresses occur away from the head to shell junction, and P,

and P, + P, +Q equivalent stresses occur at the junction.

2) If aload case is analyzed that includes only "strain-controlled" loads (e.g. thermal gradients),
the computed equivalent stresses represent Q alone; the combination F, + B, +(Q shall be
derived from load cases developed from both "load-controlled" and "strain-controlled" loads.

3) |If the stress in category F is produced by a stress concentration or thermal stress
quantity F is the additional stress produced by the stress concentration in excess @
nominal membrane plus bending stress. For example, if a plate has a nomihal pri

membrane equivalent stress of §,, and has a fatigue strength reduction characterized
factor K, , then: P, =S,,F, =0, 0=0,and F=P, (Kf —1). The total’equivalent stre
P +F.

equivalent stress categories, and compute the equivalent stress using Equation (5.1).

to their corresponding allowable values.

b, » is computed as the maximum value;of the quantities shown below.

) 1.58

Q.

B) Sy except the value of (1255 shall be used when the ratio of the minimum specified yield strg

to the ultimate tensile-strength exceeds 0.70, or when the value of the allowable stress
governed by time-dependent properties

|

'he value for S, is.theoretically set to the yield strength at the design temperature. However of h

trength materials, i.e. when the minimum specified yield strength to the ultimate tensile strg
xceeds 0.70;the use of the yield strength is unconservative based on the design margins in \

dditieny~a similar problem exists when the value of allowable stress, S, is governed by
ependent properties. To compensate for the design margins in the time-dependent regime, the

o Q) (0 @ (0

P, <S (6.
P, <158, .
(P, +E)=1.5S, {3

ee Annéx 3-A. Therefore, to compensate for these margins, the value used is set equal to 1.59 .

, the
f the
mary

by a

Ss is

d) STEP 4 — Determine the principal stresses of the sum of the stress tensors assigned t¢ the

@) STEP 5-To evaluate protection against plastic collapse, compare the computed equivalent stress

The allowable limit on the local primary membrane and local primary membrane plus bending sfess,

ngth
Sis

gher
ngth
-2,
In
fime-
alue

sed is once againseteaualto 1 59
o <t T

5.2.3 Limit-Load Analysis Method

Protection against plastic collapse may be evaluated using a limit load analysis. Limit load analysis is
based on the theory of limit analysis that defines a lower bound to the limit load of a structure as the

solution of a numerical model with the following properties:

a) The material model is elastic-perfectly plastic with specified yield strength.

b) The strain-displacement relations are those of small displacement theory.
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c) Equilibrium is satisfied in the undeformed configuration.

The limit load is obtained using a numerical analysis technique (e.g. finite element method) by
incorporating an elastic-perfectly-plastic material model and small displacement theory to obtain a
solution. The limit load is the load that causes overall structural instability. This point is indicated by
the inability to achieve an equilibrium solution for a small increase in load (i.e. the solution will not
converge).

The acceptability of a component using a limit-load analysis is determined by satisfying the following
two criteria.

a) [clebatc glebat-pla o8 eae-ana 6

the component subject to the specified loading conditions. The plastic collapse load is taken|as
the load which causes overall structural instability. The concept of Load Resistance Factor Desig
LRFD) is used as an alternative to the rigorous computation of a plastic collapse load to design &
component. In this procedure, factored loads that include a design factor to_acecount for
uncertainty, and the resistance of the component to these factored loads is determined using @
imit load analysis, see Figure 5-4. This approach allows for the treatment of muiltiple loading
conditions, which was not addressed by the previous VIII-2.

b) [Service Criteria — Service criteria as provided by the user that limit the potential for unsatisfactory
performance shall be satisfied at every location in the component when subjéct to the design loads.
The service criteria shall satisfy the requirements of Section 5, paragraph 5.2.4.3.b (elastic-plasti
method) using the procedures in paragraph 5.2.4.

Limittload analysis provides an alternative to elastic analysis~and stress linearization and th¢
satisfaction of primary stress limits. Displacements and strains, indicated by a limit analysis solution
have| no physical meaning. Therefore, if the User's Design. Specification requires a limit on such
variables, the procedures in paragraph 5.2.4 may be used to, satisfy these requirements.

J

The |oad case combinations for a limit load analysis are\provided in Figure 5-4.

The following assessment procedure is provided in-VI11-2 to determine the acceptability of a component
using a limit-load analysis.

a) [STEP 1 — Develop a numerical model of the component including all relevant geometr
characteristics. The model used forythe analysis shall be selected to accurately represent th
component geometry, boundary conditions, and applied loads. The model need not be accuratE
for small details, such as small‘holes, fillets, corner radii, and other stress raisers, but shoul
ptherwise correspond to commonly accepted practice.

%4

b) [STEP 2 - Define all relevant loads and applicable load cases. The loads to be considered in th
analysis shall include, but not be limited to, those given in Figure 5-1.

c) [STEP 3 — An elastic-perfectly plastic material model with small displacement theory shall be used
n the analysis/~The von Mises yield function and associated flow rule should be utilized. Th
yield strength defining the plastic limit shall equal 1.5S .

D

d) [STEP 4<£.Determine the load case combinations to be used in the analysis using the information
from STEP 2 in conjunction with Figure 5-4. Each of the indicated load cases shall be evaluated.
The_ effects of one or more loads not acting shall be investigated. Additional load cases for specig

Baditianae—knat-itaahltdad-taticHira—bed hall b natdarad PN H |
OTaTioTTS TTOT T IO IO T U T T 1gurC o= STian UG CUTTSTUCTC U, aS appiicaoicy

e) STEP 5 - Perform a limit-load analysis for each of the load case combinations defined in STEP 4.
If convergence is achieved, the component is stable under the applied loads for this load case.
Otherwise, the component configuration (i.e. thickness) shall be modified or applied loads reduced
and the analysis repeated. Note that if the applied loading results in a compressive stress field
within the component, buckling may occur, and the effects of imperfections, especially for shell
structures, should be considered in the analysis (see paragraph 5.4).

Note that in STEP 3, the yield strength is set as 1.5S where S is the allowable stress of the material.
This value of yield strength is used rather than the actual value from Section I, Part D, Table Y in order
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to account for the design margin placed on the ultimate tensile strength as well as the yield strength.
For high yield to tensile strength materials, the allowable stress will typically be governed by the design
margin on ultimate tensile strength. Guidelines for vessel sizing using limit analysis are covered in
WRC 464 [7].

5.2.4 Elastic-Plastic Stress Analysis Method

Protection against plastic collapse may be using an elastic-plastic stress analysis to determine the
collapse load of a component. The collapse load is obtained using a numerical analysis technique (e.g.
finite element method) by incorporating elastic-plastic material behavior using the true stress-strain

2.1 Tk

)

Q.

)

Q)

The load case combinations for an elastic-plastic analysis are provided in Figure 5-5.

dal idad i A f£oat £ L % 1 'I,-.I,-.I'th'
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gnalysis. The collapse load is the load that causes overall structural instability. This point is indigated
By the inability to achieve an equilibrium solution for a small increase in load (i.e. the solution will not
gonverge).

The acceptability of a component using an elastic-plastic analysis is determined<by satisfying the
fpllowing two criteria.

Global Criteria — A global plastic collapse load is established by performing an elastic-p|astic
analysis of the component subject to the specified loading conditions,-The plastic collapse Idad is
taken as the load which causes overall structural instability. The concept of Load and Resistance
Factor Design (LRFD) is used as an alternate to the rigorous computation of a plastic collppse
load to design a component. In this procedure, factored loads’that include a design factor to
account for uncertainty, and the resistance of the compornent to these factored loadq are
determined using an elastic-plastic analysis (see Figure 5-5).

Service Criteria — Service criteria that limit the potential for unsatisfactory performance shall be
satisfied at every location in the component when-subject to the design loads (see Figure|5-5).
Examples of service criteria are limits on the rotation of a mating flange pair to avoid pogsible
flange leakage concerns and limits on tower deflection that may cause operational concerng. In
addition, the effect of deformation of the component on service performance shall be evaluated at
the design load combinations. This is_especially important for components that experienge an
increase in resistance (geometrically stiffen) with deformation under applied loads such as elliptical
or torispherical heads subject to internal pressure loading. The plastic collapse criteria mgy be
satisfied but the component may have excessive deformation at the derived design conditions. In
this case, the design loads may-have to be reduced based on a deformation criterion. Exanpples
of some of the considerations in this evaluation are the effect of deformation on:

1) piping connections(op,
2) misalignment of trays, platforms and other internal or external appurtenances, and
3) interference with adjacent structures and equipment.

The followingassessment procedure is provided in VIII-2 to determine the acceptability of a compgnent
ysing an elastic-plastic stress analysis.

STEP 1 — Develop a numerical model of the component including all relevant geometry
characteristics. The model used for the analysis shall be selected to accurately represerjt the
component geometry, boundary conditions, and applied loads. In addition, refinement of the

model around areas of stress and strain concentrations shall be provided. The analysis of one or
more numerical models may be required to ensure that an accurate description of the stress and
strains in the component is achieved.

STEP 2 — Define all relevant loads and applicable load cases. The loads to be considered in the
design shall include, but not be limited to, those given in Figure 5-1.

STEP 3 — An elastic-plastic material model shall be used in the analysis. The von Mises yield
function and associated flow rule should be utilized if plasticity is anticipated. A material model
that includes hardening or softening, or an elastic-perfectly plastic model may be utilized. A true
stress-strain curve model that includes temperature dependent hardening behavior is provided in
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Annex 3-D. When using this material model, the hardening behavior shall be included up to the
true ultimate stress and perfect plasticity behavior (i.e. the slope of the stress-strain curves is zero)
beyond this limit. The effects of non-linear geometry shall be considered in the analysis.

d) STEP 4 — Determine the load case combinations to be used in the analysis using the information
from STEP 2 in conjunction with Figure 5-5. Each of the indicated load cases shall be evaluated.
The effects of one or more loads not acting shall be investigated. Additional load cases for special
conditions not included in Figure 5-5 shall be considered, as applicable.

e) STEP 5 - Perform an elastic-plastic analysis for each of the load cases defined in STEP 4. If
convergence is achleved the component is stable under the applled Ioads for thls Ioad case.

and the anaIyS|s repeated. Note that if the appl|ed Ioadlng results in a compresswe stress)field
ithin the component, buckling may occur, and an evaluation in accordance with paragraph 5.4
ay be required.

steels. This is because of material factors that affect the degree of offset that defines the yield platead.
In addition, the stress-strain curve model is considered to more accurately more’ the stress-strain
resppnse of the material in the as-fabricated condition, i.e. the effect of cold waok.is'to minimize the yield
platepu effect.

Notelthat the load factors used in STEP 4 are higher than those used in the limit load analysis becaus
the flill material strength, i.e. the increased resistance to load due to&tsain hardening, is included in thg
matgrial model.

O

5.3 | Protection Against Local Failure

5.3.1 Overview

VIII-2 includes an elastic-plastic methodology to guard against local failure and has been provided a$
an alternative to the historical elastic triaxial stress limit check in Old VIII-2. The local limit criteriop
does| not need to be checked if the componént design is in accordance with the standard details df
Sectijon 4. The exemption from the locakegriteria check was judged to be appropriate by the Section
VIII Committee because of the successfullservice experience with the details incorporated into VIII-2.

5.3.2 Elastic Analysis

As reported in the original basis-document Criteria of the ASME Boiler and Pressure Vessel Code for
Design by Analysis in Segtions Il and VIII, Division 2, see Annex A, the stress intensity limit used fof
design in Old VIII-2 wasybased upon the maximum shear stress criterion, there is no limit on the
hydrostatic component of the stress. Therefore, a special limit on the algebraic sum of the thre¢
pringpal stresses was required for completeness. Burgreen [8] indicates that based on experimentg|
data|that an adequate margin for uniform triaxial stress may be obtained by limiting the hydrostati¢
stress to theyjeld strength of the material, or:

o, +0,+0

K)

A more conservative limitation would be,

o, +0,+0 8

In terms of an allowable stress where S = (2/3)O-y\" Equation (5.22) becomes
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(0,+0,+0,)<4S (5.23)

In OId VIII-2, Equation (5.23) is used as a limit on the sum of the linearized primary stress. In VIII-2,
the same criterion is used and is categorized as a means to prevent a local failure; high hydrostatic
stress reduces the fracture strain of a material.

It should be noted that in VIII-2 and OId VIII-2, the criterion of Equation (5.23) is based on linearized
primary stress whereas in VIII-3, the criterion is based on the primary, secondary, and peak stress at a
point. In addition, the criterion in VIII-3 is slightly different as shown in Equation (5.24).

fo+o+o<2S5o; (p.24)
['wo issues that are apparent is the use of an elastic stress basis for a local criterion and.the stress
ategory that is used with this criterion. It is not apparent how pseudo elastic stresses,. i.e//elast|cally
alculated stresses that exceed the yield strength can be used to evaluate a local fracture strair] of a
uctile material with strain hardening. In addition, the type of stress used in the criterion (i.e. lineafized
r average values verse stress at a point) and stress category (i.e. primary, secondary and peak) needs
b be resolved. Since local failure is the failure mode being evaluated, the type of stress and sfress
ategory used in VIII-3 would appear to more correct. For ductile materials;-a‘local criterion basgd on
lastic analysis may not meaningful and the elastic-plastic method that follows is recommended for all
pplications.

QA D O 0O O 0O 0O

8.3.3 Elastic-Plastic Analysis
Technical Background

The strain limits were developed considering local damage accumulation in metals during plastic
deformation at ordinary temperatures (i.e. below the créep range). Predictions of the model develpped
by Prager [9] [10] were benchmarked against numierous results of notch-bar and tensile tests ynder
gmbient and high pressure conditions taking into account the post necking strain behavior wherein
¢levated hydrostatic stress states are established in accord with the equations and observatiops of
Bridgeman [11]. In the model, microstructural damage accumulates exponentially dependent on
degree of triaxiality as defined by Equatien (5.27), and the material microstructure (e.g. ferritic vs.
justenitic steels) and directly in proportion to the applied stress and strain as shown below.

dDamage
de

P

="f (stress, triaxiality, material properties) (b.25)

The following is proposed/for the function,

dDamage
de

»

=
N
2

=St .}/.exp[asl .T]

¥

where Sl is the true stress, p~ is another material constant dependent on factors such as grain|size,

gleanfiness, inclusion content etc. that contribute to voiding and microcrack initiation, «, is a material

Equation (5.27), and dgtp is an incremental change in the true plastic strain.

7 _01t0,+0;

r

2
3o (5.27)

e

The relationship between the true stress and true strain is given by Equation (5.28) where S is a
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material constant and, m, , is the strain hardening coefficient that is estimated from the ratio of the

engineering yield to tensile strength, see APl 579-1/ASME FFS-1, Section 3, paragraph 3.3.13.2.
Then, here we use,

S, =S, (5.28

)

Figure 5-23 indicates the strain hardening behavior for steels materials of various yield to tensile

stren

gth ratios. The parameter §, is the value of stress where the true stain is equal to unity.

Engi
Sect

straim is numerically equal to strain hardening coefficient.

Subg

Integ
triaxi

or,

Solvi
the €

case

The
inspe

€ering SIress strain refations may be calculated from the true Stress true stram diagram, Se
on 3, paragraph 3.3.13.2. The ultimate strength shown in Figure 5-24 is reached when the.tru

tituting Equation (5.28) into Equation (5.26), the differential equation for damage becomes,
dDamage =S, -y - exp[asl Tr] ‘g, -de, (5.29
rating Equation (5.29) and solving for the fracture strain for multiaxial copditions, E at a give
blity gives,
1 &
J.O dDamage =S, -y -exp|a,, T,]fo ' &y rdE, (5.30
S,y
1=| —*_ |.expl|a, -] g, (5.31
{(I-sz)J p[ sl r] f
ng Equation (5.31) by rearranging all other-terms than the fracture strain to the opposite side g

quation and taking the root, gives the fracture strain, E for multiaxial conditions or the genere

at any triaxiality

(5.32

fracture strain for the_uniaxial case, 7 = 1/3, is given by Equation (5.33), or it may be set b
ction of test results.

(5.33

<

1%

=

— —h

~
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From Equation (5.34), the multiaxial strain limit, Em = & pn , as a function of the to a uniaxial strain limit

£
£, =&, €Xp| — Pt (T —lj (5.35)
m =k T+m, )7 3

The uniaxial strain limit, &, , the material coefficients , m, , and «, are determined from Table 5.7

Lu = 8_ﬁl is:

ToCTo

factor is shown in Figure 5-25.

tnonA antha matarial vindar cancidaratian  Thao variation Af tha maltiavinl otrain it vaith tha tein |a||ty
A-the-rraterial-urdet atior—FHhe-variation-of-the-multiaxial-strainlimit-with-the-triex
Description of Method

llowable plastic strain at a point as a function of triaxiality in the component and\the uniaxial gtrain

The elastic-plastic local strain limit criterion is a new feature in VIII-2 and is usedto”determing the
e
limits for the material. The limiting triaxial strain, &, , is determined using Equation (5.36) wherg the

yniaxial strain limit, &,, , the material coefficients , m, , and «, are deterniined from Table 5.7.

soma o) {2 | {2 |

[he strain limit at a location in the component is acceptable for the specified load case if Equjption
5.37) is satisfied. Note that the forming strain, ¢_ , s included in the acceptability criterion. | The

—~
OfT
w
»

Rutd

.
(

forming strain may be determined based on the material and fabrication method in accordance| with
$ection 6. If heat treatment is performed in accordance with Section 6, the forming strain may be
gssumed to be zero.

