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INTERPRETATIONS

Interpretations are issued in real time in ASME’s Interpretations Database at http://go.asme.org/Interpretations. His-
torical BPVC interpretations may also be found in the Database.

CODE CASES

The Boiler and Pressure Vessel Code committees meet regularly to consider proposed additions and revisions to the
Code and to formulate Cases to clarify the intent of existing requirements or provide, when the need is urgent, rules for
materials or constructions not covered by existing Code rules. Those Cases that have been adopted will appear in the
appropriate 2019 Code Cases book: “Boilers and Pressure Vessels” or “Nuclear Components.” Each Code Casesbook
is updated with seven Supplements. Supplements will be sent or made available automatically to the purchasers of
the Code Cases books up to the publication of the 2021 Code. Code Case users can check the current status 6fiany Code
Case at http://go.asme.org/BPVCCDatabase. Code Case users can also view an index of the complete list of Boiler and
Pressure Vessel Code Cases and Nuclear Code Cases at http://go.asme.org/BPVCC.
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FOREWORD"

In 1911, The American Society of Mechanical Engineers established the Boiler and Pressure Vessel Committee‘to for-
mulate standard rules for the construction of steam boilers and other pressure vessels. In 2009, the Boiler and, Pressure
Vessel Committee was superseded by the following committees:

(a) Committee on Power Boilers (I)

(b) Committee on Materials (II)

(c) Committee on Construction of Nuclear Facility Components (III)

(d) Committee on Heating Boilers (IV)

(e) Committee on Nondestructive Examination (V)

(f) Committee on Pressure Vessels (VIII)

(g) Committee on Welding, Brazing, and Fusing (IX)

(h) Committee on Fiber-Reinforced Plastic Pressure Vessels (X)

(i) Committee on Nuclear Inservice Inspection (XI)

(j) Committee on Transport Tanks (XII)

(k) Technical Oversight Management Committee (TOMC)

Where reference is made to “the Committee” in this Foreword, each of these committees is included individually and
collectively.

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

This Code contains mandatory requirements, specific prohibitions, and nonmandatory guidance for construction ac-
tivities and inserviCe'inspection and testing activities. The Code does not address all aspects of these activities and those
aspects that are not specifically addressed should not be considered prohibited. The Code is not a handbook and cannot
replace education, experience, and the use of engineering judgment. The phrase engineering judgment refers to technical
judgments.made by knowledgeable engineers experienced in the application of the Code. Engineering judgments must
be consistent with Code philosophy, and such judgments must never be used to overrule mandatory requirements or
specifi¢ prohibitions of the Code.

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

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

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

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

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

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

;regular intervals in Editions of the Code.

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

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

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

XXXVi
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STATEMENT OF POLICY ON THE USE OF THE ASME SINGLE
CERTIFICATION MARK AND CODE AUTHORIZATION IN
ADVERTISING

ASME has established procedures to authorize qualified organizations to perform various activities in“accordance
with the requirements of the ASME Boiler and Pressure Vessel Code. It is the aim of the Society to proyide recognition
of organizations so authorized. An organization holding authorization to perform various activities in"accordance with
the requirements of the Code may state this capability in its advertising literature.

Organizations that are authorized to use the ASME Single Certification Mark for marking itemis'or constructions that
have been constructed and inspected in compliance with the ASME Boiler and Pressure Ve§sel Code are issued Certifi-
cates of Authorization. It is the aim of the Society to maintain the standing of the ASME Single Certification Mark for the
benefit of the users, the enforcement jurisdictions, and the holders of the ASME Single\Gertification Mark who comply
with all requirements.

Based on these objectives, the following policy has been established on the usage in advertising of facsimiles of the
ASME Single Certification Mark, Certificates of Authorization, and reference to'CGode construction. The American Society
of Mechanical Engineers does not “approve,” “certify,” “rate,” or “endorse~any item, construction, or activity and there
shall be no statements or implications that might so indicate. An organization holding the ASME Single Certification Mark
and/or a Certificate of Authorization may state in advertising literatuke that items, constructions, or activities “are built
(produced or performed) or activities conducted in accordance with-the requirements of the ASME Boiler and Pressure
Vessel Code,” or “meet the requirements of the ASME Boiler andPressure Vessel Code.” An ASME corporate logo shall not
be used by any organization other than ASME.

The ASME Single Certification Mark shall be used only-for‘stamping and nameplates as specifically provided in the
Code. However, facsimiles may be used for the purpose”of fostering the use of such construction. Such usage may be
by an association or a society, or by a holder of the ASME Single Certification Mark who may also use the facsimile
in advertising to show that clearly specified items will carry the ASME Single Certification Mark.

» o«

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

The ASME Boiler and\Pressure Vessel Code provides rules for the construction of boilers, pressure vessels, and nuclear
components. This includes requirements for materials, design, fabrication, examination, inspection, and stamping. Items
constructed infaccordance with all of the applicable rules of the Code are identified with the ASME Single Certification
Mark described in the governing Section of the Code.

Markings'such as “ASME,” “ASME Standard,” or any other marking including “ASME” or the ASME Single Certification
Mark shall not be used on any item that is not constructed in accordance with all of the applicable requirements of the
Code.

Items shall not be described on ASME Data Report Forms nor on similar forms referring to ASME that tend to imply
that all Code requirements have been met when, in fact, they have not been. Data Report Forms covering items not fully
complying with ASME requirements should not refer to ASME or they should clearly identify all exceptions to the ASME
requirements.

XXXVii

Copyright ASME International (BPVC)


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.1 (ASME BPVC Section 8 Division 1) 2019.pdf

a9y SUBMITTAL OF TECHNICAL INQUIRIES TO THE BOILER AND
PRESSURE VESSEL STANDARDS COMMITTEES

1 INTRODUCTION

(a) The following information provides guidance to Code users for submitting technical inquiries to the applicable
Boiler and Pressure Vessel (BPV) Standards Committee (hereinafter referred to as the Committee). See thé’guidelines
on approval of new materials under the ASME Boiler and Pressure Vessel Code in Section I, Part D for requirements for
requests that involve adding new materials to the Code. See the guidelines on approval of new welding'and brazing ma-
terials in Section II, Part C for requirements for requests that involve adding new welding and brazing materials (“con-
sumables”) to the Code.

Technical inquiries can include requests for revisions or additions to the Code requirements, requests for Code Cases,
or requests for Code Interpretations, as described below:

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

(2) Code Cases. Code Cases represent alternatives or additions to existing Gode requirements. Code Cases are writ-
ten as a Question and Reply, and are usually intended to be incorporated into_the Code at a later date. When used, Code
Cases prescribe mandatory requirements in the same sense as the text ofthe Code. However, users are cautioned that
not all regulators, jurisdictions, or Owners automatically accept Code-Casés. The most common applications for Code
Cases are as follows:

(-a) to permit early implementation of an approved Code revision based on an urgent need
(-b) to permit use of a new material for Code construction
(-c) to gain experience with new materials or alternative requirements prior to incorporation directly into the
Code
(3) Code Interpretations
(-a) Code Interpretations provide clarification of the meaning of existing requirements in the Code and are pre-
sented in Inquiry and Reply format. Interpretations do not introduce new requirements.

: (-b) If existing Code text does not fully. convey the meaning that was intended, or conveys conflicting require-
ments, and revision of the requirements is’tequired to support the Interpretation, an Intent Interpretation will be issued
in parallel with a revision to the Code,

E(b] Code requirements, Code Casesyand Code Interpretations established by the Committee are not to be considered
as:approving, recommending, certifying, or endorsing any proprietary or specific design, or as limiting in any way the
freedom of manufacturers, constructors, or Owners to choose any method of design or any form of construction that
conforms to the Code requirements.

(c) Inquiries that do ngt comply with the following guidance or that do not provide sufficient information for the Com-
mittee’s full understanding may result in the request being returned to the Inquirer with no action.

2 INQUIRY'FORMAT

Submittals to the Committee should include the following information:
(@) Rurpose. Specify one of the following:
(1) request for revision of present Code requirements
(2) request for new or additional Code requirements
(3) request for Code Case
(4) request for Code Interpretation
(b) Background. The Inquirer should provide the information needed for the Committee’s understanding of the In-
quiry, being sure to include reference to the applicable Code Section, Division, Edition, Addenda (if applicable), para-
graphs, figures, and tables. Preferably, the Inquirer should provide a copy of, or relevant extracts from, the specific

referenced portions of the Code
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(c) Presentations. The Inquirer may desire to attend or be asked to attend a meeting of the Committee to make a for-
mal presentation or to answer questions from the Committee members with regard to the Inquiry. Attendance at a BPV
Standards Committee meeting shall be at the expense of the Inquirer. The Inquirer’s attendance or lack of attendance at
a meeting will not be used by the Committee as a basis for acceptance or rejection of the Inquiry by the Committee. How-
ever, if the Inquirer’s request is unclear, attendance by the Inquirer or a representative may be necessary for the Com-
mittee to understand the request sufficiently to be able to provide an Interpretation. If the Inquirer desires to make a
presentation at a Committee meeting, the Inquirer should provide advance notice to the Committee Secretary, to ensuré
time will be allotted for the presentation in the meeting agenda. The Inquirer should consider the need for additienal
audiovisual equipment that might not otherwise be provided by the Committee. With sufficient advance noticeto‘the
Committee Secretary, such equipment may be made available.

3 CODE REVISIONS OR ADDITIONS

Requests for Code revisions or additions should include the following information:

(a) Requested Revisions or Additions. For requested revisions, the Inquirer should identify those requirements of the
Code that they believe should be revised, and should submit a copy of, or relevant extracts frm,the appropriate require-
ments as they appear in the Code, marked up with the requested revision. For requested/additions to the Code, the In-
quirer should provide the recommended wording and should clearly indicate where they believe the additions should be
located in the Code requirements.

(b) Statement of Need. The Inquirer should provide a brief explanation of the need for the revision or addition.

(c) Background Information. The Inquirer should provide background information to support the revision or addition,
including any data or changes in technology that form the basis for the réquest, that will allow the Committee to ade-
quately evaluate the requested revision or addition. Sketches, tables, figures, and graphs should be submitted, as appro-
priate. The Inquirer should identify any pertinent portions of the Code-that would be affected by the revision or addition
and any portions of the Code that reference the requested revised or added paragraphs.

4 CODE CASES

Requests for Code Cases should be accompanied by¢a statement of need and background information similar to that
described in 3(b) and 3(c), respectively, for Code reyisions or additions. The urgency of the Code Case (e.g., project un-
derway or imminent, new procedure) should be’described. In addition, it is important that the request is in connection
with equipment that will bear the ASME Single Certification Mark, with the exception of Section XI applications. The pro-
posed Code Case should identify the Code Section and Division, and should be written as a Question and a Reply, in the
same format as existing Code Cases. Requests for Code Cases should also indicate the applicable Code Editions and Ad-
denda (if applicable) to which the requested Code Case applies.

5 CODE INTERPRETATIONS

(a) Requests for CodeInterpretations should be accompanied by the following information:

(1) Inquiry. TheInquirer should propose a condensed and precise Inquiry, omitting superfluous background infor-
mation and, when'possible, composing the Inquiry in such a way that a “yes” or a “no” Reply, with brief limitations or
conditions, if needed, can be provided by the Committee. The proposed question should be technically and editorially
correct.

(2)-Reply. The Inquirer should propose a Reply that clearly and concisely answers the proposed Inquiry question.
Preferably, the Reply should be “yes” or “no,” with brief limitations or conditions, if needed.

(3) Background Information. The Inquirer should provide any need or background information, such as described in
3(b) and 3(c), respectively, for Code revisions or additions, that will assist the Committee in understanding the proposed
Inquiry and Reply.

If the Inquirer believes a revision of the Code requirements would be helpful to support the Interpretation, the In-
quirer may propose such a revision for consideration by the Committee. In most cases, such a proposal is not necessary.

(b) Requests for Code Interpretations should be limited to an Interpretation of a particular requirement in the Code or
in a Code Case. Except with regard to interpreting a specific Code requirement, the Committee is not permitted to con-
sider consulting-type requests such as the following:

(1) a review of calculations, design drawings, welding qualifications, or descriptions of equipment or parts to de-

termine rnmplianr‘p with Code requirements
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(2) a request for assistance in performing any Code-prescribed functions relating to, but not limited to, material
selection, designs, calculations, fabrication, inspection, pressure testing, or installation
(3) a request seeking the rationale for Code requirements

6 SUBMITTALS

(a) Submittal. Requests for Code Interpretation should preferably be submitted through the online Interpretation Sub-
mittal Form. The form is accessible at http://go.asme.org/InterpretationRequest. Upon submittal of the form, the Ins
quirer will receive an automatic e-mail confirming receipt. If the Inquirer is unable to use the online form, the
Inquirer may mail the request to the following address:

Secretary

ASME Boiler and Pressure Vessel Committee
Two Park Avenue

New York, NY 10016-5990

All other Inquiries should be mailed to the Secretary of the BPV Committee at the address aboverInquiries are unlikely
to receive a response if they are not written in clear, legible English. They must also include thé.iame of the Inquirer and
the company they represent or are employed by, if applicable, and the Inquirer’s address,-telephone number, fax num-
ber, and e-mail address, if available.

(b) Response. The Secretary of the appropriate Committee will provide a writtennresponse, via letter or e-mail, as ap-
propriate, to the Inquirer, upon completion of the requested action by the Comnittee. Inquirers may track the status of
their Interpretation Request at http://go.asme.org/Interpretations.
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SUMMARY OF CHANGES

Errata to the BPV Code may be posted on the ASME website to provide corrections to incorrectly published items, or to
correct typographical or grammatical errors in the BPV Code. Such Errata shall be used on the date posted.

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

Changes given below are identified on the pages by a margin note, (19), placed next to the affected area.

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

Page
xXxxiii
XXXV

XXXVii

xxxvii

Xxxviii

xli

10
12
13
14
16
33

38

40
45

Location
List of Sections
Foreword

Statement of Policy on the
Use of the ASME Single
Certification Mark and
Code Authorization in
Advertising

Statement of Policy on the
Use of ASME Marking to
Identify Manufactured
[tems

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

Personnel
U-2
Table U-3
U-4

UG-11
UG-14
UG-16
UG-18
UG-23
UG-34

UG-35.3

UG-36(g)(2)
UG-39

Change (Record Number)
Updated
Penultimate paragraph revised

Revised

Revised

In\para. 4, third sentence revised

Updated
Subparagraph (g) revised (12-307)
References updated (14-598, 18-71, 18-1976)

(1) Revised in its entirety (13-2204)
(2) Table 33-1 redesignated as Table U-4-1 (13-2204)

In subpara. (c)(1), cross-references revised (18-1306)
Revised in its entirety (17-1800)

In subpara. (a), last sentence added (12-307)

Second paragraph revised (15-2814)

Subparagraphs (f) and (g) added (17-2204)

(1) In subpara. (b), definition of C revised (13-1075)
(2) In subpara. (c)(1), cross-reference to UG-44 revised to UG-44(a)
(18-1306)

In subpara. (a)(1), cross-reference to UG-44 revised to UG-44(a)
(18-1306)

Revised (16-2413)
Title and subparas. (b)(3) and (c)(2) revised (17-2671)
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Page
46
47

54
55
71
70

72
73
74

78
78
84
86
88
89
94
97

105
105

107
108
109

114
116
117
119
120
121

128
131

Location
Figure UG-39
UG-40

UG-44

Table UG-44-1
Table UG-84.6
UG-84(g)

UG-84(h)(2)(-b)
UG-84(i)(3)(-b)

UG-91

UG-99(k)
UG-100
UG-116
UG-117
UG-119
UG-120
UG-129
UG-131

UG-136(b)(3)
UG-136(c)

UG-136(d)(4)
UG-137
UG-138

Uw-2

Figure UW-3
Uw-9
UW-11
UwW-12
Table UW-12

UW-13(e)(2)
UW-15

Change (Record Number)
Revised (17-2671)

In subpara. (e), cross-reference to UG-44(j) revised to UG-44(a)(10)
(18-1306)

Revised in its entirety (18-1306)
Added (18-1306)
Revised in its entirety (18-2228)

Subparagraph (2) revised and subpara. (6) added (15:2814,
18-1563, 18-2228)

Revised (18-1930)
Revised (17-2773)

(1) Subparagraph (a)(1) and paragraph following subpara. (a)(2)
revised (17-2783)
(2) Former endnote 35 deleted (17-2783)

Subparagraphs (2) and (3) revised\{(12-1556)

Subparagraphs (b), (e)(2), and ,(&)(3) revised (12-1556, 15-1524)
Subparagraphs (b)(1) and-\(h)(1)(-a) revised (15-317, 17-2587)
Subparagraph (c) revised (17-230)

Subparagraph (@)revised (16-2433)

Subparagraph.(b)(3) added (15-120)

Subparagraph (a)(4) revised (14-1168)

(1) Subparagraph (a) revised (16-2766)
(2) Subparagraphs (k) through (m) added and subsequent
subparagraphs redesignated (16-2766)

Revised (09-209)

Subparagraphs (4) and (5) added and subsequent subparagraphs
redesignated (16-2766)

Revised (16-2766)
Subparagraphs (b)(2) and (c)(3)(-d) revised (09-209, 17-2193)

(1) Subparagraphs (b)(3) and (c)(3)(-d) revised (09-209, 17-2193)
(2) Subparagraphs (c)(4) and (c)(5) added (16-2766)

Subparagraph (a) revised (17-3211)

Revised (14-1972)

Subparagraph (a) revised (11-1132, 17-1137)
Subparagraphs (a)(4) and (e) revised (17-341, 17-1137)
First paragraph and subpara. (f) revised (11-1132, 17-1137)

(1) Title and last column heading revised (17-1137)
(2) Notes (1) through (3) added and subsequent Notes redesignated
(17-1137)

Revised (16-2385)
Subparagraph (a) revised (17-1137)
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Page
132
137
140
141
143
145
146

152
153

154
155
156
156

159
168

170
170

172
180

181

182
185
198
199
198
203
204

206
206

208

Location
Figure UW-16.1
UW-16(d)(2)
UW-16(h)
UW-19
UW-20.3
UW-20.7
Uw-27

UW-50
UW-51

UW-54
UF-5
UF-26
UF-31

UF-45
UCS-11

UCS-33
UCS-56

Table UCS-56-1
Table UCS-56-11

UCS-66

Figure UCS-66
Eigure UCS-66M
UCS-79(d)
Table UCS-79-1
UCS-85

UNF-23

Table UNF-23.2

UNF-33
UNF-56

UNF-79

Change (Record Number)
Revised (16-633)

Last sentence added (16-633)

Added (16-1801)

Subparagraph (c)(1) revised (17-3355)
Definitions of S and S, revised (16-662)
Subparagraph (d) added (16-662)

(1) Revised in its entirety (11-1132)
(2) Former endnote 70 deleted (11-1132)

Revised in its entirety (17-982)

Subparagraphs (a)(2), (a)(4), and (b) révised (17-3222, 18-1091,
18-1195)

Revised (17-3223)
Subparagraph (c) revised (1541391)
Revised (15-1391)

(1) Subparagraph (b)(1)(-d) relocated to end of subpara. (a)(2)
(15-1391)
(2) Subparagraph, (b) revised (15-1391)

Revised (15-1391)

In subpatd. (c), cross-reference to UG-44 revised to UG-44(a)
(18-1306)

Revised (09-716)

{1) In last paragraph of subpara. (a), last sentence added (16-2840)
(2) Subparagraph (c) revised (17-2194)

In General Note (b), subparas. (3)(c) and (3)(e) revised (17-3211)

Third-column heading, third-column entry, and Notes (3) and (4)
revised (14-598)

Subparagraphs (b), (b)(1)(-b), (b)(1)(-c), (c), and (i)(2) revised
(16-450, 17-3135, 18-280, 18-2303)

Notes (1), (2), and (4) revised (16-450, 18-888, 18-2303)
Notes (1), (2), and (4) revised (16-450, 18-888, 18-2303)
Revised (18-490)

Note (2) revised (14-598)

Subparagraph (d) revised (16-49)

Subparagraph (a) revised (17-1448)

“UNS No.” entries for SB-111, SB-148, SB-171, SB-283, SB-359,
SB-466, SB-467, SB-543, and SB-956 revised (07-688, 16-3137)

Revised (09-716)

Subparagraph (c) deleted and subsequent subparagraphs
redesignated (17-1554)

Subparagraph (a)(1) revised (16-2090)
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223
225

228
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242
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274
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279
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Table UNF-79
UNF-91
UHA-23
Table UHA-23
UHA-31
UHA-32

Table UHA-32-2
Table UHA-32-3
Table UHA-32-7

UHA-34
UHA-44
UHA-51(d)(3)

Nonmandatory

Appendix UHA-A

UCI-35

UCL-52
UHT-18
Table UHT-23
Table UHT-56
UHT-57
UHT-82
ULW-52
ULW-53
ULT-5
ULT-16
ULT-17

Table ULT-23
ULT-30
ULT-56
ULT-79
ULT-82

Table ULT-82

Table ULT-82M

ULT-86
UHX-4

Change (Record Number)
Revised (15-2426)

Revised (18-1195)

In subpara. (a), cross-reference revised (17-1448)

Revised (07-799, 09-1776, 17-2082)

Revised (09-716)

Subparagraphs (a), (b), and (c) revised (15-698, 16-2462, 17-2194)
General Note (d) added (17-1200)

General Note (b) added (18-1198)

General Note (b) added (18-1198)

Revised (17-1344)

Subparagraph (a)(1) revised (16-2090)

Paragraph after subpara. (-c) added“(15-2391)

Revised in its entirety (15-698)

In subpara. (b)(3), cross-reference to UG-44 revised to UG-44(a)(1)
(18-1306)

Revised (12-1556)

Subparagraphs (b)(4) and (c) revised (17-2272, 18-1306)
Type/Grade for SA-553 revised (17-2272)

Type/Grade for SA-553 revised (17-2272)

Subparagraph (e) revised (17-2272)

In subpara. (e), row for SA-553 Type Il added to table (17-2272)
Subparagraphs (a) and (b) revised (18-1090)
Subparagraphs (a), (b), and (c) revised (18-1090)
Subparagraphs (c) and (e) revised (17-2272)
Subparagraph (b) revised (17-2272)

Subparagraph (c) revised (17-2272)

Revised (17-2272)

Subparagraphs (a) and (c) revised (17-2272)
Subparagraph (a) revised (17-2272)

Revised (17-2272)

Subparagraph (b) revised (17-2272)

SA-553 Type Il added (17-2272)

SA-553 Type Il added (17-2272)

Revised (17-2272)

(1) In subpara. (b), cross-reference to UG-44 revised to UG-44(a)
(18-1306)
(2) Subparagraph (h) added (07-1495)
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285
287
289
288
291

292

293
294

295

293

300
305
308
310

311

309
313

314
322

326
328
329

337
338
338
339
342
345
345
346

Location
Figure UHX-4-1
UHX-10
Figure UHX-10
UHX-11.3
Figure UHX-11.3-1

Figure UHX-11.3-2

Figure UHX-11.3-3
Figure UHX-11.5.2-1

Figure UHX-11.5.2-2

UHX-12.3

UHX-12.5.9

Table UHX-13.1
Figure UHX-13.4
Figure UHX-13.5.7-1

Figure UHX-13.5.7-2

UHX-13.5.8
UHX-13.7

UHX-13.8.3
UHX-14.4

UHX-14.5.8
UHX-14.6.3
UHX-14.8

UIG-34

Figure UIG-34-1
Figure UIG-34-2
Figure UIG-34-3
Table UIG-34-1

Table UIG-34-2

Table UIG-34-3

Figure UIG-34-4

Change (Record Number)
Added (07-1495)

Subparagraphs (d) and (f) revised (16-295, 17-145)
Sketch (c) and Note (3) added (16-295)

Definition of T' added (11-163)

Former Figure UHX-11.1 editorially redesignated as Eigure
UHX-11.3-1

Former Figure UHX-11.2 editorially redesignated;as Figure
UHX-11.3-2

Added (11-163)

Former Figure UHX-11.3 editorially redesignated as Figure
UHX-11.5.2-1

Former Figure UHX-11.4 editonially redesignated as Figure
UHX-11.5.2-2

(1) Definitions of S, . and S\, & deleted (17-1222)
(2) Definition of S, added {(17-1222)

Subparagraph (b) revised (17-1222)
In item (4), parentheses corrected by errata (17-654)
Title revised {@7-1599)

Former<Figure UHX-13.3-1 editorially redesignated as Figure
UHX-13:5.7-1

Foprnrer Figure UHX-13.3-2 editorially redesignated as Figure
UHX-13.5.7-2

Subparagraph (b) revised (17-1222)

UHX-13.7.3 added and former UHX-13.7.3 redesignated as
UHX-13.7.4 (17-2150)

Definition of T’ revised (11-163)

In subpara. (b)(2), cross-reference to subpara. (f) corrected by
errata to subpara. (e) (19-247)

Subparagraph (b) revised (17-1222)
Definition of T' revised (11-163)

UHX-14.8.3 added and former UHX-14.8.3 redesignated as
UHX-14.8.4 (17-2150)

Subparagraph (b) revised (16-1251)
Revised (16-1251)

Revised (16-1251)

Revised (16-1251)

Added (16-1251)

Added (16-1251)

Added (16-1251)

Added (16-1251)
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347
348
344
355
356
362
391

391
392
393
400

403

403
410

410

414
431
431

446

453
462
476
480

485
505
510
511

511

Location
Table UIG-34-4
Table UIG-34-5
UIG-60
Figure UIG-76-1
Figure UIG-76-2
UIG-99
2-1

2-2
2-3
2-4
2-6

2-8

2-9
2-11

2-12

3-2
7-2
7-3

10-13

13-2

13-6

13-14

Table 13-18.1

17-1
24-3
24-6
26-2

26-3

Change (Record Number)
Added (16-1251)

Added (16-1251)

Subparagraph (e) deleted (16-2198)
Revised (16-2716)

Revised (16-2716)

Revised (16-2198, 17-2248)

(1) In subpara. (b), cross-reference to 13-1 corrected byrerrata to
2-7 (17-2075, 17-3322)
(2) In subpara. (c), cross-references revised (18-1306)

Subparagraphs (b) and (d) revised (03-1596, 17-1800)
Definitions of H; revised (18-1167)
Subparagraph (b) revised (17-1137)

In paragraph following eq. (6), cross-réference to 13-1 corrected by
errata to 2-7 (17-2075, 17-3322)

In subpara. (a), cross-refereéncé to 13-1 corrected by errata to 2-7
(17-2075, 17-3322)

Subparagraph (d) added (18-413)

In subpara. (a)/{cross-reference to 13-1 corrected by errata to 2-7
(17-2075, 47-3322)

In subparax(a), cross-reference to UG-44(b) revised to UG-44(a)(2)
(18-1306)

Definition of nominal pipe size (NPS) added (15-722)
Subparagraphs (c)(1) and (c)(2) revised (18-1195)

In subpara. (a)(4)(-b), cross-reference to subpara. (a) editorially
corrected to subpara. (-a)

Subparagraphs (b)(8), (b)(14), and (c) revised (15-2964, 16-2391,
16-2944, 17-1378)

In subparas. (b)(2) and (b)(3), cross-reference editorially corrected
Equations (5) and (6) revised (14-1794)
In eq. (5B), “ScrB” corrected by errata to “S’.,.5"(17-654)

In third column, first equation, “h,” corrected by errata to “p2»
(18-1864)

In subpara. (f), last sentence deleted (17-3355)
In second definition of /,,,, “C,” corrected by errata to “C;” (19-247)
In eq. (10), numerator corrected by errata (18-446)

In subpara. (f), cross-reference to 26-4.2.2 revised to 26-4.2.3
(17-178)

(1) Definitions of Ko, K1, K2, K3; K’9, K'1, K’3, K’3; and S, added
(06-261, 18-453)
(2) Definition of S, revised (06-261)
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522

522

525

525

527

528

530
529
530
529

532
537
539
552
556
564
565
569
569
571
575
577
577
578
581
582
583
585

Location
26-4.2
26-6.6.3.1

26-6.6.3.2

26-7.6.3.1

26-7.6.3.2

26-8.6.3.1

26-8.6.3.2

Figure 26-8
26-9.5
Figure 26-9
26-9.6

Figure 26-10

Form 26-1

Form 26-1M
Mandatory Appendix 33
35-6

39-2

39-6

Figure 41-141

41-5

41+7.

42-7

Table 44-4-1

44-5

44-6.1

45-5

45-7

Mandatory Appendix 46
A-1

Change (Record Number)
Revised in its entirety (06-261, 17-178)

(1) Subparagraph (a) revised (17-178)
(2) Subparagraph (c) deleted (17-178)

(1) Subparagraph (a) revised (17-178)
(2) Subparagraph (c) added (17-178)

(1) Subparagraph (a) revised (17-178)
(2) Subparagraph (c) deleted (17-178)

(1) Subparagraphs (a) and (b) revised (17-178)
(2) Subparagraph (c) added (17-178)

(1) Subparagraph (a) revised (17-178)
(2) Subparagraph (c) deleted (17-178)

(1) Subparagraph (a) revised (17-178)
(2) Subparagraph (c) added (17-178)

Revised (18-1820)
Revised in its entirety (06-:261,.18-1820)
Revised (18-1820)

(1) Designator angd-title added (06-261)
(2) Former 26-9.5:2 through 26-9.5.4 revised and redesignated as
26-9.6.1 through 26-9.6.3, respectively (06-261, 18-1820)

Revised{18-1820)

Revised*(06-261)

Revised (06-261)

Deleted (13-2204)

Endnote 101 (formerly endnote 103) revised (18-1976)
Subparagraph (b) revised (16-1805)

Revised (16-1805)

Former Figure 41-1.1-1 editorially redesignated as Figure 41-1-1
Definition of P revised (15-2046)

Step 12 revised (15-2046)

Subparagraph (b) revised (17-2410)

SA-240, Type 304LN added (09-1776)

Subparagraph (a) revised (17-2997)

Subparagraph (g)(2) revised (18-887)

Subparagraph (b) revised (18-1094)

Revised (18-1308)

Added (12-307)

Subparagraphs (e)(1) through (€)(3), (e)(3)(-b), and (f) revised
(08-829, 14-2469)
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586

588
607
637
639
640
641
665

674
689
706
708

Location

A-2

Table A-2
M-3

Form U-3P
Form U-4
Form U-5
Table W-3

Nonmandatory
Appendix DD

GG-1

Figure JJ-1.2-3
Table NN-6-4
Table NN-6-7

Change (Record Number)

(1) Equations (2) and (3), second definition of fr, and definitions of
P, and P revised (08-829, 17-1897)

(2) Definitions of d;, E, E¢, fre, Pe, T4, @, and a7 added (08-829,
17-1897)

Note (10) added (08-829)

Cross-reference revised (16-2433)

Editorially revised

Revised (16-1084)

Revised (16-1084)

Instruction for Reference Number (61) revised (17-231)
Deleted (17-230)

Revised (13-2204)
Revised (18-1623)
Code Reference for “Fabrication” revised (15-698)

Code Reference for “Priorinotification of weld repair” editorially
revised
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LIST OF CHANGES IN RECORD NUMBER ORDER

Record Number

Change

03-1596
06-261

07-688
07-799
07-1495
08-829

09-209

09-716

09-1776

11-163

11-1132

12-307

12-1556

13-1075
13-2204

14-598

14-1168

14-1794

14-1972

Revised 2-2(b).

Revised the procedure for cycle counting and stress ranges in 26-4.2.1, Cumulative Fatigue
Damage.

Split 26-9.5 into two paragraphs, one dealing with displacement and the other dealing with dis-
placement range.

Added a note for a more precise description of the displacements on the specification forms.
Added UNS C95820 to Table UNF-23.2.

Added UNS S32003 to Table UHA-23 under SA-240, SA-789, and SA-790.

AddedUHX-4(h) stating new rules for openings near tubesheets.

Added joint types f, g, and h (expanded and welded) and i, j, and K {expanded only) in A-1.
Added new note for explosive and hydraulic expansion joints.

Added cautionary note to Table A-2 for when f7 is negative.

Revised UG-136(b)(3), UG-137(b)(3), and UG-138(b)(3).

Revised the external pressure references to Section II, Parg.DSubpart 3 in UCS-33, UNF-33, and
UHA-31.

Added materials in Table UHA-23 with footnote giving the correspondence between grades and
types of materials.

Added Type 304LN in Table 44-4-1.

Added Figure UHX-11.3-3 showing the locdtien of T'.

Revised UW-27 to delete the list of welding processes and replace it with a single reference to
Section IX, Article 2 for acceptable wélding processes. Replaced “pressure welding processes”
in UW-9(a) and UW-12(f) with “pefmitted welding processes in UW-27(a) that include the ap-
plication of pressure.” Revised UW=9 and UW-12 to correct the paragraph references to the re-
vised UW-27 paragraphs.

Revised U-2(g) with rules to allow usage of Section VIII, Division 2 for design methods not pro-
vided in Section VIII, Division 1 as well as other recognized standards or codes.

Added Mandatory Appendix 46 to incorporate Code Case 2695 and provide a means for the de-
signer to use the €ules given in Section VIII, Division 2.

Revised UG-99(k)(2) and UG-100(e)(2) to clarify that leak test requirements are applicable for
vessels with fionmetallic linings.

Revised UG<99(k)(3) and UG-100(e)(3) to clarify the requirement for pressure testing prior to
installation of linings in vessels for lethal service.

Revised UCL-52 to clarify that the requirements of UG-99(k) are not required for vessels from
integral or weld metal overlay cladding.

Revised the definition of C in UG-34(b).

Revised U-4 to limit any material data published in Section VIII, Division 1 or from Section II,
Part D in Code calculations to the units listed in Table 33-1. Renumbered subparagraphs in U-4
and added subpara. (f) addressing dimensions shown as decimals or fractions. Corrected refer-
ence in Nonmandatory Appendix GG to clarify that the term “equations” as used in GG-1 is re-
ferring to equations used throughout the Division and not to any equations listed in
Nonmandatory Appendix GG. Redesignated Table 33-1 as Table U-4-1, relocated it to U-4,
and deleted Mandatory Appendix 33.

Revised Tables U-3, UCS-56-11, and UCS-79-1 to address Mn + Ni limits for weld consumables
and PWHT limits for P-No. 15E Group 1 pressure vessels.

Revised UG-129(a)(4) and UG-136(d)(4) to specify test media for pressure relief valves marked
for gas or vapor service, rules for performing set pressure testing using alternate test fluids,
and treatment of steam to air or gas correction factors with respect to CDT. Revised “popping”
pressure to “set” pressure.

Inserted “+..” and “..+” in egs. (5) and (6) in Mandatory Appendix 13, 13-6(b) after the terms
starting with b, T .

Revised Figure UW-3 by adding a sketch of weld neck flange with its weld category as C.
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Record Number

Change

14-2469
15-120
15-317

15-698

15-722
15-1391

15-1524

15-2046
15-2391
15-2426

15-2814

15-2964
16-49
16-295

16-450

16-633

16-662

16-1084
16-1251

16-1801
16-1805
16-2090
16-2198

16-2385
16-2391
16-2413
16-2433

Added references to Nonmandatory Appendix HH and to 4-E.

Added UG-120(b)(3).

Removed W, P, B, and RES from the table in G-116(b)(1).

Added the UHT marking and reference to UHT-115; the WL marking and reference to
ULW-115; the ULT marking and reference to ULT-115; a reference to UIG-116 with the Gra-
phite G marking; and the CS marking and reference to Mandatory Appendix 44, 44-7 to the
table in UG-116(b)(1).

Deleted references to Section II, Part D, Nonmandatory Appendix A, A-310 to A-3601h
UHA-100. Deleted UHA-101 through UHA-105 and UHA-109. Redesignated UHA-107 as
UHA-101 and UHA-108 as UHA-102. Corrected cross-references to deleted paragraphs in
UHA-32, Table UHA-32-3, and Table NN-6-4.

Added definition of “NPS” in Mandatory Appendix 3.

Deleted reference to austenitic steel in UF-5(c) as this paragraph is specific, to SA-372.
Revised UF-26 to remove specific reference to forged vessels, main segtions of vessels, and
other vessel parts.

Moved UF-31(b)(1)(-d) referencing austenitic steels to UF-31(a)(@)(-d), revised the title of
UF-31(b) from “material” to “SA-372,” and deleted reference to austenitic steel in
UF-31(b)(1)(-b) [redesignated as UF-31(b)(2)].

Revised UF-45 to refer to inspections and tests given throughout Part UF as well as UG-90
through UG-102.

Revised UG-100(b) to correct the language for pneumatic'testing of enameled (glass-lined) ves-
sels.

Revised definition of P in 41-5. Revised Step 12(in)41-7.

Revised UHA-51(d)(3).

Revised Table UNF-79 to include other niekel‘alloys from Table UNF-23.3 after cross-checking
the maximum-use temperature from Section II, Division D and Code Cases.

Revised the minimum heat treatment.temperature for UNS N08811 to 2,100°F from 2,050°F to
be consistent with the SB specifications.

Revised UG-18 and added new UG¥84(g)(6), addressing requirements for toughness testing and
acceptance criteria for weld metal and HAZ test specimens when qualifying a WPS for joining
dissimilar metals where WPS qualification with toughness testing is required.

Revised “hydrostatic” to “pressure” in 10-13(b)(14).

Added “torch brazing” in UCS-85(d).

Revised UHX-10(d), the maximum tubesheet butt length when directly attached to a hemisphe-
rical head (i.e., @mo intervening cylinder).

Revised UCS<66(c). Added new subpara. (c) to Note (1) and revised the text for Note (2)(a) in
Figures UES-66 and UCS-66M.

Addedanéw sketch (p-2) and relabeled the existing sketch (p) as (p-1) in Figure UW-16.1. Added
“Studding-outlet-type flanges may also be attached by full-penetration welds as shown in
Figure UW-16.1, sketch (p-2)” in UW-16(d)(2).

Added UW-20.7(d) to clarify what the tubesheet allowable stress to be used is when the tube-
sheet is clad.

Replaced “Name” with “Signed” on Forms U-4 and U-5 for the Authorized Inspector.

Revised UIG-34(b), “Calculation Procedure for Tubesheets,” to incorporate all the necessary in-
formation into Part UIG, as well as to make necessary improvements to the procedure itself.
Added subpara. (h) to UW-16.

Revised Mandatory Appendix 39 variables for clarity.

Revised UHA-44 and UNF-79 to reduce the minimum annealing time from 10 min to 20 min/in.
Revised the hydrostatic pressure test requirements for graphite pressure vessels in UIG-60 and
UIG-99 to make them consistent with the pressure test requirements in UG-99.

Revised UW-13(e)(2) to clarify referenced Figure UW-13.2 sketches.

Revised Mandatory Appendix 10, 10-13(c).

Added “except as provided for in 1-5(g)” to UG-36(g)(2).

Revised UG-119(a) by deleting “[See UG-116(j)]” and revised M-3 by deleting “(j)” from the
cross-reference.
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Record Number

Change

16-2462
16-2716

16-2766

16-2840

16-2944
16-3137
17-97

17-145
17-178

17-230
17-231
17-341
17-654
17-683

17-982
17-1137

17-1200

17-1222

17-1344

17-1378
17-1448
17-1554
17-1599
17-1800

17-1897
17-2075
17-2082
17-2150
17-2193
17-2194
17-2204
17-2248
17-2272
17-2410

17-2587
17-2671
17-2773

17-2783

Revised UHA-32 to delete references to PWHT of Part UHA materials as a service requirement.
Revised Figures UIG-76-1 and UIG-76-2 diameter dimensions shown in the grip area of the ten-
sile specimens to match the existing critical dimensions.

Revised UG-131(a) to reference new text. Added new text starting at UG-131(k) and redesig-
nated existing subparas. (k) through (r) to accommodate new text. Added new text starting
with UG-136(c)(4) and redesignated existing subparas. (c)(4) and (c)(5). Added new text start:
ing with UG-138(c)(4). The new text includes text from Code Case 2397 and editorial changes.
Added sentence “Section IX is the governing document for P-Numbers and Group Numbers” to
UCS-56(a).

Revised para. 10-13(b)(14) to read, “hydrostatic test or pneumatic test records."

Added UNS C70620 and UNS C71520 to Table UNF-23.2.

Revised 2-2(d) to clarify that the rules are intended to apply to flanges that afé machined from
plate, bar stock, or billet. (Superseded by 17-1800.)

Added an option to use design pressure in operating loading cases inUHX-10(f).

Revised 26-4.2(b) to make required testing more clear.

Added 26-4.2(c) for fatigue curves of materials not in Mandatety Appendix 26.

Deleted Nonmandatory Appendix DD.

Removed the word “Inspector's” under “Instruction” in Tahle W-3, Reference Number (61).
Revised UW-11(a)(4) to remove the second reference to UW-11(a)(2).

Errata correction. See Summary of Changes for details.

Revised UG-14 to improve clarity and to allow forthe production of hollow cylindrical compo-
nents with a greater range of diameters under qualifying conditions. (Superseded by 17-1800.)
Incorporated the provisions of Code Case 1518-5 into UW-50.

Revised UG-116(b)(1), UW-9, UW-11(e);UW-12, Table UW-12, UW-15, and 2-4(b) to delete
specific references to “arc or gas” welding.

Added General Note (d) to Table UHA-32-2 to provide an exemption from PWHT for the follow-
ing alloys: UNS S40910, UNS S40920, UNS S40930, UNS S40935, UNS S40945, UNS S40975, UNS
S40977, UNS S43932, and UNS7S43940.

Revised allowable shear in, UHX-12.5.9, UHX-13.5.8, and UHX-14.5.8 to include a yield limit as
well.

Revised UHA-34 to add martensitic chromium steel welds to the list of weldments for which
penetrant testing s required.

Revised 10-13(b)(8).

Revised UNFz23(a) and UHA-23(a) to delete the obsolete reference to UG-31(a).

Deleted therrequirement to PWHT welds in UNS C95400 castings in UNF-56(c).

Revised«the title from “Increased” to “Different” in Figure UHX-13.4.

Revised UG-14 and Mandatory Appendix 2, 2-2(d) to incorporate revised Code Cases 2155 and
2156tx and reconcile UG-14 and Mandatory Appendix 2.

Added formulas for interfacial pressures P, and Py to Nonmandatory Appendix A.

Errata correction. See Summary of Changes for details.

Added UNS S31254 to Table UHA-23.

Added plasticity factors in Part UHX to the nomenclature.

Revised the word “valve” to “device” in UG-137(c)(3)(-d) and UG-138(c)(3)(-d).

Revised UCS-56(c) and UHA-32(c) to address PWHT of welds between dissimilar metals.
Added subparas. (f) and (g) to UG-23.

Revised UIG-99.

Revised Parts ULT and UHT to include SA-553 Type Il and 7% Ni.

Revised Mandatory Appendix 42, 42-7(b) to read, “liquid penetrant examination shall be per-
formed in accordance with Mandatory Appendix 8. When machining is performed, the exami-
nation shall be performed after machining.”

Revised UG-116 and Nonmandatory Appendix DD.

Revised UG-39 and Figure UG-39 to accommodate more geometries.

Added requirements for the number of HAZ test specimen sets in UG-84(i)(3)(-b) and revised
the text to provide clarification.

Revised the AIA and Inspector Qualification References in UG-91.
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Record Number

Change

17-2997
17-3135
17-3211
17-3222

17-3223

17-3322

17-3355

18-71

18-280

18-413

18-446
18-453

18-490

18-887

18-888

18-1090
18-1091
18-1094
18-1167
18-1195
18-1198
18-1306
18-1308
18-1563
18-1623
18-1820
18-1864
18-1930
18-1976
18-2228

18-2303
19-247

Revised 44-5(a).

Deleted “or (c)” in UCS-66(b)(1)(-c).

Revised UW-2(a) and Table UCS-56-1.

Revised UW-51(a)(2) by deleting the exception to written procedure requirements, replacing
the term “penetrameter” with “image quality indicator,” and deleting the phrase “shall be the
basis for final acceptance.”

Revised UW-51(b) to simplify the wording and delete the requirement for Inspector confirma®
tion of the defect indication by ultrasonic examination.

Deleted reference to Section V, Article 1, T-120(h), and added references to Section V, Article 1,
T-120(j) and T-120(k) in UW-54.

Errata correction. See Summary of Changes for details.

Revised UW-19(c)(1) to increase the applicable thickness limit from ;¢ in. (5fhm) to ¥ in.
(12 mm) when completely filling the hole with weld metal, and deleted the\second sentence
of 17-1(f).

In Table U-3, updated year of acceptable edition for ASME B16.24, ASME)B16.42, ASME B16.47,
ASTM E4, and ASTM E691. Updated title of ASME B16.24. Added ASCE/SEI 7-16.

Revised UCS-66(b) to clarify that Figure UCS-66.1 is not permitted\for bolts and nuts.
Deleted “(including bolts and nuts)” from UCS-66(b)(1)(-b) and"WCS-66(i)(2).

Revised Mandatory Appendix 2 to state that flange rigidity rulés are not required for split loose
flanges.

Errata correction. See Summary of Changes for details:

Revised coefficient names in correlation testing fatigue equations and added names in the no-
menclature in Mandatory Appendix 26.

Revised UCS-79 to include provisions for relaxing post-forming heat treatment requirements
for thin-walled tubing and pipe.

Revised 44-6.1(g)(2).

Revised Notes (2) and (4) in Figures:UGS-66 and UCS-66M.

Revised ULW-52(a), ULW-52(b), and)ULW-53(a) through ULW-53(c).

Revised UW-51(a)(4) to clarify.that the permission to use UT in lieu of RT applies to welds in
which the thinner of the menibers joined is % in. thick or greater.

Added requirements from Code Case 2766 to 45-5(b).

Replaced W with W, sjinthe definition of gasket load Hg.

Replaced “penetrameter” with “image quality indicator” or “IQI” in UW-51, UNF-91, and 7-2.
Added the cautiohapy note in Tables UHA-32-3 and UHA-32-7.

Renumbered theexisting UG-44 to be UG-44(a) and added UG-44(b) to add the provisions from
Code Case 2901. Added Table UG-44-1. Updated references to UG-44.

Deleted the\first three words in the first sentence of the first paragraph and deleted the second
paragraph in Mandatory Appendix 45, 45-7.

Addednew last sentence to UG-84(g)(2), “Where the material thickness permits, the axis of the
notch may be inclined to allow the root of the notch to align parallel to the fusion line.”
Added two decision diamonds in the flowchart of Figure JJ-1.2-3.

Added difference between “extension” and “compression” in 26-9.5.

Added alternative formulas for the calculation of the total equivalent axial displacement range
in 26-9.6.

Errata correction. See Summary of Changes for details.

Replaced UG-84(h)(2)(-b) with the following: “be in the same heat-treated condition, and this
heat-treated condition shall be noted on the PQR and WPS used for construction; and.”
Revised Table U-3 to update year of acceptable edition of ASME PCC-2 to 2018.

Revised endnote 103 to align with Article-numbering format of ASME PCC-2.

Revised the second sentence in UG-84(g)(2) to clarify the intent of the Code.

Revised Table UG-84.6 to clarify the intent of the Code related to approximate location of the
notch in the test specimens.

Revised UCS-66(c) and Figure UCS-66 to address low toughness concerns with SA-105.
Errata correction. See Summary of Changes for details.
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CROSS-REFERENCING AND STYLISTIC CHANGES IN THE BOILER
AND PRESSURE VESSEL CODE

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

Subparagraph Breakdowns/Nested Lists Hierarchy

¢ First-level breakdowns are designated as (a), (b), (c), etc., as in the past.

¢ Second-level breakdowns are designated as (1), (2), (3), etc., as in the past.
¢ Third-level breakdowns are now designated as (-a), (-b), (-c), etc.

¢ Fourth-level breakdowns are now designated as (-1), (-2), (-3), etc.
Fifth-level breakdowns are now designated as (+a), (+b), (+c), etc.

¢ Sixth-level breakdowns are now designated as (+1), (+2), etc.

Footnotes

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

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

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

Cross-References

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

e (Sub-)Paragraph Cross-References. The cross-references to subparagraph breakdowns will follow the hierarchy of

the designators under which the breakdown appears.

- If subparagraph (-a).d@ppears in X.1(c)(1) and is referenced in X.1(c)(1), it will be referenced as (-a).

- If subparagraph (-a) appears in X.1(c)(1) but is referenced in X.1(c)(2), it will be referenced as (1)(-a).

- If subparagraph.(-a) appears in X.1(c)(1) but is referenced in X.1(e)(1), it will be referenced as (c)(1)(-a).

- If subparagraph (-a) appears in X.1(c)(1) but is referenced in X.2(c)(2), it will be referenced as X.1(c)(1)(-a).

e Equation Cross-References. The cross-references to equations will follow the same logic. For example, if eq. (1) ap-

pears in-X.1(a)(1) but is referenced in X.1(b), it will be referenced as eq. (a)(1)(1). If eq. (1) appears in X.1(a)(1) but
is referenced in a different subsection/subarticle/paragraph, it will be referenced as eq. X.1(a)(1)(1).

Ixxv
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ASME BPVC.VIIL.1-2019 U-1

INTRODUCTION

U-1 SCOPE

(a) See below.

(1) The Foreword provides the basis for the rules de-
scribed in this Division.

(2) For the scope of this Division, pressure vessels
are containers for the containment of pressure, either in-
ternal or external. This pressure may be obtained from an
external source, or by the application of heat from a direct
or indirect source, or any combination thereof.

(3) This Division contains mandatory requirements,
specific prohibitions, and nonmandatory guidance for
pressure vessel materials, design, fabrication, examina-
tion, inspection, testing, certification, and pressure relief.
The Code does not address all aspects of these activities,
and those aspects which are not specifically addressed
should not be considered prohibited. Engineering judg-
ment must be consistent with the philosophy of this Divi-
sion, and such judgments must never be used to overrule
mandatory requirements or specific prohibitions of this
Division. See also informative and nonmandatory guid-
ance regarding metallurgical phenomena in Section II;
Part D, Nonmandatory Appendix A.

(b) This Division is divided into three Subsections,
Mandatory Appendices, and Nonmandatory Appendices.
Subsection A consists of Part UG, covering the"general re-
quirements applicable to all pressure vessels."Subsection
B covers specific requirements that arelapplicable to the
various methods used in the fabricatién’/of pressure ves-
sels. It consists of Parts UW, UF,.and UB dealing with
welded, forged, and brazed methods, respectively. Sub-
section C covers specific requirements applicable to the
several classes of material$\rsed in pressure vessel con-
struction. It consists of-Parts UCS, UNF, UHA, UCI, UCL,
UCD, UHT, ULW, ULT, and Part UIG dealing with carbon
and low alloy steels; nonferrous metals, high alloy steels,
cast iron, clad and'lined material, cast ductile iron, ferritic
steels with properties enhanced by heat treatment,
layered _construction, low temperature materials, and im-
pregnated graphite, respectively. Section II, Part D also
contains tables of maximum allowable stress values for
these classes of materials, except for impregnated
graphite.