Epeg TE4 SE; (p.37)
If a specific loading sequence is to‘be evaluated a strain limit damage calculation procedure may be
required. This procedure may also be used in lieu of the procedure described above. In this proceglure,

the loading path is divided into” & load increments and the principal stresses, o,,, o, ,, @5,

gquivalent stress, Ao,

.~ and change in the equivalent plastic strain from the previous load increment,

\&

peq.k’
alculated using,Equation (5.38) where &, , m,,and «, are determined from Figure 5-7. The $train

. T th . .
are calculated for each load increment. The strain limit for the k" load increment, g/, , is

Q
[imit damagg for each load increment is calculated using Equation (5.39) and the strain limit damage
from forming, Dgﬁm , is calculated using Equation (5.42). If heat treatment is performed in accordance

with Section 6, the strain limit damage from forming is assumed to be zero. The accumulated strain

[{mit damage is calculated using Equation (5.40). The location in the component is acceptable fqr the
q pnnifinr‘l Innding sequence if this nqn:’rinn is_satisfied

o,, +0O. + O 1
gL’k = 8Lu . exp\\_(l asl ][{( Lk 2.k 3,k )}__]J (538)
+m, 30, 3

=_—peak (5.39)
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D,=D

& form

M
+>.D,,<1.0 (5.40)
k=1

For the case of uniform biaxial forming,

E . E .
o o (5.41)

Dgform = =
. E.  ex _(2_1) aSl E. -ex _l. a‘d
PV ) am, )| P T3 am,

In VIJI-2, Equation (5.10) in Section 5, paragraph 5.3.3.2, see Equation (5.42), should be changed’t
Equation (5.41) because the intent of the original requirement was to cover the uniform biaxial-ferming
casel] This case was judged to be the most conservative of the typical forming operations fo
component fabrication.

A4

=

D = o (5.42)

& form
(04
g, -exp|—0.67 o
Lu p|: (1+m2j:|

5.4 | Protection Against Collapse from Buckling

Threp alternative types of buckling analyses are included in VIli-2%o evaluate structural stability from
compressive stress fields. The design factor to be used in a structural stability assessment is based
on thHe type of buckling analysis performed. The following design factors shall be the minimum values
for uge with shell components when the buckling loads aré determined using a numerical solution (i.q.
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ype 1 — If a bifurcation buckling analysis‘is performed using an elastic stress analysis withou
geometric nonlinearities in the solution to-determine the pre-stress in the component, a minimum

design factor of @, = 2/,Bcr shall-be used (see Section 5, paragraph 5.4.1.3). In this analysig,
he pre-stress in the component is established based on the loading combinations in Figure 5-3.
ype 2 — If a bifurcation bucklifng analysis is performed using an elastic-plastic stress analysis wit
he effects of non-linear géometry in the solution to determine the pre-stress in the component,
inimum design factor(of ®, =1.667/ 3., shall be used (see Section 5, paragraph 5.4.1.3). |

his analysis, the presstress in the component is established based on the loading combinations i
igure 5-3.

==

=

ype 3 — If acollapse analysis is performed in accordance with paragraph 5.2.4 and imperfection
are explicitly considered in the analysis model geometry, the design factor is accounted for in th
actoreddoad combinations in Figure 5-5. It should be noted that a collapse analysis can b
performed using elastic or plastic material behavior. If the structure remains elastic when subjeg
o.the’ applied loads, the elastic-plastic material model will provide the required elastic behaviof

— SO

The capacity reduction factors that primarily account for the effects of shell imperfections, 3, , shown
below are based on ASME Code Case 2286-1.

a) For unstiffened or ring stiffened cylinders and cones under axial compression

B, =0.207 for l; ° >1247 (5.43)
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8. =L8D for  Po 247 (5.44)
389+ t

b) For unstiffened and ring stiffened cylinders and cones under external pressure
£, =0.80 (5.45)
c) For spherical shells and spherical, torispherical, elliptical heads under external pressure

B_=0124 (5.46)

7 C

The behavior of a shell component under external loads is shown in Figure 5-26. The Type-1"anglysis
is based on a linear pre-stress solution (i.e. elastic material properties, and small displacementg and
rpotations). The bifurcation buckling load calculated using a Type 1 analysis overestimates the actual

ollapse behavior of the component and a design margin of @, = 2/ﬂcr is appliedto the computed

Q
Buckling load to arrive at the design load. In a Type 2 analysis, both material nonlinéarity and geometric
nonlinearity are accounted for in the pre-stress solution thereby modeling thé-actual behavior df the
ghell more closely. However, the bifurcation buckling load using a Type 2wanalysis still results |n an
gver estimation of the actual collapse behavior of the component”and a design margin of

D, =1.667/f3, is applied to the computed buckling load to arrive gt.the design load. Note thgt the

design margin applied to a Type 2 estimate of the buckling load iS/smaller than the margin applied to
the Type 1 buckling load because the component behavior is-more accurately modeled in a Type 2
gssessment as shown in Figure 5-26. In a Type 3 analysis,.a ¢€ollapse analysis is performed inclliding
material nonlinearity, geometric nonlinearity, and shell .imperfections. Shell imperfections have a
dignificant impact on the collapse of shell components and*must be included in the numerical modlel to
provide a accurate prediction of the actual capacity of@a-shell. The magnitude of the imperfection| may
e determined based on the shell tolerances provided in paragraph 4.4.4. This magnitude mgy be
gpplied in conjunction with the lowest buckling’;mode shape to arrive at an imperfection fof the
gomponent.

The behavior is Figure 5-26 is idealized in-that the design margins applied to the analytically computed
Buckling load for each Type of buckling:analysis results in the same design load. In practice, this farely
gccurs; however, the overall behavioris correct in that the Type 1 analysis results in the greatest pver-
gstimate. Therefore, the largestidesign margin needs to be applied to this load. The Type 2 anglysis
results in a lower estimate of the-buckling load and a lower design margin is used. The Type 3 analysis
results in the best estimate of the buckling load and the margins are the same as those required ip the
glastic-plastic analysis. (Note that in the Type 3 analysis, a capacity reduction factor is not used because
the effects of the shell imperfections are included in the numerical analysis.

Further insight intesthe buckling behavior of shells and recommendations for analysis are provided by
Bushnell [12}+{13] and [14].

5.5 Protection Against Failure from Cyclic Loading

8.5:1~ Overview

A fatigue evaluation is required if the component is subject to cyclic operation. The evaluation for
fatigue is made on the basis of the number of applied cycles of a stress or strain range at a point in the
component. Annex 5-B includes detailed load histogram development and fatigue cycle counting
methods.

Three methods are provided for fatigue analysis:

a) Method 1 — Elastic Stress Analysis and Equivalent Stresses

b) Method 2 — Elastic-Plastic Stress Analysis
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c) Method 3 — Elastic Stress Analysis and Structural Stress.

In all three fatigue methods, the Palmgren-Miner linear damage rule is used to evaluate variable
amplitude loading. Recommendations for histogram development and cycle counting provided for each
method are provided in Annex 5-B.

Fatigue screening is provided using an analytical approach based on Method 1. Alternatively, a method
for fatigue screening is provided based on experience with comparable equipment.

Fatigue curves in VIII-2 are presented in two forms: fatigue curves that are based on smooth bar test
specimens and fatigue curves that are based on test specimens that include weld details of quality
consjstent with the fabrication and inspection requirements of VIII-2 for use with the Structural Stres

a) mooth bar fatigue curves may be used for components with or without welds. The welded joi
urves shall only be used for welded joints.

b) he smooth bar fatigue curves are applicable up to the maximum number of cycles given on th
urves. The welded joint fatigue curves do not exhibit an endurance limit and are acceptable fi
Il cycles.

c) |If welded joint fatigue curves are used in the evaluation, and if thermial transients result in

hrough-thickness stress difference at any time that is greater than the steady state difference, th
umber of design cycles is required to be determined as the smallerof the number of cycles for
he base metal established using either paragraph 5.5.3 or 5.5.4,<and for the weld established i
ccordance with paragraph 5.5.5.

Undgr certain combinations of steady state and cyclic loadings-there is a possibility of ratcheting. A
rigorpus evaluation of ratcheting normally requires an elastic-plastic analysis of the componen
howegver, under a limited number of loading conditions, an-approximate analysis can be utilized base
on the results of an elastic stress analysis, see paragraph*5.5.6. Protection against is required to b
evalyated for all operating loads listed in the User’s Design Specification and is also required to b
perfdrmed even if the fatigue screening criteria are $atisfied.

o— ="

Wheh the vessel is cyclic service, the effects of weld peaking and weld joint alignment in shells an
shall be considered. This requirementis based on in-service failures of peaked longitudinal wel
seanis on cyclic vessels. Procedures(that can be used in conjunction with VIII-2 fatigue analysi
methods for evaluating weld peaking ‘and weld joint misalignment for cyclic service applications ar:
provided in APl 579-1/ASME FFSs1.*An example of a fatigue analysis of a long seam with peakin
using API 579-1/ASME FFS-1 js'‘provided by Jones [15].

O

In the description of the methods for fatigue that follow, each method is summarized based on a drivin
forcq and resistance coneept. The driving force is the alternating stress amplitude (Methods 1 and 2
or Equivalent StructurahStress range (Method 3) from the fatigue loading. It is the parameter that drive
the fatigue damage./The resistance is the allowable number of cycles from a fatigue curve. The fatigu
curvg is the matérial parameter that resists fatigue damage. An overview of fatigue damage for eac
method is also'provided.

= D U —

5.5. Screening Criteria for Fatigue Analysis

5.5.21 Overview

To determine if a fatigue analysis is required, the original fatigue screening criteria from Old VIII-2 was
maintained but re-formatted in VIII-2 for clarity. If the specified number of cycles is less than or equal

to (10)6 and if any one of the screening options shown below is satisfied, then a fatigue analysis is not

required as part of the vessel design. If the specified number of cycles is greater than (10)6, then the

fatigue screening criteria are not applicable and a fatigue analysis is required. It should be noted that
in Old VIII-2, the above restriction only applied to Methods A and B. In VIII-2, this restriction is applied
to all screening methods.
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a) Provisions of Section 5, paragraph 5.5.2.2, Experience with comparable equipment operating
under similar conditions

b) Provisions of Section 5, paragraph 5.5.2.3, Method A based on the materials of construction
(limited applicability), construction details, loading histogram, and smooth bar fatigue curve data

c) Provisions of Section 5, paragraph 5.5.2.4, Method B based on the materials of construction
(unlimited applicability), construction details, loading histogram, and smooth bar fatigue curve
data.

A fatigue screening method has not been developed using Method 3. A screening criteria using this

1 ¢ t y-te

8.5.2.2 Fatigue Analysis Screening Based On Experience with Comparable Equipment

esign and service contemplated, the possible harmful effects of the following désign features shg
valuated. This screening method is from Old VIII-2.
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The use of non-integral construction, such as the use of pad type-feinforcements or of fillet wglded
attachments, as opposed to integral construction

)  The use of pipe threaded connections, particularly for diameters in excess of 70 mm (2.75 in))
¢) The use of stud bolted attachments

)  The use of partial penetration welds

) Major thickness changes between adjacent members

f)  Attachments and nozzles in the knuckle region of formed heads

The design feature in subparagraph f) above-is new to VIII-2.

8.5.2.3 Fatigue Analysis Screening, Method A

The fatigue screening analysis using Method A is from OId VIII-2. The original basis for the fatigue
qcreening method is provided-in: Criteria of the ASME Boiler and Pressure Vessel Code for Design by
Analysis in Sections Il and Vi, Division 2, see Annex A, and is also described by Langer [16].| The
gnly difference is that in"\V/II1-2, a different criterion for cycle life in STEP 6 below has been addgd for
hoth integral and non=integral attachments and nozzles in the knuckle region of formed heads| see
Figure 5-9.

[he technical-basis for the fatigue analysis exemption cycles of 350 and 60, see Figure 5-9, fgr the
nuckle region-of a formed head that has integral or non-integral attachments, respectively is descyibed
elow. A parametric analysis was conducted to calculate the fatigue life of various head geometry.
[he fallowing steps were followed.

4) \»"STEP 1: SA 516-70 steel was selected in the analysis, S =25.3 ksi @100°F .

b) STEP 2: head geometry ranges; Head 50 < D/t <2000 and 0.06 <r/D <0.17

c) STEP 3: Calculate the MAWP using the torispherical head rules described in Section 4, paragraph
4334

d) STEP 4: compute the maximum stress in the knuckle, S, , using Equation where P is the MAWP,

L is the crown radius, K is the stress magnification factor from ASME Code case 2260 (see
table 2), ¢t and is the wall thickness of the head.
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PLK
S, =——

5.47
oot (5.47)

e) STEP 5: Calculate the alternating stress, S, , where the fatigue strength reduction, FSRF , is

equal to two for integral construction and four for non-integral construction.
S, - FSRF
S, = kT (5.48)

The results for the calculations are shown in the fnllnwing table Based on the results in the table,
N <B50 cycles was specified for integral attachments, and N <60 cycles was specified for non-integrg
attaghments.

Development of Screening Criteria for Integral and Non-integral Attachments in‘the Knucklp
region of Formed Heads

Integral Construction Non-integral Constructior]
D 7 FSRF =2 FSRF =4
— — MAWP K
t D S, N S, N
(ksi) (ksi)
50 0.06 952 5.11 122 353 243 67
100 0.06 361 5.11 92 734 184 130
267 0.06 104 6.77 94 695 188 124
500 0.06 45 7.87 89 828 177 142
750 0.06 27 8.325 84 955 169 162
1000 0.06 18 8.78 79 1140 158 191
2000 0.06 3 9.87 30 23024 59 2561
100 0.17 559 2.51 70 1566 140 253
267 0.17 210 2.8 78 1164 157 194
556 0.17 101 3.31 93 717 186 128
1000 0.17 31 3,38 52 3784 105 503
2000 0.17 9 3.63 33 16676 65 1892

The following procedure is provided-in VIII-2 for fatigue screening using Method A. This method can
only pe used for materials with_a specified minimum tensile strength that is less than or equal to 55
MPa((80,000 psi).

™

a) [STEP 1 - Determine a load history based on the information in the User’'s Design Specification.
The load history-should include all cyclic operating loads and events that are applied to th
component.

7%

b) [STEP 2,=Based on the load history in STEP 1, determine the expected (design) number of ful
range.pressure cycles including startup and shutdown, and designate this value as V., .

c) [STEP 3 — Based on the load history in STEP 1, determine the expected number of operating
pressure cycles in which the range ot pressure variation exceeds 20% of the design pressure tor
integral construction or 15% of the design pressure for non-integral construction, and designate

this value as V,,,. Pressure cycles in which the pressure variation does not exceed these

percentages of the design pressure and pressure cycles caused by fluctuations in atmospheric
conditions do not need to be considered in this evaluation.

d) STEP 4 — Based on the load history in STEP 1, determine the effective number of changes in
metal temperature difference between any two adjacent points, A7}, as defined below, and

designate this value as N

A7z - T he effective number of such changes is determined by multiplying
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the number of changes in metal temperature difference of a certain magnitude by the factor given
in Figure 5-8, and by adding the resulting numbers. Also, in VIII-2, Note 1 of Table 5.8 indicates
that if the weld metal temperature differential is unknown, a value of 20 should be used. In
calculating the temperature difference between adjacent points, conductive heat transfer shall be
considered only through welded or integral cross sections with no allowance for conductive heat
transfer across un-welded contact surfaces (i.e. vessel shell and reinforcing pad).

1) For surface temperature differences, points are considered to be adjacent if they are within

the distance L computed as follows: for shells and dished heads in the meridional or
circumferential directions,

3)

8.5.2.4 Fatigue Analysis Screening, Method-B

I=25VRt (5.49)
and for flat plates,

L=3.5a (b.50)

2) For through-the-thickness temperature differences, adjacent points are)defined as any two
points on a line normal to any surface on the component.

STEP 5 — Based on the load history in STEP 1, determine the number.of temperature cyclgs for
components involving welds between materials having different coefficients of thermal expansion

that causes the value of (al —az)AT to exceed 0.00034, and designate this value as N, |.
STEP 6 - If the expected number of operating cycles from STEPs 2, 3, 4 and 5 satisfy the criterion
in Figure 5-9, then a fatigue analysis is not required as_part of the vessel design. If this criterion
is not satisfied, then a fatigue analysis is required as, part of the vessel design. Examples of|non-
integral attachments are: screwed-on caps, screwed-in plugs, shear ring closures, fillet welded
attachments, and breech lock closures.

The fatigue screening analysis using Method.B'is from Old VIII-2. The only difference is that in \{llI-2,
different fatigue screening factors for STEP 2 below have been added for both integral and non-integral
gttachments and nozzles in the knuckleregion of formed heads, see Figure 5-10.

The following procedure is provided in VIII-2 for fatigue screening using Method B. This method can
anly be used for all materials.

STEP 1 — Determine @ load history based on the information in the User’'s Design Specification.
The load histogram ;should include all significant cyclic operating loads and events thaf the
component will be'subjected. Note, in Equation (5.51), the number of cycles from the appli¢able

design fatigue curve (see Annex 3-F) evaluated at a stress amplitude of S, is defined as N{S,)

. Also in Equations (5.52) through (5.56), the stress amplitude from the applicable design fatigue
curve (see Annex 3-F) evaluated at N cycles is defined as §, (N)

STEP 2 — Determine the fatigue screening criteria factors, C, and C,, based on the type of
eonstruction in accordance with Figure 5-10, see Section 5, paragraph 4.2.5.6..

STEP 3 — Based on the load histogram in STEP 1, determine the design number of full-range
pressure cycles including startup and shutdown, N,,,. If the following equation is satisfied,
proceed to STEP 4; otherwise, a detailed fatigue analysis of the vessel is required.