The Mandatory Appendices address specific subjects
not covered elsewhere in this Division, and their require-
ments are mandatory when the subject covered is in-
cluded in construction under this Division. The
Nonmandatory Appendices provide information and sug-
gested good practices.

(c) See below.

(1) The scope of this Division has been establishédyto
identify the components and parameters considéred in
formulating the rules given in this Division. Laws, or reg-
ulations issued by municipality, state, provincial, federal,
or other enforcement or regulatory bodie§ having juris-
diction at the location of an installationestablish the man-
datory applicability of the Code rules, in whole or in part,
within their jurisdiction. Those laws or regulations may
require the use of this Divisien{of the Code for vessels
or components not considered to be within its scope.
These laws or regulationis.should be reviewed to deter-
mine size or service dimitations of the coverage which
may be different ox/more restrictive than those given
here.

(2) Based“on the Committee’s consideration, the fol-
lowing classes of vessels are not included in the scope
of this Division; however, any pressure vessel which
meets all the applicable requirements of this Division
maybe stamped with the Certification Mark with the U
Designator:

(-a) those within the scope of other Sections;

(-b) fired process tubular heaters;

(-c) pressure containers which are integral parts
or components of rotating or reciprocating mechanical
devices, such as pumps, compressors, turbines, genera-
tors, engines, and hydraulic or pneumatic cylinders where
the primary design considerations and/or stresses are de-
rived from the functional requirements of the device;

(-d) structures whose primary function is the
transport of fluids from one location to another within a
system of which it is an integral part, that is, piping
systems;

(-e) piping components, such as pipe, flanges, bolt-
ing, gaskets, valves, expansion joints, and fittings, and the
pressure-containing parts of other components, such as
strainers and devices which serve such purposes as mix-
ing, separating, snubbing, distributing, and metering or
controlling flow, provided that pressure-containing parts
of such components are generally recognized as piping
components or accessories;

(-f) a vessel for containing water® under pressure,
including those containing air the compression of which
serves only as a cushion, when none of the following lim-
itations are exceeded:

(-1) a design pressure of 300 psi (2 MPa);
(-2) a design temperature of 210°F (99°C);

(-g) a hot water supply storage tank heated by
steam or any other indirect means when none of the fol-
lowing limitations is exceeded:

(1) a heat input of 200,000 Btu/hr (8.6 kW);
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(-2) a water temperature of 210°F (99°C);

(-3) a nominal water containing capacity of
120 gal (450 L);

(-h) vessels not exceeding the design pressure
(see 3-2), at the top of the vessel, limitations below, with
no limitation on size [see UG-28(f), 9-1(c)]:

(-1) vessels having an internal or external pres-
sure not exceeding 15 psi (100 kPa);

(-2) combination units having an internal or ex-
ternal pressure in each chamber not exceeding 15 psi
(100 kPa) and differential pressure on the common ele-
ments not exceeding 15 psi (100 kPa) [see UG-19(a)];

(i) vessels having an inside diameter, width,
height, or cross section diagonal not exceeding 6 in.
(152 mm), with no limitation on length of vessel or
pressure;

(-j) pressure vessels for human occupancy.”

(d) The rules of this Division have been formulated on
the basis of design principles and construction practices
applicable to vessels designed for pressures not exceed-
ing 3,000 psi (20 MPa). For pressures above 3,000 psi
(20 MPa), deviations from and additions to these rules
usually are necessary to meet the requirements of design
principles and construction practices for these higher
pressures. Only in the event that after having applied
these additional design principles and construction prac-
tices the vessel still complies with all of the requirements
of this Division may it be stamped with the applicable Cer-
tification Mark with the Designator.

(e) In relation to the geometry of pressure-containing
parts, the scope of this Division shall include the
following:

(1) where external piping; other pressure vessels in-
cluding heat exchangers; or mechanical devicés, such as
pumps, mixers, or compressors, are to be cennected to
the vessel:

(-a) the welding end connection<for the first cir-
cumferential joint for welded cennections [see
UW-13(1)];

(-b) the first threaded joint for screwed
connections;

(-c) the face of the first flange for bolted, flanged
_connections;

, (-d) the first sealing surface for proprietary con-
“nections or fittings;

(2) wheremnonpressure parts are welded directly to
iieither the-internal or external pressure-retaining surface
‘of a pressure vessel, this scope shall include the design,
é'fabrication, testing, and material requirements estab-
-lishegd for non-pressure-part attachments by the applic-
_able paragraphs of this Division;?

(3) pressure-retaining covers for vessel openings,
such as manhole or handhole covers, and bolted covers
with their attaching bolting and nuts;

(4) the first sealing surface for proprietary fittings or
components for which rules are not provided by this Divi-
sion, such as gages, instruments, and nonmetallic
components.

(f) The scope of the Division includes requirements for
overpressure protection in UG-125 through UG-140 and
Mandatory Appendix 11.

(g) Vessels That Generate Steam

(1) Unfired steam boilers shall be constructed in ac-
cordance with the rules of Section I or this Division.[see
UG-120(f), UG-125(b), and UW-2(c)].

(2) The following pressure vessels in which steam is
generated shall not be considered as unfired 'steam boil-
ers, and shall be constructed in accordanee with the rules
of this Division:

(-a) vessels known as evaporators or heat
exchangers;

(-b) vessels in which steam is generated by the use
of heat resulting from operation of a processing system
containing a number of pressure vessels such as used in
the manufacture of chemical and petroleum products;

(-c) vessels.in which steam is generated but not
withdrawn for éxtérnal use.

(h) Pressure vessels or parts subject to direct firing
from the_combustion of fuel (solid, liquid, or gaseous),
which_are not within the scope of Sections I, III, or IV
may bé/constructed in accordance with the rules of this
Division [see UW-2(d)].

(i) Gas fired jacketed steam kettles with jacket operat-
ing pressures not exceeding 50 psi (345 kPa) may be con-
structed in accordance with the rules of this Division (see
Mandatory Appendix 19).

(j) Pressure vessels exclusive of those covered in (c),
(g), (h), and (i) that are not required by the rules of this
Division to be fully radiographed, that are not provided
with quick-actuating or quick-opening closures (see
UG-35.2 and UG-35.3, respectively), and that do not ex-
ceed the following volume and pressure limits may be ex-
empted from inspection by Inspectors, as defined in
UG-91, provided that they comply in all other respects
with the requirements of this Division:

(1) 5 ft® (0.14 m®) in volume and 250 psi (1.7 MPa)
design pressure; or

(2) 3 ft® (0.08 m*) in volume and 350 psi (2.4 MPa)
design pressure;

(3) 1Y, ft* (0.04 m®) in volume and 600 psi
(4.1 MPa) design pressure.

In an assembly of vessels, the limitations in (1) through
(3) above apply to each vessel and not the assembly as a
whole. Straight line interpolation for intermediate vol-
umes and design pressures is permitted. Vessels fabri-
cated in accordance with this rule shall be marked with
the “UM” Symbol in Figure UG-116, sketch (b) and with
the data required in UG-116. Certificates of Compliance
shall satisfy the requirements of UG-120(a).
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(19)

U-2 GENERAL

(a) The user or his designated agent (see Nonmanda-
tory Appendix NN) shall establish the design require-
ments for pressure vessels, taking into consideration
factors associated with normal operation, such other con-
ditions as startup and shutdown, and abnormal condi-
tions which may become a governing design
consideration (see UG-22).

Such consideration shall include but shall not be lim-
ited to the following:

(1) the need for corrosion allowances;

(2) the definition of lethal services. For example, see
UW-2(a).

(3) the need for postweld heat treatment beyond the
requirements of this Division and dependent on service
conditions;

(4) for pressure vessels in which steam is generated,
or water is heated [see U-1(g) and U-1(h)], the need for
piping, valves, instruments, and fittings to perform the
functions covered by Section I, PG-59 through PG-61.

(5) the degree of nondestructive examination(s) and
the selection of applicable acceptance standards when
such examinations are beyond the requirements of this
Division.

Sample User Design Requirements forms and guid-
ance on their preparation are found in Nonmandatory
Appendix KK. This sample form might not be applicable
to all pressure vessels that may be constructed in accors«
dance with this Division. The user is cautioned that input
from the Manufacturer may be necessary for completion
of this form.

(b) Responsibilities*

(1) The Manufacturer of any vessel/orwart to be
marked with the Certification Mark has the responsibility
of complying with all of the applicable_requirements of
this Division and, through proper cettification, of assuring
that all work done by others also complies. The vessel
Manufacturer or, when applicable, the part Manufacturer
is responsible for the preparation and accuracy of design
calculations to show compliance with the rules of this Di-
vision, and his signature on the Manufacturer’s Data Re-
port Form shall be considered as certification that this
has been done/The vessel or part Manufacturer shall have
available forthé Inspector’s review the applicable design
calculatiens»See 10-5 and 10-15(d).

(2) Some types of work, such as forming, nondestruc-
tive examination, and heat treating, may be performed by
others (for welding, see UW-26 and UW-31). It is the ves-
sél or part Manufacturer’s responsibility to ensure that all
work so performed complies with all the applicable re-
quirements of this Division. After ensuring Code compli-
ance, the vessel or part may be stamped with the
Certification Mark and Designator by the appropriate Cer-
tificate holder after acceptance by the Inspector.

(c) A vessel may be designed and constructed using any
combination of the methods of fabrication and the classes
of materials covered by this Division, provided the rules
applying to each method and material are complied with
and the vessel is marked as required by UG-116.

(d) When the strength of any part cannot be computed
with a satisfactory assurance of safety, the rules providé
procedures for establishing its maximum allowable werk-
ing pressure.

(e) It is the duty of the Inspector to make all of the in-
spections specified by the rules of this Division, and to
monitor the quality control and the examinations made
by the Manufacturer. The Inspector shall make such other
inspections as in his judgment are-necéssary to permit
certification that the vessel has been’designed and con-
structed in accordance with the/minimum requirements
of this Division. The Inspectot/has the duty of verifying
that the applicable design<alculations have been made
and are on file at Manufacturer’s plant at the time the
Data Report is signed.:Any questions concerning the cal-
culations raised, by~the Inspector must be resolved. See
UG-90(c)(1).

NOTE: The.term “applicable design calculations” means that all
pressuresretaining components covered by the Certification Mark
stamping are supported by calculations and/or proof tests that com-
ply<with the requirements of this Division. The method of verifying
thatyapplicable design calculations have been made will vary with
the individual Inspector and depend largely on the Manufacturer’s

procedures for producing the design calculations and any subse-
quent quality checks performed by the Manufacturer.

(f) The rules of this Division shall serve as the basis for
the Inspector to:

(1) perform the required duties;

(2) authorize the application of the Certification
Mark;

(3) sign the Certificate of Shop (or Field Assembly)
Inspection.

(g) This Division of Section VIII does not contain rules
to cover all details of construction. Where complete de-
tails of construction are not given, the Manufacturer, sub-
ject to the acceptance of the Authorized Inspector, shall
provide the appropriate details to be used.

(1) Where design rules do not exist in this Division,
one of the following three methods shall be used:

(-a) Mandatory Appendix 46.

(-b) proof test in accordance with UG-101.

(-c) other recognized and generally accepted
methods, such as those found in other ASME, EN, ISO, na-
tional, and industry standards or codes. This option shall
provide details of design consistent with the allowable
stress criteria provided in UG-23.

(2) The provisions of this paragraph shall not be used
to justify the use of materials, joining processes (fabrica-
tion), examination, inspection, testing, certification, and
overpressure protection methods other than those al-
lowed by this Division.
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(h) Field assembly of vessels constructed to this Divi-
sion may be performed as follows.

(1) The Manufacturer of the vessel completes the
vessel in the field; completes the Form U-1, U-1A, or
U-1P Manufacturer’s Data Report; and stamps the vessel.

(2) The Manufacturer of parts of a vessel to be com-
pleted in the field by some other party stamps these parts
in accordance with Code rules and supplies the Form U-2
or U-2A Manufacturer’s Partial Data Report to the other
party. The other party, who must hold a valid U Certificate
of Authorization, makes the final assembly, required NDE,
and final pressure test; completes the Form U-1, U-1A, or
U-1P Manufacturer’s Data Report; and stamps the vessel.

(3) The field portion of the work is completed by a
holder of a valid U Certificate of Authorization other than
the vessel Manufacturer. The Certificate Holder perform-
ing the field work is required to supply a Form U-2 or
U-2A Manufacturer’s Partial Data Report covering the
portion of the work completed by his organization (in-
cluding data on the pressure test if conducted by the Cer-
tificate Holder performing the field work) to the
Manufacturer responsible for the Code vessel. The vessel
Manufacturer applies his Certification Mark with the U
Designator in the presence of a representative from his
Inspection Agency and completes the Form U-1, U-1A4,
or U-1P Manufacturer’s Data Report with his Inspector.

In all three alternatives, the party completing and sign-
ing the Form U-1, U-1A, or U-1P Manufacturer’s Data Re-
port assumes full Code responsibility for the vessel. In all
three cases, each Manufacturer’s Quality Control System
shall describe the controls to assure compliance for each
Certificate Holder.

(i) For some design analyses, both a chart or cdrve and
a equation or tabular data are given. Use of the/equation
or tabular data may result in answers which.are slightly
different from the values obtained from.the chart or
curve. However, the difference, if any,-is-vithin practical
accuracy and either method is acceptable.

U-3 STANDARDS REFERENCED BY THIS
DIVISION

(a) Throughout this:Division references are made to
various standards, ‘'such as ASME standards, which cover
pressure-temperature rating, dimensional, or procedural
standards for\pressure vessel parts. These standards,
with the gear of the acceptable edition, are listed in Table
U-3.

(b)Rules for the use of these standards are stated else-
where in this Division.

U-4 UNITS OF MEASUREMENT®

(a) U.S. Customary, SI, or any local customary units may
be used to demonstrate compliance with requirements of
this edition related to materials, fabrication, examination,
inspection, testing, certification, and overpressure
protection.

(b) A single system of units shall be used for all aspects
of design except where otherwise permitted by this Divi*
sion. When components are manufactured at differentlo*
cations where local customary units are different'than
those used for the general design, the local units.niay be
used for the design and documentation of that'compo-
nent, subject to the limitations given in (c)."Similarly, for
proprietary components or those uniquely associated
with a system of units different thanthat used for the gen-
eral design, the alternate units maj’he used for the design
and documentation of that comfponent, subject to the lim-
itations given in (c).

(c) For any single equation, all variables shall be ex-
pressed in a single systém of units. Calculations using
any material data_published in this Division or Section
I, Part D (e.g., allowable stresses, physical properties, ex-
ternal pressure-design factor B) shall be carried out in
one of the staindard units given in Table U-4-1. When se-
parate equations are provided for U.S. Customary and SI
units{those equations must be executed using variables
inthe units associated with the specific equation. Data ex-
préssed in other units shall be converted to U.S. Custom-
ary or SI units for use in these equations. The result
obtained from execution of these equations or any other
calculations carried out in either U.S. Customary or SI
units may be converted to other units.

(d) Production, measurement and test equipment,
drawings, welding procedure specifications, welding pro-
cedure and performance qualifications, and other fabrica-
tion documents may be in U.S. Customary, SI, or local
customary units in accordance with the fabricator’s prac-
tice. When values shown in calculations and analysis, fab-
rication documents, or measurement and test equipment
are in different units, any conversions necessary for ver-
ification of Code compliance and to ensure that dimen-
sional consistency is maintained, shall be in accordance
with the following:

(1) Conversion factors shall be accurate to at least
four significant figures.

(2) The results of conversions of units shall be ex-
pressed to a minimum of three significant figures.

(e) Conversion of units, using the precision specified
above, shall be performed to assure that dimensional con-
sistency is maintained. Conversion factors between U.S.
Customary and SI units may be found in Nonmandatory
Appendix GG, Guidance for the Use of U.S. Customary
and SI Units in the ASME Boiler and Pressure Vessel Code.
Whenever local customary units are used, the
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Manufacturer shall provide the source of the conversion
factors which shall be subject to verification and accep-
tance by the Authorized Inspector or Certified Individual.

(f) Dimensions shown in the text, tables, and figures,
whether given as decimals or fractions, may be taken as
decimals or fractions and do not imply any manufacturing
precision or tolerance on the dimensions.

(g) Material that has been manufactured and certified
to either the U.S. Customary or SI material specification
(e.g., SA-516M) may be used regardless of the unit system
used in design. Standard fittings (e.g., flanges, elbows,
etc.) that have been certified to either U.S. Customary
units or SI units may be used regardless of the units sys-
tem used in design.

(h) All entries on a Manufacturer’s Data Report and

component using U.S. Customary, SI, or local customary
units. Units (either primary or alternative) may be shown
parenthetically. Users of this Code are cautioned that the
receiving jurisdiction should be contacted to ensure the
units are acceptable.

U-5 TOLERANCES

The Code does not fully address tolerances. When"di-
mensions, sizes, or other parameters are not specified
with tolerances, the values of these parameters are con-
sidered nominal, and allowable tolerance§ or local var-
iances may be considered acceptable-when based on
engineering judgment and standagd practices as deter-
mined by the designer.

data for Code-required nameplate marking shall be in
units consistent with the fabrication drawings for the

Table U-3

Year of Acceptable Edition of Referenced Standards in This Division

Title

Number

Year

Pressure Relieving and Depressuring Systems
Pipe Threads, General Purpose (Inch)

Marking and Labeling Systems
Seat Tightness of Pressure Relief Valves

Unified Inch Screw Threads (UN and UNR Thread Form)

Cast Iron Pipe Flanges and Flanged Fittings, Classes 25, 125,and 250
Pipe Flanges and Flanged Fittings, NPS ', Through NPS 24 (Metric/Inch Standard
Factory-Made Wrought Buttwelding Fittings

Forged Fittings, Socket-Welding and Threaded
Cast Copper Alloy Threaded Fittings, Classes 125 and 250
Metallic Gaskets for Pipe Flanges — Ring-Joint;Spiral- Wound, and Jacketed

900, 1500, and 2500
Ductile Iron Pipe Flanges and Flanged Fittings, Class 150 and 300
Large Diameter Steel Flanges, NRS-26 Through NPS 60 Metric/Inch Standard

Nuts for General Applicationsi\Machine Screw Nuts, Hex, Square, Hex Flange, and
Coupling Nuts (Inch Series)

Welded and Seamless Wreught Steel Pipe

Conformity Assessnrent Requirements

Guidelines for Pressure Boundary Bolted Flange Joint Assembly

Repair of Pressure Equipment and Piping

ASME Section VIII - Division 1 Example Problem Manual

Pressure\Relief Devices

Qualifications for Authorized Inspection

Standard Practice for Quantitative Measurement and Reporting of Hypoeutectoid
Carbon and Low-Alloy Steel Phase Transformations

Standard Test Method for Flash Point by Tag Closed Tester

Standard Test Methods for Flash Point by Pensky-Martens Closed Cup Tester

Standard Guide for Preparation of Metallographic Specimens

Standard Reference Photographs for Magnetic Particle Indications on Ferrous
Castings

Standard Hardness Conversion Tables for Metals Relationship Among Brinell
Hardness, Vickers Hardness, Rockwell Hardness, Superficial Hardness, Knoop
Hardness, and Scleroscope Hardness

Minimum Design Loads and Associated Criteria for Buildings and OtherStructures

Cast Copper Alloy Pipe Flanges, Flanged Fittings, and Valves, Classes 150, 300, 600,

ANSI/API Std. 521
ANSI/ASME B1.20.1

ANSI/UL-969

API Std. 527 2014, 4th Ed.
ASCE/SEIL 7 2016

ASME B1.1 Latest edition
ASME B16.1 2015

ASME B16.5 2013 [Note (1)]
ASME B16.9 Latest edition
ASME B16.11 Latest edition
ASME B16.15 Latest edition
ASME B16.20 Latest edition
ASME B16.24 2016

ASME B16.42 2016

ASME B16.47 2017

ASME B18.2.2 Latest edition

ASME B36.10M

ASME CA-1 Latest edition

ASME PCC-1 2013

ASME PCC-2 2018

ASME PTB-4 Latest edition

ASME PTC 25 2014

ASME QAI-1 Latest edition [Note (2)]
ASTM A1033 Latest edition

ASTM D56 Latest edition

ASTM D93 Latest edition

ASTM E3 2011

ASTM E125 1963 (R2008) [Note (3)]
ASTM E140 Latest edition

5th Ed., January 2007
Latest edition

Latest edition

Latest edition

(19)
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Metal
Metric Screw Thread — M Profile
Metric Screw Thread — M] Profile
Metric Heavy Hex Screws
Metric Hex Bolts

Metric Heavy Hex Bolts
Metric Fasteners for Use in Structural Applications

Ferrite Content of Austenitic and Duplex Ferritic-Austenitic Stainless Steel Weld

ASME B1.13M
ASMEB1.21M

ASME\B18.2.3.3M
ASME B18.2.3.5M

ASME B18.2.3.6M
ASME B18.2.6M

Table U-3
Year of Acceptable Edition of Referenced Standards in This Division (Cont'd)
Title Number Year
Standard Reference Radiographs for Heavy-Walled [2 to 4%, in. (50.8 to 114 mm)] ASTM E186 2015
Steel Castings
Standard Test Method for Conducting Drop-Weight Test to Determine Nil- Ductility ASTM E208 2006 (R2012) [Note (3)]
Transition Temperature of Ferritic Steels
Standard Reference Radiographs for Heavy-Walled [4Y; to 12 in. (114 to 305 mm)] ASTM E280 2015
Steel Castings
Standard Reference Radiographs for Steel Castings up to 2 in. (51 mm) in Thickness ASTM E446 2015
Metallic Materials — Charpy Pendulum Impact Test Part 1: Test Method 1SO 148-1 2009
Metallic Materials — Charpy Pendulum Impact Test Part 2: Verification of Testing ISO 148-2 2008
Machines
Metallic Materials — Charpy Pendulum Impact Test Part 3: Preparation and ISO 148-3 2008
Characterization of Charpy V-Notch Test Pieces for Indirect Verification of
Pendulum Impact Machines
Metric Standards
Standard Procedures for Calibrating Magnetic Instruments to Measure the Delta ANSI/AWS A4.2M 2006

Latest edition
Latest edition
Latest edition
Latest edition

Latest edition
Latest edition

Section modulus

Moment of inertia of section

Mass (weéight)

Force(load)

Bendihg moment

Pressure, stress, stress intensity, and modulus of elasticity
Energy (e.g., Charpy impact values)

Temperature

Absolute temperature

Fracture toughness

cubic inches (in.)

inches” (in.")

pounds mass (Ibm)

pounds force (Ibf)

inch-pounds (in.-1b)

pounds per square inch (psi)
foot-pounds (ft-1b)

degrees Fahrenheit (°F)
Rankine (°R)

ksi square root inches (ksi./in.)

Standard Test Method for Compressive Strength of Carbon and Graphite ASTM C695 2015

Standard Terminology Relating to Manufactured Carbon and Graphite ASTM C709 2009

Standard Practices for Force Verification of Testing Machines ASTM E4 2016

Standard Practice for Use of the Terms Precision and Bias in ASTM Test.Methods ASTM E177 2014

Standard Practice for Conducting an Interlaboratory Study to Determine the Precision ASTM E691 2016

of a Test Method

NOTES:

(1) See UG-11(a)(2).

(2) See UG-91 and UG-117(a).

(3) R — Reaffirmed.

Table U-4-1
Standard Units for Use in Equations
Quantity U.S. Customary Units SI Units

Linear dimensions (e.g; length, height, thickness, radius, diameter) inches (in.) millimeters (mm)
Area square inches (in.%) square millimeters (mm?)
Volume cubic inches (in.%) cubic millimeters (mm?®)

cubic millimeters (mm?)
millimeters* (mm*)

kilograms (kg)

newtons (N)

newton-millimeters (N-mm)
megapascals (MPa)

joules (J)

degrees Celsius (°C)

kelvin (K)

MPa square root meters (MPa./m)
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UG-1 - UG-4

SUBSECTION A
GENERAL REQUIREMENTS

PART UG
GENERAL REQUIREMENTS FOR ALL METHODS OF
CONSTRUCTION AND ALL MATERIALS

UG-1 SCOPE

The requirements of Part UG are applicable to all pres-
sure vessels and vessel parts and shall be used in conjunc-
tion with the specific requirements in Subsections B and
C and the Mandatory Appendices that pertain to the meth-
od of fabrication and the material used.

MATERIALS
UG-4 GENERAL

(a) Material subject to stress due to pressure shall con-
form to one of the specifications given in Section.Il,\Part D,
Subpart 1, Tables 14, 1B, and 3, including alkapplicable
notes in the tables, and shall be limited to/those that are
permitted in the applicable Part of Subsection C, except
as otherwise permitted in UG-9, UG10, UG-11, UG-15,
Part UCS, Part UIG, and the Mandatory Appendices.
Material may be identified as meeting more than one ma-
terial specification and/or grade, provided the material
meets all requirements of the identified material
specification(s) and/orgrade(s) [see UG-23(a)].