N» <N(CS) (5.51)

STEP 4 - Based on the load histogram in STEP 1, determine the maximum range of pressure

fluctuation during normal operation, excluding startups and shutdowns, AP, , and the

corresponding number of significant cycles, N,,. Significant pressure fluctuation cycles are
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defined as cycles where the pressure range exceeds S, /3S times the design pressure. If the
following equation is satisfied, proceed to STEP 5; otherwise, a detailed fatigue analysis of the

vessel is required.
AP, <— ( ) (5.52)
C S

STEP 5 — Based on the load histogram in STEP 1, determine the maximum temperature difference
between any two adjacent points of the vessel during normal operation, and during startup and

;IutUIUVVII Upclatiun, ATN y dlld t;lc bUIIUDpUII\j;II\d ||uu|bc| Uf bybiUD, I‘VYATN . :f t:IU fU“UVViIIJ
equation is satisfied, proceed to STEP 6; otherwise, a detailed fatigue analysis of the vessel’is
required.

AT, < Su(Nagw) (5.53)
GE, o

STEP 6 — Based on the load histogram in STEP 1, determine the maximum tange of temperatur
difference fluctuation, A7,, between any two adjacent points (seé~Section 5, paragrap
5.5.2.3.d) of the vessel during normal operation, excluding startups and shutdowns, and th
corresponding number of significant cycles, N ,,, . Significant temperature difference fluctuatiop

=D

14

==

cycles for this STEP are defined as cycles where the temperature range exceeds SaS/ZEyma .
the following equation is satisfied, proceed to STEP 7; otherwise, a detailed fatigue analysis of th

vessel is required.
AT, < M (5.54
CE;e

1”4

~

STEP 7 — Based on the load histogram in STEP 1, determine the range of temperature differenc
fluctuation between any two adjacent paints (see Section 5, paragraph 5.5.2.3.d) for component

fabricated from different materials\ef construction during normal operation, AT, , and th

o o<

=

corresponding number of significant cycles, N,,,, . Significant temperature difference fluctuatio
cycles for this STEP are\"defined as cycles where the temperature range exceeds

S, /[ wo —Ea, ):I If the following equation is satisfied, proceed to STEP 8; otherwise, &

detailed fatigue analysis of the vessel is required.

ATMs[ Su(Namw ) J (5.55

C,(E,a—E,a,)

~

STER '8~ Based on the load histogram in STEP 1, determine the equivalent stress range
computed from the specified full range of mechanlcal Ioads excludlng pressure but |nclud|n

mechanical load range cycles for this STEP are defined as cycles where the stress range exceeds
S, . If the total specified number of significant load fluctuations exceeds the maximum number

of cycles defined on the applicable fatigue curve, the S  value corresponding to the maximum

number of cycles defined on the fatigue curve shall be used. If the following equation is satisfied
a fatigue analysis is not required; otherwise, a detailed fatigue analysis of the vessel is required.

AS,;, <S,(Ny) (5.56)
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5.5.3 Fatigue Assessment — Elastic Stress Analysis and Equivalent Stresses

5.5.3.1 Overview

Method 1 is the original fatigue analysis from Old VIII-2 based on smooth bar fatigue curves. The basis
of the method is documented in Criteria of the ASME Boiler and Pressure Vessel Code for Design by
Analysis in Sections Il and VIII, Division 2, see Annex A, and is also described by Langer [16].
presentation of Method 1 in VIII-2 is more prescriptive, consistent with modern day continuum
mechanics, analytical software, and the step-by-step approach adopted throughout VIII-2. Additionally,
recommended fatigue strength reduction factors for welded joints from WRC 432 [17] are included in

t

q
!

[
(

A Tk £ L4 + +l o tH £ + b | + ol H
LA~ }JIUUU\JUIUO. e uot Ul IGLIHUU LDUCT Iul.ll TOCUUULULIVUIT TAULWUVUTO TIdo VOUITT d UUITTUuUvVTOTOIdl dred I]
rovided, see Kalnins et al. [18].
5.3.2 Assessment Procedure

Driving Force — Stress Amplitude Derived for Elastically Calculated Stress Range

Current Procedure in VIII-2

r

[he driving force is the effective alternating equivalent stress amplitude given by Equation (5.57)

T Kf 'Ke,k ’(ASP,k - ASLT,k ) + Kv,k 'ASLT,k
alt k 2

—~

eduction factor, K/ , a fatigue penalty factor, K

. »-anda correction for Poisson’s ratio, K,

nd nGij,k’ respectively. Note the™in* these equations, the local thermal stress, Ao-;l, has

O'ULZ and ” o- , respectively, may be determined using Annex 5-C.

—~

_(m m __LT n n __LT
Aoy, —( Oyr — Jz‘j,k)_( Ok — Gijzk)

1 (AG” ¢ A0y, )2 +(A611,k AV )2 +

(ASP k Sir Je ) = (p-
’ 2 2 2
2 (Adnk G33,k) +6(AG12,/¢ +Aoys, +AO_23,k)
1 LT LT \2 LT 7 \2 LT 2
ASLT,k = f (Ao-ll,k _AO-22,k> +<AO-11,k _A033,k) +(AO-22,k _AO-33,k) (S

b.

he time "f and time "t for the k" cycle_counted from the load histogram are designated as "o

b.

The

the

esign procedures of the Old VIII-2 where very limited guidance on the application these factgrs is

57)

Parameters that modify the effective alternating equivalént’stress amplitude are the fatigue strength

he component stress ranges between time points "t and "t and the effective equivalent stress ranges
br use in Equation (5.57) are computed usjng Equations (5.58) through (5.61). The stress tengor at

ij .k

be

ecomposed from the total stress.range, Aa. «- The local thermal stresses at time points "tarld "t

58)

61)

The Poisson correction factor, K, , shown above need not be used if the fatigue penalty factor, K_,,

is used for the entire stress range (including AS, ;. ). In this case, Equation (5.57) becomes:
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Kf ) Ke,k ) ASP,k
2

Sonx = (5.62)

The stress amplitude for Equation (5.62) is computed as the difference in the alternating stress as
determined using equations (5.63) and 5.64).

2 2 05
1 (Ao-ll,k _AO_ZZ,k) +(AO_11,/¢ _AO_33,/¢) +
ASP’k =— 5 (5.63)
\/5 (AO-’)’)b _AO-’{’«\&) +6(AO_1271( +Ao_1221( +Ao_72’1b)
Ao, ="0,,—"0,, (5:64)

Note|that in this approach, the plasticity correction accounted for in the Poisson correction factor, K,

is agcounted for by using the full alternating equivalent stress range with the fatigue ‘penalty facton,
K

e,

In the driving force term given by Equations (5.57) and (5.62), the fatigue strength'is applied to the pea
stress components. Typically, the fatigue strength reduction factor is applied to the membrane and
bending components of a stress distribution. Therefore, modifications to the procedure ar¢
recommended.

Recgmmended Procedure for Future Releases of VIII-2

The Priving Force computation is shown in the following procedure. Note that in the Option 1, thg
stresfs linearization procedure is assumed to have removed.all local thermal stress from the basic tots
stregls. Option 2 is a simplified conservative method that does not require calculation of the loc

thermal stress. For this reason, the same linearized stress procedures as provided in Option 1 are ngt
incluged in Option 2. To apply a stress concentration factor (SCF) to a linearized stress in option

woulfd then require the local thermal stress to bekept track of and added back on to the concentrate
stresls. This is more complicated than intended for a simplified option, but there is nothing preventin
an approach like this being taken, if the designer so chooses. The end result is that if SCFs are neede
and Dption 2 is chosen, the SCFs (and/or'FSRFs) must be applied to the total stress, which can b
very conservative in some cases.

—D

D

a) [STEP 1 — Determine a load. history based on the information in the User’s Design Specificatiof
and the methods in VIII-2,-Annex 5-B. The load history should include all significant operating
oads and events that-are applied to the component. If the exact sequence of loads is not known,
alternatives should-be-examined to establish the most severe fatigue damage, see STEP 6.

b) [STEP 2 —For alocation in the component subject to a fatigue evaluation, determine the individug
stress-strain-eycles using the cycle counting methods in VIII-2, Annex 5-B. Define the total numbe
of cyclic stress ranges in the histogram as M .

=3

c) [STEPR:3"- Determine the equivalent primary plus secondary plus peak stress range for the k'

cycle‘counted in STEP 2. Two options are permitted.

I —OPTION T The focal thermal stress 1S separated from the totat Stress prior to apptying fatigu
(plasticity) penalty factors, K, .

Obtain the stress tensor, Oy at the location of interest from the stress analysis at the start

and end points (time points "t and "t, respectively) for the kth cycle counted in STEP
2.

. . . m n
Determine the local thermal stress from o, at time points tand 'f, ’"o-ifl and "o-if.i ,

respectively, as described in VIII-2, Annex 5-C.
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Determine the equivalent local thermal stress range:
LT _ m __LT n__LT
Aoy ="0, = "oy (5.65)
LT L7 \? LT 2
1 (Aall,k _A622,k) +(AO-11,1( _AO-33,k) +
N2 LT LT \?
Acy, —Aoy;,

If peak stress is to be accounted for with a stress concentration factor or fatigue strength

AS,,, = (5.66)

"o and ”o-,.%f , as described in VIII-2, Annex 5-A. In this case, either Equation’(

v,

equivalent stress at the location, unless a higher value is_indicated by test da
experience.

Determine the total minus local thermal stress range tensor, Ao, -
1. If all sources of peak stress are explicitly accounted for in the stress analysis:

=("0,.— "oy ) AGLY (p.67)

ij .k

Ao

ij.k

2. For the case of a well-defined geometric-stress concentration factor (SCF) that is
not accounted for in the model:

= SCF, ("o — o)) (p.68)

ik ij.k

Ao

ij.k

Note: SCF >1.0.

3. For welded locations; a fatigue strength reduction factor, K/ , shall be inclyded.

Recommended-values for fatigue strength reduction factors for welds are proyided
in Tables 64..and 6.5. If other values of the fatigue strength reduction factorg are
used, they shall be applied to the stress consistent with their determination.

_(mO_MB _ nd_mf) (p.69)

ik ij.k

Ao,

ij.k

:K/.

4. J multiple fatigue strength reducing and/or stress concentration effects are prg¢sent
but unmodeled, the following equation applies:

=

=K, -SCF, .(’"O-MB — ”(y_MB) (b.70)

ik ij.k

Ao,

ij.k

Note: The resulting combined value of Kf -SCF may be limited to 5.0, unless a hjgher

value is indicated by test data or experience. Under special circumstances, pther
" anizad-xvaactbad oo - A af th o abiaation. £ oot Al P eton
IUUUyIIILUU mrouaiuvuo |||ay VO UoCTU IT UITCIT UUTTIVITIAUUTT VT TTTeuaIivu drivu r1ooliowdarive may

be shown to be at least as safe as construction to this division.

Determine the equivalent total minus local thermal stress range:

2 2 0.5

1 (Ao-ll,k _Ao-zz,k) +(Ao-ll,k _AO-33,k) +

AS,, =— i (5.71)
\/5 (AO'D’,C —A0'337k) +6(A01227k +A0123,k +A0223,k)
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2) OPTION 2: The local thermal stress is not separated and any stress concentration factors
(SCFs), fatigue strength reduction factors (FSRFs) and fatigue penalty factors are applied to
the entire total stress ranges.

(a) Obtain the stress tensor, o at the location of interest from the stress analysis at the
start and end points (time points "t and "t respectively) for the kth cycle counted in
STEP 2.

(b) Determine the total stress range tensor, Aoy,

N - e (o 2 \ (5-72)
DOk = DB oty U Oy = Oy ) g

The product Kf -SCF will be 1.0 if all sources of peak stress are explicitly aceounted

1%

for in the stress analysis. The combined value of Kf. -SCF , if applicabley may b
limited to 5.0, unless a higher value is indicated by test data or experientce.

(c) Determine the equivalent total stress range:

2 2 0.5

1 (Ao-ll,k _Ao-zz,k) +(Ao-ll,k _AO-33,k) +

ASp, =—= , (5.73
\/5 (AO'D’,C —A0'337k) +6(A01227k +A0123,k +A0223,k)

~

STEP 4 — Determine the effective alternating equivalent stress amplitude for the k" cycle using
the results from STEP 3.

1) Calculate the alternating stress as based on the@PTIONS in Step 3.

(d) OPTION 1
Sps = K,, 'ASP—LT,k; K, -AS (5.74)
(¢) OPTION 2
Sak = KkTAS” (5.75)

1%

) The fatigue penalty factor, K

.« In Equations (5.74) and (5.75) is evaluated using th
following equations where the parameters m and 7 are determined from Table 6.6, and S,

and ASn’k are defined in VIII-2, Part 5, paragraph 5.5.6.1. For K values greater tha

=

1.0, the'simplified elastic-plastic criteria of VIII-2, Part 5, paragraph 5.5.6.2 shall be satisfied.

K., =10 Jor AS,, <S8 (5.76)
1- AS
K =10+ (-n) (ASw for S, <AS_ <mS, (5.77)
n(m—1) Sp )
1
K, =— Jor AS,, =mS (5.78)
n

3) The Poisson correction factor, Kv’k in Equation (5.74) is computed using Equations (5.79)

and (5.80). Note that the Poisson correction factor is not required for OPTION 2 because the
fatigue penalty factor, K, , is applied to the entire stress range (including AS, )

168


https://asmenormdoc.com/api2/?name=ASME PTB-1 2014.pdf

PTB-1-2014

K, - % (5.79)
-,
S,
v, =max|0.5-0.2 < =1, Vv (5.80)
ak

e) STEP 5 - Determine the permissible number of cycles, N, , for the alternating equivalent stress

computed in STEP 4. Fatique curves based on the materials of construction are provided in Annex
3-F.

fl STEP 6 — Determine the fatigue damage for the K" cycle, where the actual number of repetitions

of the k" cycleis n,.

n

_
D, =—-
N,

—~
|9)

5.81)

[{a)
~

STEP 7 — Repeat STEPs 3 through 6 for all stress ranges, M , identified in the cycle counting
process in STEP 2.

i) STEP 8 — Compute the accumulated fatigue damage using-the following equation. The location
in the component is acceptable for continued operation ifithis equation is satisfied.

—~
|9)

5.82)

M
D, :;Dﬁk <10

i STEP 9 — Repeat STEPs 2 through 8 forseach point in the component subject to a fatigue
evaluation.

Fatigue Modification Factors
Overview

In the current and recommended procedures, the parameters that modify the effective alternjting

gquivalent stress amplitude are)the fatigue strength reduction factor, K/ , a fatigue penalty factor, Ke’k

and a correction for Poisson’s ratio, K | .

fFatigue Strength Reduction Factor

The fatigue strength reduction factor, K, , is defined as a parameter that accounts for the effect of a

bcal structural discontinuity (stress concentration) on the fatigue strength. It is the ratio of the fafi

nadel'welds. Representative fatigue strength reduction factors that are included in VIII-2 are shon in
i = i =+2: i imdicate
that the fatigue strength of a weld is dependent on the weld type (i.e. butt joint or fillet weld), surface
condition, and weld quality as determined by nondestructive examination.

Fatigue Penalty Factor

The fatigue penalty factor, Ke’k , that is used to account for plastic strain concentration when the plastic

zone associated with local structural discontinuities can no longer be characterized with a local notch
effect. The fatigue penalty factor was originally proposed by Langer [19] using an analytical formulation
and by Tagart [20] using experimental results. Additional information is provided by Adams [21], Slagis

169


https://asmenormdoc.com/api2/?name=ASME PTB-1 2014.pdf

PTB-1-2014

[22, 23, 24], WRC 361 [25], Asada et al. [26, 27], Merend et al. [28], and Chattopadhyway [29]. The
fatigue penalty factor is evaluated using Equations (5.79) through (5.80) where the parameters m and

n are determined from Table 6.6. For Ke’k values greater than 1.0, the simplified elastic-plastic
criteria of VIII-2, Part 5, paragraph 5.5.6.2 must be satisfied. In the above equations, 7, is the material

strain hardening coefficient. It should be noted that this is the only time in VIII-2 that a material strength
parameter is used that is not consistent with the universal stress-strain curve given in VIII-2, Annex 3-

D. A consistent approach would be to use n =m, in the above equations where m, is determined

from VIII-2, Part 5, Table 5.7. The fatigue penalty factor, Ke‘k, may also be calculated using a new

)
4l
straip range from elastic analysis for the point of interest using Equatlon (5.83). Determination of the
fatiglie penalty factor analytically using Equation (5.83) provides the most accurate assessment df
local|zed plasticity for use in a fatigue analysis.

K, 6 =" (5.83)

e,k

wherg,

0.5

NG (Ae11 . —Ae,, ,{)2 +(Ae22k —A€33k)2 +
(8e,) =¥2|\% : ’ * (5.84)

ep 2
3 (Aeﬂk —Ae“,k) +l.5(Aelzz’k +Ae223’k +Ae321’k)

AS
(As,) = E—P" (5.85)

va,k

Poisson Correction Factor

The Poisson correction factor, K, , isntroduced to account for plastic strain intensification resultin

}
from|biaxial stress fields due to through-wall thermal gradients. The effects of biaxial stress fields on
the lpw cycle fatigue behavior of typical pressure vessel steels is discussed by Chattopadhyway [29]
and lves et al. [30]. Note that/the-Poisson correction factor as defined in Equations (5.79) and (5.80)
is baged on Poisson’s ratio, the yield strength of the material evaluated at the mean temperature of the

k" cycle, Sy’k , and value/of alternating stress obtained from the applicable design fatigue curve for

the dpecified numberof cycles of the k" cycle, Sa,k. In practice, the Poisson correction factor i§

burdénsome to-apply because the factor is dependent on the load histogram and fatigue curve for thé
matdrial, and bécause of the additional post-processing of numerical results to separate the loc

thermal stress components, ASL” . Therefore, an alternate procedure is provided whereby th¢

Poisson correctlon factor and decomposmon of the stress tensor to derlve local thermal components i
not reegtHred—-this-appros Le-PeisseR-e6 )

K, . is accounted for by using the full alternatlng equivalent stress range with the fatigue penalty

factor , Ke’k. This alternative approach will always produce conservative results because the range
of the fatigue penalty factoris 1.0 <K, , <5 whereas the range of the Poisson correction factor is
1.0<K, , <14.