(b) Material for nonpressure parts, such as skirts, sup-
ports, baffles, lugs(clips, and extended heat transfer sur-
faces, need not conform to the specifications for the
material to which they are attached or to a material spec-
ification permitted in this Division, but if attached to the
vessellby welding shall be of weldable quality [see
UW-5(b)]. The allowable stress values for material not
identified in accordance with UG-93 shall not exceed
80% of the maximum allowable stress value permitted
for similar material in Subsection C.

(c) Material covered by specifications in Section II is
not restricted as to the method of production unless so
stated in the specification, and so long as the product
complies with the requirements of the specification.
(See UG-85.)

(d) Materials other, than those allowed by the rules of
this Division shall\not be used. Data for new materials
shall be submitted to and approved by the ASME Boiler
and Pressure Vessel Committee on Materials in accor-
dance withSection II, Part D, Mandatory Appendix 5.

(e) Materials outside the limits of size and/or thickness
givén in the title or scope clause of the specifications giv-
én jn Section II, and permitted by the applicable part of
Subsection C, may be used if the material is in compliance
with the other requirements of the specification,® and no
size or thickness limitation is given in the stress tables. In
those specifications in which chemical composition or
mechanical properties vary with size or thickness, mate-
rials outside the range shall be required to conform to
the composition and mechanical properties shown for
the nearest specified range.

(f) It is recommended that the user or his designated
agent assure himself that materials used for the construc-
tion of the vessels will be suitable for the intended service
with respect to retention of satisfactory mechanical prop-
erties, and resistance to corrosion, erosion, oxidation, and
other deterioration during their intended service life. See
also informative and nonmandatory guidance regarding
metallurgical phenomena in Section II, Part D, Nonmanda-
tory Appendix A.

(g) When specifications, grades, classes, and types are
referenced, and the material specification in Section II,
Part A or Part B is a dual-unit specification (e.g.,
SA-516/SA-516M), the design values and rules shall be
applicable to either the U.S. Customary version of the ma-
terial specification or the SI unit version of the material
specification. For example, when SA-516M Grade 485 is
used in construction, the design values listed for its
equivalent, SA-516 Grade 70, in either the U.S. Customary
or metric Section II, Part D (as appropriate) shall be used.

(h) When the rules of this Division require the use of
material physical properties, these properties shall be ta-
ken from the applicable tables in Section II, Part D,
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Subpart 2. If the applicable tables in Section II, Part D,
Subpart 2 do not contain these properties for a permitted
material or do not list them within the required tempera-
ture range, the Manufacturer may use other authoritative
sources for the needed information. The Manufacturer’s
Data Report shall note under “Remarks” the property val-
ues obtained and their source.

NOTE: If material physical properties are not listed, the Manufac-
turer is encouraged to bring the information to the attention of the

ASME Committee on Materials (BPV Section II) so that the data
can be added in Section II, Part D, Subpart 2.

UG-5 PLATE’

Plate used in the construction of pressure parts of pres-
sure vessels shall conform to one of the specifications in
Section II for which allowable stress values are given in
the tables referenced in UG-23, except as otherwise pro-
vided in UG-4, UG-10, UG-11, and UG-15.

UG-6 FORGINGS

(a) Forged material may be used in pressure vessel
construction, provided the material has been worked suf-
ficiently to remove the coarse ingot structure. Specifica-
tions and maximum allowable stress values for
acceptable forging materials are given in the tables refer-
enced in UG-23. (See Part UF for forged vessels.)

(b) Forged rod or bar may only be used within the lim-
itations of UG-14.

(c) Forgings certified to SA-105, SA-181, SA-182,
SA-350, SA-403, and SA-420 may be used as tubesheets
and hollow cylindrical forgings for pressure vessel shells
that otherwise meet all the rules of this Division, provided
that the following additional requirements are met:

(1) Forgings certified to SA-105 or SA-181 shall be
subject to one of the austenitizing heat treatments per-
mitted by these specifications.

(2) One tension test specimen shall be taken from
each forging weighing more than5,000 lIb (2 250 kg).
The largest obtainable tension t€st specimen as specified
by the test methods referencedin the applicable specifica-
tion shall be used. Except for-upset-disk forgings, the lon-
gitudinal axis of the test'specimen shall be taken parallel
to the direction of-major working of the forging. For
upset-disk forgings,-the longitudinal axis of the test speci-
men shall be takén in the tangential direction. When
agreed to by the Manufacturer, and when not prohibited
by the material specification, test specimens may be ma-
chined from specially forged test blocks meeting the pro-
visions provided in SA-266 or other similar specifications
for large forgings.

(3) For quenched and tempered forgings weighing
more than 10,000 Ib (4 500 kg) at the time of heat treat-
ment, two tension test specimens shall be taken from
each forging. These shall be offset 180 deg from each

other, except that if the length of the forging, excluding
test prolongations, exceeds 12 ft (3.7 m), then one speci-
men shall be taken from each end of the forging.

UG-7 CASTINGS

Cast material may be used in the construction of pres-
sure vessels and vessel parts. Specifications and maxi-
mum allowable stress values for acceptable casting
materials are given in the tables referenced in UG-23.
These allowable stress values shall be multiplied by-the
applicable casting quality factor given in UG-24 for @ll'ma-
terials except cast iron.

UG-8 PIPE AND TUBES

(a) Pipe and tubes of seamless or welded® construction
conforming to one of the specifications given in Section II
may be used for shells and other parts of pressure vessels.
Allowable stress values for theumaterials used in pipe and
tubes are given in the tables referenced in UG-23.

(b) Integrally finned tubes may be made from tubes
that conform in every respect with one of the specifica-
tions given in Section II. These tubes may be used under
the following conditions:

(1) The'tubes, after finning, shall have a temper or
condition-that conforms to one of those provided in the
governing specifications, or, when specified, they may
be furnished in the “as-fabricated condition” where the
fihned portions of the tube are in the cold worked temper
(as-finned) resulting from the finning operation, and the
unfinned portions in the temper of the tube prior to
finning.

(2) The maximum allowable stress value for the
finned tube shall be that given in the tables referenced
in UG-23 for the tube before finning except as permitted
in (3) below.

(3) The maximum allowable stress value for a tem-
per or condition that has a higher stress value than that
of the tube before finning may be used, provided that qua-
lifying mechanical property tests demonstrate that such a
temper or condition is obtained and conforms to one of
those provided in the governing specifications in Section
I1, and provided that allowable stress values have been es-
tablished in the tables referenced in UG-23 for the tube
material used. The qualifying mechanical property tests
shall be made on specimens of finned tube from which
the fins have been removed by machining. The frequency
of tests shall be as required in the unfinned tube
specification.

(4) The maximum allowable internal or external
working pressure of the tube shall be based on the root
diameter and the minimum wall of the finned section,
or the outside diameter and wall of the unfinned section
together with appropriate stress values, whichever re-
sults in the lower maximum allowable working pressure.
Alternatively, the maximum allowable external pressure
for tubes with integral fins may be established under
the rules of Mandatory Appendix 23
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(5) In addition to the tests required by the governing
specifications, each tube after finning shall be subjected to
a pneumatic test or a hydrostatic test as indicated below.
UG-90(c)(1)(-i) requirement for a visual inspection by the
Inspector does not apply to either of these tests.

(-a) an internal pneumatic test of not less than
250 psi (1.7 MPa) for 5 sec without evidence of leakage.
The test method shall permit easy visual detection of
any leakage such as immersion of the tube under water
or a pressure differential method.’

(-b) an individual tube hydrostatic test in accor-
dance with UG-99 that permits complete examination of
the tube for leakage.

UG-9 WELDING MATERIALS

Welding materials used for production shall comply
with the requirements of this Division, those of Section
IX, and the applicable qualified welding procedure speci-
fication. When the welding materials comply with one of
the specifications in Section II, Part C, the marking or tag-
ging of the material, containers, or packages as required
by the applicable Section II specification may be accepted
for identification in lieu of a Test Report or a Certificate of
Compliance. When the welding materials do not comply
with one of the specifications of Section II, the marking
or tagging shall be identifiable with the welding materials
set forth in the welding procedure specification, and may
be accepted in lieu of a Test Report or a Certificate of
Compliance.

UG-10 MATERIAL IDENTIFIED WITH OR
PRODUCED TO A SPECIFICATION NOT
PERMITTED BY THIS DIVISION;-AND
MATERIAL NOT FULLY IDENTIFIED

(a) Identified Material With Complete Certification
From the Material Manufacturer. Material identified with
a specification not permitted by.this"Division and identi-
fied to a single production lot as required by a permitted
specification may be accepted as satisfying the require-
ments of a specification permitted by this Division, pro-
vided the following conditions are satisfied:

(1) Recertification by an Organization Other Than the
Vessel or Part Manufacturer. Not permitted.
(2) Recertification by the Vessel or Part Manufacturer

(-a)sDocumentation is provided to the Certificate
Holderrdemonstrating that all applicable requirements
(including, but not limited to, melting method, melting
practice, deoxidation, chemical analysis, mechanical prop-
erties, quality, and heat treatment) of the specification
permitted by this Division, to which the material is to
be recertified, have been met.

(-b) The material has marking, acceptable to the
Inspector, for identification to the documentation.

(-c) When the conformance of the material with
the permitted specification has been established, the ma-
terial shall be marked as required by the permitted
specification

(b) Material Identified With a Specification Not Per-
mitted by This Division and Identified to a Particular Pro-
duction Lot as Required by a Specification Permitted by
This Division but Which Cannot Be Qualified Under (a).
Any material for which the documentation required in
(a) is not available may be accepted as satisfying the re-
quirements of the specification permitted by this Division;
provided that the conditions set forth below are satisfied:

(1) Recertification by an Organization Other Thanthe
Vessel or Part Manufacturer. Not permitted.
(2) Recertification by the Vessel or Part Mdnufacturer

(-a) When documentation demonstrating com-
plete conformance to the chemical requirements is not
available, chemical analyses are made o different pieces
from the lot to establish a mean analysis that is to be ac-
cepted as representative of thelot. The pieces chosen for
analysis shall be selected, atcandom from the lot. The
number of pieces selected shall be at least 10% of the
number of pieces in the\lot, but not less than three. For
lots of three pieces orléss, each piece shall be analyzed.
Each individual analysis for an element shall conform to
the limits for_product analysis in the permitted specifica-
tion, and the'mean for each element shall conform to the
heat analysis limits of that specification. Analyses need
only. be*made for those elements required by the per-
mitted specification (including its general specification);
only those elements for which documentation is not avail-
able must be tested.

(-b) When documentation demonstrating com-
plete conformance to the mechanical property require-
ments is not available, mechanical property tests are
made in accordance with the requirements of the per-
mitted specification, and the results of the tests conform
to the specified requirements; only those properties for
which documentation is not available must be tested.

(-c) When documentation demonstrating com-
plete conformance to the heat treatment requirements
is not available, the material is heat treated in accordance
with those specification heat treatment requirements,
either prior to or during fabrication. (See also UG-85.)

(-d) All other applicable requirements (including,
but not limited to, melting method, melting practice,
deoxidation, chemical analysis, mechanical properties,
grain size, and quality) of the specification permitted by
this Division, to which the material is to be recertified,
have been demonstrated to have been met.

(-e) The material has marking, acceptable to the
Inspector, for identification to the documentation.

(-f) When the conformance of the material with the
permitted specification has been established, the material
shall be marked as required by the permitted
specification.

(c) Material Not Fully Identified. Material that cannot
be qualified under the provisions of either (a) or (b), such
as material not fully identified as required by the per-
mitted specification or unidentified material, may be
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accepted as satisfying the requirements of a specification
permitted by this Division, provided that the conditions
set forth below are satisfied.

(1) Qualification by an Organization Other Than the
Vessel or Part Manufacturer. Not permitted.

(2) Qualification by the Vessel or Part Manufacturer

(-a) Each piece is tested to show that it meets the
chemical composition for heat analysis and the mechani-
cal properties requirements of the permitted specifica-
tion. Chemical analyses need only be made for those
elements required by the permitted specification (includ-
ing its general specification). When the direction of final
rolling or major work (as required by the material speci-
fication) is not known, tension test specimens shall be ta-
ken in each appropriate direction from each sampling
location designated in the permitted specification. The re-
sults of all tests shall conform to the minimum require-
ments of the specification, but the tensile strength of
only one of the specimens need conform to the maximum
requirement.

(-b) The provision of (b)(2)(-c) above shall be
met.

(-c) All other applicable requirements (including,
but not limited to, melting method, melting practice,
deoxidation, chemical analysis, mechanical properties,
grain size, and quality) of the specification permitted by
this Division, to which the material is to be recertified,
have been demonstrated to have been met. If such verifi-
able evidence cannot be provided, recertification is not
permitted.

(-d) When the identity of the material with the
permitted specification has been established in accor-
dance with (-a), (-b), and (-c) above, each piece {0r bun-
dle, etc., if permitted in the specificationjsshall be
marked with a marking giving the permitted.specification
number and grade, type, or class, as applicable, and a se-
rial number identifying the particularlot of material. A
suitable report, clearly marked as beéing a “Report on
Tests of Nonidentified Material,’-shall be completed and
certified by the vessel or Part Manufacturer. This report,
when accepted by the Inspector, shall constitute authority
to use the material in lieu of material procured to the re-
quirements of the pertitted specification.

UG-11 PREFABRICATED OR PREFORMED
PRESSURE PARTS FURNISHED WITHOUT
A CERTIFICATION MARK

(a) Prefabricated or preformed pressure parts for pres-
sur€ vessels that are subject to stresses due to pressure
ahd that are furnished by others or by the Manufacturer
of the completed vessel shall conform to all applicable re-
quirements of this Division except as permitted in (b),
(), (d), and (e) below. When the prefabricated or pre-
formed parts are furnished with a nameplate that con-
tains product identifying marks and the nameplate
interferes with further fabrication or service, and where

stamping on the material is prohibited, the Manufacturer
of the completed vessel, with the concurrence of the
Authorized Inspector, may remove the nameplate. The re-
moval of the nameplate shall be noted in the “Remarks”
section of the vessel Manufacturer’s Data Report. The
nameplate shall be destroyed. The rules of (b), (c), (d),
and (e) below shall not be applied to welded shells or
heads or to quick-actuating or quick-opening closures
(see UG-35.2 and UG-35.3, respectively).

Parts furnished under the provisions of (b), (c), and (d)
need not be manufactured by a Certificate Holder. FHow-
ever, the Manufacturer of the completed vessel or-Certifi-
cation Mark-stamped part shall ensupre'that parts
furnished under the provisions of (b),c);7(d), and (e)
meet all of the applicable Code requirements such as
UCS-79(d), UNF-79(a), UHA-44(a),and UHT-79(a). Pre-
fabricated or preformed pressure‘parts may be supplied
as follows:

(1) cast, forged, rolled; or die formed non-standard
pressure parts

(2) cast, forged, rolled, or die formed standard pres-
sure parts that comply with an ASME product standard,
either welded ot nonwelded

(3) castforged, rolled, or die formed standard pres-
sure parts\that comply with a standard other than an
ASME product standard, either welded or nonwelded

(b)Cast, Forged, Rolled, or Die Formed Non-standard
Pressure Parts. Pressure parts such as shells, heads, remo-
vable doors, and pipe coils that are wholly formed by cast-
ing, forging, rolling, or die forming may be supplied
basically as materials. All such parts shall be made of
materials permitted under this Division, and the manufac-
turer of the part shall furnish identification in accordance
with UG-93. Such parts shall be marked with the name or
trademark of the parts manufacturer and with such other
markings as will serve to identify the particular parts with
accompanying material identification. The Manufacturer
of the completed vessel shall be satisfied that the part is
suitable for the design conditions specified for the com-
pleted vessel in accordance with the rules of this Division.

(c) Cast, Forged, Rolled, or Die Formed Standard Pres-
sure Parts That Comply With an ASME Product Standard,
Either Welded or Nonwelded

(1) These are pressure parts that comply with an
ASME product standard accepted by reference in
UG-44(a). The ASME product standard establishes the ba-
sis for the pressure-temperature rating and marking un-
less modified in UG-44(a).

(2) Flanges and flanged fittings may be used at the
pressure-temperature ratings specified in the appropri-
ate standard listed in this Division.

(3) Materials for standard pressure parts shall be as
follows:

(-a) as permitted by this Division or
(-b) as specifically listed in the ASME product
standard
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(4) When welding is performed it shall meet the
following:

(-a) the requirements of UW-26(a), UW-26(b),
and UW-26(c) and UW-27 through UW-40, or;

(-b) the welding requirements of ASME specifica-
tion SA-234.

(5) Standard pressure parts as identified in UG-11(c)
do not require inspection, identification in accordance
with UG-93(a) or UG-93(b), or Partial Data Reports, pro-
vided the requirements of UG-11(c) are met.

(6) If postweld heat treatment is required by the
rules of this Division, it may be performed either in the lo-
cation of the parts manufacturer or in the location of the
Manufacturer of the vessel to be marked with the Certifi-
cation Mark.

(7) If radiography or other volumetric examination is
required by the rules of this Division, it may be performed
at one of the following locations:

(-a) the location of the Manufacturer of the com-
pleted vessel

(-b) the location of the pressure parts
manufacturer

(8) Parts made to an ASME product standard shall be
marked as required by the ASME product standard.

(9) The Manufacturer of the completed vessels shall
have the following responsibilities when using standard
pressure parts that comply with an ASME product
standard:

(-a) Ensure that all standard pressure parts com-
ply with applicable rules of this Division.

(-b) Ensure that all standard pressure parts are
suitable for the design conditions of the completed vessel.

(-c) When volumetric examination is(required by
the rules of this Division, obtain the compléeted radio-
graphs, properly identified, with a radiegraphic inspec-
tion report, and any other applicable volumetric
examination report.

(10) The Manufacturer shall fulfill these responsibil-
ities by obtaining, when necessary, documentation as pro-
vided below, provide for rétention of this documentation,
and have such documentation available for examination
by the Inspector whenf requested. The documentation
shall contain at asminimum:

(-a) material used
(-b).the pressure-temperature rating of the part
(-c)>the basis for establishing the pressure-
temperature rating
{d)€ast, Forged, Rolled, or Die Formed Standard Pres-
syre Parts That Comply With a Standard Other Than an
ASME Product Standard, Either Welded or Nonwelded

(1) Standard pressure parts that are either welded or
nonwelded and comply with a manufacturer’s proprie-
tary standard or a standard other than an ASME product
standard may be supplied by

(-a) a Certificate Holder

(-b) a pressure parts manufacturer

(2) Parts of small size falling within this category for
which it is impossible to obtain identified material or that
may be stocked and for which identification in accordance
with UG-93 cannot be obtained and are not customarily
furnished, may be used for parts as described in UG-4(b):

(3) Materials for these parts shall be as permitted-by
this Division only.

(4) Requirements for welding and brazing are as
follows:

(-a) When welding is performed, it shall meet the
requirements of UW-26(a), UW-26(b),' UW-26(c), and
UW-27 through UW-40.

(-b) When brazing is performed, it shall meet the
requirements of Part UB.

(5) Standard pressure pdrts as identified in (d) do
not require inspection, ideftification in accordance with
UG-93(a) or UG-93(b);- ot Partial Data Reports, provided
the requirements of{{d) are met.

(6) If postweld-heat treatment is required by the
rules of this Division, it may be performed either in the lo-
cation of the‘parts manufacturer or in the location of the
Manufaeturer of the completed vessel.

(7) Hf'radiography or other volumetric examination is
required by the rules of this Division, it may be performed
atione of the following locations:

(-a) the location of the Manufacturer of the com-
pleted vessel

(-b) the location of the parts Manufacturer

(-c) the location of the pressure parts
manufacturer

(8) Marking for these parts shall be as follows:

(-a) with the name or trademark of the Certificate
Holder or the pressure part manufacturer and any other
markings as required by the proprietary standard or
other standard used for the pressure part E

(-b) with a permanent or temporary marking that -

will serve to identify the part with the Certificate Holder

or the pressure parts manufacturer’s written documenta- :
tion of the particular items, and that defines the pressure-
temperature rating of the part
(9) The Manufacturer of the completed vessels shall

have the following responsibilities when using standard
pressure parts:

(-a) Ensure that all standard pressure parts com-
ply with applicable rules of this Division.

(-b) Ensure that all standard pressure parts are
suitable for the design conditions of the completed vessel.

(-c) When volumetric examination is required by
the rules of this Division, obtain the completed radio-
graphs, properly identified, with a radiographic inspec-
tion report, and any other applicable volumetric
examination report.
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(10) The Manufacturer of the completed vessel shall
fulfill these responsibilities by one of the following
methods:

(-a) Obtain, when necessary, documentation as
provided below, provide for retention of this documenta-
tion, and have such documentation available for examina-
tion by the Inspector when requested, or;

(-b) Perform an analysis of the pressure part in ac-
cordance with the rules of this Division. [See also U-2(g).]
This analysis shall be included in the documentation and
shall be made available for examination by the Inspector
when requested.

(11) The documentation shall contain at a minimum:

(-a) material used

(-b) the pressure-temperature rating of the part

(-c) the basis for establishing the pressure-
temperature rating

(-d) a written certification by the pressure parts
manufacturer that all welding and brazing complies with
Code requirements

(e) The Code recognizes that a Certificate Holder may
fabricate parts in accordance with UG-11(d), and that
are marked in accordance with UG-11(d)(8). In lieu of
the requirement in UG-11(d)(4)(-a), the Certificate
Holder may subcontract to an individual or organization
not holding an ASME Certificate standard pressure parts
that are fabricated to a standard other than an ASME pro-
duct standard provided all the following conditions are
met:

(1) The activities to be performed by the subcontrac-
tor are included within the Certificate Holder’s Quality
Control System.

(2) The Certificate Holder’s Quality Control’System
provides for the following activities associated\with sub-
contracting of welding operations, and these provisions
shall be acceptable to the Manufacturer’s"Authorized In-
spection Agency:

(-a) the welding processes permiitted by this Divi-
sion that are permitted to be subcentracted

(-b) welding operations

(-¢) Authorized Inspection activities

(-d) placement ofthé Certificate Holder’s marking
in:accordance with UG~21(d)(8)

(3) The Certificate Holder’s Quality Control System
provides for the requirements of UG-92 to be met at the
subcontracter's*facility.

(4) The-Certificate Holder shall be responsible for re-
viewing and accepting the Quality Control Programs of
the subcontractor.

(5) The Certificate Holder shall ensure that the sub-
contractor uses written procedures and welding opera-
tions that have been qualified as required by this Division.

(6) The Certificate Holder shall ensure that the sub-
contractor uses personnel that have been qualified as re-
quired by this Division.

(7) The Certificate Holder and the subcontractor
shall describe in their Quality Control Systems the opera-
tional control of procedure and personnel qualifications
of the subcontracted welding operations.

(8) The Certificate Holder shall be responsible for
controlling the quality and ensuring that all materials
and parts that are welded by subcontractors and sub-
mitted to the Inspector for acceptance, conform to all ap-
plicable requirements of this Division.

(9) The Certificate Holder shall describe in their
Quality Control Systems the operational control for main-
taining traceability of materials received frem the
subcontractor.

(10) The Certificate Holder shall receive-approval for
subcontracting from the Authorized Inspection Agency
prior to commencing of activities.

UG-12 BOLTS AND STUDS

(a) Bolts and studs may’be used for the attachment of
removable parts. Specifiedtions, supplementary rules,
and maximum allowable'stress values for acceptable bolt-
ing materials are given in the tables referenced in UG-23.

(b) Studs shall be threaded full length or shall be ma-
chined dowprto.the root diameter of the thread in the un-
threaded-portion, provided that the threaded portions are
at least‘1"/, diameters in length.

Studs’greater than eight diameters in length may have
ah urthreaded portion that has the nominal diameter of
the thread, provided the following requirements are met:

(1) the threaded portions shall be at least 1%, dia-
meters in length;

(2) the stud shall be machined down to the root dia-
meter of the thread for a minimum distance of 0.5 dia-
meters adjacent to the threaded portion;

(3) a suitable transition shall be provided between
the root diameter and the unthreaded portion; and

(4) particular consideration shall be given to any dy-
namic loadings.

UG-13 NUTS AND WASHERS

(a) Nuts shall conform to the requirements in the ap-
plicable Part of Subsection C (see UCS-11 and UNF-13).
They shall engage the threads for the full depth of the nut.

(b) The use of washers is optional. When used, they
shall be of wrought materials.

UG-14 RODS AND BARS

(a) Rods and Bars Used for Pressure Parts. Rod and bar
may be used in pressure vessel construction for pressure
parts such as flange rings [see 2-2(d)], stiffening rings,
frames for reinforced openings, stays and stay-bolts,
and similar parts. Rod and bar materials shall conform
to the requirements for bars or bolting in the applicable
part of Subsection C.

(19)
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(b) Parts Machined From Rod and Bar. Pressure parts
such as hollow cylindrically shaped parts, heads, caps,
flanges, elbows, return bends, tees, and header tees may
be machined directly from rod or bar as provided in (1)
through (4) below.

(1) Examination by the magnetic particle or liquid
penetrant method in accordance with the requirements
of Mandatory Appendix 6 or Mandatory Appendix 8 re-
spectively, shall be as follows:

(-a) for flanges: the back of the flange and the out-
er surface of the hub

(-b) for heads, caps, elbows, return bends, tees,
and header tees: all surfaces

(-c) for hollow, cylindrically shaped parts: no sur-
face examination needed

(2) Parts may be machined from rod or bar having a
hot-worked diameter not greater than 5.50 in. (140 mm),
provided that the axial length of the part is approximately
parallel to the metal flow lines of the stock.

(3) Parts may be machined from rod or bar having a
hot-worked diameter greater than 5.50 in. (140 mm), but
not greater than 8.00 in. (205 mm), provided the axial
length of the part is approximately parallel to the metal
flow lines of the stock, and the minimum required thick-
ness of the component is calculated following the rules
of this Division using 50% of the specified allowable
stress.

(4) As an alternative to (3) above and for rod or bar
having a hot-worked diameter greater than 8.00 in.
(205 mm), parts may be machined from such rodsor
bar, if the following requirements are met:

(-a) The longitudinal axis of the part shall be par-
allel to the longitudinal axis of the rod or baf.

(-b) At least two transverse tension test speci-
mens that have the same diameter shall\be taken from
each lot (as defined in the material specification) of rod
or bar material.

(-1) The second specimen shall be taken at
90 deg around the perimetersfrom the first specimen.

(-2) The axis of thetension test specimen shall
be located, as nearly_ s practicable, midway between
the center thicknessiand the surface of the rod or bar.

(-3) Bathispecimens shall meet the mechanical
property requirements of the material specification.

(+4) For Table UCS-23 materials, the reduction
of area,shall'be not less than 30%.

(=¢) Each rod or bar, before machining, shall be
100%-ultrasonically examined perpendicular to the longi-
tudinal axis by the straight beam technique in accordance
with SA-388. The rod or bar shall be unacceptable if either
of the following occurs:

(-1) The examination results show one or more
indications accompanied by loss of back reflection larger
than 60% of the reference back reflection.

(-2) The examination results show indications
larger than 40% of the reference back reflection when ac-
companied by a 40% loss of back reflection.

(-d) For heads and the flat portion of caps, the ex-
aminations of (-c) shall also be performed in the axial
direction.

(-e) Before welding, the cut surfaces of the part
adjacent to the weld shall be examined by magnetic par-
ticle or liquid penetrant methods in accordance with Man-
datory Appendix 6 or Mandatory Appendix 8;
respectively.

UG-15 PRODUCT SPECIFICATION

When there is no material specification listed in Sub-
section C covering a particular wrought product of a
grade, but there is an approved specification listed in Sub-
section C covering some other wrought product of that
grade, the product for which thexe’is no specification
may be used provided:

(a) the chemical and physical properties, heat treating
requirements, and requirements for deoxidation, or grain
size requirements conform to the approved specification
listed in Subsection C+The stress values for that specifica-
tion given in thejtables referenced in UG-23 shall be used.

(b) the manufacturing procedures, tolerances, tests,
and marking are in accordance with a Section II specifica-
tion covering the same product form of a similar material;

(c)-for-the case of welded tubing made of plate, sheet,
or.strip, without the addition of filler metal, the appropri-
ate/stress values are multiplied by a factor of 0.85;

(d) the product is not pipe or tubing fabricated by fu-
sion welding with the addition of filler metal unless it is
fabricated in accordance with the rules of this Division
as a pressure part;

(e) mill test reports reference the specifications used in
producing the material and in addition make reference to
this paragraph.

DESIGN
UG-16 GENERAL

(a) The design of pressure vessels and vessel parts shall
conform to the general design requirements in the follow-
ing paragraphs and in addition to the specific require-
ments for Design given in the applicable Parts of
Subsections B and C As an alternative, the design rules
of Mandatory Appendix 46 may be used.

(b) Minimum Thickness of Pressure-Retaining Compo-
nents. Except for the special provisions listed below, the
minimum thickness permitted for shells and heads, after
forming and regardless of product form and material,
shall be Y/, in. (1.5 mm) exclusive of any corrosion allow-
ance. Exceptions are:

(1) the minimum thickness does not apply to heat
transfer plates of plate-type heat exchangers;

(2) this minimum thickness does not apply to the in-
ner pipe of double pipe heat exchangers nor to pipes and
tubes that are enclosed and protected from mechanical
damage by a shell, casing, or ducting, where such pipes
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or tubes are NPS 6 (DN 150) and less. This exemption ap-
plies whether or not the outer pipe, shell, or protective
element is constructed to Code rules. When the outer pro-
tective element is not provided by the Manufacturer as
part of the vessel, the Manufacturer shall note this on
the Manufacturer’s Data Report, and the owner or his de-
signated agent shall be responsible to assure that the re-
quired enclosures are installed prior to operation. Where
pipes and tubes are fully enclosed, consideration shall be
given to avoiding buildup of pressure within the protec-
tive chamber due to a tube/pipe leak. All other pressure
parts of these heat exchangers that are constructed to
Code rules must meet the ;¢ in. (1.5 mm) minimum
thickness requirements.

(3) the minimum thickness of shells and heads of un-
fired steam boilers shall be Y, in. (6 mm) exclusive of any
corrosion allowance;

(4) the minimum thickness of shells and heads used
in compressed air service, steam service, and water ser-
vice, made from materials listed in Table UCS-23, shall
be ¥, in. (2.5 mm) exclusive of any corrosion allowance.

(5) this minimum thickness does not apply to the
tubes in air cooled and cooling tower heat exchangers if
all the following provisions are met:

(-a) the tubes shall not be used for lethal UW-2(a)
service applications;

(-b) the tubes shall be protected by fins or other
mechanical means;

(-c) the tube outside diameter shall be a minimum
of 3 in. (10 mm) and a maximum of 1%, in. (38 mm);

(-d) the minimum thickness used shall not be less
than that calculated by the formulas given in UG:27 ‘or
1-1 and in no case less than 0.022 in. (0.5 mm).

(c) Plate Undertolerance

(1) Plate material shall not be ordered.with a nom-
inal thickness thinner than the design thickness.

(2) Plate material with an actual, thickness less than
the design thickness shall not be-used unless the
difference in thicknesses is less than the smaller of 0.01
in. (0.3 mm) or 6% of the\design thickness [see
UG-90(b)(6)].

(3) If plate material is ordered to a specification that
allows an undertolerancé greater than the smaller of 0.01
in. (0.3 mm) or 6%'ofthe nominal thickness, the thickness
of the plate ordered shall be increased, if required, so that
the plate material will meet the requirement of (2) when
used.

(d) Pipe-Undertolerance. If pipe or tube is ordered by its
nominal wall thickness, the manufacturing undertoler-
anice-on wall thickness shall be taken into account except
for'nozzle wall reinforcement area requirements in accor-
dance with UG-37 and UG-40. The manufacturing under-
tolerances are given in the several pipe and tube
specifications listed in the applicable Tables in
Subsection C.

(e) Corrosion Allowance in Design Formulas. The di-
mensional symbols used in all design formulas through-
out this Division represent dimensions in the corroded
condition.

(f) Examples showing the application of the design
rules of this Division are contained in ASME PTB-4, ASME
Section VIII, Division 1, Example Problem Manual.

UG-17 METHODS OF FABRICATION IN
COMBINATION

A vessel may be designed and constructed by a combi-
nation of the methods of fabrication given in this Division,
provided the rules applying to the respective methods of
fabrication are followed and the vesselis, limited to the
service permitted by the method of-fabrication having
the most restrictive requirements.(sé¢e UG-116).

UG-18 MATERIALS IN COMBINATION

Except as specifically prohibited by other rules of this
Division, a vessel may bé~designed and constructed of
any combination of materials permitted in Subsection C,
provided the applicable rules are followed and the re-
quirements in.Section IX for welding dissimilar metals
are met.

The requirements for the base metals, HAZs, and weld
metalfs){of a weldment between metals having different
impacttesting requirements and acceptance criteria shall
each’be applied in accordance with the rules of this
Division.

NOTE: Because of the different thermal coefficients of expansion of
dissimilar materials, caution should be exercised in design and con-
struction under the provisions of this paragraph in order to avoid
difficulties in service under extreme temperature conditions, or with
unusual restraint of parts such as may occur at points of stress con-
centration and also because of metallurgical changes occurring at

elevated temperatures. [See also Galvanic Corrosion in Section I,
Part D, Nonmandatory Appendix A, A-440(c).]

UG-19 SPECIAL CONSTRUCTIONS

(a) Combination Units. A combination unit is a pressure
vessel that consists of more than one independent or de-
pendent pressure chamber, operating at the same or dif-
ferent pressures and temperatures. The parts separating
each pressure chamber are the common elements. Each
element, including the common elements, shall be de-
signed for at least the most severe condition of coincident
pressure and temperature expected in normal operation
(see 3-2). Only the chambers that come within the scope
of this Division, U-1, need be constructed in compliance
with its provisions. Also, see 9-1(c) for jacketed vessels.

(1) Common Element Design. It is permitted to design
each common element for a differential pressure less than
the maximum of the design pressures of its adjacent
chambers (differential pressure design) or a mean metal
temperature less than the maximum of the design tem-
peratures of its adjacent chambers (mean metal

(19)
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temperature design), or both, only when the vessel is to
be installed in a system that controls the common ele-
ment design conditions.

(2) Differential Pressure Design (Dependent Pressure
Chamber). When differential pressure design is permitted,
the common element design pressure shall be the maxi-
mum differential design pressure expected between the
adjacent chambers. The common element and its corre-
sponding differential pressure shall be indicated in the
“Remarks” section of the Manufacturer’s Data Report
[see UG-120(b)(1) and UHX-19.3] and marked on the ves-
sel [see UG-116(j)(1)(-a) and UHX-19.2.1(a)]. The differ-
ential pressure shall be controlled to ensure the
common element design pressure is not exceeded.

(3) Mean Metal Temperature Design (Dependent
Pressure Chamber). When mean metal temperature de-
sign is used, the maximum common element design tem-
perature determined in accordance with UG-20(a) may
be less than the greater of the maximum design tempera-
tures of its adjacent chambers; however, it shall not be
less than the lower of the maximum design temperatures
of its adjacent chambers. The common element and its
corresponding design temperature shall be indicated in
the “Remarks” section of the Manufacturer’s Data Report
[see UG-120(b)(2) and UHX-19.3] and marked on the ves-
sel [see UG-116(j)(1)(-b) and UHX-19.2.1(b)]. The fluid
temperature, flow, and pressure, as required, shall be con-
trolled to ensure the common element design tempera-
ture is not exceeded.

(b) Special Shapes. Vessels other than cylindrical and
spherical and those for which no design rules aré& pro-
vided in this Division may be designed under the“condi-
tions set forth in U-2.

(c) When no design rules are given and the strength of
a pressure vessel or vessel part cannot be'calculated with
a satisfactory assurance of accuracy, the‘maximum allow-
able working pressure of the completéd vessel shall be es-
tablished in accordance with the‘provisions of UG-101.

UG-20 DESIGN TEMPERATURE

(a) Maximum. Exceptias required in UW-2(d)(3), the
maximum temperature used in design shall be not less
than the mean metal temperature (through the thickness)
expected under_dperating conditions for the part consid-
ered (see 3-2). If necessary, the metal temperature shall
be determined by computation or by measurement from
equipnmient in service under equivalent operating condi-
tions. See also U-2(a).

NOTE: The user and Manufacturer are cautioned that certain fabrica-
tion details allowed by this Division may result in cracking at welds
and associated heat-affected zones (HAZ) for vessels designed for
use at elevated temperature. WRC Bulletin 470, “Recommendations
for Design of Vessels for Elevated Temperature Service” has informa-
tion that may prove helpful to the vessel designer. WRC Bulletin 470
contains recommended design details for use at elevated tempera-
ture service, which is for the purposes of this Division, when the al-
lowable stresses in Section II, Part D are based on time-dependent
properties. The use of these details does not relieve the Manufac-
turer of design responsibility with regard to consideration of stress-
es associated with both steady state conditions and transieht events,
such as startup, shutdown, intermittent operation, thermal cycling,
etc., as defined by the user.

(b) Minimum. The minimum metal temperature used in
design shall be the lowest expected in service except
when lower temperatures are permitted by the rules of
this Division'® (see UG-116,{0€S-66, and UCS-A-3). The
minimum mean metal temiperature shall be determined
by the principles described in (a) above. Consideration
shall include the lowest operating temperature, opera-
tional upsets, autarefrigeration, atmospheric tempera-
ture, and any ‘other sources of cooling [except as
permitted in[€)(3) below for vessels meeting the require-
ments of (f}-below]. The MDMT marked on the nameplate
shall edrrespond to a coincident pressure equal to the
MAWP:When there are multiple MAWP’s, the largest val-
ueshall be used to establish the MDMT marked on the
nameplate. Additional MDMT’s corresponding with other
MAWP’s may also be marked on the nameplate.'®

(c) Design temperatures that exceed the temperature
limit in the applicability column shown in Section II, Part
D, Subpart 1, Tables 14, 1B, and 3 are not permitted. In
addition, design temperatures for vessels under external
pressure shall not exceed the maximum temperatures
given on the external pressure charts.

(d) The design of zones with different metal tempera-
tures may be based on their determined temperatures.

(e) Suggested methods for obtaining the operating tem-
perature of vessel walls in service are given in Nonman-
datory Appendix C.

(f) Impact testing per UG-84 is not mandatory for pres-
sure vessel materials that satisfy all of the following:

(1) The material shall be limited to P-No. 1, Gr. No. 1
or 2, and the thickness, as defined in UCS-66(a) [see also
Note (1) in Figure UCS-66.2], shall not exceed that given
in (-a) or (-b) below:

(-a) Y, in. (13 mm) for materials listed in Curve A
of Figure UCS-66;

(-b) 1in. (25 mm) for materials listed in Curve B,
C, or D of Figure UCS-66.

(2) The completed vessel shall be hydrostatically
tested per UG-99(b) or UG-99(c) or 27-4. Alternatively,
the completed vessel may be pneumatically tested in ac-
cordance with 35-6.
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(19)

(3) Design temperature is no warmer than 650°F
(345°C) nor colder than -20°F (-29°C). Occasional oper-
ating temperatures colder than -20°F (-29°C) are accept-
able when due to lower seasonal atmospheric
temperature.

(4) The thermal or mechanical shock loadings are not
a controlling design requirement. (See UG-22.)

(5) Cyclical loading is not a controlling design re-
quirement. (See UG-22.)

UG-21 DESIGN PRESSURE'

Each element of a pressure vessel shall be designed for
at least the most severe condition of coincident pressure
(including coincident static head in the operating posi-
tion) and temperature expected in normal operation.
For this condition, the maximum difference in pressure
between the inside and outside of a vessel, or between
any two chambers of a combination unit, shall be consid-
ered [see UG-98 and 3-2]. See also U-2(a).

UG-22 LOADINGS

The loadings to be considered in designing a vessel
shall include those from:

(a) internal or external design pressure (as defined in
UG-21);

(b) weight of the vessel and normal contents under op-
erating or test conditions;

(c) superimposed static reactions from weight of at-
tached equipment, such as motors, machinery, other ves-
sels, piping, linings, and insulation;

(d) the attachment of:

(1) internals (see Nonmandatory Appendix D);
(2) vessel supports, such as lugs, rings, skixts, sad-
dles, and legs (see Nonmandatory Appendix G);

(e) cyclic and dynamic reactions due to\pressure or
thermal variations, or from equipment mounted on a ves-
sel, and mechanical loadings;

(f) wind, snow, and seismic reactions, where required;

(g) impact reactions such as.those due to fluid shock;

(h) temperature gradients-and differential thermal
expansion;

(i) abnormal pressukes, such as those caused by
deflagration;

(j) test pressure‘and coincident static head acting dur-
ing the test (see UG-99).

UG-23 ~MAXIMUM ALLOWABLE STRESS
VALUES*?

(a) The maximum allowable stress value is the maxi-
mum unit stress permitted in a given material used in a
vessel constructed under these rules. The maximum al-
lowable tensile stress values permitted for different mate-
rials are given in Section II, Part D, Subpart 1. Section II,
Part D is published as two separate publications. One pub-
lication contains values only in the U.S. Customary units
and the other contains values only in SI units. The

selection of the version to use is dependent on the set
of units selected for construction. A listing of these mate-
rials is given in the following tables, which are included in
Subsection C. For material identified as meeting more
than one material specification and/or grade, the maxi-
mum allowable tensile stress value for either material
specification and/or grade may be used provided all re-
quirements and limitations for the material specification
and grade are met for the maximum allowable tensile
stress value chosen.

Table Title
UCs-23 Carbon and Low Alloy Steel (stress values/in Section
II, Part D, Subpart 1, Table 3 for.bolting and Table
1A for other carbon steels)
UNF-23.1 Nonferrous Metals (stress valuesiin Section II, Part D,
through Subpart 1, Table 3 fordplting and Table 1B for
UNF-23.5 other nonferrous metals)
UHA-23 High Alloy Steel (stteSs/values in Section II, Part D,
Subpart 1, Table.3 for bolting and Table 1A or
Table 1B for other high alloy steels)

UCI-23 Maximum Allowable Stress Values in Tension for
Cast Iron

UCD-23 Maximurn Allowable Stress Values in Tension for
Cast Ductile Iron

UHT-23 Ferritic Steels with Properties Enhanced by Heat
Treatment (stress values in Section II, Part D,
Subpart 1, Table 1A)

ULT=23 Maximum Allowable Stress Values in Tension for
5%, 8%, and 9% Nickel Steels and 5083-0
Aluminum Alloy at Cryogenic Temperatures for
Welded and Nonwelded Construction

(b) The maximum allowable longitudinal compressive
stress to be used in the design of cylindrical shells or
tubes, either seamless or butt welded, subjected to load-
ings that produce longitudinal compression in the shell
or tube shall be the smaller of the following values:

(1) the maximum allowable tensile stress value per-
mitted in (a) above;

(2) the value of the factor B determined by the fol-
lowing procedure where

E = modulus of elasticity of material at design tempera-
ture. The modulus of elasticity to be used shall be
taken from the applicable materials chart in Section
I, Part D, Subpart 3. (Interpolation may be made
between lines for intermediate temperatures.)

= outside radius of cylindrical shell or tube

= the minimum required thickness of the cylindrical

shell or tube

The joint efficiency for butt-welded joints shall be ta-
ken as unity.
The value of B shall be determined as follows.
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Step 1.Using the selected values of t and R, calculate
the value of factor A using the following equation:

0.125

47 Ralt)

Step 2.Using the value of A calculated in Step 1, enter
the applicable material chart in Section II, Part D, Subpart
3 for the material under consideration. Move vertically to
an intersection with the material/temperature line for the
design temperature (see UG-20). Interpolation may be
made between lines for intermediate temperatures. If tab-
ular values in Section II, Part D, Subpart 3 are used, linear
interpolation or any other rational interpolation method
may be used to determine a B value that lies between
two adjacent tabular values for a specific temperature.
Such interpolation may also be used to determine a B val-
ue at an intermediate temperature that lies between two
sets of tabular values, after first determining B values for
each set of tabular values.

In cases where the value at 4 falls to the right of the end
of the material/temperature line, assume an intersection
with the horizontal projection of the upper end of the ma-
terial/temperature line. If tabular values are used, the last
(maximum) tabulated value shall be used. For values of A
falling to the left of the material/temperature line, see
Step 4.

Step 3.From the intersection obtained in Step 2, move
horizontally to the right and read the value of factor B~
This is the maximum allowable compressive stress\for
the values of t and R, used in Step 1.

Step 4.For values of A falling to the left of the applic-
able material/temperature line, the value-0f B shall be
calculated using the following equation;

_AE
2

B

If tabulated values are used, determine B as in Step 2
and apply it to the equation in Step 4.

Step 5.Compare thewalue of B determined in Step 3 or
Step 4 with the computed longitudinal compressive stress
in the cylindrical'shell or tube, using the selected values of
t and R,. If the-value of B is smaller than the computed
compressive stress, a greater value of t must be selected
and thé design procedure repeated until a value of B is
obtained that is greater than the compressive stress com-
plited for the loading on the cylindrical shell or tube.

(c) The wall thickness of a vessel computed by these
rules shall be determined such that, for any combination
of loadings listed in UG-22 that induce primary stress and
are expected to occur simultaneously during normal
operation’® of the vessel, the induced maximum general
primary membrane stress does not exceed the maximum
allowable stress value in tension (see UG-23), except as
provided in (d) below. Except where limited by special

rules, such as those for cast iron in flanged joints, the
above loads shall not induce a combined maximum pri-
mary membrane stress plus primary bending stress
across the thickness that exceeds 1%, times'* the maxi-
mum allowable stress value in tension (see UG-23). It is
recognized that high localized discontinuity stresses
may exist in vessels designed and fabricated in accor:
dance with these rules. Insofar as practical, design pules
for details have been written to limit such stresses t6 a
safe level consistent with experience.

The maximum allowable stress values thatyare to be
used in the thickness calculations are to betaken from
the tables at the temperature that is expeeted to be main-
tained in the metal under the conditions’of loading being
considered. Maximum stress values'may be interpolated
for intermediate temperatures:

(d) For the combination of earthquake loading, or wind
loading with other loadings,in UG-22, the wall thickness
of a vessel computed by these rules shall be determined
such that the generalprimary membrane stress shall
not exceed 1.2 times the maximum allowable stress per-
mitted in (a),«(b), or (c) above. This rule is applicable to
stresses caused by internal pressure, external pressure,
and axial compressive load on a cylinder.'®

Earthquake loading and wind loading need not be con-
sidered to act simultaneously.

(¢) Localized discontinuity stresses [see (c) above] are
calculated in Mandatory Appendix 1, 1-5(g) and 1-8(e),
Part UHX, and Mandatory Appendix 5. The primary plus
secondary stresses'* at these discontinuities shall be lim-
ited to Sps, where Sps = 35, and S is the maximum allow-
able stress of the material at temperature [see (a) above].

In lieu of using Sps = 35, a value of Sps = 2Sy may be
used, where Sy is the yield strength at temperature, pro-
vided the following are met:

(1) the allowable stress of material S is not governed
by time-dependent properties as provided in Section II,
Part D, Subpart 1, Table 1A or Table 1B;

(2) the room temperature ratio of the specified mini-
mum yield strength to specified minimum tensile
strength for the material does not exceed 0.7;

(3) the value for Sy at temperature can be obtained
from Section II, Part D, Subpart 1, Table Y-1.

(f) Maximum shear stress in restricted shear, such as
dowel bolts or similar construction in which the shearing
member is so restricted that the section under considera-
tion would fail without a reduction of area, shall be lim-
ited to 0.80 times the values in Section II, Part D,
Subpart 1, Table 1A, Table 1B, or Table 3.

(g) Maximum bearing stress shall be limited to 1.60
times the values in Section I, Part D, Subpart 1, Table
1A, Table 1B, or Table 3.

UG-24 CASTINGS

(a) Quality Factors. A casting quality factor as specified
below shall be applied to the allowable stress values for
cast materials given in Subsection C except for castings
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permitted by Part UCIL At a welded joint in a casting, only
the lesser of the casting quality factor or the weld joint ef-
ficiency specified in UW-12 applies, but not both. NDE
methods and acceptance standards are given in Manda-
tory Appendix 7.

(1) A factor not to exceed 80% shall be applied to sta-
tic castings that are examined in accordance with the
minimum requirements of the material specification. In
addition to the minimum requirements of the material
specification, all surfaces of centrifugal castings shall be
machined after heat treatment to a finish not coarser than
250 pin. (6.3 pm) arithmetical average deviation, and a
factor not to exceed 85% shall be applied.

(2) For nonferrous and ductile cast iron materials, a
factor not to exceed 90% shall be applied if in addition
to the minimum requirements of (1):

(-a) each casting is subjected to a thorough exam-
ination of all surfaces, particularly such as are exposed by
machining or drilling, without revealing any defects;

(-b) atleast three pilot castings'® representing the
first lot of five castings made from a new or altered design
are sectioned or radiographed at all critical sections'”
without revealing any defects;

(-c) one additional casting taken at random from
every subsequent lot of five is sectioned or radiographed
at all critical sections without revealing any defects; and

(-d) all castings other than those that have been
radiographed are examined at all critical sections by the
magnetic particle or liquid penetrant methods in accor-
dance with the requirements of Mandatory Appendix 7.

(3) For nonferrous and ductile cast iron materials,’a
factor not to exceed 90% may be used for a single casting
that has been radiographed at all critical sections and
found free of defects.

(4) For nonferrous and ductile cast iron\materials, a
factor not to exceed 90% may be used fora’casting that
has been machined to the extent that all“tritical sections
are exposed for examination for the ‘full wall thickness;
as in tubesheets drilled with holes;spaced no farther apart
than the wall thickness of the casting. The examination af-
forded may be taken in liey of destructive or radiographic
testing required in (2)(<b) above.

(5) For carbon, lowJalloy, or high alloy steels, higher
quality factors may be applied if in addition to the mini-
mum requirements of (1) above, additional examinations
are made as-follows.

(-a) ‘Eer centrifugal castings, a factor not to exceed
90% may be applied if the castings are examined by the
magnetic particle or liquid penetrant methods in accor-
dance with the requirements of Mandatory Appendix 7.

(-b) For static and centrifugal castings a factor not
to exceed 100% may be applied if the castings are exam-
ined in accordance with all of the requirements of Manda-
tory Appendix 7.

(6) The following additional requirements apply
when castings (including those permitted in UG-11) are
to be used in vessels to contain lethal substances (UW-2).

(-a) Castings of cast iron (UCI-2) and cast ductile
iron (UCD-2) are prohibited.