Resistance — Smooth Bar Fatigue Curve

The resistance to fatigue damage is given by the fatigue curve for the material. In Method 1, the fatigue
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curves in VIII-2 are based on smooth bar testing. Smooth bar design fatigue curves are provided for
the following materials in terms of a polynomial function, see Equations (5.86) through (5.88). The

constants for these functions, C, , are provided for different fatigue curves as described below, as an

example see Figure 5-14, and where derived from the data in Figure 5-15 that was taken from Old VIII-
2.

a) Carbon, Low Alloy, Series 4xx, and High Tensile Strength Steels for temperatures not exceeding
371°C (700°F) where o, <552 MPa (80 ksi), see Part 3, Table 3.F.1.

b) Carbon, Low Alloy Series 4xx, and High Tensile Strength Steels for temperatures not exceeding
371°C (700°F) where o, =793 —892MPa (115-130 ksi) , see Part 3, Table 3.F.2.

q¢) Series 3xx High Alloy Steels, Nickel-Chromium-Iron Alloy, Nickel-Iron-Chromium Alloy,|and N{ckel-
Copper Alloy for temperatures not exceeding 427°C (800°F) where S, >195MPa (28.2 fsi) ,
see Part 3, Table 3.F.3.
d) Series 3xx High Alloy Steels, Nickel-Chromium-Iron Alloy, Nickel-Iron-Chremium Alloy, and N{ckel-
Copper Alloy for temperatures not exceeding 427°C (800°F) where §.\<'195MPa (28.2 fsi),

see Part 3, Table 3.F.4.
¢) Wrought 70-30 Copper-Nickel for temperatures not exceeding 232°C (450°F), see Part 3, Tables
3.F.5, 3.F.6, and 3.F.7. These data are applicable only for materials with minimum specified|yield

strength as shown. These data may be interpolated for intermediate values of minimum speg¢ified
yield strength.

f Nickel-Chromium-Molybdenum-Iron, Alloys X, G, C-4,;And C-276 for temperatures not exceg¢ding
427°C (800°F), see Part 3, Table 3.F.8.

High strength bolting for temperatures not exceeding 371°C (700°F), see Part 3, Table 3.F.9

(e
~

The design number of design cycles, N.'\Can be computed from Equation (5.86) or Figure|5-15
based on the stress amplitude, S

alt k *
N=10" (5.86)
\Where
C+CY+CY +C Y’ +CY* ' +C, Y b.87)
= D.
1+CY+CY +C Y’ +CY*'+C, Y’
Y:(Sa ](@j (5.88)
Cus ET

The basis for development of the smooth bar fatigue curves is provided in Criteria of the ASME Boiler
gnd Pressure Vessel Code for Design by Analysis in Sections Il and VIlI, Division 2, see Annex A| The
q e5|gn fatlgue curves are based prlmarlly on strain controlled fatlgue tests of small pollshed smpoth-
al I.UOI. D}JCL;IIIIUI 19. I'\ UCOL'IIL LU LIIU UAPCIIIIIUIILGI Udld do UIJLGIIICU U_y G}Jplylllu LIIC IIIGI.I IUU UI eaSt
squares to the logarithms of the experimental values. The design stress values were obtained from the
best fit curves by applying a factor of two on stress or a factor of twenty on cycles, whichever was more
conservative at each point.

As reported in WRC 487 [31], the above factors or margins have been associated with factors of safety
and that this is not necessarily the case. As indicated in Annex A, “These factors were intended to
cover such effects as environment, size effect, and scatter of data, and thus it is not to be expected
that a vessel will actually operate safely for twenty times its specified life”. The factor of twenty applied
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to cycles was developed to account for real effects. The factor of twenty on cycles is the product of the
following sub-factors, see NTIS report PB-151-987 [32]:

e Scatter of data (minimum to mean) - 2.0
o Size effect - 2.5
e Surface finish, atmospheric, etc. - 4.0

The two terms in the last line require definition. The term atmospheric was intended to reflect the
effects of the industrial atmosphere in comparison with an air-condition lab. The term efc. indicates
that it was thought that this factor was typically less than four, but it was rounded to give the overall
factor a value of twenty.

A fagtor of twenty on the number of cycles has little effect at a high number of cycles. Therefore; Ja
factor on stress was introduced as a margin at the higher number of cycles. It was found that at,10,000
cyclgs, approximately the border between low-cycle fatigue and high cycle fatigue, a factor.of 'two on
stresis gave approximately the same result as a factor of twenty on cycles.

A tygical fatigue curve is shown in Figure 5-27. The cusp in the fatigue curve occurring at 1.2E4 cycle
is a fesult of the different factors applied to stress and cycles. In Figure 5-27 ,.hote dependence g
fatiglie curve on the ultimate tensile strength (UTS). Even through these fatigue' curve may be use
for welded joints, the fatigue life of welded components is known to be independent of the ultimat
tensile strength.

72 = = )

Fatique Damage for Variable Amplitude Loading

14

Oncg the alternating stress amplitude is computed, the fatiguendamage is computed for each cycl
using Equation (5.89) where n, is the applied cycle and N is'the permissible number of cycles fo
the dlternating equivalent stress determined above basedof’the materials fatigue curve.

=

n
D, =¥ (5.89)
1k
Nk

The pccumulated fatigue damage is subsequently computed for all applied loading cycles using th¢
following Equation (5.90). The location(inythe component is acceptable for continued operation if this
equation is satisfied.

M
D,=Y'D,, <10 (5.90)

Technical Basis

The technical basistand validation of the Elastic Stress Analysis and Equivalent Stresses Method fqgr
fatigJAe assessment is provided by Langer [16], [19] and also in Annex A

5.5. Fatigue Assessment — Elastic-Plastic Stress Analysis and Equivalent Strains

5.5.41-—Overview

This method is described by Kalnins [33], [34] and is based on calculation of an Effective Strain Range
to evaluate the fatigue damage for results obtained from an elastic-plastic stress analysis. The Effective
Strain Range is calculated for each cycle in the loading histogram using either cycle-by-cycle analysis
or the Twice Yield Method. The Twice Yield Method is an elastic-plastic stress analysis performed in
a single loading step, based on VIII-2 stabilized cyclic stress range-strain range curves and a specified
load range representing a cycle. Stress and strain ranges are the direct output from this analysis. This
method is performed in the same manner as a monotonic analysis and does not require cycle-by-cycle
analysis of unloading and reloading.
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Cyclic stress-strain curves used in this analysis are described in paragraph 3.13.

5.5.4.2 Assessment Procedure

Driving Force — Stress Amplitude Derived from Strain Range Computed Using Elastic-Plastic
Analysis

The alternating stress is computed from equivalent total (i.e. elastic + plastic) strain range.

E. . -A
Sy =k ok (5.91)

2

The effective strain range in Equation (5.91) is computed using Equations (5.92) through (5:94).
AS

A, =—"*+As,, , (5.92)
ya,k
2 2 0.5
1 (Ao-ll,k _AO_ZZ,k) +(AO_11,/¢ _AO-33,k) +
AS,, = " i 2 2 : (5.93)
(AO-22,k —Aoyy, ) + 6(A012,k +A0y; kAo, )
2 2 0.5
NG (Apll,k —Apy ) + (Ap22,k <Ay, ) +
pegk = (p.94)

3 (Ap33,k — APy, )2 + 6(Ap122,k + Apzzs,k + Ap321,k )
Resistance — Smooth Bar Fatigue Curve

The resistance is the same as for Method 1, see Section 5, paragraph 5.5.3.2.
Fatigue Damage for Variable Amplitude-Loading

The fatigue damage is the same as'for Method 1, see Section 5, paragraph 5.5.3.2.

8.5.5 Fatigue Assessment.of Welds — Elastic Stress Analysis and Structural Stress

8.5.5.1 Overview

ethod 3 or the Master’'S-N Curve Method for fatigue analysis of welded joints was developed by the
Battelle Joint Industry Project led by Dr. Dong. The basis of the method is described in WRC 474 [35]
gnd by WRC 528[36]. This was a major development in VIII-2 to address the need to treat fatigue of
elded joints different from base metal as a result of a large amount of experimental evidencq and
ecognizing-that European Standards for pressure vessels have included welded fatigue methods for
any yedrs based on welded specimen test data.

he-ASME Fat|gue Strength Reductlon Factor (FSRF) or stress |ntenS|f|cat|on factor (i) was introduced
small
smooth bar spemmens Due to the lack of underlying mechanics in such correlations, the def|n|t|on of
FSRF or “i” was based on empirical observations and can only be deduced from fatigue testing of
various Jomt types. As a result, its applications are strictly limited within the confines of these tests.

Based on recent developments, some of the most important factors that govern fatigue life of welded
joints are stress concentration, joint type, and loading mode. It is known that an accurate and consistent
determination of stress state at a location of interest is a priority towards any reliable fatigue prediction
for welded components. However, general finite element procedures are currently not available for
effective determination of stress concentration effects. This is mainly due to the fact that the stress
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solutions at a notch (e.g., at weld toe) are strongly influenced by mesh size and element type at and
near a weld, which are a result of the notch stress singularity.

The mesh-insensitive structural stress method provides a robust calculation procedure for capturing
the stress concentration effects on fatigue behavior of welded joints. Its effectiveness can be
demonstrated by not only consolidating the pipe weld S-N data relevant to ASME codes, but also
consolidating the pipe data with plate joint data collected from drastically different thicknesses, loading
modes, and joint configurations. This suggests the existence of a master S-N curve for weld joints, at
least for general design and evaluation purposes.

Oncg

master AS_ — N curve to the conventional nominal stress based S-N data. As a result, the structurg|

stress based FSRF or “i” can be analytically determined after structural stress calculations- Ambiguitieg
and frbitrariness often encountered in code applications can be avoided in deciding“anvappropriatg
FSRF or “i". Costly fatigue testing for extracting these factors can be minimized, if not eliminated.

Fatique life estimation for actual structures under realistic loading conditions.’¢an be carried out b
simply relating structural stresses calculated to the master AS, — N curvé><For variable amplitude

loadihg, conventional cycle counting methods and Miner’s rule summation'of damage can be applied
as ugual. However, the method is general and can be used with othef.cumulative damage theories.

U

5.5.8.2 Assessment Procedure
Driving Force — Equivalent Structural Stress Range Calculated from an Elastic Analysis

The @riving force is the equivalent structural stress given by Equation (5.95).

AS | — A (5.95)

ess,k [ 2y ] 1
2m.‘S mS& "
t : I . f M .k

ess

m, =3.6 (5.96)
20) 1.23-0.364R,, —0.17R;, (5.7
~ 1.007-0.306R, , —0.178R?, '
Ao, ,

R, =7— T — (5.99)
‘Aﬁm’k‘-f-‘AGb’k

Ao, ="0,, "0, (5.99)

Aoy, ="0,, = "0} (5.100)

The corresponding local nonlinear structural stress and strain ranges, Ao, and Ag, , respectively,

are determined by simultaneously solving Neuber’s Rule, Equation (5.101), and a model for the material
hysteresis loop stress-strain curve given by Equation (5.104), see Annex 3-D, paragraph 3.D.4.

Ao, -Ag, = Ao} - Ag] (5.101)

Aot =Act, + Aot (5.102)
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. Aoy
Ag] = %
ya,k
L
A A s
Ag, =EG" +2[2ng ]
ya,k css

The thickness correction term, ¢

ess

(5.

(5.

103)

104)

to the Equivalent Structural Stress calculation is summarized

elow
t,, =16 mm (0.625 in.) for  t<16 mm (0.625 in.) (5[105)
t,, =t for 16 mm (0.625 in.) <t <150 mm (6 in,) (5|106)
t,, =150 mm (6 in.) for  t=150 mm (6 in.) (5107)
A mean stress correction is also applied based on Equations (5.108) and (5.110).
Umean,k < O'SSy,k’ or
fur=10 for |R, <0, or (5108)
Aoy, FNG,|> 28,
1 Ol 2 O.SSy’k, and
fux =(1=R)m Jor s\ (R, >0, and (5[109)
Aoy, +Acy,|<28,,
o-min k
R, =——— (5(110)
O-max,k
o, [ = max [( "o+ "ony ) (k. + or, )] (5{111)
Grins =min| (0%, + 07, ), ("ot + 05y | (5112)
e +0o, .
Gme‘mk — max,k mink (5 113)
' 2
odificatiohs may be made to the Equivalent Structural Stress to account for multiaxial fatigug and
eld’guality as shown below.

a Ultiaxial Fatigue — € structural shear stress range I1s not negngiole, 1.e. A7, ,/3,a
modification should be made when computing the equivalent structural stress range. Two
conditions need to be considered.

1) If Ao, and Az, are out of phase, the equivalent structural stress range AS, , in Equation

(5.114) should be replaced by:
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0.5

2 2
1 A A
AS i = . % +3| d (5.114)
F(5) [ 2:;%} 1 [ 2:::.“?} 1
tesx vl e f M .k tess v ]Tmm

Where

1.23-0.364R, , —0.17R}

o (5-115)

1
m
Lz

~1.007-0.306R,_, —0.178R? '

btk

‘AT;,{
Ry, =r——— (5.116)
‘Arm’k‘+‘Arb’k
At =Ar, , +Az,, (5.117)
Az, ="7, =", (5.118)
Aty = mz-;,k — "7y (5.119)

In Equation (5.114), F(5) is a function of the out-of-phase angle between Ao, and A<z, |f
both loading modes can be described by sinusoidal functions, or:

057705
F)=-L| 14 1_12-Aa,f-m,§-sin2[5]

2 (a7 +3a2: ]

(5.120

~

A conservative approach is to ignore the out-of-phase angle and recognize the existence of &
minimum possible value for F(5) in Equation (5.120) given by:

F(5)=—— (5.121)

2
P) If Ao, and Az) are in-phase the equivalent structural stress range AS,

5.k is given by
Equation (5:114) with F(6)=1.0.

Weld Quality - If a defect exists at the toe of a weld that can be characterized as a crack-like flaw,
.e. undereut, and this defect exceeds the value permitted by Section 7, then a reduction in fatigu

1%

1
ife shall’ calculated by substituting the value of [/m‘“ in Equation (5.95) or Equation (5.114), a

2

applieable, with the value given by Equation (5.122). In this equation, a is the depth of the crack

Ike flaw at the weld toe. Equation (0.122) Is valid only when a/t 0T

2
| 1229-0.365R,, + 0.789(") ~0.17R?, + 13.771(“) +1.243R,, (“j
I ! 4 (5.122)

a

2
1-0.302R, , +7.115( j—0.178Rb2k +12.903(“j ~4.091R, , (aj
' t ’ t ' t
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Resistance — Master Fatigue Curve

The resistance to fatigue is the Master Fatigue curve given by Equation (5.123). The design number
of allowable design cycles, N, can be computed from this equation based on the equivalent structural

stress range parameter, AS determined above. The constants C and % for use in Equation

range
(5.123) are provided in Figure 5-176. The lower 99% Prediction Interval (-3¢ shall be used for design
unless otherwise agreed to by the user and the Manufacturer.

1
e Lo C Y (5123)
f E L ASess,k )

If a fatigue improvement method is performed that exceeds the fabrication requirements of this Division,
then a fatigue improvement factor, f, may be applied. The fatigue improvement factors shown Qelow

hay be used. These factors were developed based on the work of Haagensen-37]. A requirement
laced on burr grinding is that the remaining ligament after burr grinding (i.e -t =g, see Figure p-28)
nust be greater than or equal to the minimum required wall thickness for the component obtained dising
bection 4 or Section 5, as applicable. The inclusion of fatigue improvement methods in the fatigue
nalysis is considered a major step forward as these methods are known to significantly increase
htigue life and have been successfully used in many industries.

—h Q) (A S T

)  For burr grinding in accordance with Figure 5-28

o)

f, =1.0+2.5-(10)" (5|124)
B) For TIG dressing

f, =1.0+2:5-(10)" (5}125)
¢) For hammer peening

f1=1.0+4.0-(10)" (5126)

In the above equations, the parameter g is given by Equation (5.127) where the conversion factor,

C . =1 for units of ksi.

1.6
AS
q= —0.0016-[%} (5|127)

usm

lote that in Equations (5.124) through (5.126), the amount of fatigue improvement is a function gf the
pplied stressyrange. As shown by Haagensen [37], a greater amount of fatigue improvemgnt is
ermitted as.the stress range is smaller, i.e. a greater amount of fatigue improvement is permitted in
he high‘eycle regime.