(-b) Each casting of nonferrous material permitted
by this Division shall be radiographed at all critical
sections'” without revealing any defects. The quality fac-
tor for nonferrous castings for lethal service shall not ex-
ceed 90%.

(-c) Each casting of steel material permitted by
this Division shall be examined per Mandatory Appendix
7 for severe service applications [7-3(b)]. The quality.fac-
tor for lethal service shall not exceed 100%.

(b) Defects. Imperfections defined as unacceptable by
either the material specification or by Mandatory Appen-
dix 7, 7-3, whichever is more restrictive; are’ considered
to be defects and shall be the basis for'rejection of the
casting. Where defects have been tepaired by welding,
the completed repair shall be subjéct to reexamination
and, when required by either the rules of this Division
or the requirements of the-castings specification, the re-
paired casting shall be postweld heat treated and, to ob-
tain a 90% or 100%, quality factor, the repaired casting
shall be stress relieved.

(c) Identification and Marking. Each casting to which a
quality factor-greater than 80% is applied shall be marked
with the name, trademark, or other traceable identifica-
tion of the manufacturer and the casting identification, in-
cluding the casting quality factor and the material
designation.

UG-25 CORROSION

(a) The user or his designated agent (see U-2) shall spe-
cify corrosion allowances other than those required by
the rules of this Division. Where corrosion allowances
are not provided, this fact shall be indicated on the Data
Report.

(b) Vessels or parts of vessels subject to thinning by
corrosion, erosion, or mechanical abrasion shall have pro-
vision made for the desired life of the vessel by a suitable
increase in the thickness of the material over that deter-
mined by the design formulas, or by using some other
suitable method of protection. (See Nonmandatory
Appendix E.)

NOTE: When using high alloys and nonferrous materials either for

solid wall or clad or lined vessels, refer to UHA-6, UCL-3, and
UNF-4, as appropriate.

(c) Material added for these purposes need not be of
the same thickness for all parts of the vessel if different
rates of attack are expected for the various parts.

(d) No additional thickness need be provided when
previous experience in like service has shown that corro-
sion does not occur or is of only a superficial nature.

(e) Telltale Holes. Telltale holes may be used to provide
some positive indication when the thickness has been re-
duced to a dangerous degree. Telltale holes shall not be
used in vessels that are to contain lethal substances
[see UW-2(a)], except as permitted by ULW-76 for vent
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holes in layered construction. When telltale holes are pro-
vided, they shall have a diameter of ;4 in. to ¥ in.
(1.5 mm to 5 mm)and have a depth not less than 80%
of the thickness required for a seamless shell of like di-
mensions. These holes shall be provided in the opposite
surface to that where deterioration is expected. [For tell-
tale holes in clad or lined vessels, see UCL-25(b).]

(f) Openings for Drain. Vessels subject to corrosion
shall be supplied with a suitable drain opening at the low-
est point practicable in the vessel; or a pipe may be used
extending inward from any other location to within Y/, in.
(6 mm) of the lowest point.

UG-26 LININGS

Corrosion resistant or abrasion resistant linings,
whether or not attached to the wall of a vessel, shall not
be considered as contributing to the strength of the wall
except as permitted in Part UCL (see Nonmandatory
Appendix F).

UG-27 THICKNESS OF SHELLS UNDER INTERNAL
PRESSURE

(a) The minimum required thickness of shells under in-
ternal pressure shall not be less than that computed by
the following formulas,'® except as permitted by Manda-
tory Appendix 1 or Mandatory Appendix 32. In addition,
provision shall be made for any of the loadings listed in
UG-22, when such loadings are expected. The provided
thickness of the shells shall also meet the requirements
of UG-16, except as permitted in Mandatory Appendix\32.

(b) The symbols defined below are used in the formulas
of this paragraph.

E = joint efficiency for, or the efficiency @f} appropriate
joint in cylindrical or spherical shells, or the effi-
ciency of ligaments between opénings, whichever
is less.

For welded vessels, use the efficiency specified in
UW-12.

For ligaments between‘openings, use the efficiency
calculated by the rules given in UG-53.

P = internal design pressure (see UG-21)

R = inside raddus of the shell course under
consideration;'®

S = maximum allowable stress value (see UG-23 and the
stressilimitations specified in UG-24)

t = minimum required thickness of shell

(c¢)- Cylindrical Shells. The minimum thickness or max-
imum allowable working pressure of cylindrical shells
shall be the greater thickness or lesser pressure as given
by (1) or (2) below.

(1) Circumferential Stress (Longitudinal Joints).
When the thickness does not exceed one-half of the inside
radius, or P does not exceed 0.385SE, the following for-
mulas shall apply:

PR
"~ SE-0.6P

SEt

or P=
R + 0.6t

1)

(2) Longitudinal Stress (Circumferential Joints).*°
When the thickness does not exceed one-half of the inside
radius, or P does not exceed 1.25SE, the following formu-
las shall apply:

PR

25Et
t=——— or =
25E + 0.4P

\R)- 0.4¢

2

(d) Spherical Shells. When the thickness of the shell of a
wholly spherical vessel dgesnot exceed 0.356R, or P does
not exceed 0.665SE, thefollowing formulas shall apply:

R
~2SE-0.2P

2SEt

or =
R+ 0.2¢

3)

(e) When necessary, vessels shall be provided with stif-
feners.or other additional means of support to prevent
overstress or large distortions under the external load-
ings listed in UG-22 other than pressure and temperature.

(f) A stayed jacket shell that extends completely
around a cylindrical or spherical vessel shall also meet
the requirements of UG-47(c).

(g) Any reduction in thickness within a shell course or
spherical shell shall be in accordance with UW-9.

UG-28 THICKNESS OF SHELLS AND TUBES
UNDER EXTERNAL PRESSURE

(a) Rules for the design of shells and tubes under exter-
nal pressure given in this Division are limited to cylindri-
cal shells, with or without stiffening rings, tubes, and
spherical shells. Three typical forms of cylindrical shells
are shown in Figure UG-28. Charts used in determining
minimum required thicknesses of these components are
given in Section II, Part D, Subpart 3.

(b) The symbols defined below are used in the proce-
dures of this paragraph:

A = factor determined from Section II, Part D, Subpart
3, Figure G and used to enter the applicable materi-
al chart in Section II, Part D, Subpart 3. For the case
of cylinders having D,/t values less than 10, see
(A)(2).

factor determined from the applicable material
chart or table in Section II, Part D, Subpart 3 for
maximum design metal temperature [see
UG-20(c)]

D, = outside diameter of cylindrical shell course or tube
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Figure UG-28
Diagrammatic Representation of Variables for Design of Cylindrical Vessels Subjected to External
Pressure
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modulus of elasticity of material at design tempera-
ture. For external pressure design in accordance
with this Section, the modulus of elasticity to be
used shall be taken from the applicable materials
chart in Section II, Part D, Subpart 3. (Interpolation
may be made between lines for intermediate
temperatures.)

total length, in. (mm), of a tube betwgenr'tube-
sheets, or design length of a vessel sectien between
lines of support (see Figure UG-28.19A line of sup-
port is:

(a) a circumferential line onva head (excluding
conical heads) at one-third.the depth of the head
from the head tangent lifre as shown on Figure
UG-28;

(b) a stiffening ring that meets the require-
ments of UG-29;

(c) a jacket closure of a jacketed vessel that
meets the requirements of 9-5;

(d):a\cone-to-cylinder junction or a knuckle-to-
cylinder junction of a toriconical head or section
that.satisfies the moment of inertia requirement
of/1-8.
external design pressure [see Note in (f)]
calculated value of maximum allowable external
working pressure for the assumed value of ¢, [see
Note in (f) below]
outside radius of spherical shell
minimum required thickness of cylindrical shell or
tube, or spherical shell, in. (mm)

t; =ominal thickness of cylindrical shell or tube, in.
(mm)

(c) Cylindrical Shells and Tubes. The required minimum
thickness of a cylindrical shell or tube under external
pressure, either seamless or with longitudinal butt joints,
shall be determined by the following procedure:

(1) Cylinders having D, /t values = 10:

Step 1.Assume a value for t and determine the ratios
L/D, and D, /t.

Step 2.Enter Section II, Part D, Subpart 3, Figure G at
the value of L/D, determined in Step 1. For values of
L/D, greater than 50, enter the chart at a value of L/
D, =50.For values of L/D, less than 0.05, enter the chart
at a value of L/D, = 0.05.

Step 3.Move horizontally to the line for the value of
D,/t determined in Step 1. Interpolation may be made
for intermediate values of D, /t; extrapolation is not per-
mitted. From this point of intersection move vertically
downward to determine the value of factor 4.

Step 4.Using the value of A calculated in Step 3, enter
the applicable material chart in Section II, Part D,
Subpart 3 for the material under consideration. Move ver-
tically to an intersection with the material/temperature
line for the design temperature (see UG-20). Interpolation
may be made between lines for intermediate tempera-
tures. If tabular values in Section II, Part D, Subpart 3
are used, linear interpolation or any other rational inter-
polation method may be used to determine a B value that
lies between two adjacent tabular values for a specific
temperature. Such interpolation may also be used to

20
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Figure UG-28.1
Diagrammatic Representation of Lines of Support for Design of Cylindrical Vessels Subjected to External
Pressure
h/3
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[Notes {1) and (2}] [Note (3)] [Note (3)]

NOTES:

(1)"When the cone-to-cylinder or the knuckle-to-cylinder junction is not a line of support, the required thickness of the cone, knuckle, or tor-
iconical section shall not be less than the required thickness of the adjacent cylindrical shell. Also, the reinforcement requirement of 1-8
shall be satisfied when a knuckle is not provided at the cone-to-cylinder junction.

(2) Calculations shall be made using the diameter and corresponding thickness of each cylindrical section with dimension L as shown. Thick-
nesses of the transition sections are based on Note (1).

(3) When the cone-to-cylinder or the knuckle-to-cylinder junction is a line of support, the moment of inertia shall be provided in accordance
with 1-8 [see UG-33(f)].
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determine a B value at an intermediate temperature that
lies between two sets of tabular values, after first deter-
mining B values for each set of tabular values.

In cases where the value of A falls to the right of the end
of the material/temperature line, assume an intersection
with the horizontal projection of the upper end of the ma-
terial/temperature line. If tabular values are used, the last
(maximum) tabulated value shall be used. For values of A
falling to the left of the material/temperature line, see
Step 7.

Step 5.From the intersection obtained in Step 4, move
horizontally to the right and read the value of factor B.

Step 6.Using this value of B, calculate the value of the
maximum allowable external working pressure P, using
the following equation:

4B
3(D,/t)

F, =

Step 7.For values of A falling to the left of the applic-
able material /temperature line, the value of P, can be cal-
culated using the following equation:

24
3(D,/t)

F, =

If tabular values are used, determine B as in Step 4 and
apply it to the equation in Step 6.

Step 8.Compare the calculated value of P, obtained in
Step 6 or Step 7 with P. If P, is smaller than P, select¢a
larger value for t and repeat the design procedure, until
a value of P, is obtained that is equal to or greater-than P.

(2) Cylinders having D, /t values <10:

Step 1.Using the same procedure as givenih,(1), obtain
the value of B. For values of D, /t less thafx4,the value of
factor A can be calculated using the following equation:

_ 1.1
(Do /)

For values of A greater_than 0.10, use a value of 0.10.
Step 2.Using the value’of B obtained in Step 1, calculate
a value P, using thé following equation:

2.167
Pqy=|——-0.0833|F
a [[oo/c) ]

Step 3.Calculate a value P,, using the following
equation:

25
D,/t

1

Py = =
a2
Do,ft_

where S is the lesser of two times the maximum allowable
stress value in tension at design metal temperature, from
the applicable table referenced in UG-23, or 0.9 times the
yield strength of the material at design temperature. Val-
ues of yield strength are obtained from the applicable ex-
ternal pressure chart as follows:

(a) For a given temperature curve, determine the B val-
ue that corresponds to the right hand side termination
point of the curve.

(b) The yield strength is twice the B value obtained in
(a) above.

Step 4.The smaller of the values of P, caleulated in
Step 2, or P, calculated in Step 3 shall be-used for the
maximum allowable external working pressure P,. Com-
pare P, with P. If P, is smaller than P, select a larger value
for t and repeat the design procedute until a value for P,
is obtained that is equal to or gredtér than P.

(d) Spherical Shells. The minimum required thickness
of a spherical shell under extérnal pressure, either seam-
less or of built-up construction with butt joints, shall be
determined by the following procedure:

Step 1.Assume avalue for t and calculate the value of
factor A using the.following equation:

0.125

A7 (Rort)

Stép 2.Using the value of A calculated in Step 1, enter
the applicable material chart in Section II, Part D,
Subpart 3 for the material under consideration. Move ver-
tically to an intersection with the material/temperature
line for the design temperature (see UG-20). Interpolation
may be made between lines for intermediate tempera-
tures. If tabular values in Section II, Part D, Subpart 3
are used, linear interpolation or any other rational inter-
polation method may be used to determine a B value that
lies between two adjacent tabular values for a specific
temperature. Such interpolation may also be used to de-
termine a B value at an intermediate temperature that
lies between two sets of tabular values, after first deter-
mining B values for each set of tabular values.

In cases where the value at A falls to the right of the end
of the material/temperature line, assume an intersection
with the horizontal projection of the upper end of the ma-
terial/temperature line. If tabular values are used, the last
(maximum) tabulated value shall be used. For values at 4
falling to the left of the material/temperature line, see
Step 5.

Step 3.From the intersection obtained in Step 2, move
horizontally to the right and read the value of factor B.
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Step 4.Using the value of B obtained in Step 3, calculate
the value of the maximum allowable external working
pressure P, using the following equation:

B

Fa
(Ro/t)

Step 5.For values of A falling to the left of the applic-
able material/temperature line, the value of P, can be cal-
culated using the following equation:

_ 0.0625E

 (Rose)’

If tabulated values are used, determine B as in Step 2
and apply it to the equation in Step 4.

Step 6.Compare P, obtained in Step 4 or Step 5 with P.
If P, is smaller than P, select a larger value for t and re-
peat the design procedure until a value for P, is obtained
that is equal to or greater than P.

(e) The external design pressure or maximum allow-
able external working pressure shall not be less than
the maximum expected difference in operating pressure
that may exist between the outside and the inside of the
vessel at any time.

(f) Vessels intended for service under external
design pressures of 15 psi (103 kPa) and less [see
U-1(c)(2)(-h)] may be stamped with the Certification
Mark and Designator denoting compliance with the rules
for external pressure, provided all the applicable rules of
this Division are satisfied. When the Certification Mark is
to be applied, the user or his designated agefit,shall spe-
cify the required maximum allowable external working
pressure.”! The vessel shall be designed and stamped
with the maximum allowable external\working pressure.

(g) When there is a longitudinal Jap’joint in a cylindrical
shell or any lap joint in a spherical shell under external
pressure, the thickness of thesshell shall be determined
by the rules in this paragraph, except that 2P shall be
used instead of P in the calculations for the required
thickness.

(h) Circumferential joints in cylindrical shells may be of
any type permitted by the Code and shall be designed for
the imposed loads.

(i) Those portions of pressure chambers of vessels that
are subject to a collapsing pressure and that have a shape
other-than that of a complete circular cylinder or formed
head, and also jackets of cylindrical vessels that extend
over only a portion of the circumference, shall be fully
staybolted in accordance with the requirements of
UG-47 through UG-50 or shall be proof tested in compli-
ance with UG-101(p).

(j) When necessary, vessels shall be provided with stif-
feners or other additional means of support to prevent
overstress or large distortions under the external load-
ings listed in UG-22 other than pressure and temperature.

UG-29 STIFFENING RINGS FOR CYLINDRICAL
SHELLS UNDER EXTERNAL PRESSURE

(a) External stiffening rings shall be attached to the
shell by welding or brazing [see UG-30]. Internal stiffen-
ing rings need not be attached to the shell when the rings
are designed to carry the loads and adequate means of
support is provided to hold the ring in place when sub#
jected to external pressure loads. Segments of rings feed
not be attached when the requirements of (c) arémet.

Except as exempted in (f) below, the availablé moment
of inertia of a circumferential stiffening ring'shall be not
less than that determined by one of the following two
formulas:

= [ DLt + AS/‘LS]A] /14

E= [DozLS[t } AS/LS]A} /10.9

where

I

available moment of inertia of the stiffening ring
cross section about its neutral axis parallel to the
axis of the shell

required moment of inertia of the stiffening ring
cross section about its neutral axis parallel to the
axis of the shell

available moment of inertia of combined ring-shell
cross section about its neutral axis parallel to the
axis of the shell. The nominal shell thickness t; shall
be used and the width of shell that is taken as con-
tributing to the moment of inertia of the combined

II

section shall not be greater than 1.10,/D,t; and

shall be taken as lying one-half on each side of
the centroid of the ring. Portions of the shell plate
shall not be considered as contributing area to
more than one stiffening ring.

required moment of inertia of the combined ring-
shell cross section about its neutral axis parallel
to the axis of the shell

I

CAUTION: Stiffening rings may be subject to lateral buckling.
This should be considered in addition to the requirements for
I, and I’y [see U-2(g)].

If the stiffeners should be so located that the maximum
permissible effective shell sections overlap on either or
both sides of a stiffener, the effective shell section for that
stiffener shall be shortened by one-half of each overlap.

A

factor determined from the applicable chart in Sec-
tion II, Part D, Subpart 3 for the material used in the
stiffening ring, corresponding to the factor B, below,
and the design temperature for the shell under
consideration

cross-sectional area of the stiffening ring

Copyright ASME International (BPVC)

23


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.1 (ASME BPVC Section 8 Division 1) 2019.pdf

UG-29

ASME BPVC.VIIL.1-2019

B = factor determined from the applicable chart or table
in Section II, Part D, Subpart 3 for the material used
for the stiffening ring [see UG-20(c)]

L = one-half of the distance from the centerline of the

stiffening ring to the next line of support on one
side, plus one-half of the centerline distance to the
next line of support on the other side of the stiffen-
ing ring, both measured parallel to the axis of the
cylinder. A line of support is:

(a) a stiffening ring that meets the require-
ments of this paragraph;

(b) a circumferential connection to a jacket for
a jacketed section of a cylindrical shell;

(c) acircumferential line on a head at one-third
the depth of the head from the head tangent line as
shown on Figure UG-28;

(d) a cone-to-cylinder junction.

fDO, E, P, t, and t, are as defined in UG-28(b).

‘The adequacy of the moment of inertia for a stiffening
ring shall be determined by the following procedure.

Step 1. Assuming that the shell has been designed and
D,, L, and t are known, select a member to be used for
the stiffening ring and determine its cross-sectional area
A;. Then calculate factor B using the following equation:

PD,

3
4\t +Ag/Lg

Step 2.See below.

(a) If tabular values in Section II, Part D, Subpart 3 are
used, linear interpolation or any other rational interpola-
tion method may be used to determine an A value that lies
between two adjacent tabular values for a specifi¢ tem-
perature. Linear interpolation may also be usedcto deter-
mine an A value at an intermediate temperature that lies
between two sets of tabular values, after first determining
A values for each set of tabular values~The value of 4 so
determined is then applied in the equation for I or I in
Step 6(a) or Step 6(b).

(b) If material charts in Section II, Part D, Subpart 3 are
used, enter the right-handsside of the applicable material
chart for the material uhder consideration at the value of
B determined by Step.1-1f different materials are used for
the shell and stiffening ring, use the material chart result-
ing in the largér value of A in Step 4, below.

Step 3. Move horizontally to the left to the material/
temperatune line for the design metal temperature. For
values of B falling below the left end of the material/tem-
perature line, see Step 5.

Step 4.Move vertically to the bottom of the chart and
read the value of 4.

Step 5.For values of B falling below the left end of the
material/temperature line for the design temperature,
the value of A can be calculated using the formula
A = 2BJE.

Step 6.See below.

(a) In those cases where only the stiffening ring is con-
sidered, compute the required moment of inertia from the
formula for I; given above.

(b) In those cases where the combined ring-shell is con-
sidered, compute the required moment of inertia from the
formula for I given above.

Step 7.See below.

(a) In those cases where only the stiffening ring is con«
sidered, determine the available moment of inertia ICas
given in the definitions.

(b) In those cases where the combined ring-shell‘is con-
sidered, determine the available moment of inéntia I’ as
given in the definitions.

NOTE: In those cases where the stiffening ring,is npt attached to the
shell or where the stiffening ring is attached but the designer
chooses to consider only the ring, Step 6(a)'dnd Step 7(a) are consid-
ered. In those cases where the stiffening ring is attached to the shell

and the combined moment of inertia\is,considered, 6(b) and (b) are
considered.

Step 8.1f the required Tement of inertia is greater than
the available moment of-inertia for the section selected,
for those cases where the stiffening ring is not attached
or where the combined ring-shell stiffness was not con-
sidered, a new.section with a larger moment of inertia
must be selected; the ring must be attached to the shell
and the‘eombination shall be considered; or the ring-shell
combination that was previously not considered together
shall’be considered together. If the required moment of
inertia is greater than the available moment of inertia
for those cases where the combined ring-shell was con-
sidered, a new ring section with a larger moment of iner-
tia must be selected. In any case, when a new section is
used, all of the calculations shall be repeated using the
new section properties of the ring or ring-shell
combination.

If the required moment of inertia is smaller than the ac-
tual moment of inertia of the ring or ring-shell combina-
tion, whichever is used, that ring section or combined
section is satisfactory.

(b) Stiffening rings shall extend completely around the
circumference of the cylinder except as permitted in (c)
below. Any joints between the ends or sections of such
rings, such as shown in Figure UG-29.1 (A) and (B), and
any connection between adjacent portions of a stiffening
ring lying inside or outside the shell as shown in Figure
UG-29.1 (C) shall be made so that the required moment
of inertia of the combined ring-shell section is
maintained.

(c) Stiffening rings placed on the inside of a vessel may
be arranged as shown in Figure UG-29.1 (E) and (F), pro-
vided that the required moment of inertia of the ring in
(E) or of the combined ring-shell section in (F) is main-
tained within the sections indicated. Where the gap at
(A) or (E) does not exceed eight times the thickness of
the shell plate, the combined moment of inertia of the
shell and stiffener may be used.
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Figure UG-29.1
Various Arrangements of Stiffening Rings for Cylindrical Vessels Subjected to External Pressure

Gap (not to exceed 8 times
the thickness of the shell plate)

This section shall have moment of inertia 4A— Shell
required for ring unless requirements of
UG-29(c) are met.

Web of stiffner

Flengé&of
stiffner

Gap in ring
for drainage

® member

This section shall have moment of
inertia required for ring.

K
@ Section J—K

Length of any gap in unsupported shell not
to exceed length of arc shown in Figure UG-29.2.

Butt weld
in ring

Unstiffened cylinder

|

Type of construction
when gap is greater
than length of arc

shown in Figure UG-29.2

O Support

This section shall have moment of ®
inertia required for ring.
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Any gap in that portion of a stiffening ring supporting
the shell, such as shown in Figure UG-29.1 (D) and (E),
shall not exceed the length of are given in Figure
UG-29.2 unless additional reinforcement is provided as
shown in Figure UG-29.1 (C) or unless the following con-
ditions are met:

(1) only one unsupported shell arc is permitted per
ring; and

(2) the length of the unsupported shell arc does not
exceed 90 deg; and

(3) the unsupported arcs in adjacent stiffening rings
are staggered 180 deg; and

(4) the dimension L defined in UG-28(b) is taken as
the larger of the following: the distance between alternate
stiffening rings, or the distance from the head tangent line
to the second stiffening ring plus one-third of the head
depth.

(d) When internal plane structures perpendicular to
the longitudinal axis of the cylinder (such as bubble trays
or baffle plates) are used in a vessel, they may also be con-
sidered to act as stiffening rings, provided they are de-
signed to function as such.

(e) Any internal stays or supports used as stiffeners of
the shell shall bear against the shell of the vessel through
the medium of a substantially continuous ring.

NOTE: Attention is called to the objection to supporting vessels
through the medium of legs or brackets, the arrangement of which
may cause concentrated loads to be imposed on the shell. Vertical
vessels should be supported through a substantial ring-secured to
the shell (see G-3). Horizontal vessels, unless supported at or close
to the ends (heads) or at stiffening rings, should_be supported
through the medium of substantial members extending over at least
one-third of the circumference, as shown at;(K) in Figure UG-29.1.

Attention is called also to the hazard{of\imposing highly concen-
trated loads by the improper suppoft of‘one vessel on another or
by the hanging or supporting of heavy’weights directly on the shell
of the vessel. (See NonmandateTy, Appendix G.)

Figure UG-29.2
Maximum Arc of Shell Left Unsupported Because of Gap in Stiffening Ring of Cylindrical Shell Under
External Pressure
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UG-29 - UG-32

(f) When closure bars or other rings are attached to
both the inner shell and outer jacket of a vessel, with pres-
sure in the space between the jacket and inner shell, this
construction has adequate inherent stiffness, and there-
fore the rules of this paragraph do not apply.

UG-30 ATTACHMENT OF STIFFENING RINGS

(a) Stiffening rings may be placed on the inside or out-
side of a vessel, and except for the configurations per-
mitted by UG-29, shall be attached to the shell by
welding or brazing. Brazing may be used if the vessel is
not to be later stress relieved. The ring shall be essentially
in contact with the shell and meet the rules in UG-29(b)
and UG-29(c). Welding of stiffening rings shall comply
with the requirements of this Division for the type of ves-
sel under construction.