—~ 750 —=

The-~design fatigue cycles given by Equation (5.123) may be modified to account for the effegts of
tIIViIUIIIIIUI It Uii IC] t;ldll dIIIIUiGIIi dil ﬁ Id1l Iriay Caust bUIIUbiUII Ul DUIU'L;I Iilbdi bldblr\ plUpdgdtiUll. The

environmental modification factor, £, is typically a function of the fluid environment, loading

frequency, temperature, and material variables such as grain size and chemical composition. It is
stipulated that a value of f. =4.0 shall be used unless there is specific information to justify an
alternate value based on the severity of the material/environmental interaction. The environmental
modification factor, fE , is required to be specified in the User’s Design Specification. The default

value of four for the environmental factor is consistent with the original design margins included in the
smooth bar fatigue curve, see Section 5, paragraph 5.5.3.2.
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A temperature adjustment is required to the fatigue curve for materials other than carbon steel and/or
for temperatures above 21°C (70°F). The temperature adjustment factor is given by Equation (5.128)

E;
E

ACS

four = (5.128)

The welded joint design fatigue curves in VIII-2 can be used to evaluate welded joints for the following
materials and associated temperature limits.

a) Carbon, Low Alloy, Series 4xx, and High Tensile Strength Steels for temperatures not exceeding
71°C (700°F)

b) eries 3xx High Alloy Steels, Nickel-Chromium-Iron Alloy, Nickel-lIron-Chromium Alloy, and Nicke
opper Alloy for temperatures not exceeding 427°C (800°F)

c) rought 70 Copper-Nickel for temperatures not exceeding 232°C (450°F)

d) ickel-Chromium-Molybdenume-Iron, Alloys X, G, C-4, And C-276 for temperaturés hot exceeding
27°C (800°F)

e) luminum Alloys

Fatique Damage for Variable Amplitude Loading

Oncg¢ the equivalent structural stress range is computed, the fatigue<damage is computed for each
cyclq using Equation (5.89) where n, is the applied cycle and N {is'the permissible number of cycle

o7

1%

for epuivalent structural stress range determined using Equation (5.123). The accumulated fatigu
damage for all applied loading cycles is subsequently computed using the following Equation (5.90].
The location in the component is acceptable for continuedceperation if Equation (5.90).

Technical Basis

The technical basis and validation of the Structural Stress Method for fatigue assessment of welded
jointg is provided in WRC 474 [35] and WRC 5237[36].

Comparison of Fatigue Methods

A comparison of the three methods for fatigue is provided in Figure 5-187. The only difference between
Method 1 and Method 2 is in the ¢alculation of the driving force term. In Method 1 this term is computeg
based on stress results from an elastic analysis and factors to account for strain concentration while i

approximate the effects of plast|C|ty Method 2 does not require a plast|0|ty correction because the
correct value of localized strain is determined in the analysis. The resistance terms in Methods 1 and
2 when compared to Method 3 are also different. The effects of mean stress, size or thickness effects,
and environment are explicit in the fatigue curve of Method 3 whereas they are implicit in the fatigue
curves of Methods 1 and 2. In addition, the scatter or statistical measure used to establish the design
fatigue curve is implicit in Methods 1 and 2 where as it may be specified by the user in Method 3.

To further illustrate the differences in the fatigue methods, an example is provided to compare Method
1 and Method 3. A three-dimensional finite element analysis is performed for the entire vessel and
stress classification lines are identified, see Figure 5-29. The fatigue life will be computed at each one
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of these classification lines. The Method 1 analysis was performed using VIII-2 with fatigue strength
reduction factor equal to account for the welds. The fatigue strength reduction factor was taken as two,

=2, for all welded joints. The Method 3 analysis was also performed in accordance with VIII-2.
The results of the stress analysis and the fatigue life calculations are shown in Figure 5-198. Note the
differences in the fatigue life predictions, and also note that the location with the limiting number of

cycles is predicted to be at different locations. For this problem, Method 3 resulted in a more
conservative estimate of fatigue life than Method 1. The results would have changed if a different

fatigue strength reduction factor, K , > was used in the Method 1 assessment. Method 1 is extremely

sensitive to the K, factor used in the analysis. In addition, the Method 1 fatigue life predictions are

ensitive to mesh density, while the Method 3 results are mesh insensitive because the equivialent
tructural stress parameter is mesh insensitive.

(0

A review of the current state-of-the-art industry trends in fatigue evaluation indicates 'that Method 1
needs to be significantly updated to reflect current technology; for example, see Draper [38], Sogie et
3l. [39], Stephens et al. [40], and Bannantine et al. [41]. For fatigue predictions jased on smooth bar
data, strain-based multiaxial fatigue algorithms based on the following need to be incorporated in future
gdditions of the code.

34) Brown-Miller or other multiaxial fatigue criteria with the critical plane-approach,

) Neuber’srule, cyclic stress-strain curve, and a cyclic multiaxial plasticity model based on kinematic
hardening to evaluate local plastic strains from notch effects.and plastic strain redistribution,

¢) Evaluation of cyclic kinematic hardening models,
d) Rainflow algorithm’s for cycle and associated mean stress identification, and

¢) Cycle-by-cycle mean stress adjustment and fatigue-damage calculations.

[he Joint Industry Project (JIP) on the EquivalentStructural Stress and the Master Fatigue Curve bbeing
oordinated by Battelle for the fatigue assessment of welded joints is continuing. Technglogy
eveloped by this project will be made available to the Section VIII Committee for consideration for
nclusion into future editions of VIII-2. Current technology development of the JIP includes scregning
nethods for fatigue, fatigue improvement methods and relationship to the master fatigue Curve| and
nultiaxial fatigue.

o Sl S o W e W |

ethod 3, the Structural Stress'Method, is considered the most consistent stress calculation mgthod
br reliable fatigue life prediction of welded components. As described above, an equivalent strugtural
d4tress range parameter is used to evaluate the fatigue damage for results obtained from a linear elastic
4tress analysis, consisting of membrane and bending stress. This parameter was formulated yising
acture mechanics'principles by introducing a two-stage crack growth model which encompasses|both
ghort crack and-leng crack behavior, and serves as an effective parameter that captures the effe¢ts of
4tress concentration, wall thickness, and loading mode on fatigue. The structural stress used ip the
galculation_of-the equivalent structural stress range parameter is mesh insensitive and addressep the
[[mitations’in Method 1 and Method 2 regarding mesh refinement to predict peak stress, the effe¢ts of
qingularities, and choice of fatigue strength reduction factor for welds. The method has been validated
Ry collapsmg over a thousand weII documented actual weldment fatlgue tests |ncIud|ng fuII Scale
ethod
for various welded structural components is given in WRC 474 [35] and WRC 523 [36]. Add|t|onal
information on the method is discussed by Radaj [42].

In VIII-2, Method 3 may only be used for design if approved by the user. This restriction was invoked
because of the newness of the method rather than for technical or reliability concerns. Numerous
applications of this innovative technology for fatigue evaluation of welded joints are currently being
used with great success in numerous industries including offshore structures, automotive and
aerospace as reported in WRC 474 [35] and by WRC 523 [36].

179


https://asmenormdoc.com/api2/?name=ASME PTB-1 2014.pdf

PTB-1-2014

5.5.6 Ratcheting — Elastic Stress Analysis

5.5.6.1 Elastic Ratcheting Analysis Method

Ratcheting is defined as a progressive incremental inelastic deformation or strain that can occur in a
component subjected to variations of mechanical stress, thermal stress, or both (thermal stress
ratcheting is partly or wholly caused by thermal stress). Ratcheting is produced by a sustained load
acting over the full cross section of a component, in combination with a strain controlled cyclic load or
temperature distribution that is alternately applied and removed. Ratcheting results in cyclic straining
of the material, which can result in failure by fatigue and at the same time produces cyclic incremental
growth of a structure which may ultimntply lead ta collapse

Shaedown is caused by cyclic loads or cyclic temperature distributions which produce plasti¢
defofmations in some regions of the component when the loading or temperature distribution is‘applied,
but upon removal of the loading or temperature distribution, only elastic primary and secondary.stresseg
are Heveloped in the component, except in small areas associated with local stress (strain
concgentrations. These small areas shall exhibit a stable hysteresis loop, with,no-indication of
progfessive deformation. Further loading and unloading, or applications and removals of the
temperature distribution shall produce only elastic primary and secondary stresses.
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a) he loading results in only primary stresses without'any cyclic secondary stresses.

b) lastic Stress Analysis Criteria — Protection against ratcheting is demonstrated by satisfying th¢
ules of paragraph 5.5.6 (existing elastic primary plus secondary stress range limit). The basis df
he elastic evaluation method is discussed.in’ Annex A.

c) lastic-Plastic Stress Analysis Criteria® — Protection against ratcheting is demonstrated by
satisfying the rules of paragraph 5(5,7. In this method, the component is subject to an inelasti¢
analysis with cyclic loading. An ‘elastic-perfectly-plastic material model is used in the analysis.

he component is evaluatedsfer ratcheting directly, i.e. growth in displacement or incrementd|
strain increase per application/of cyclic load.

The Elastic analysis method. provided in VIII-2 to evaluate ratcheting in VIII-2 is defined below. Thig

method is the same as Old.VIII-2.

a) o evaluate protection against ratcheting the following limit shall be satisfied. When Equatio

rror! Reference source not found. is satisfied, shakedown of the cross section occurs an
atcheting-s.'avoided. Note that locations of the cross section with local structural discontinuitie
ay have associated small region of plasticity that is constrained by the surrounding elasti
esponse associated with shakedown after the first applied loading. These regions may be subjed
o-.-alternating  plasticity which is evaluated for fatigue. Satisfaction ¢

PO =

of a fatigue penalty factor, i.e. K, = 1, see Equation (5.76).
AS, <S8y (5.129)

b) The primary plus secondary equivalent stress range, ASn’k , in Equation (5.129) is the equivalent

stress range, derived from the highest value across the thickness of a section, of the combination
of linearized general or local primary membrane stresses plus primary bending stresses plus

secondary stresses ( P +P + Q) , produced by specified operating pressure and other specified
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mechanical loads and by general thermal effects. The effects of gross structural discontinuities
but not of local structural discontinuities (stress concentrations) shall be included. Examples of
this stress category for typical pressure vessel components are shown in Figure 5-6.

The maximum range of this equivalent stress is limited to S,;. The quantity S, represents a

limit on the primary plus secondary equivalent stress range and is defined in paragraph d) below.
In the determination of the maximum primary plus secondary equivalent stress range, it may be
necessary to consider the effects of multiple cycles where the total stress range may be greater

than the stress range of any of the individual cycles. In this case, the value of S, may vary with

the specified-cvcle —or combination-of cvcles being considered-since the temperature extremes
L 7J 7 7 7 J Ll

may be different in each case. Therefore, care shall be exercised to assure that the appli¢able
value of S, for each cycle, or combination of cycles, is used, see paragraph 5.5.3.

The allowable limit on the primary plus secondary stress range, S, is computed ‘as the larger
value of the quantities shown below.
1) Three times the average values of S for the material from Annex 3-Aevaluated at the highest

and lowest temperatures during the operational cycle.
2) Three times the average values of S for the material from-Annex 3-D evaluated 4t the

highest and lowest temperatures during the operational cycle, except that the value |from
paragraph 1) above shall be used when the ratio of thedminimum specified yield strendth to
the ultimate tensile strength exceeds 0.7 or the value of_§ is governed by the time-dependent
properties as indicated in Annex 3-A.

.5.6.2 Simplified Elastic-Plastic Analysis

ra

n the design of components for cyclic operation an objective is to design for shakedown based o
hrough-wall components of stress to ensure elastic response after the first few cycles. Altern
lasticity due to local structural discontinuities_ofi“the cross section may occur, but is limited bec
f the elastic response of the cross-section~ If the shakedown requirement is not satisfied, the
one of plasticity increases and cannot_adequately be characterized using the results of an e

nalysis with a factor to account for lo¢al discontinuity effects. Therefore, a penalty factor, K|

—

QN O T

ntroduced into the fatigue assessment based on elastic analysis to ensure estimates of cyclic p

sed accounts for strain concentration from plasticity considering both redistribution of strains v
he cross section and local notch effects.

—~ _— (0 =

The simplified elasti¢-plastic analysis using the penalty factor may be used for the evaluatic
decondary stresses.from thermal loading that exceed the elastic shakedown criteria in Secti
paragraph 5.5.6,1;* Secondary stresses from all other types of loading are explicitly excluded.
method for the\simplified elastic-plastic analysis is from Old VIII-2.

The simplified elastic-plastic analysis in VIII-2 permits the equivalent stress limit on the range of pri
plus,secondary equivalent stress in Equation (5.129) to be exceeded provided all of the followin
true.

n the
ating
ause
h the
astic

S

astic

trains are adequately accounted. for, see Section 5, paragraph 5.5.3.2. The penalty factor curgently

ithin

n of
bn 5,
The

mary
) are

a)

The range of primary plus secondary membrane plus bending equivalent stress, excluding thermal
bending stress, is less than S .

The value of the alternating stress range given by Equation (5.57) or Equation (5.62) is multiplied
by the factor K, , computed using Equations (5.76) through (5.78), or Equation (5.83).

Alternatively, the plasticity correction and alternating stress range may be computed using Annex
5-C.

The material of the component has a ratio of the specified minimum yield strength to specified
minimum tensile strength of less than or equal to 0.80.
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d) The component meets the secondary equivalent stress range requirements for ratcheting of Part
5, paragraph 5.5.6.3.

5.5.6.3 Thermal Stress Ratcheting Assessment

The allowable limit on the secondary equivalent stress range from cyclic thermal loading when applied
in conjunction with a steady state general or local primary membrane equivalent stress to prevent
ratcheting is determined below. The procedure in VIlI-2 shown below can only be used with an
assumed linear or parabolic distribution of a secondary stress range (e.g. thermal stress).

a) STEP 1 — Determine the ratio of the Ir’.rimnry membrane stress to the Qppr‘ifind minimum. \J/ipl
strength from Annex 3-D, at the average temperature of the cycle.

Y= [QJ (5.130
S

b) [STEP 2 - Compute the secondary equivalent stress range from thermal loading, AQ , using elasti
analysis methods.

~

<)

c) [STEP 3 - Determine the allowable limit on the secondary equivalent stréss range from thermdl

oading, S, .

1) For a secondary equivalent stress range from thermal loading with a linear variation through
the wall thickness, the limit is given by Equations (5.131)yand (5.132). These equations ar
shown in Figure 5-30.

D

Sp =15, (%j o 0<X <05AS,, <5, (5.131)
S, =4.08, (1-X) Jor 05<X<I1.0 (5.132)

P) For a secondary equivalent stress range from thermal loading with a parabolic constantl
increasing or decreasing variation-through the wall thickness is given by Equations (5.133)
and (5.134). These equations-are shown in Figure 5-31.

1
S =8 or  0.0<X<0.615 5.133
¢ y(0.1224+o.9944X2j f (5139
S, =528 (1+X) Sfor 0.615<X<1.0 (5134

d) [STEP 4 — To demonstrate protection against ratcheting, the following criteria shall be satisfied.

AQ<S, (5.1385)

The pasis forthe allowable limit for secondary equivalent stress range from cyclic thermal loading tp
ent ratcheting is provided by Burgreen [8]. A beam model with a constant membrane stress and
thermal stress is used to derive the type of behaviors possible including elastic responsd,
‘GG-v‘ aftTraterne ._ Re—+rogetruseaby-bBurareen -the everopmeto his pase G;G atf
for response to cyclic linear thermal gradient loading with a constant membrane stress was originally
developed by Bree [44] and [45]. The Bree analysis is based on a one-dimensional stress analysis
with an elastic-perfectly plastic material with constant material properties.

a) The allowable limit for the secondary equivalent stress range from thermal loading with a linear
variation through the wall thickness, Equations (5.131) and (5.132), are shown in Figure 5-30. In
Figure 5-30, the combinations of sustained stress and a cyclic thermal stress produce the six
responses shown below. Equations (5.131) and (5.132) represent the bound between alternating
plasticity and shakedown, and ratcheting.
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—_

Elastic response — E

)

2) Shakedown for one-side yielding — S1
3) Ratcheting for one-sided yielding — R1
4) Shakedown for two-sided yielding — S2
5) Ratcheting for two-sided yielding — R2
6) Alternating plasticity (possible only for two-sided yielding) — P

b) The allowable limit for the secondary equivalent stress range from thermal loading with a parabolic
constantly increasing or decreasing variation through the wall thickness is given by Equations
(5.133) Clll\".dI (5.134). Equatlull (5.133) wWdo dGVU:U}JUd b_y vurve flttllly thU data PUIIItO ;II C:d I”'2
shown below in the shaded region. Equation (5.134) was taken directly from Old VIII;20x|f the
data from these equations are compared to the solution developed by Burgreen [8] shown ip the
following table and in Figure 5-31, a discrepancy is seen to occur.

Allowable Limit on the Secondary Equivalent Stress Range from Thermal L‘oading, Thermal
Loading with a Parabolic Constantly Increasing or Decreasing Variation-Through The Wall
Thickness

b
X= S_ 0.3 0.4 0.5 | 0.615 |V0.7 0.8 0.9 1.0

y

S

Y=— part5, paragraph 5.5.6.3 | 465 | 355 | 2.70- | 2.00 | 1.56 | 1.04 | 052 || 0.0

Y =— Burgreen [g] 3.54 {\265 | 206 | 152 | 117 | 0.78 | 0.38 0.0

8.5.6.4 Progressive Distortion of Non-Integral Connections

The requirements for progressive distortion of non-integral attached are taken from Old VIII-2.
.5.7 Ratcheting Assessment — Elastic-Plastic Stress Analysis

5. 771 Overview

The Equation (5.136) can be used to represent the solution by Burgreen in Figure 5.20. | The
discrepancy between these results will be considered in a future addendum.

(5|136)

So =6, (02750 +0.57667.X —1.84808.X° + Mj

To evaluate protection against ratcheting using elastic-plastic analysis, an assessment is performed by

application, removal and re-application of the applied loadings. If protection against ratcheting is
satisfied, it may be assumed that progression of the stress-strain hysteresis loop along the strain axis
cannot be sustained with cycles and that the hysteresis loop will stabilize. A separate check for plastic
shakedown to alternating plasticity is not required.

5.5.7.2 Assessment Procedure

The following assessment procedure is provided in VIII-2 to evaluate protection against ratcheting using
elastic-plastic analysis.
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STEP 1 — Develop a numerical model of the component including all relevant geometry
characteristics. The model used for analysis shall be selected to accurately represent the
component geometry, boundary conditions, and applied loads.

STEP 2 - Define all relevant loads and applicable load cases (see Section 5, Figure 5-1).

STEP 3 — An elastic-perfectly plastic material model shall be used in the analysis. The von Mises
yield function and associated flow rule should be utilized. The yield strength defining the plastic
limit shall be the minimum specified yield strength at temperature from Annex 3-D. The effects of
non-linear geometry shall be considered in the analysis.

STEP 4 — Perform an elastic-plastic analysis for the applicable loading from STEP 2 for a numbe

As in
anel
Inad
dime
discl
prov

5.6

The
The
on n

prestimably to guard against elastic follow-up and the potential for ratcheting. This requirement i

thou

a)

O

of repetitions of a loading event (see Annex 5-B), or, if more than one event is applied, of tw
events that are selected so as to produce the highest likelihood of ratcheting.

STEP 5 — The ratcheting criteria below shall be evaluated after application of a minimum of threg
complete repetitions of the cycle. Additional cycles may need to be applied to demonstratﬁ
convergence. If any one of the following conditions is met, the ratcheting criteria are-satisfied.
the criteria shown below are not satisfied, the component configuration (i.e. thickness) shall b
modified or applied loads reduced and the analysis repeated.

1) There is no plastic action (i.e. zero plastic strains incurred) in the component.
P) There is an elastic core in the primary-load-bearing boundary of the"component.

3) There is not a permanent change in the overall dimensions of the component. This can b¢
demonstrated by developing a plot of relevant component.ditnensions versus time between
the last and the next to the last cycles.

1%

dicated in STEP 5 above, ratcheting is not a concern is the entire component remains elastic, of
pstic core is maintain with alternating plasticity occurringfoutside of the core during cyclic operation.
dition, ratcheting is also not a concern is there is not a;permanent change to the overall componen
nsions meaning that a progressive incrementalinelastic deformation has not occurred. A
ssion on the evaluation of shakedown and rateheting using elastic-plastic numerical analysis i
ded by Kalnins [46].

>

Supplemental Requirements for Stress Classification in Nozzle Necks

Epecial classification of stresses for nozzle necks provided in this paragraph is from the Old VIII-23.
Classification of stress in the shell shall be in accordance with paragraph 5.2.2. The limit place
hembrane and bending stresses within the reinforcement zone in paragraph a)2) below i

—r—Cr

jht to be overly conservative, and will be addressed in future addenda.

Within the limits_of reinforcement given by paragraph 4.5, whether or not nozzle reinforcement is
provided, the following classification shall be applied.

1) A P elassification is applicable to equivalent stresses resulting from pressure induce

genéral membrane stresses as well as stresses, other than discontinuity stresses, due t
external loads and moments including those attributable to restrained free end displacement$
of the attached pipe.

b)

2) A P, classification shall be applied to local primary membrane equivalent stresses derived

from discontinuity effects plus primary bending equivalent stresses due to combined pressure
and external loads and moments including those attributable to restrained free end
displacements of the attached pipe.

3) A P +PF +Q classification shall apply to primary plus secondary equivalent stresses

resulting from a combination of pressure, temperature, and external loads and moments,
including those due to restrained free end displacements of the attached pipe.

Outside of the limits of reinforcement given in paragraph 4.5, the following classification shall be
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applied.

1) A P, classification is applicable to equivalent stresses resulting from pressure induced

general membrane 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.

2) A P +F, classification is applicable to the equivalent stresses resulting from adding those

stresses classified as P, to those due to externally applied bending moments except those

attributable to restrained free end displacement of the pipe.

i

3) A P, +PF +0 classification is applicable to equivalent stresses resulting from all pres
temperature, and external loads and moments, including those attributable to restraineg
end displacements of the attached pipe.

) Beyond the limits of reinforcement, the SPS limit on the range of primary plus secendary equiv

stress may be exceeded as provided in paragraph 5.5.6, except that in the evaluation of the r

sure,
free

alent
hnge

of primary plus secondary equivalent stress, P, +F, +Q, stresses resulting from the restrgined

free end displacements of the attached pipe may also be excluded. The range of membrang
bending equivalent stress attributable solely to the restrained (free” end displacements o

attached piping shall be less than S .

).7 Supplemental Requirements for Bolts

'he same rules in OId VIII-2 for service stress requirements’and fatigue were maintained.

).8 Supplemental Requirements for Perforated Plates
Perforated plates may be analyzed using any.of the procedures in this Part if the holes are exp

ncluded in the numerical model used for the stress analysis. An elastic stress analysis option uti
he concept of an effective solid plate is described Annex 5-E.

.9 Supplemental Requirements for Layered Vessels

'he same rules in OId VIII-2,Article 4-2, paragraph 4-420 of were maintained.

).10 Experimental Stress Analysis

Requirements for_detérmining stresses in parts using experimental stress analysis are provid
Annex 5-F.

.11 Fracture Mechanic Evaluations

plus
f the

icitly
izing

ed in

Fracture 'mechanics evaluations were added to VIII-2 and can be performed to determine the M
er Part 3 in accordance W|th API 579- 1/ASME FFS-1. It is stipulated that reS|duaI stresses res

DMT
Itlng

calculatlons Background to the fracture mechamcsapproachln APl 579- 1/ASMEFFS 1 has been
provided by Anderson et al. [47] and in WRC 430 [48].

5.12 Definitions

Definitions for terms used in the design-by-analysis producers defined in this part are provided. Most
of the definitions are from Old VIII-2.
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5.13 Annexes
The annexes for Part 5 provided herein, are described below

Annex 5-A: Linearization of Stress Results for Stress Classification

Annex 5-A was developed to provide recommendations for post-processing of the results from an
elastic finite element stress analysis for comparison to the limits in Part 5. Guidance for selection of
stress classification lines, stress integration procedures, and structural stress processing are included.

\ 2]

mended because the results of the linearization process are mesh independent.

Anngx 5-B: Histogram Development and Cycle Counting for Fatigue Analysis

Anngx 5-B contains new cycle counting procedures required to perform a fatigue assessment fo
irregular stress or strain versus time histories. These procedures are used to break the‘loading histor
down into individual cycles that can be evaluated using the fatigue assessment rulés of Part 5. Twi
cyclg counting methods are presented in this Annex; the Rainflow Cycle CountingMéthod and the Max
Min Cycle Counting Method. An alternative cycle counting method may be used'if agreed to by th
user

DT O <

The Rainflow Cycle Counting Method documented in ASTM Standard-No/ E1049 is recommended tp
deterlmine the time points representing individual cycles for the case of situations where the variation
in time of loading, stress, or strain can be represented by a single*parameter. This cycle counting
method is not applicable for non-proportional loading. Cycles\counted with the Rainflow Methog
corrgspond to closed stress-strain hysteresis loops, with eacheop representing a cycle.

The |Max-Min Cycle Counting Method is currently reeommended to determine the time point
reprgsenting individual cycles for the case of non-propgttional loading. The cycle counting is performe
by fifst constructing the largest possible cycle, using-the highest peak and lowest valley, followed b
the second largest cycle, etc., until all peak counts are used. A new cycle counting procedure defined
as the path-Dependent maximum Range (PDMR) cycle counting method described by Wei [49] i
currgntly under evaluation as an alternative{o the Max-Min method.

o

o

o

Anngx 5-C: Alternative Plasticity Adjustmént Factors and Effective Alternating Stress for Elastic Fatigu
Analysis

1”2

Anngx 5-C contains new procedures for the determination of plasticity correction factors and effective
alterpating stress for elasti¢ fatigue analysis. These procedures include a modified Poisson’s rati
adjustment for local thermal and thermal bending stresses, a notch plasticity adjustment factor that i
applied to thermal bending stresses, and a non-local plastic strain redistribution adjustment that i
applied to all stresses:except local thermal and thermal bending stresses. These procedures are a
alterpative to effective alternating stress calculations in STEP 4 of Part 5, paragraph 5.5.3.2 (see Pa
5, paragraph 5:5:33).

— =

Anngx 5-D:Stress Indices

Anngx\5-D contains stress indices that may be used to determine peak stresses around a nozzl¢
opening for use in a fatigue analysis. The stress indices in this Annex are from Old VIII-2, Article 4-6
of.

Annex 5-E: Design Methods for Perforated Plates Using Elastic Stress Analysis

Annex 5-E contains a method of analysis for flat perforated plates subjected to applied loads or loadings
resulting from structural interaction with adjacent members. This method applies to perforated plates
that satisfy the following conditions:

a) The holes are in an equilateral triangular or square penetration pattern.
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b) The holes are circular and the axis of the hole is perpendicular to the surface of the plate.
c) There are 19 or more holes.

d) The effective ligament efficiency satisfies specific criteria detailed in the Annex.

The Annex replaces the stress analysis procedures in Old VIII-2, Article 4-9. The design method in this
Annex is from Porowski et al. [50]. The curve fits for the effective elastic constants were developed
from data presented by Slot et al. [51], [52].

Annex 5-F: Experimental Stress Analysis

Annex 5-F is from OlId VIII-2, Article 6-1 and allows critical or governing stresses in parts be
qubstantiated by experimental stress analysis. Permissible types of tests for the determinatipn of
dgoverning stresses are strain measurement and photoelastic tests. Either two-dimensional-or three-
dimensional photoelastic techniques may be used as long as the model represents the structural effects
qf the loading. The adequacy of a part to withstand cyclic loading may be demonstrated by meahs of
g fatigue test when it is desired to use higher peak stresses than can be justified by the methofls of
paragraph 5.5.3 or Annex 5-F.2. However, the fatigue test may not be used as justificatiop for
gxceeding the allowable values of primary or primary plus secondary stresses.
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$.15 Criteria and Commentary Nomenclature

a radius of hot spotor heated area within a lr_\ln‘rn’ or-crack dnpfh, orthe dnpfh of a flaw
at a weld toe, as applicable.

a, final flaw size.

a; initial flaw size

a thermal expansion coefficient of the material at the mean temperature of two adjacent

points, the thermal expansion coefficient of material evaluated at the mean temperature
of the cycle, or the cone angle, as applicable.

a, thermal expansion coefficient of material 1 evaluated at the mean temperature of the
cycle.
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a, thermal expansion coefficient of material 2 evaluated at the mean temperature of the
cycle.

a, material factor for the multiaxial strain limit.

B., capacity reduction factor.

C Master fatigue curve parameter.

C, conversion factor, C,, =1.0 for units of stress in ksiand C, = 6.894757 for units of
stress in MPa.

Cus L = = >
of stress in MPa.

G factor for a fatigue analysis screening based on Method B.

C) factor for a fatigue analysis screening based on Method B.

D dead load.

D_, is cumulative fatigue damage.

D_f,k is fatigue damage for the K" cycle.

D, outside diameter.

D, cumulative strain limit damage.

D strain limit damage from forming.

D), strain limit damage for the k" loading condition:

Aem change in total strain range components minus the free thermal strain at the point unde
evaluation for the k" cycle.

Ag, local nonlinear structural strain range at the point under evaluation for the k[h cycle.

Ag; elastically calculated structural strain range at the point under evaluation for the k'
cycle.

(A E i )ep equivalent strain range for the k" cycle, computed from elastic-plastic analysis, using
the total strain less’the free thermal strain.

(Aa‘l,k )e equivalent strain range for the k[h cycle, computed from elastic analysis, using th
total strain-less the free thermal strain.

Ag_.jqk component strain range for the kK" cycle, computed using the total strain less the fre
thermal strain

Aepeq’k equivalent plastic strain range for the kth loading condition or cycle.

Ag, . Effective Strain Range for the k" cycle.

< change In Vlode T stress Intensity factor range corresponding 1o remote Siress range.

AK, change in Mode | stress intensity factor range without notch effects.

Apl.j’k change in plastic strain range components at the point under evaluation for the kth
loading condition or cycle.

AP, maximum design range of pressure associated with N, .

ASS equivalent structural stress range.

AS, . primary plus secondary equivalent stress range.
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ASP,k range of primary plus secondary plus peak equivalent stress for the k’h cycle.
AS, 4 local thermal equivalent stress for the k" cycle.
AS, . equivalent structural stress range parameter for the k" cycle.
ASmnge computed equivalent structural stress range parameter from Part 5.
AS,, equivalent stress range computed from the specified full range of mechanical loads,
excluding pressure but including piping reactions.
Ag range of secondary equivalent stress.
AT operating temperature range.
AT, effective number of changes in metal temperature between any two adjacent points.
AT, temperature difference between any two adjacent points of the vessel during ngrmal
operation, and during startup and shutdown operation with NV, .
AT, temperature difference between any two adjacent points of thie’vessel during ngrmal
operation, and during startup and shutdown operation with“/V, ., -
AT, temperature difference between any two adjacent peints of the vessel during ngrmal
operation, and during startup and shutdown operation with V,, . -
Ao, stress range associated with the principal sttess in the i" direction.
AO‘ij stress tensor range.
Ao, local nonlinear structural stress range-at the point under evaluation for the k[h cycle.
Ao, structural stress range.
Aoy elastically calculated structural stress range at the point under evaluation for the k"
cycle.
;k elastically calculated-structural bending stress range at the point under evaluatign for
Ao,
the k" cycle.
Ao;j.wk stress tensor range at the point under evaluation for the k" cycle.
;k elastically calculated structural membrane stress range at the point under evalugtion
Ao,
for the kth cycle.
LT
AO',J-J{ local thermal stress tensor range at the point under evaluation for the k" cycle.
Az, structural shear stress range at the point under evaluation for the kth cycle.
L\-T,f,k efasticatty catcutatedbemdingcompornentof the—structurat shearstressTange 4t the
point under evaluation for the kth cycle.
AT;,k elastically calculated membrane component of the structural shear stress range at the
point under evaluation for the kth cycle.
) out-of-phase angle between Ao, and Az, for the k™ cycle.
E earthquake load.
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Young's modulus.

value of modulus of elasticity on the fatigue curve being utilized.

value of modulus of elasticity of the material at the point under consideration, evaluated
at the mean temperature of the kth cycle.

Young’s Modulus of material 1 evaluated at the mean temperature of the cycle.
Young’s Modulus of material 2 evaluated at the mean temperature of the cycle.

Young's Modulus of the material evaluated at the mean temperature of the cycle

modulus of elasticity of carbon steel at ambient temperature or 21°C (70°F).

D

modulus of elasticity of the material under evaluation at the average temperature-of th

cycle being evaluated.
fracture strain.

cold forming strain.
strain limit.
multiaxial strain limit.
uniaxial strain limit.
total plastic strain.

ratcheting strain.

true plastic strain.
limiting triaxial strain for the k™ condition.

mean stress correction factor for-the & i cycle.

Mode | stress intensity factorfunction, membrane stress.

Mode | stress intensity factor function, bending stress.

environmental correction factor to the welded joint fatigue curve.

fatigue improvement method correction factor to the welded joint fatigue curve.
material and.téemperature correction factor to the welded joint fatigue curve.
crack growth function, short crack growth.

crack-growth function, long crack growth.

additional stress produced by the stress concentration over and above the noming
stress level resulting from operating loadings.

flood load.

externally applied axial force.

a fatigue modification factor based on the out-of-phase angle between Ao, and Az,

Master fatigue curve parameter.

correction factor used in the structural stress evaluation.

correction factor used in the structural shear stress evaluation.

stress concentration factor, or Mode | stress intensity including notch effects.
material parameter for the cyclic stress-strain curve model.
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fatigue penalty factor for the K" cycle.

astic

free

[

part

part

part

weld

astic

e,k

K, plastic Poisson’s ratio adjustment for local thermal and thermal bending stresses for
the k" cycle.

K p fatigue strength reduction factor used to compute the cyclic stress amplitude or range

K, equivalent stress load factor.

K ratio of peak stress in reduced ligament to the peak stress in normal ligament.

K, Mode | stress intensity factor without notch effects.

K, Mode | stress intensity factor without notch effects, membrane component.

K, , Mode | stress intensity factor without notch effects, bending component.

L live load, or length.

L roof live load.

m material constant used for the fatigue penalty factor used in.the simplified elastic-p
analysis, or Paris law crack growth parameter

m; mechanical strain tensor, mechanical strain is defined-as the total strain minus thg
thermal strain.

m exponent used in a fatigue analysis based ondhestructural stress.

m, strain hardening coefficient.

M total number of stress ranges at a pointcderived from the cycle counting procedur

M, factor for notch stress concentration“effects represented by the slef-equilibrating
of the actual stress state.

M, . factor for notch stress concentration effects represented by the slef-equilibrating
of the actual stress state, bending stress.

M, . factor for notch stress.Goncentration effects represented by the slef-equilibrating
of the actual stress state, membrane or tension stress.

M, longitudinal bending moment per unit length of circumference existing at the
junction of layered spherical shells or heads due to discontinuity or external loadsg.

M, externally applied bending moment.

n material constant used for the fatigue penalty factor used in the simplified elastic-p
analysis, or Paris law crack growth parameter

n, actual number of repetitions of the k" cycle.

n.. material parameter for the cyclic stress-strain curve model.

N number of cycles.

N, permissible number of cycles for the k" cycle.

N(CIS) number of cycles from the applicable design fatigue curve (see Annex 3-F, paragraph
3.F.1.2) evaluated at a stress amplitude of C,S .

N(SE) number of cycles from the applicable design fatigue curve (see Annex 3-F, paragraph
3.F.1.2) evaluated at a stress amplitude of §, .

N . p design number of full-range pressure cycles including startup and shutdown.

N,p number of significant cycles associated with AP, .
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expected number of operating pressure cycles in which the range of pressure variation

exceeds 20% of the design pressure for integral construction or 15% of the design
pressure for non-integral construction.

number of significant cycles associated with AS,,, , significant cycles are those for
which the range in temperature exceeds S .
number of cycles associated with AT, .

number of cycles associated with A7, .

AUMDET of significant cycles associated with A7, -
number of significant cycles associated with A7, .

number of temperature cycles for components involving welds between.material$

having different coefficients of expansion.
Poisson’s ratio.