(b) Stiffening rings may be attached to the shell by con-
tinuous, intermittent, or a combination of continuous and
intermittent welds or brazes. Some acceptable methods of
attaching stiffening rings are illustrated in Figure UG-30.

(c) Intermittent welding shall be placed on both sides
of the stiffener and may be either staggered or in-line.
Length of individual fillet weld segments shall not be less
than 2 in. (50 mm) and shall have a maximum clear spa-
cing between toes of adjacent weld segments of 8t for ex-
ternal rings and 12t for internal rings where t is the shell
thickness at the attachment. The total length of weld on
each side of the stiffening ring shall be:

(1) not less than one-half the outside circumference
of the vessel for rings on the outside; and

(2) not less than one-third the circumference-of the
vessel for rings on the inside.

(d) A continuous full penetration weld is permitted as
shown in sketch (e) of Figure UG-30. Continuous fillet
welding or brazing on one side of the stiffener with inter-
mittent welding or brazing on the other side is permitted
for sketches (a), (b), (c), and (d) ofFigure UG-30 when the
thickness t,, of the outstanding stiffening element
[sketches (a) and (c)] or width'w of the stiffening element
mating to the shell [sketches'(b) and (d)] is not more than
1 in. (25 mm). The weld)segments shall be not less than
2 in. (50 mm) longdnd shall have a maximum clear spa-
cing between toes.of adjacent weld segments of 24t.

(e) Strength of Attachment Welds. Stiffening ring at-
tachment welds shall be sized to resist the full radial pres-
sure load-\from the shell between stiffeners, and shear
loads acting radially across the stiffener caused by exter-
nal désign loads carried by the stiffener (if any) and a
computed radial shear equal to 2% of the stiffening ring’s
compressive load.

(1) The radial pressure load from shell, Ib/in., is
equal to PL,.

(2) The radial shear load is equal to 0.01PL¢D.

(3) P, L, and D, are defined in UG-29.

(f) Minimum Size of Attachment Welds. The fillet weld
leg size shall be not less than the smallest of the following:

(1) % in. (6 mm);

(2) vessel thickness at the weld location;
(3) stiffener thickness at weld location.

UG-31 TUBES, AND PIPE WHEN USED AS TUBES
OR SHELLS

(a) Internal Pressure. The required wall thickness for
tubes and pipe under internal pressure shall be deters
mined in accordance with the rules for shells in UG:27:

(b) External Pressure. The required wall thickness‘for
tubes and pipe under external pressure shall be deter-
mined in accordance with the rules in UG-28,

(c) The thickness as determined under (d);or (b) above
shall be increased when necessary to meét the following
requirements:

(1) Additional wall thickness Should be provided
when corrosion, erosion, or wéar due to cleaning opera-
tions is expected.

(2) Where ends are thteaded, additional wall thick-
ness is to be provided'in the amount of 0.8/n in.
(20/n mm) [where\p~€quals the number of threads per
inch (25.4 mm)j.

NOTE: The requirements for rolling, expanding, or otherwise seating
tubes in tube plates may require additional wall thickness and care-
ful choice’of materials because of possible relaxation due to differen-
tial expansion stresses.

UG~32 FORMED HEADS, AND SECTIONS,
PRESSURE ON CONCAVE SIDE

(a) The minimum required thickness at the thinnest
point after forming?? of ellipsoidal, torispherical, hemi-
spherical, conical, and toriconical heads under pressure
on the concave side (plus heads) shall be computed by
the appropriate formulas in this paragraph,?® except as
permitted by Mandatory Appendix 32. Heads with bolting
flanges shall meet the requirements of UG-35.1. In addi-
tion, provision shall be made for any of the loadings listed
in UG-22. The provided thickness of the heads shall also
meet the requirements of UG-16, except as permitted in
Mandatory Appendix 32.

(b) The symbols defined below are used in the formulas
of this paragraph:

D = inside diameter of the head skirt; or inside length of
the major axis of an ellipsoidal head; or inside dia-
meter of a conical head at the point under
consideration, measured perpendicular to the longi-
tudinal axis

inside diameter of the conical portion of a toriconi-
cal head at its point of tangency to the knuckle, mea-
sured perpendicular to the axis of the cone

=D -2r(1-cos a)

lowest efficiency of any joint in the head; for hemi-
spherical heads this includes head-to-shell joint; for
welded vessels, use the efficiency specified in
UWw-12
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A
2in. (60 mm)
y min.

A
S[Notes (1) and (2)]

—>‘ Ltw

In-line
Intermittent
Weld

Stiffener \

(a)

Figure UG-30

Il

4

y min.

I
P

|<—W—>

Staggered
Intermittent
Weld

(d)

NOTES:
(1) For external stiffeners, S < 8t.
(2) For internal stiffeners, S < 12t.

e W —>

(b)

Continuous full
penetration weld \

S [Notes (1) and (2)]

I 2 in. (50 mm) 24t max.

Some Acceptable Methods of Attaching Stiffening Rings

I ‘_2 in. (560 mm)

y min.

*‘ L‘ by

Continuous Fillet Weld
One Side, Intermittent
Other Side

(c)

i

¢

(e)
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inside spherical or crown radius. The value of L for
ellipsoidal heads shall be obtained from Table
UG-37.

P = internal design pressure (see UG-21)

r = inside knuckle radius

S = maximum allowable stress value in tension as given
in the tables referenced in UG-23, except as limited
in UG-24 and (d) below.

t = minimum required thickness of head after forming

t; = minimum specified thickness of head after forming,
in. (mm). t; shall be 2 ¢

a = one-half of the included (apex) angle of the cone at

the centerline of the head (see Figure 1-4)

(c) Ellipsoidal Heads With t¢/L = 0.002. The required
thickness of a dished head of semiellipsoidal form, in
which half the minor axis (inside depth of the head minus
the skirt) equals one-fourth of the inside diameter of the
head skirt, shall be determined by

,___PD
2SE-0.2P

p- 28Et )
D+ 0.2t

NOTE: For ellipsoidal heads with t;/L < 0.002, the rules of 1-4(f)
shall also be met.

An acceptable approximation of a 2:1 ellipsoidal head is
one with a knuckle radius of 0.17D and a spherical radius
of 0.90D.

(d) Torispherical Heads With t;/L = 0.002. The re-
quired thickness of a torispherical head for the caseyin
which the knuckle radius is 6% of the inside crown radius
and the inside crown radius equals the outside’ diameter
of the skirt [see (i)] shall be determined by

SEC

~ 0.885PL _
0.8851.3 0.1t

= " 2
SE-0.1P 2)

NOTE: For torispherical heads with¢y/L < 0.002, the rules of 1-4(f)
shall also be met.

Torispherical heads made of materials having a speci-
fied minimum tensile’strength exceeding 70,000 psi
(485 MPa) shall be designed using a value of S equal to
20,000 psi (138 MPa) at room temperature and reduced
in proportion to the reduction in maximum allowable
f stress values at temperature for the material (see UG-23).
< (e)_Hemispherical Heads. When the thickness of a hemi-
" spheridal head does not exceed 0.356L, or P does not ex-
- ceed '0.665SE, the following formulas shall apply:

f___PL
"~ 2SE-0.2P

_ 2SEt
L+ 0.2t

3

(f) Conical Heads and Sections (Without Transition
Knuckle). The required thickness of conical heads or con-
ical shell sections that have a half apex-angle & not great-
er than 30 deg shall be determined by

PD
t=——"—"—"-___
2 cos afSE - 0.6P)

25Et cos a

or =
D+ 1.2t cos a

4)

A reinforcing ring shall be provided when required by
the rule in 1-5(d) and 1-5(e).

Conical heads or sections having a half apex-angle a
greater than 30 deg without a transition‘knuckle shall
comply with eq. (4) and 1-5(g).

(g) Toriconical Heads and Sectionis. The required thick-
ness of the conical portion of a toriconical head or section,
in which the knuckle radius isnéither less than 6% of the
outside diameter of the head“skirt nor less than three
times the knuckle thickness, shall be determined by eq.
(H)(4) in (f) above, usingD; in place of D.

The required thickness of the knuckle shall be deter-
mined by eq. 1-4(d)(3) in which

__ D
2cos a

Toriconical heads or sections may be used when the an-
gl&’a < 30 deg and are mandatory for conical head designs
when the angle o exceeds 30 deg, unless the design com-
plies with 1-5(g).

(h) When an ellipsoidal, torispherical, hemispherical,
conical, or toriconical head is of a lesser thickness than re-
quired by the rules of this paragraph, it shall be stayed as
a flat surface according to the rules of UG-47 for braced
and stayed flat plates.

(i) The inside crown radius to which an unstayed head
is dished shall be not greater than the outside diameter of
the skirt of the head. The inside knuckle radius of a tori-
spherical head shall be not less than 6% of the outside
diameter of the skirt of the head but in no case less than
3 times the head thickness.

(j) A dished head with a reversed skirt may be used in
a pressure vessel, provided the maximum allowable
working pressure for the head is established in accor-
dance with the requirements of UG-101.

(k) All formed heads, thicker than the shell and concave
to pressure, intended for butt-welded attachment, shall
have a skirt length sufficient to meet the requirements
of Figure UW-13.1, when a tapered transition is required.
All formed heads concave to pressure and intended for
butt-welded attachment need not have an integral skirt
when the thickness of the head is equal to or less than
the thickness of the shell. When a skirt is provided, its
thickness shall be at least that required for a seamless
shell of the same inside diameter.
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() Heads concave to pressure, intended for attachment
by brazing, shall have a skirt length sufficient to meet the
requirements for circumferential joints in Part UB.

(m) Any taper at a welded joint within a formed head
shall be in accordance with UW-9. The taper at a circum-
ferential welded joint connecting a formed head to a main
shell shall meet the requirements of UW-13 for the re-
spective type of joint shown therein.

(n) If a torispherical, ellipsoidal, or hemispherical head
is formed with a flattened spot or surface, the diameter of
the flat spot shall not exceed that permitted for flat heads
as given by eq. UG-34(c)(2)(1), using C = 0.25.

(o) Openings in formed heads under internal pressure
shall comply with the requirements of UG-36 through
UG-46.

(p) A stayed jacket that completely covers a formed in-
ner head or any of the types included in this paragraph
shall also meet the requirements of UG-47(c).

UG-33 FORMED HEADS, PRESSURE ON CONVEX
SIDE

(a) General. The required thickness at the thinnest
point after forming®* of ellipsoidal, torispherical, hemi-
spherical, toriconical, and conical heads and conical seg-
ments under pressure on the convex side (minus heads)
shall be computed by the appropriate formulas given in
this paragraph (see UG-16). Heads with bolting flanges
shall meet the requirements of UG-35.1. In addition, pro-
visions shall be made for any other loading given in
UG-22. The required thickness for heads due to pressure
on the convex side shall be determined as follows.

(1) For ellipsoidal and torispherical heads, the re-
quired thickness shall be the greater of the following:

(-a) the thickness computed by the procedure giv-
en in UG-32 for heads with pressure on the-Concave side
(plus heads) using a design pressure 1.67\times the de-
sign pressure on the convex side, assuiming a joint effi-
ciency E = 1.00 for all cases; or

(-b) the thickness as comptited by the appropriate
procedure given in (d) or (e) below.

In determining the maximum allowable working
pressure on the convex-side of ellipsoidal or torispherical
heads, reverse the procedures in (-a) and (-b) above, and
use the smaller of thé pressures obtained.

(2) For hemispherical heads, the required thickness
shall be determined by the rules given in (c) below.

(3) For;eonical and toriconical heads and conical sec-
tions, the. fequired thickness shall be determined by the
rulesgiven in (f) below.

(b) Nomenclature. The nomenclature defined below is
used in this paragraph. Figure 1-4 shows principal dimen-
sions of typical heads.

A, B, E, and P are as defined in UG-28(b)

D, = outside diameter of the head skirt
D,/2h, = ratio of the major to the minor axis of ellipsoi-
dal heads, which equals the outside diameter
of the head skirt divided by twice the outside
height of the head (see Table UG-33.1)
D, = outside diameter at large end of conical sec-
tion under consideration
D, = outside diameter at small end of conical sec;
tion under consideration
Dgs = outside diameter at small end of conieal sec-
tion under consideration
h, = one-half of the length of the outside minor axis
of the ellipsoidal head, or theloutside height of
the ellipsoidal head measured from the tan-
gent line (head-bend line)
K, = factor depending on the ellipsoidal head pro-
portions D, /2h s(se€ Table UG-33.1)
L. = axial length of<Cone or conical section (see
Figure UG-3341).
L. = equivalentlength of conical head or Section
betweentlines of support [see (g)]
R, = for-hémispherical heads, the outside radius
= foryéllipsoidal heads, the equivalent outside
spherical radius taken as K,D,
= for torispherical heads, the outside radius of
the crown portion of the head
t = minimum required thickness of head after
forming, in. (mm)
t. = effective thickness of conical section
=tcosa
a = one-half the apex angle in conical heads and
sections, deg

(c) Hemispherical Heads. The required thickness of a
hemispherical head having pressure on the convex side
shall be determined in the same manner as outlined in
UG-28(d) for determining the thickness for a spherical
shell.

(d) Ellipsoidal Heads. The required thickness of an el-
lipsoidal head having pressure on the convex side, either
seamless or of built-up construction with butt joints, shall
not be less than that determined by the following
procedure.

Step 1. Assume a value for t and calculate the value of
factor A using the following formula:

0125
TR/t

A
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Table UG-33.1
Values of Spherical Radius Factor K, for Ellipsoidal Head With Pressure on Convex Side

D, /2h, 3.0 2.8 2.6 2.4 2.2 2.0 1.8 1.6 1.4 1.2 1.0
K, 1.36 1.27 1.18 1.08 0.99 0.90 0.81 0.73 0.65 0.57 0.50

GENERAL NOTE: Interpolation permitted for intermediate values.

Figure UG-33.1
Length L. of Some Typical Conical Sections for External Pressure

D, I

|
-

a§ 1.4
? ‘ Dy

(c) (d) (e}

31
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Step 2.Using the value of A calculated in Step 1, follow
the same procedure as that given for spherical shells in
UG-28(d), Steps 2 through 6.

(e) Torispherical Heads. The required thickness of a
torispherical head having pressure on the convex side,
either seamless or of built-up construction with butt
joints, shall not be less than that determined by the same
design procedure as is used for ellipsoidal heads given in
(d) above, using the appropriate value for R,.

(f) Conical Heads and Sections. When the cone-to-
cylinder junction is not a line-of-support, the required
thickness of a conical head or section under pressure on
the convex side, either seamless or of built-up construc-
tion with butt joints shall not be less than the required
thickness of the adjacent cylindrical shell and, when a
knuckle is not provided, the reinforcement requirement
of 1-8 shall be satisfied (see Figure UG-28.1). When the
cone-to-cylinder junction is a line-of-support, the re-
quired thickness shall be determined in accordance with
the following subparagraphs.

(1) When « is equal to or less than 60 deg:
(-a) cones having D, /t, values 210:

Step 1.Assume a value for t, and determine the ratios
Le/DL and DL/te-

Step 2.Enter Section II, Part D, Subpart 3, Figure G at a
value of L /D, equivalent to the value of L,/D; deter-
mined in Step 1. For values of L, /D greater than 50, en-
ter the chart at a value of L./D; = 50.

Step 3.Move horizontally to the line for the value of
D, /t equivalent to the value of D /t, determined in Step
1. Interpolation may be made for intermediate values_of
D, /t.; extrapolation is not permitted. From this point
of intersection move vertically downwards to detérmine
the value of factor A.

Step 4.Using the value of A calculated in Step 3, enter
the applicable material chart in Section II, Part D, Subpart
3 for the material under consideration~Moéve vertically to
an intersection with the material/tempeérature line for the
design temperature (see UG-20):-Interpolation may be
made between lines for intermediate temperatures.

In cases where the value af'A falls to the right of the end
of the material/temperaturé line, assume an intersection
with the horizontal projection of the upper end of the ma-
terial/temperature\line. For values of A falling to the left
of the material/temperature line, see Step 7.

Step 5.Fromthe intersection obtained in Step 4, move
horizontally-to the right and read the value of factor B.

Step-6.Using this value of B, calculate the value of the
maximum allowable external working pressure P, using
thieyfollowing formula:

4B
P=—
“ " 3(Dy/te)

Step 7.For values of A falling to the left of the applic-
able material /temperature line, the value of P, can be cal-
culated using the following formula:

2AE
Bp=—
“ 3(Dy/te)

Step 8.Compare the calculated value of P, obtained in
Step 6 or Step 7 with P. If P, is smaller than P, selecta
larger value for t and repeat the design procedurentil
a value of P, is obtained that is equal to or greateinthan P.

Step 9.Provide adequate moment of inertia‘and rein-
forcement at the cone-to-cylinder junction@maccordance
with 1-8. For a junction with a knuckle, thejreinforcement
calculation is not required, and the moment of inertia cal-
culation may be performed either‘by considering the
presence of the knuckle or by’asstiming the knuckle is
not present whereby the cone'is assumed to intersect
the adjacent cylinder.

(-b) cones having\D; /t, values <10:

Step 1.Using the same procedure as given in (-a) above,
obtain the value of\B- For values of D, /t, less than 4, the
value of factor.4 ctan be calculated using the following
formula:

A= 1.1 ,
[Dthe]

For values of A greater than 0.10, use a value of 0.10.
Step 2.Using the value of B obtained in Step 1, calculate
a value P, using the following formula:

{ﬂ—o.osss]ﬂ
(DL-‘(te)

Step 3.Calculate a value P,, using the following
formula:

Fa1 =

Bl A[l il
Dp/t, DL/fe_
where
S = the lesser of two times the maximum allowable

stress value in tension at design metal temperature,
from the applicable table referenced by UG-23, or
0.9 times the yield strength of the material at de-
sign temperature

Values of yield strength are obtained from the applic-
able external pressure chart as follows.

(a) For a given temperature curve, determine the B val-
ue that corresponds to the right hand side termination
point of the curve.

(b) The yield strength is twice the B value obtained in
(a) above.
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Step 4.The smaller of the values of P, calculated in
Step 2, or P, calculated in Step 3 shall be used for the
maximum allowable external working pressure P,. Com-
pare P, with P. If P, is smaller than P, select a larger val-
ue for t and repeat the design procedure until a value for
P, is obtained that is equal to or greater than P.

Step 5.Provide adequate moment of inertia and rein-
forcement at the cone-to-cylinder junction in accordance
with 1-8. For a junction with a knuckle, the reinforcement
calculation is not required, and the moment of inertia cal-
culation may be performed either by considering the
presence of the knuckle or by assuming the knuckle is
not present whereby the cone is assumed to intersect
the adjacent cylinder.

(2) When a of the cone is greater than 60 deg, the
thickness of the cone shall be the same as the required
thickness for a flat head under external pressure, the dia-
meter of which equals the largest diameter of the cone
(see UG-34).

(3) The thickness of an eccentric cone shall be taken
as the greater of the two thicknesses obtained using both
the smallest and largest « in the calculations.

(g) The required thickness of a conical part of a torico-
nical head or conical section having pressure on the con-
vex side, either seamless or of built-up construction with
butt joints within the conical part of a toriconical head or
conical section, shall not be less than that determined
from (f) above with the exception that L, shall be deter-
mined as follows:

(1) For sketches (a) and (b) in Figure UG-33.1,

Le = (L/2) (1 + Dg/Dy)

(2) For sketch (c) in Figure UG-33.1,

\
Le = rysina + i M
2 Dys Pl

(3) For sketch (d) in Figure UG-33.1,
N
Le = rzgj-isina' + EE—DL + Dy
Dy,

DL;

(4) For sketch (e) in Figure UG-33.1,

Le [DL + DS]

Le = (rl + rzﬁ] sina + —
Dys Dys

(h) When lap joints are used in formed head construc-
tion or for longitudinal joints in a conical head under ex-
ternal pressure, the thickness shall be determined by the
rules in this paragraph, except that 2P shall be used in-
stead of P in the calculations for the required thickness.

(i) The required length of skirt on heads convex to
pressure shall comply with the provisions of UG-32(k)
and UG-32(1) for heads concave to pressure.

(j) Openings in heads convex to pressure shall comply
with the requirements of UG-36 through UG-46.

UG-34 UNSTAYED FLAT HEADS AND COVERS

(a) The minimum thickness of unstayed flat heads, cov-
er plates and blind flanges shall conform to the require-
ments given in this paragraph. These requirements
apply to both circular and noncircular®® heads and covers.
Some acceptable types of flat heads and covers are'shown
in Figure UG-34. In this figure, the dimensions of-thé com-
ponent parts and the dimensions of the weld$_are exclu-
sive of extra metal required for corrosion allowance.

(b) The symbols used in this paragraph/and in Figure
UG-34 are defined as follows:

C = afactor depending upon the method of attachment
of head, shell dimensiofs;)and other items as listed
in (d) below, dimensionless

D = long span of noncircular heads or covers measured
perpendicular.to_short span

d = diameter, or\short span, measured as indicated in
Figure UG-34

E = joint efficiency, from Table UW-12, of any Category
A weld as defined in UW-3(a)

h; = gasket moment arm, equal to the radial distance
from the centerline of the bolts to the line of the
gasket reaction, as shown in Table 2-5.2

L = perimeter of noncircular bolted head measured
along the centers of the bolt holes

m = the ratio t,/t;, dimensionless

P = internal design pressure (see UG-21)

r = inside corner radius on a head formed by flanging
or forging

S = maximum allowable stress value in tension from
applicable table of stress values referenced by
UG-23

t = minimum required thickness of flat head or cover

t; = throat dimension of the closure weld, as indicated
in Figure UG-34, sketch (1)

ty = nominal thickness of the flange on a forged head, at
the large end, as indicated in Figure UG-34, sketch
()

t, = nominal thickness of flat head or cover

t, = required thickness of seamless shell, for pressure

t, = nominal thickness of shell

tw = thickness through the weld joining the edge of a
head to the inside of a vessel, as indicated in Figure
UG-34, sketch (g)

W = total bolt load given for circular heads for eqs.
2-5(e)(4) and 2-5(e)(5)

Y = length of flange of flanged heads, measured from
the tangent line of knuckle, as indicated in Figure
UG-34, sketches (a) and (c), in. (mm)

Z = a factor of noncircular heads and covers that de-

pends on the ratio of short span to long span, as giv-
en in (c) below, dimensionless

(19)
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Figure UG-34
Some Acceptable Types of Unstayed Flat Heads and Covers

|<—Center of weld i<—Center of lap
1

. t,
trmin. = 2tg S Y |
Y |= . t. —
ts _>! t - [<Tangent ts }_ Imin. = 0.375in. (10 mm) 51 t i ~Tangent
} Y line for tg <11/5 in. (38 mm) s line
* f r=3t d I'min, = 0.25t for * b \ r=3t
- % T min. ts >11/5 in. (38 mm) ? min.
aper d <t | t 7./4 but need not be greater d -t
r - L than 3/4in. (19 mm)
C=0.17 or C=0.33m C=0.30
C=0.10 C min. =0.20 C=0.20 or 043
(a) (b-1) (b-2) (c)
ty, = 2t, mid.nor less than 1.25t4
¢ but neet)not be greater than t
0.7tg 0.7t 0.7t . Projection
r=1/gt \>x s beyond weld
e L ~ ﬁ\ A L i N optional

Bevel is optional

4

45 deg max.

_TT\ o7t 4 T\ 25 NN =
d . ts ﬁ+ y s “f#» Continuation

C N [<—1t of shell <t
C=0413 . optienal .
Sketches (e), (f), and (g) circular covers, C=0:33m, C min. = 0.20
(d) (e) (f) (g)
) See Fig. UW-13.2 sketches (a) to (g),
See Fig. UW-13.2 sketches (a) to (g), inclusive, for details‘'dfloutside
inclusive, for details of welded joint welded joint
ts not less than 1.25¢, 0.7tg Y hg hg
! b X -
N |
ts-f T ts-f T A A
d d d d
| RN | 2RI~ e A > i}
| I =S T v
C=0.33 C=0.33m C=0.3 C=0.3
C'min. = 0.20 (j) [See Note (1)] (k) [See Note (1)]
(h) (i)
] [N
2 Retaining 2
u ring Threaded ring
> t 1<~ >
| -
C =030 C=0.30
o) (n)
t t1‘\ 30 deg min. Seal weld
; s - 45 deg max.:’s/ . 3/,t min.
> | /‘V ‘ J f 0.8t min.
T =l a N PSS
d d_> |_t ”"t min.z‘1=torts,4‘<_dO_r_zZ
nl ‘ | an M whichever
C=0.25 C=0.75 C=033 Isgreater C=0.33
(p) (q) [See Note (2)] (r) (s)

GENERAL NOTE: The above sketches are diagrammatic only. Other designs that meet the requirements of UG-34 are acceptable.

NOTES:
(1) Use UG-34(c)(2) eq. (2) or UG-34(c)(3) eq. (5)-
(2) When pipe threads are used, see Table UG-43.

3
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(c) The thickness of flat unstayed heads, covers, and
blind flanges shall conform to one of the following three
requirements.25

(1) Circular blind flanges conforming to any of the
flange standards listed in Table U-3 and further limited
in UG-44(a) shall be acceptable for the diameters and
pressure-temperature ratings in the respective standard
when the blind flange is of the types shown in Figure
UG-34, sketches (j) and (k).