Poisson’s ratio corrected for plasticity.

notct stress based on self-equilibrating stress distribution, bending component.
notct stress based on self-equilibrating stress distribution,‘ mémbrane component.
notct stress based on self-equilibrating stress distribution.

design pressure.

primary bending equivalent stress.

general primary membrane equivalent stress,

static head.

local primary membrane equivalent stress.

design factor for buckling.

secondary equivalent stress-resulting from operating loadings.

externally applied shearforce.

parameter used to determine the effect equivalent structural stress range on the fatigu
improvement factor.

ratio of o, to ‘!, orratio of o, to o, .

1”4

ratio of _p, fto p..
inside tadius measured normal to the surface from the mid-wall of the shell to the axi

1'24

ofrevolution , or the ratio of the minimum stress in the k[h cycle to the maximum stresg
in the kth cycle, as applicable.

stress ratio for the k" cycle.

ratio of the bending stress to the membrane plus bending stress.

ratio of the bending component of the shear stress to the membrane plus bending

component of the shear stress.
reduction in area.
computed remaining strength factor.

mid-surface radius of curvature of region 1 where the local primary membrane stress
exceeds 1.1S.
mid-surface radius of curvature of region 2 where the local primary membrane stress
exceeds 1.1S .

194


https://asmenormdoc.com/api2/?name=ASME PTB-1 2014.pdf

PTB-1-2014

S allowable stress based on the material of construction and design temperature.

S, alternating stress obtained from a fatigue curve for the specified number of operating
cycles.

S, stress amplitude from the applicable design fatigue curve (see Annex 3-F, paragraph
3.F.1.2) evaluated at 1E6 cycles.

S,k value of alternating stress obtained from the applicable design fatigue curve for the
specified number of cycles of the k" cycle.

el n m alant ok e Lith 1

ualt,k GILUIIIGLIIIH U\.{UIVOICIIL LQUTCOoO TUT UT1TC 7TV UyUIU-

S, (N) stress amplitude from the applicable design fatigue curve (see Annex 3-F,paragraph
3.F.1.2) evaluated at N cycles.

Su(NAP) stress amplitude from the applicable design fatigue curve (see Annex,3-F, paragraph
3.F.1.2) evaluated at N,, cycles.

Sa (NAS) stress amplitude from the applicable design fatigue curve (seevAnnex 3-F, paragraph
3.F.1.2) evaluated at N, cycles.

Sa (NATN) stress amplitude from the applicable design fatigue curve (see Annex 3-F, paragraph
3.F.1.2) evaluated at N,,, cycles.

S, (NATM) stress amplitude from the applicable design-fatigue curve (see Annex 3-F, paragraph
3.F.1.2) evaluated at N,,, cycles.

S, (NATR) stress amplitude from the applicable design fatigue curve (see Annex 3-F, paragraph
3.F.1.2) evaluated at N,,, cycles.

S epete average of the .S values forthe material at the highest and lowest temperatures dpring
the operational cycle.

S, computed equivalent stress.

Sy the allowable limit on the local primary membrane and local primary membrane| plus
bending stress’computed as the maximum value of: 1.5S or Sy , except the value of
1.5S shalh be used when the ratio of the minimum specified thensile strength tp the
ultimate' yield strength exceeds 0.70 or the value of S is govered by time-depednent
properties.

Sps allowable primary plus secondary stress evaluated using Part 5, paragraph 5.5.6.1.d
at the design temperature.

SQ allowable limit on the secondary stress range.

S, snow load.

Sy III;II;IIIUIII apcbiﬁcd ylc=d Dtlclluth at thc dcbiull tclllpclatwc.

L

Sy specified plastic limit for limit-load analysis.

Sv,cme average of the values for the material at the highest and lowest temperatures during
the operational cycle.

Sy’k yield strength of the material evaluated at the mean temperature of the kth cycle.

S true stress.

t

195


https://asmenormdoc.com/api2/?name=ASME PTB-1 2014.pdf

PTB-1-2014

material constant.
bending stress.
von Mises stress.
structural stress.

are the principal stress components.

von Mises stress for the kth loading condition.

ndan,k

ink

qR Sq“‘ @qu 'nqN

)
S

3

m T
o

stress tensor at the point under evaluation for the K cycle at the m point.
maximum stress in the k" cycle.
mean stress in the k[h cycle.

minimum stress in the kth cycle.

normal stress in the x-direction.

principal stress in the 1-direction.

principal stress in the 2-direction.

principal stress in the 3-direction.

principal stress in the 1-direction for the kth loading condition.

principal stress in the 2-direction for the k" loading condition.

principal stress in the 3-direction for the kth loading condition.
far-field structural stress defined with respect to the entire thickness.
far-field structural bending stress defined with respect to the entire thickness.

far-field structural membrane’stress defined with respect to the entire thickness.

far-field stress.

stress tensor due to local thermal stress at the location and time point under evaluation

for the kth cycle.

stress ténsor at the point under evaluation for the k" cycle at the m point.
stress tensor at the point under evaluation for the kth cycle at the n point.

Iocal thermal stress tensor range at the point under evaluation for the k" cycle at th

%4

m point.

local thermal stress tensor range at the point under evaluation for the k" cycle at th

1%

m,k

n point.

elastically calculated bending stress at the point under evaluation for the kth cycle at
the m point.

elastically calculated bending stress at the point under evaluation for the kth cycle at
the n point.

elastically calculated membrane stress at the point under evaluation for the kth cycle
at the m point.
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”G;,k elastically calculated membrane stress at the point under evaluation for the k" cycle
at the n point.

t minimum wall thickness in the region under consideration, or the thickness of the
vessel, as applicable.

s structural stress effective thickness.

z, minimum wall thickness associated with R,.

t, minimum wall thickness associated with R, .

o1 fime "7 inthe kK~ cycle.

"t time "t in the k" cycle.

7 temperature, or self-restraining forces or thermal wind load.

T,. maximum temperature.

T triaxiality factor.

T, in-plane shear styress.

T, out-of-plane shear stress

mTZ,k elastically calculated bending component of shear stress distribution at the point ynder
evaluation for the kth cycle at the m point.

nT;,k elastically calculated bending component.ofishear stress distribution at the point ynder
evaluation for the kth cycle at the n point.

m’l';,,k elastically calculated membrane-component of shear stress distribution at the point
under evaluation for the k[h cycle at the m point.

nT:,,k elastically calculated miembrane component of shear stress distribution at the point
under evaluation:for the k" cycle at the n point.

UTs minimum spécified ultimate tensile strength at room temperature.

w required with’ of attachment.

w wind load.

w, windoad for the pressure test.

X maximum general primary membrane stress divided by the yield strength.

Ys minimum specified yield strength at room temperature.

Y, stress intensity factor coefficient.

Y, stress intensity factor coefficient.
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5.16 Criteria and Commentary
Figure 5-1: (VIIl-2 Table 5.1) — Loads And Load Cases To Be Considered In A Design

Loading Condition

Design Loads

Pressure Testing a) Dead load of component plus insulation, fireproofing, installed
internals, platforms and other equipment supported from the
component in the installed position.

b) Piping loads including pressure thrust

c) Applicable live loads excluding vibration and maintenance live
loads.

d) Pressure and fluid loads (water) for testing and flushing
equipment and piping unless a pneumatic test is specified.

e) Wind loads

Norfal Operation a) Dead load of component plus insulation, refractofy, fireproofing,
installed internals, catalyst, packing, platforms and other
equipment supported from the component/in the installed
position.

b) Piping loads including pressure thrust

c) Applicable live loads.

d) Pressure and fluid loading during‘hormal operation.
e) Thermal loads.

N | O " | a) Dead load of componentplus insulation, refractory, fireproofing,

Oornq | peration pfs installed internals, catalyst, packing, platforms and other

cgasiona (note: equipment supported® from the component in the installed

occasional loads are usually o

. position.

governed by wind and o ) .

earthquake; however, other b) Piping loads ineluding pressure thrust

load types such as snow and | ¢) Applicable live loads.

ice loads may govern, see | d) Pressuré-and fluid loading during normal operation.

ASQE-7) e) Thermal loads.

f) _Wind, earthquake or other occasional loads, whichever is
greater.
@)/ Loads due to wave action

Abnormal or Start-up)| @) Dead load of component plus insulation, refractory, fireproofing,

Opgration plus Occasional installed internals, catalyst, packing, platforms and other

(seg note above) equipment supported from the component in the installed
position.

b) Piping loads including pressure thrust

c) Applicable live loads.

d) Pressure and fluid loading associated with the abnormal or start-
up conditions.

a) Tharmal laade

e)—TFhermaHeads:

f)  Wind loads.
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Figure 5-2: (VIlI-2 Table 5.2) — Load Descriptions

Design Load Parameter Description
P Internal and external specified design pressure
P Static head from liquid or bulk materials (e.g. catalyst)

Dead weight of the vessel, contents, and appurtenances at the location
of interest, including the following:

o Weight of vessel including internals, supports (e.g. skirts, lugs,
saddles, and legs), and appurtenances (e.g. platforms, ladders,

D etc.)
e Weight of vessel contents under operating and test conditions

e Refractory linings, insulation

e Static reactions from the weight of attached equipment, such as|
motors, machinery, other vessels, and piping

e Appurtenance Live loading
o Effects of fluid momentum, steady state and transient

h

Earthquake loads (see ASCE 7 for the=specific definition off the
earthquake load, as applicable)

S| &

Wind Loads

Is the pressure test wind load case.vThe design wind speed for this case
shall be specified by the user

o

S Snow Loads

@

Is the self-restraining” load case (i.e. thermal loads, applied
displacements). This;foad case does not typically affect the collapse |oad,
7 but should be considered in cases where elastic follow-up causes
stresses that.do not relax sufficiently to redistribute the load without
excessive deformation.
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Figure 5-3: (VIII-2 Table 5.3) — Load Case Combinations and Allowable Stresses for an Elastic

Analysis
Design Load Combination (1) Allowable Stress
1) P+P+D
2) P+P+D+L
3) P+P+D+L+T
H PrE+DS, Determined based o
5)  0.6D+(0.6 or 0.7E) (2) ;ﬂﬁﬁgrﬁsﬁlgj::%o%
6) 09P+P +D+(0.6W or 0.7E)
7)  09P+P +D+0.75(L+T)+0.758,
8) 0.9P+P +D+0.75(0.6W or 0.7E)+0.75L+0.758,
Notgs:

a) | The parameters used in the Design Load Combination column are defined in Figure 5-2.

b) | This load combination addresses an overturning condition for foundation design. It does not
apply to design of anchorage (if any) to the foundation.“Refer to ASCE/SEI 7-10, 2.4.1 Exception|
2 for an additional reduction to W that may be applicable..

c) |Loads listed herein shall be considered to act.if’the combinations described above; whichever
produces the most unfavorable effect in the.component being considered. Effects of one or more
loads not acting shall be considered.
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Figure 5-4: (VIlI-2 Table 5.4) — Load Case Combinations and Load Factors for a Limit Load
Analysis

Design Conditions

Criteria Required Factored Load Combinations

9) 1.5(P-|-PS +D)
10) 1.3(P+P+D+T)+1.7L+0.54S,

Global Criteria 11y 13(P+P +D)+1.7S, +(L.1L or 0.54)
12) 1.3(P+P.+D)+1L.IW+1.1L+0.54S,
13) 13(P+P +D)+L1E+1.1L+0.21S,

Local Criteria Per Figure 5-5

Serviceability Criteria Per User’s Design Specification, if applicablé;sée Figure 5-5

Hydrostatic Test Conditions

Global Criteria ma){l.43, 1.25 [%J}(PJFPS +D)+Wpt

Serviceability Criteria Per User’s Design Specification, if applicable.

Pneumatic Test Conditions

S
Global Criteria l.ls(lj-(P+P +D)+W,

S ’ g
Serviceability Criteria Per User's.Design Specification, if applicable.
Notes:

[1]1 The parameters used in the\Design Load Combination column are defined in Figure 5-2.
See Part 5, paragraph 5.2.3.4)for descriptions of global and serviceability criteria.
S is the allowable membrane stress at the design temperature.

S, is the allowable membrane stress at the pressure test temperature.

Loads listed herein shall be considered to act in the combinations described above; whichrIver
produces the mest unfavorable effect in the component being considered. Effects of one or npore
loads not acting shall be considered.
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Figure 5-5: (VIII-2 Table 5.5) — Load Case Combinations and Load Factors for an Elastic-Plastic
Analysis

Design Conditions

Criteria Required Factored Load Combinations

14) 2.4(P+PS +D)

o7

16y 2 PP DTV L2 7140868
Global Criteria 16) 2.1(P+P +D)+2.7S, +(1.7L or 0.86W7)
17) 2.1(P+P.+D)+1.7W +1.7L+0.86S,
18) 2.1(P+P +D)+1.7E+1.7L+0.34S,

Local Criteria 1.7(P+ PS + D)

Per User's Design Specification, if applicable, see Part 5, paragraph

Seryiceability Criteria 5243

Hydrostatic Test Conditions

Global and  Local S
Crithria max {2.3, 2.()[?)](P+Ps +D)+ w,

Seryiceability Criteria Per User’s Design Specification, if applicable.

Pneumatic Test Conditions

Global and Local Sr
Critgria 1'8(?)(13-”1 +D)+Wpt

Seryiceability Critefia Per User’s Design Specification, if applicable.

Notes:

[1] |The parameters used in the Design Load Combination column are defined in Figure 5-2.
See Part'b, paragraph 5.2.4.3 for descriptions of global and serviceability criteria.

S ig_the allowable membrane stress at the design temperature.

S, is the allowable membrane stress at the pressure test temperature.

Loads listed herein shall be considered to act in the combinations described above; whichever
produces the most unfavorable effect in the component being considered. Effects of one or more
loads not acting shall be considered.
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Vessel Location Origin of Stress Type of Stress Classification
Component
General
Internal pressure membrane Fy
Shell plate remote P Gradient through 0
i frct)_m . plate thickness
scontinuities
! tha Axial thermal Membrane 0
gradient Bending 0
Net-section axial
A"llf Z"_'e" force and/or Local membrane P,
li |r(|’c uding Near nozzle or bending moment Bending
cylinders, cones, other opening applied to the Peak (fillet or 0
spheres and
f d head nozzle, and/or corner) F
ormed heads internal pressure
Temperature
Any location difference between MBe mt;fa”e 0
shell and head encing 0
Shell distortions
such as out-of- Membrane P "
Internal pressure .
roundness and Bending 0
dents
Membrane stress
averaged through
the thickness,
remote from p
Net-section axial discontinuities; m
foree, bending stress component
Any section across | /moment applied to perpendicular to
Cvlindrical or entire vessel the cylinder or cross section
yrll. I'c?‘ CI)I cone, and/or Bending stress
conical she internal pressure through the
thickness; stress P
component b
perpendicular to
Cross section
Junction with head Membrane PL
Internal pressure .
or flange Bending 0
Membrane I m
Crown Internal pressure Bendi
Dished-head or ending F,
conical head . . P
Knuckle or junction Membrane 1 [note [1)]
Internal pressure .
to shell Bending 0
. Membrane I m
Center region Internal pressure .
Bending pb
Flat head
P
Junction to shell Internal pressure Membljane L
Bending 0 [note (2)]
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Vessel Location Origin of Stress Type of Stress Classification
Component
Membrane P
(averaged through
cross section)
L . Bending (averaged
Typical ligament in Pressure through width of F,
a uniform pattern ligament., but
Perforated head . "
I gradient through
—orshe plate)
Peak F
Isolated toical Membrane 0
sola l? or atypica Pressure Bending F
gament
Peak F
General
Pressure and membrane Pm
Within the limits of external Ic_)ads and Bending (ather
reinforcement moments |.nclud|ng than,grass
iven by Part 4 those attributable structural
9 i ry h 4 5’ to restrained free discontinuity
paragraph <. end displacements stresses)
of attached piping |. averaged through Bn
nozzle thickness
Pressure and
external axial
shear,.and
torsional loads General
excluding those Membrane P
attributable to
restrained free end
displacements of
attached piping
Nozzle Outside the limits Pressure and
(see paragraph of reinforeement | oyternal loads and
5.6) given by Part 4, moments,
paragraph 4.5 excluding those Membrane )
attributable to Bending P
restrained free end b
displacements of
attached piping
Pressure and all Membrane P
external loads and Bending 0
moments Peak F
Membrane PL
Gross structural Bending
discontinuities 0
Peak F
Nozzle wall
) ) Membrane 0
Dlﬁereqtlal Bending 0
expansion
Peak F
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Vessel Location Origin of Stress Type of Stress Classification
Component

Cladding Any Differential Membrane F
expansion Bending F

. Equivalent linear
Radial stress [note (4)] 0

Any Any . tempe_rature Nonlinear portion

distribution [note
3)] pf s_tres_s F
distribution
Stress
Any Any Any concentration F
(notch effect)
Notes:

[1] Consideration shall be given to the possibility of wrinkling and excessive deformation in vessels

with large diameter-to-thickness ratio.

If the bending moment at the edge is required to maintain the bending stress in the center refion

within acceptable limits, the edge bending is classified as F), ; otherwise, itis classified as (.

Consider possibility of thermal stress ratchet.
Equivalent linear stress is defined as the linear stress distribution that has the same net benfing

moment as the actual stress distribution.
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Figure 5-7: (VIIl-2 Table 5.7) — Uniaxial Strain Limit for use in Multiaxial Strain Limit Criterion

. &;, Uniaxial Strain Limit (1), (2), (3)
Material Maximum a
Temperature . Elongation Reduction of st
2 Specified Area Specified
[ E ] [ 100 ]
Ferritic Steel | 480°C (900°F) |  0.60(1.00-R) 2-In| 1+— In| ———— 2.2
100 | | 100—RA |
Stainless - £ © 100
Steel and o o _ ) e
Nickel Base | 480°C (900°F) | 0.75(1.00-R) | 3-In 1+100 In Y 06
Alloys - - 7
Quplex K E | 1000 7
Stainless | 480°C (900°F) | 0.70(0.95-R) | 2-In|1+— In| —— 2.2
Steel 100 | | LOO~RA |
E <7100 ]
SURRr AIOYS | 480°c (900°F) | 1.90(0.93-R) | In|l+——| |dn|——| | 22
(4) 100 | 100—RA |
E [ 100 ]
Algminum | 120°C (250°F) | 0.52(0.98-R) | 1.3-In{1¢—| | In| ——— 2.2
100 | 100— R4 |
E [ 100 ]
Qopper 65°C (150°F) 0.50(1.00-R) 2-ln[l+—} In| —— 2.2
100 | 100—RA |
Titanium E 100
and 260°C (500°F) 0.50(0.98—R) 1.3'1n{1+—} In| ——— 22
Zillconium 100 1 100—-RA4 |
Notgs:
[1] |f the elongation and reductiontin area are not specified, then &;, =m, . If the elongation of
reduction in area is specified;then &;,, is the maximum number computed from columns 3, 4 on
5, as applicable.
R i$ the ratio of the specified minimum vyield strength divided by the specified minimum tensile
strepgth.
E i3 the % elongation and RA is the % reduction in area determined from the applicable material
spegification.
Pregipitation hardening austenitic alloys

206



https://asmenormdoc.com/api2/?name=ASME PTB-1 2014.pdf

PTB-1-2014

Figure 5-8: (VIIl-2 Table 5.8) — Temperature Factors For Fatigue Screening Criteria

Metal temperature Differential Temperature Factor For Fatigue
°C oF Screening Criteria

28 or less 50 or less 0
29 to 56 51to 100 1
57 to 83 101 to 150 2
84 to 139 151 to 250 4
140 to 194 251 to 350 8
195 to 250 351 to 450 12
Greater than 250 Greater than 450 20

Notes:

be used.

differentials for the following number of thermal cycles.

[1] If the weld metal temperature differential is unknown or cannot be establishied, a value of 20 shall

As an example illustrating the use of this table, consider a componentssubject to metal tempergture

Temperature Differential Temperature Factor Baséd Number Of Thermal
On Temperature Differential Cycles
28 °C (50 °F) 0 1000
50 °C (90 °F) 1 250
222 °C (400 °F) 12 5

N,y =1000(0)+250(1)+5(12) =310 cycles

The effective number of thermal cycles due\to changes in metal temperature is:
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Figure 5-9: (VIIl-2 Table 5.9) — Fatigue Screening Criteria For Method A

Description Acceptance Criterion
g | s s nozzes i KNGS |,y N g+ Ny, <350
Construction | A other componznftlzwat do not contain Nop+Nypp + Ny + Ny, <1000
Attachments and nozzles in the knuckle Ny +NAP0 +N +NAM <60

Non-integral

region of formed heads

construction

All other components that do not contain
a flaw

Nyp+Nypo+ N,y + Ny, <400

Figure 5-10: (VIIl-2 Table 5.10) — Fatigue Screening Criteria Factors For Method B

Description C C,
Attachments and nozzles in the knuckle 4 27
Integral region of formed heads ]
Canstruction
All other components 3 2
) Attachments and nozzles in the knuckle 53 36
Ngn-integral region of formed heads ' '
construction
All other components 4 2.7

Figure 5-11: (VIIl-2 Table 5.11) — Weld Surface Fatigue-Strength-Reduction Factors

Weld Surface Quality Levels (see Figure 5-12)
Clondition Condition 1 2 3 4 5 6 7
Full Machined 1.0 1.5 1.5 2.0 25 3.0 4.0
pegnetration | Aq \velded 1.2 1.6 1.7 2.0 25 3.0 4.0
Final Surfage |\ A 15 15 2.0 25 3.0 40
Machined
Partial )
Pdnetration | HnalSurface |, 16 17 2.0 25 3.0 40
As-welded
Root NA NA NA NA NA NA 4.0
Toe NA NA 15 NA 25 3.0 4.0
machined
rillet 08 as- NA NA 17 NA 25 3.0 4.0
welded
Root NA NA NA NA NA NA 4.0
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Figure 5-12: (VIlI-2 Table 5.12)- Quality Levels for Weld Surface Fatigue-Strength-Reduction

Factors
Fatigue-Strength- .
Reduction Quality Definition
Level
Factor
Machined or ground weld that receives a full volumetric
1.0 1 examination, and a surface that receives MT/PT
examination and a VT examination.
As-welded weld that receives a full volumetric
1.2 1 examination, and a surface that receives MT/PT and VT
examination
Machined or ground weld that receives/,a partial
1.5 2 volumetric examination, and a surface that recgives
MT/PT examination and VT examinatioh
As-welded weld that receives, a¢ partial volumetric
1.6 2 examination, and a surface that.receives MT/PT and VT
examination
Machined or ground weld ‘surface that receives M|I/PT
1.5 3 examination and a VT examination (visual), but the weld
receives no volumetric-examination inspection
As-welded or greund weld surface that receives M[I/PT
1.7 3 examination and a VT examination (visual), but the weld
receives no volumetric examination inspection
Weld hasreceived a partial or full volumetric examingtion,
2.0 4 and the ‘surface has received VT examination, byt no
MT/BT examination
25 5 VT examination only of the surface; no volumetric
' examination nor MT/PT examination.
3.0 6 Volumetric examination only
4.0 7 Weld backsides that are non-definable and/or receie no

examination.

Notes:

[11 Volumetric examination'is RT or UT in accordance with Part 7.
MT/PT examination js.magnetic particle or liquid penetrant examination in accordance with Part|7
VT examination is-visual examination in accordance with Part 7.
See WRC Bulletin432 for further information.
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Figure 5-13: (VIIl-2 Table 5.13) — Fatigue Penalty Factors For Fatigue Analysis

Material ko T @)
m n (°C) (°F)
Low alloy steel 2.0 0.2 371 700
Martensitic stainless steel 2.0 0.2 371 700
Carbon steel 3.0 0.2 371 700
Austenitic stainless steel 1.7 0.3 427 800
Nickel-chromium-iron 1.7 0.3 427 800
Nickel-copper 1.7 0.3 427 800

Nptes:
1] Fatigue penalty factor

[

The fatigue penalty factor should only be used if all of the following are satisfied:

The component is not subject to thermal ratcheting, and

The maximum temperature in the cycle is within the value in the table for the material.

Figure 5-14: (VIII-2 Table 3.F.1) - Coefficients for Fatigue Curve 110.1 — Carbon, Low Alloy,

Series 4XX, High Alloy Steels, And High Tensile Strength Steels For Temperatures not
Exceeding 371 °C (700°F)

o, <552 MPA (80ksi)

Coefficients 48<§, < 214(MPa) 214<§, < 3999(MPa)

¢ 7<8, <31(ksi) 31<S, <580 (ksi)
1 2.254510E+00 7.999502E+00
2 -4'642236E-01 5.832491E-02
3 -8.312745E-01 1.500851E-01
4 8.634660E-02 1.273659E-04
5 2.020834E-01 -5.263661E-05
6 -6.940535E-03 0.0

7 -2.079726E-02 0.0

8 2.010235E-04 0.0

9 7.137717E-04 0.0

10 0.0 0.0

11 0.0 0.0

Note: E.=195E3 MPa (28.3E3 ksi)
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Figure 5-15: (VIII-2 Table 3.F.10) — Data for Fatigue Curves in Part 3, Tables 3.F.1 through 3.F.9

Fatigue Curve Table (1)

Number of
3.F4 3.F4 3.F4
Cycles 3.F1 3.F.2 3.F.3
Curve A Curve B Curve C
1E1 580 420 708
2E1 410 320 512
5E+1 275 230 345
1E2 205 175 261
2E2 155 135 201
5E2 105 100 148
8.5E2 (2) -— -
1E3 83 78 119
2E3 64 62 97
5E3 48 49 76
1E4 38 38 64 —~
1.2E4 (2) - 43
2E4 31 36 55.5
5E4 23 29 46.3
1E5 20 26 40.8
2E5 16.5 24 359
5E5 13.5 22 31.0
1E6 12.5 20 28.3 28.2 28.2 28.2
2E6 - - 26.9 22.8 22.8
5E6 - s 25.7 19.8 18.4
1E7 11.1 17.8 25.1 18.5 16.4
2E7 - 24.7 17.7 15.2
SE7 -4 24.3 17.2 14.3
1E8 9.9 15.9 241 17.0 14.
1E9 8.8 14.2 23.9 16.8 13.9
1E10 7.9 12.6 23.8 16.6 13.7
1E1] 7.0 11.2 23.7 16.5 13.6
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Figure 5-16: (VIII-2 Table 3.F.10) — Continued

Number of Fatigue Curve Table (1)
Cycles 3.F.5 3.F.6 3.F.7 3.F.8 3.F9(3) 3.F.9 (4)
1E1 260 260 260 708 1150 1150
2E1 190 190 190 512 760 760
5E1 125 125 125 345 450 450
1E2 95 95 95 261 320 300
2EZ 73 73 73 2071 2725 205
5E2 52 52 52 148 143 122
8BE2 (2) - 46
1E3 44 44 39 119 100 81
2E3 36 36 24.5 97 71 55
5E3 28.5 28.5 15.5 76 45 33
1E4 24.5 24.5 12 64 34 22.5
1PE4 (2) -
2E4 21 19.5 9.6 56 27 15
5E4 17 15 7.7 46-3 22 10.5
1E5 15 13 6.7 40.8 19 8.4
2E5 13.5 11.5 6 35.9 17 7.1
5E5 12.5 9.5 5.2 26.0 15 6
1E6 12.0 9.0 5 20.7 13.5 5.3
2E6 - 18.7
5E6 - 17.0
1E7 - 16.2
2E7 - 15.7
5E7 ~ 15.3
1E8 - 15
1E9 -
1E10 -
1E11 -
Notes:
[1] |Fatigue data are stress amplitude in ksi.
These data‘are included to provide accurate representation of the fatigue curves at branches or cusps
Makximum Nominal Stress (MNS) less than or equal to 2.7Sm
Maximum Nominal Stress (I\/INQ) less than or nqunl t0. 3Sm
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Figure 5-17: (VIIl-2 Table 3.F.11) — Coefficients for the Welded Joint Fatigue Curves

Ferritic and Stainless Steels Aluminum
Statistical Basis C I C I

Mean Curve 1408.7 0.31950 247.04 0.27712

Upper 68% Prediction Interval
(—10‘) 1688.3 0.31950 303.45 0.27712

Lower 68% Prediction Interval
(_10_) 1175.4 0.31950 201.12 0.27712

Upper 95% Prediction Interval
(_20_) 2023.4 0.31950 372.73 027712

Lower 95% Prediction Interval
(_20_) 980.8 0.31950 163.73 0.27712

Upper 99% Prediction Interval
(_30) 24249 0.31950 457.84 0.27712

Lower 99% Prediction Interval
(_30) 818.3 0.31950 133.29 0.27712

Note: In US Customary Units, the equivalent structural stress range parameter, ASm,,k, in Part 3,

paragraph 3.F.2.2 and the structural stress effective thickness, 7, , defined in Part 5, paragraph $.5.5

oS 2-my)/2m, .
are in ksz/ (lnCheS)( )2 ond inches , respectively. The parameter 71,

N

is defined in Part 5,
paragraph 5.5.5.

213



https://asmenormdoc.com/api2/?name=ASME PTB-1 2014.pdf

PTB-1-2014

Figure 5-18: Comparison of Fatigue Analysis Methods

Methods 1 & 2 (ASME Smooth Bar)

Method 3 (Battelle)

Driving Force — Stress Measure:

e Peak stress intensity from FEA continuum
model

Method 1: peak elastic stress directly from
analysis or derived from linearized
membrane and bending stress intensity

Driving Force — Stress measure:

Membrane and bending stress normal to
assumed defect orientation derived from
nodal forces

Stress linearization to computed structural
stress is Mesh-insensitive and applicable for

against which a FSRF, Ky, is applied

¢ |Method 2: equivalent elastic stress from
total strains, i.e. elastic plus plastic strains

e |Stress linearization can be mesh sensitive,
e.g., coarse mesh or 3D geometries

e |Fatigue penalty factor in terms of Ke for
plasticity correction

e |Poisson's adjustment in terms of Ky
¢ |Mean stress adjustment in fatigue curve

o |Multi-axial effects accounted for using
stress intensity or equivalent stress

e |Fatigue improvement, must use Ks
¢ |Weld toe defect correction, must use K

both 2D, 3D and shell/solid models
Neuber’s method for plasticity correction
Poisson's adjustment for biaxial loading
Mean stress adjustment in term{of/R-ratio
Multi-axial effects considered

Fatigue improvement factor,explicitly
included

Weld toe defect correction available

Registance — Design Fatigue Curve:

¢ [Mean stress adjustment included in the
fatigue curve

e [Implicit margins applied to smooth bar mean | e

curve (2 on stress and 20 on cycles) to
cover:

=  Scatter
=  Size effects
=  Surface condition & Environment

Resistance — Design fatigue curve:

Mean stress adjustment: included in
structural stress driving force formulation

Explicit margins provided to welded joint
fatigue curves

= Scatter: characterized by statisticq
measure of a large amount of actual weld
S-N air data

=  Size effects: included in structural stres$
driving force formulation

=  Environment (fE): notincluded in fatigue
data scatter, explicit factor (e.g., 4) i$
applied

= Fatigue Improvement (fl)

Implicit margins, contained in fatigue scatter
band

= Surface condition including local notcT

effects

=  Welding effects
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Figure 5-19: Comparison of Method 1 and Method 3 Fatigue Analysis Results

Membrane +

Stress Normal to SCL

Allowable Cycles

Component Bending
) Stress Membrane | Membrane+ | yothod 1 Method 3
Location Intensit . Bending
y (psi) . (W/FSRF=2) | (Battelle JIP)
(psi) (psi)
Dome
Stress Line 32,910 22,366 25,135 13,600 8,824
Dome
Stress Line 24,527 23,831 24,933 34,800 13,281
“B”
Nozzle N1
Stress Line 37,021 23,575 29,642 9,230 9,931
“C”
Nozzle N1
Stress Line 25,276 26,172 26,777 31,800 10,62(
“D”
Boot
Stress Line 34,678 29,525 33,139 11,400 5,465
“E”
Boot
Stress Line 35,427 25,986 36,293 10,600 2,882
“F”
Manway MH
Stress Line 39,656 25;363 27,328 7,500 8,415
“G!!
Manway MH
Stress Line 24,355 27,300 29,149 35,600 7,225
“H”
Shell 22,464 21,028 21,514 45,600 21,071
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5.17 Criteria and Commentary Figures

Figure 5-20: Comparison of Failure Theories by Lode
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Figure 5-21: Comparison of Failure Theories by Taylor and Quincy
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Figure 5-22: (VIlI-2 Figure 5.1) — Depiction of Stress Categories and Limits of Equivalent Stress
Using the Hopper Diagram

o T ey 1 secordary T
| Prima
| Stress | ry Secondary |
| Category "~ General |~ T Tloeal T T | Membrane 1 Peak
I i us Bendin
| | Membrane | Membrane | Bending | P g |
—— S R P e oo
: Description| Average primary : Average stress : Component of | Self-equilibratin 1 1. Increment
| (for | stress across | across any solid | primary stress | Sel-eq "9 | addedto
: xamples, | solid section. " section. | Proportional to | {’0 ‘S’;E’Isf“‘é‘(’)‘;‘;;_’ | primary or
| [Table | Excludes dis- | Considers dis- | distance from uity of s%/ructure | secondarny.
| I continuities and : continuities but : centroid of solid : Oc}::urs at SiruG. : stress.bya
: | concentrations. | hot concentra- | section. ! tural discontinui- ! concentration
| I Produced only | tions. Produced | Excludes dis- | ties. Can be | (notch).
: : by mechanical : only by mech- : continuities and : cau.sed b : 2.°Certain ther-
| | loads. | anical loads. | concentrations. | mechanic);I load or{! mal stresses

I I I I I i
: | | | Eroduccra]d qnl;; I by differential | which 'fn?.y
| | | | by mechanica | »&"|  cause fatigue

| I | loads thermal expaRgpn. I but not distor-
: | | | : | Excludes Ideal | fion of vessel
I : I I I stress : shape
: | : : | concentrations. | pe.

| | | | |
F—————ﬂ —————————— - T—————————= TN ——————-— t———— === -
| ymbol | Pm | P | Py _IL Q J_ F

v >

Y
P|_+Pb+Q‘

I ‘

» P.+P, PL+P,+Q+F

Use Design Conditions

Use Operating Conditions
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Figure 5-23: True Stress True Strain Relations at Large Strains for Combinations of Yield and
Tensile Strength Indicated in the Legend in US Customary Units
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Figure 5-24: Engineering Stress-Strain Plots Indicating the Locus of Ultimate Tensile
Strengths Occurring where the True Strain‘Equals the Strain Hardening Coefficient for the
Combinations of Yield and Tensile Strengths Shown in the Legend in US Customary Units
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Figure 5-25: Effect of Triaxiality on the Relative Fracture Strain for Steels of Various Strain
Hardening Coefficients Indicated in the Legend
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Figure 5-26: Buckling Behavior of Shell Components

Type 1 Buckling Load
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Figure 5-27: Smooth Bar Fatigue Curve in VIII-2 for Carbon, Low Alloy, Series 4XX, High Alloy
Steels, and High Tensile Strength Steels
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Figure 5-28: Weld Toe Dressing by Burr Grinding
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Figure 5-29: Vessel Used for Fatigue Analysis Example, ﬂ'@s Classification Lines are Shown
and are Labeled A thl@g H
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