(2) The minimum required thickness of flat unstayed
circular heads, covers and blind flanges shall be calcu-
lated by the following formula:

t=d,/CP/SE €Y}

except when the head, cover, or blind flange is attached by
bolts causing an edge moment [sketches (j) and (k)] in
which case the thickness shall be calculated by

t = d\ CP/SE + 1.9Whg/SEd® )

When using eq. (2), the thickness ¢t shall be calcu-
lated for both operating conditions and gasket seating,
and the greater of the two values shall be used. For oper-
ating conditions, the value of P shall be the design pres-
sure, and the values of S at the design temperature and
W from eq. 2-5(e)(4) shall be used. For gasket seating,
P equals zero, and the values of S at atmospheric tem-
perature and W from eq. 2-5(e)(5) shall be used.

(3) Flat unstayed heads, covers, or blind flangessmay
be square, rectangular, elliptical, obround, segimental, or
otherwise noncircular. Their required thickhess shall be
calculated by the following formula:

t = d\JZCP/SE (3)
where
2.4d
Z=3.4-— 4
D 4)

with the limitation that Z need not be greater than two
and one-half*(2.5).

Equation (3) does not apply to noncircular heads,
covers,or blind flanges attached by bolts causing a bolt
edgesmoment [Figure UG-34, sketches (j) and (k)]. For
nencircular heads of this type, the required thickness
shall be calculated by the following formula:

t = d\ZCP/SE + 6Whg/SELd* (5)

When using eq. (5), the thickness ¢t shall be calcu-
lated in the same way as specified above for eq. (2)(2).

(d) For the types of construction shown in Figure
UG-34, the minimum values of C to be used in eqs.
(A(2)(1), (c)(2)(2), (c)(3)(3), and (c)(3)(5) are:

(1) Sketch (a). C = 0.17 for flanged circular and non-
circular heads forged integral with or butt welded to the
vessel with an inside corner radius not less than three
times the required head thickness, with no special re-
quirement with regard to length of flange, and where
the welding meets all the requirements for circumferén-
tial joints given in Part UW.

C =0.10 for circular heads, when the flangélength for
heads of the above design is not less than

2

Y= [1.1 - O.B%J\Rd—q, 6)
ty

C = 0.10 for circularheads, when the flange length Y
is less than the requirements in eq. (6) but the shell thick-
ness is not less than

b = 112t/ 11-V/ [dty @)

for a lengthof at least 2\,."d—ts.

When C = 0.10 is used, the taper shall be at least 1:3.

(2) Sketch (b-1). C = 0.17 for forged circular and non-
citeular heads integral with or butt welded to the vessel,
where the flange thickness is not less than two times the
shell thickness, the corner radius on the inside is not less
than three times the flange thickness, and the welding
meets all the requirements for circumferential joints giv-
en in Part UW.

(3) Sketch (b-2). C = 0.33m but not less than 0.20 for
forged circular and noncircular heads integral with or
butt welded to the vessel, where the flange thickness is
not less than the shell thickness, the corner radius on
the inside is not less than the following:

fnin = 0.375in. (10 mm) for tg < 11/2 in. (38 mm)

Inin = 0.25 tgfortg > 11/2 in. [38 mm] but need not be
3 .
greater than “/4 in. [19 mm]

The welding shall meet all the requirements for cir-
cumferential joints given in Part UW.

(4) Sketch (c). C = 0.13 for circular heads lap welded
or brazed to the shell with corner radius not less than 3t
and Y not less than required by eq. (1)(6) and the require-
ments of UW-13 are met.

C = 0.20 for circular and noncircular lap welded or
brazed construction as above, but with no special require-
ment with regard to Y.

C = 0.30 for circular flanged plates screwed over the
end of the vessel, with inside corner radius not less than
3t, in which the design of the threaded joint against
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failure by shear, tension, or compression, resulting from
the end force due to pressure, is based on a factor of
safety of at least four, and the threaded parts are at least
as strong as the threads for standard piping of the same
diameter. Seal welding may be used, if desired.

(5) Sketch (d). C = 0.13 for integral flat circular heads
when the dimension d does not exceed 24 in. (600 mm),
the ratio of thickness of the head to the dimension d is not
less than 0.05 or greater than 0.25, the head thickness ¢,
is not less than the shell thickness t;, the inside corner ra-
dius is not less than 0.25¢t, and the construction is ob-
tained by special techniques of upsetting and spinning
the end of the shell, such as employed in closing header
ends.

(6) Sketches (e), (f), and (g). C = 0.33m but not less
than 0.20 for circular plates, welded to the inside of a ves-
sel, and otherwise meeting the requirements for the re-
spective types of welded vessels. If a value of m less
than 1 is used in calculating t, the shell thickness ¢ shall
be maintained along a distance inwardly from the inside

face of the head equal to at least 2 \d—ts The throat thick-

ness of the fillet welds in sketches (e) and (f) shall be at
least 0.7t,. The size of the weld ¢, in sketch (g) shall be
not less than 2 times the required thickness of a seamless
shell nor less than 1.25 times the nominal shell thickness
but need not be greater than the head thickness; the weld
shall be deposited in a welding groove with the root of the
weld at the inner face of the head as shown in the sketch.

C = 0.33 for noncircular plates, welded to the inside
of a vessel and otherwise meeting the requirements for
the respective types of welded vessels. The throat thick-
ness of the fillet welds in sketches (e) and (f) shallkbe at
least 0.7t,. The size of the weld t,, in sketch (g),shall be
not less than 2 times the required thickness of a‘seamless
shell nor less than 1.25 times the nominakshell thickness
but need not be greater than the head thickness; the weld
shall be deposited in a welding groove with the root of the
weld at the inner face of the head as\shown in the sketch.

(7) Sketch (h). C = 0.33 for.€ivcular plates welded to
the end of the shell when t; is at least 1.25t,. and the weld
details conform to the requirements of UW-13(e) and
Figure UW-13.2, sketches (a) to (g) inclusive. See also
UG-93(d)(3).

(8) Sketch (i). C=0.33m but not less than 0.20 for cir-
cular plates if an inside fillet weld with minimum throat
thickness af 0.7t, is used and the details of the outside
weld conform to the requirements of UW-13(e) and
Figuré UwW-13.2, sketches (a) to (g) inclusive, in which
thelinside weld can be considered to contribute an
amount equal to ¢; to the sum of the dimensions a and
b. See also UG-93(d)(3).

(9) Sketches (j) and (k). C = 0.3 for circular and non-
circular heads and covers bolted to the vessel as indicated
in the figures. Note that eq. (¢)(2)(2) or (c)(3)(5) shall be
used because of the extra moment applied to the cover by
the bolting.

When the cover plate is grooved for a peripheral gas-
ket, as shown in sketch (k), the net cover plate thickness
under the groove or between the groove and the outer
edge of the cover plate shall be not less than

d\/1.9Whg/sd>

for circular heads and covers, nor less than
d\6Whg/SLd*
y6Whg

for noncircular heads and covers.

(10) Sketches (m), (n), and (o). C = 0.3 fop a’circular
plate inserted into the end of a vessel and-held in place
by a positive mechanical locking arrangement, and when
all possible means of failure (eithex by shear, tension,
compression, or radial deformation;,including flaring, re-
sulting from pressure and differential thermal expansion)
are resisted with a factor of.safety of at least four. Seal
welding may be used, if desired.

(11) Sketch (p). C % Q.25 for circular and noncircular
covers bolted with a“full-face gasket, to shells, flanges or
side plates.

(12) Sketch-{q). C = 0.75 for circular plates screwed
into the end _of‘a vessel having an inside diameter d not
exceeding~12 in. (300 mm); or for heads having an inte-
gral flange screwed over the end of a vessel having an in-
sidé.diameter d not exceeding 12 in. (300 mm); and when
the. design of the threaded joint, against failure by shear,
ténsion, compression, or radial deformation, including
flaring, resulting from pressure and differential thermal
expansion, is based on a factor of safety of at least four.
If a tapered pipe thread is used, the requirements of Table
UG-43 shall also be met. Seal welding may be used, if
desired.

(13) Sketch (r). C = 0.33 for circular plates having a
dimension d not exceeding 18 in. (450 mm) inserted into
the vessel as shown and otherwise meeting the require-
ments for the respective types of welded vessels. The
end of the vessel shall be crimped over at least 30 deg,
but not more than 45 deg. The crimping may be done cold
only when this operation will not injure the metal. The
throat of the weld shall be not less than the thickness of
the flat head or shell, whichever is greater.

(14) Sketch (s). C = 0.33 for circular beveled plates
having a diameter d not exceeding 18 in. (450 mm), in-
serted into a vessel, the end of which is crimped over at
least 30 deg, but not more than 45 deg, and when the un-
dercutting for seating leaves at least 80% of the shell
thickness. The beveling shall be not less than 75% of
the head thickness. The crimping shall be done when
the entire circumference of the cylinder is uniformly
heated to the proper forging temperature for the material
used. For this construction, the ratio t;/d shall be not less
than the ratio P/S nor less than 0.05. The maximum al-
lowable pressure for this construction shall not exceed
P = 5/5d for Customary units (P = 1275 /d for SI units).
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This construction is not permissible if machined
from rolled plate.

UG-35 OTHER TYPES OF CLOSURES
UG-35.1 Dished Covers

Requirements for design of dished heads with bolting
flanges are given in 1-6.

UG-35.2 Quick-Actuating Closures

(a) Definitions

(1) Quick-actuating closures are closures that are op-
erated by an action that releases all holding elements.

(2) Holding elements are parts of the closure used to
hold the cover to the vessel, and/or to provide the load
required to seal the closure. Hinge pins or bolts may be
used as holding elements.

(3) Locking elements are parts of the closure that
prevent a reduction in the load on a holding element or
prevent the release of a holding element. Locking ele-
ments may also be used as holding elements.

(4) The locking mechanism or locking device may
consist of a combination of locking elements.

(b) General

(1) Quick-actuating closures shall be designed such
that the locking elements are engaged prior to or upon ap-
plication of pressure and remain engaged until the pres-
sure is released.

(2) Quick-actuating closures shall be designed such
that the failure of a single holding element while the yes=
sel is pressurized (or contains a static head of liquid dct-
ing at the closure) will not

(-a) cause or allow the closure to be-opened or
leak; or

(-b) result in the failure of any locking element or
other holding element; or

(-¢) increase the stress in any other holding ele-
ment by more than 50% above<the allowable stress of
the element

(3) Quick-actuating clesures shall be designed and
installed such that it may be determined by visual exter-
nal observation that the-holding elements are in satisfac-
tory condition.

(4) Quickactuating closures shall also be designed so
that all lockingelements can be verified to be fully en-
gaged by.visual observation or other means prior to the
applicdtion of pressure to the vessel.

(5) When installed, all vessels having quick-actuating
closures shall be provided with a pressure-indicating de-
vice visible from the operating area and suitable for de-
tecting pressure at the closure.

(6) The use of a multilink component, such as a chain,
is not permitted.

(7) When a quick-actuating closure is provided as a
part, it shall be provided with a Partial Data Report as
meeting the applicable requirements of this Division.

(8) Nonmandatory Appendix FF provides supple-
mentary information for the Manufacturer of the pressure
vessel and provides guidance on installation, operation,
and maintenance for the owner and user.

(c) Specific Design Requirements

(1) Quick-actuating closures that are held in position
by positive locking devices and that are fully released by
partial rotation or limited movement of the closure jtself
or the locking mechanism, and any closure that is, other
than manually operated, shall be so designed that-when
the vessel is installed the following conditiofis*are met
(see also Nonmandatory Appendix FF):

(-a) The closure and its holdingrelements are fully
engaged in their intended operatingposition before pres-
sure can be applied in the vessel,

(-b) Pressure tending to‘force the closure open or
discharge the vessel contents<clear of the vessel shall be
released before the closure<an be fully opened for access.

(-c) In the eventithat compliance with (-a) and
(-b) above is not inherent in the design of the closure
and its holding elements, provisions shall be made so that
devices to accomplish this can be added when the vessel
is installed.

(2)/he design rules of Mandatory Appendix 2 of this
Division-may not be applicable to the design of quick-
actlating closures; see 2-1(e).

(3) The design shall consider the effects of cyclic and
other loadings (see UG-22) and mechanical wear on the
holding and locking elements and sealing surfaces.

(4) 1t is recognized that it is impractical to write re-
quirements to cover the multiplicity of quick-actuating
closures, or to prevent negligent operation or the circum-
venting of safety devices. Any device or devices that will
provide the safeguards described in (1)(-a), (1)(-b), and
(1)(-c) above will meet the intent of these rules.

(5) If clamps used in the design of quick-actuating
closures meet the scope of Mandatory Appendix 24, then
the requirements of Mandatory Appendix 24 shall also be
met.

(6) The Manufacturer of a pressure vessel with a
quick-actuating closure shall supply the user with an in-
stallation, operation, and maintenance manual that shall
address the maintenance and operation of the closure.
The manual should address the topics discussed in Non-
mandatory Appendix FF. The intent is for this manual to
stay with the owner or operator of the pressure vessel.

(d) Alternative Designs for Manually Operated Closures

(1) Quick-actuating closures that are held in position
by a locking mechanism designed for manual operation
shall be designed such that if an attempt is made to open
the closure when the vessel is under pressure, the closure
will leak prior to full disengagement of the locking ele-
ments and release of the closure. The design of the closure
and vessel shall be such that any leakage shall be directed
away from the normal position of the operator.
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(2) Manually operated closures need not satisfy
(©)(1)(-a), (c)(1)(-b), or (c)(1)(-c) above, but pressure
vessels equipped with such closures shall be equipped
with an audible or visible warning device that will warn
the operator if pressure is applied to the vessel before
the holding elements and locking elements are fully en-
gaged in their intended position or if an attempt is made
to disengage the locking mechanism before the pressure
within the vessel is released.

UG-35.3 Quick-Opening Closures

(a) Definitions

(1) Quick-opening closures are closures other than
bolted flange joints as described in UG-44(a), 1-6, and
Mandatory Appendix 2, and quick-actuating closures as
described in UG-35.2. Closures utilizing a clamp design
that meets the requirements of Mandatory Appendix 24
are exempt from the rules for quick-opening closures. Clo-
sures with multiple swing bolts are not considered
quick-opening closures.

(2) Holding elements are parts of the closure used to
hold the closure to the vessel, and/or to provide the load
required to seal the closure. Hinge pins or bolts may be
used as holding elements.

(b) General

(1) Quick-opening closures shall be designed such
that the failure of a single holding element while the ves-
sel is pressurized (or contains a static head of liquid act-
ing at the closure) will not

(-a) cause or allow the closure to be opened or
leak; or

(-b) increase the stress in any other holding ele-
ment by more than 50% above the allowable stress of
the element

(2) Quick-opening closures shall be desigited and in-
stalled such that it can be determined by viSual external
observation that the holding elements-are in satisfactory
condition.

(3) All vessels having quick=0pening closures shall
have a pressure release device\(e.g., vent valve, threaded
plug) installed on the vesselthat will relieve the pressure
inside the vessel priorito.opening the closure. Alterna-
tively, if release of the\product in the vessel could be dan-
gerous to personnel.or the environment, or could cause
other safety issues, the provisions for pressure release
need not be-furnished when operating procedures are
such thatthiey can ensure there is no pressure in the ves-
sel prior, to opening the closure.

(4)When a quick-opening closure is provided as a
part,’it shall be provided with a Partial Data Report and

+shall meet the applicable requirements of this Division.

(5) Nonmandatory Appendix FF provides supple-

5: mentary design information for the Manufacturer and
- provides guidance on installation, operation, and mainte-
" nance for the owner and user.

(c) Specific Design Requirements

(1) The design rules of Mandatory Appendix 2 of this
Division may not be applicable to the design of
quick-opening closures; see 2-1(e).

(2) The design shall consider the effects of cyclic and
other loadings (see UG-22) and mechanical wear on the
holding elements and the sealing surfaces.

(3) The Manufacturer of a pressure vessel with a
quick-opening closure shall supply the user with an in-
stallation, operation, and maintenance manual that shall
address the maintenance and operation of the.closure.
The manual should address the topics discussed;in Non-
mandatory Appendix FF. The intent is for this“manual to
stay with the owner or operator of the pressure vessel.

OPENINGS AND REINFORCEMENTS?®

UG-36 OPENINGS IN PRESSURE VESSELS

(a) Shape of Opening **

(1) Openings in cylindrical or conical portions of ves-
sels, or in formed heads, shall preferably be circular, ellip-
tical, or obround.?® When the long dimension of an
elliptical or obraund opening exceeds twice the short di-
mensions, the reinforcement across the short dimensions
shall be-nereased as necessary to provide against exces-
sive distortion due to twisting moment.

(2) Openings may be of other shapes than those giv-
entin (1) above, and all corners shall be provided with a
suitable radius. When the openings are of such propor-
tions that their strength cannot be computed with assur-
ance of accuracy, or when doubt exists as to the safety of a
vessel with such openings, the part of the vessel affected
shall be subjected to a proof hydrostatic test as pre-
scribed in UG-101.

(b) Size of Openings

(1) Properly reinforced openings in cylindrical and
conical shells are not limited as to size except with the fol-
lowing provisions for design. The rules in UG-36 through
UG-43 apply to openings not exceeding the following: for
vessels 60 in. (1 520 mm) inside diameter and less, one-
half the vessel diameter, but not to exceed 20 in.
(510 mm); for vessels over 60 in. (1 520 mm) inside dia-
meter, one-third the vessel diameter, but not to exceed
40 in. (1 020 mm). (For conical shells, the inside shell dia-
meter as used above is the cone diameter at the center of
the opening.) For openings exceeding these limits, supple-
mental rules of 1-7 shall be satisfied in addition to the
rules of this paragraph.

(2) Properly reinforced openings in formed heads
and spherical shells are not limited in size. For an opening
in an end closure, which is larger than one-half the inside
diameter of the shell, one of the following alternatives to
reinforcement may also be used:

(-a) a conical section as shown in Figure UG-36,
sketch (a);
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Figure UG-36
Large Head Openings — Reverse-Curve and Conical Shell-Reducer Sections

oS

(a) [See Note(1)]

(b) [See Note(1)]

(c) [See Note(1)]
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(d) [See Note(1)]

(e) [See Note(2)]

NOTES:

(1) r, shall not be less than the greater of0.12(R, + t) or 3t: r; has no dimensional requirement.

(2) a1 > a;; therefore, use a; in design.equations.

(-b) a cone with a-knuckle radius at the large end
as shown in Figure UG436, sketch (b);

(-c) areversg.curve section as shown in Figure
UG-36, sketches\(c)-and (d); or

(-d) using a flare radius at the small end as shown
in Figure UG-33.1, sketch (d).

The-design shall comply with all the requirements of
the rtiles for reducer sections [see (e) below] insofar as
these Tules are applicable.

(¢) Strength and Design of Finished Openings

(1) All references to dimensions in this and succeed-
ing paragraphs apply to the finished construction after
deduction has been made for material added as corrosion
allowance. For design purposes, no metal added as corro-
sion allowance may be considered as reinforcement. The
finished opening diameter is the diameter d as defined in
UG-37 and in Figure UG-40.

(2] See below.

(-a) Openings in cylindrical or conical shells, or
formed heads shall be reinforced to satisfy the require-
ments in UG-37 except as given in (3) below.

(-b) Openings in flat heads shall be reinforced as
required by UG-39.

(3) Openings in vessels not subject to rapid fluctua-
tions in pressure do not require reinforcement other than
that inherent in the construction under the following
conditions:

(-a) welded, brazed, and flued connections meet-
ing the applicable rules and with a finished opening not
larger than:

(-1) 3% in. (89 mm) diameter — in vessel shells
or heads with a required minimum thickness of %; in.
(10 mm) or less;

(-2) 2% in. (60 mm) diameter — in vessel shells
or heads over a required minimum thickness of %; in.
(10 mm);
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(-b) threaded, studded, or expanded connections
in which the hole cut in the shell or head is not greater
than 2% in. (60 mm) diameter;

(-¢) no two isolated unreinforced openings, in ac-
cordance with (-a) or (-b) above, shall have their centers
closer to each other than the sum of their diameters;

(-d) no two unreinforced openings, in a cluster of
three or more unreinforced openings in accordance with
(-a) or (-b) above, shall have their centers closer to each
other than the following:

for cylindrical or conical shells,
[1 + 1.5 cosQ][dl + dz];

for doubly curved shells and formed or flat heads,

2.5(dy + dy)
where
dq, d, = the finished diameter of the two adjacent
openings
6 = the angle between the line connecting the cen-

ter of the openings and the longitudinal axis
of the shell

The centerline of an unreinforced opening as de-
fined in (-a) and (-b) above shall not be closer than its fin-
ished diameter to any material used for reinforcement of
an adjacent reinforced opening.

(d) Openings Through Welded Joints. Additional provi-
sions governing openings through welded joints are given
in UW-14.

(e) Reducer Sections Under Internal Pressure

(1) The equations and rules of this paragraph/apply
to concentric reducer sections wherein all the Tongitudi-
nal loads are transmitted wholly through'the shell of
the reducer. Where loads are transmitted ih part or as a
whole by other elements, e.g., inner shells, stays, or tubes,
the rules of this paragraph do notapply.

(2) The thickness of each elément of a reducer, as de-
fined in (4) below, under intérnal pressure shall not be
less than that computed by.the applicable formula. In ad-
dition, provisions shall be-made for any of the other load-
ings listed in UG-22; where such loadings are expected.

(3) The symbols“defined in either UG-32(b) or below
are used in this\paragraph (see Figure UG-36).

t = mipimum required thickness of the considered ele-
ment of a reducer after forming
R, /inside radius of larger cylinder
R\="inside radius of smaller cylinder
ry” = inside radius of knuckle at larger cylinder
rs = radius to the inside surface of flare at the small end
a = one-half of the included (apex) angle of a conical

element

(4) Elements of a Reducer. A transition section redu-
cer consisting of one or more elements may be used to
join two cylindrical shell sections of different diameters
but with a common axis, provided the requirements of
this paragraph are met.

(-a) Conical Shell Section. The required thickness
of a conical shell section, or the allowable working pres-
sure for such a section of given thickness, shall be deter-
mined by the equations given in UG-32(f).

(-b) Knuckle Tangent to the Larger Cylinder.
Where a knuckle is used at the large end of a reducér'sec-
tion, its shape shall be that of a portion of an ellipsoidal,
hemispherical, or torispherical head. The thickness and
other dimensions shall satisfy the requiremerits of the ap-
propriate equations and provisions of UG<32.

(5) Combination of Elements\to Form a Reducer.
When elements of (4) above, havihg/different thicknesses
are combined to form a reducef,the joints including the
plate taper required by UW-9{c) shall lie entirely within
the limits of the thinnertelement being joined.

(-a) A reducer may be a simple conical shell sec-
tion, Figure UG-36ysketch (a), without knuckle, provided
the half-apex angle'« is not greater than 30 deg, except as
provided for-in T-5(g). A reinforcement ring shall be pro-
vided at either or both ends of the reducer when required
by the fules of 1-5.

(*b) A toriconical reducer, Figure UG-36, sketch
(b)sUmay be shaped as a portion of a toriconical head,
UG-32(g), a portion of a hemispherical head plus a conical
Section, or a portion of an ellipsoidal head plus a conical
section, provided the half-apex angle « is not greater than
30 deg, except as provided for in 1-5(g). A reinforcement
ring shall be provided at the small end of the conical re-
ducer element when required by the rules in 1-5.

(-c) Reverse curve reducers, Figure UG-36,
sketches (c) and (d), may be shaped of elements other
than those of (4) above. See U-2(g).

(f) Reducers Under External Pressure. The rules of
UG-33(f) shall be followed, where applicable, in the de-
sign of reducers under external pressure.

(g) Oblique Conical Shell Sections Under Internal Pres-
sure. A transition section reducer consisting of an oblique
conical shell section may be used to join two cylindrical
shell sections of different diameters and axes, provided
the following requirements are used:

(1) The required thickness shall be determined by
the equations given in UG-32(f).

(2) The angle a to be used shall be the largest in-
cluded angle between the oblique cone and the attached
cylindrical section [see Figure UG-36, sketch (e)] and shall
not be greater than 30 deg, except as provided for in
1-5(g)

(3) Diametrical dimensions to be used in the design
equations shall be measured perpendicular to the axis
of the cylinder to which the cone is attached.

(19)
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(4) A reinforcement ring shall be provided at either
or both ends of the reducer when required by the rules

of 1-5.

UG-37 REINFORCEMENT REQUIRED FOR

OPENINGS IN SHELLS AND FORMED
HEADS

(a) Nomenclature. The symbols used in this paragraph
are defined as follows:

A = total cross-sectional area of reinforcement

Aq

As

As

Eq

required in the plane under consideration
(see Figure UG-37.1) (includes consideration
of nozzle area through shell if S,,/S, < 1.0)
area in excess thickness in the vessel wall
available for reinforcement (see Figure
UG-37.1) (includes consideration of nozzle
area through shell if §,,/S, < 1.0)

area in excess thickness in the nozzle wall
available for reinforcement (see Figure
UG-37.1)

area available for reinforcement when the
nozzle extends inside the vessel wall (see
Figure UG-37.1)

cross-sectional area of material added as re-
inforcement (see Figure UG-37.1)

cross-sectional area of various welds avail-
able for reinforcement (see Figure UG-37.1)

= corrosion allowance
= inside shell diameter
= outside diameter of reinforcing elemént (ac-

tual size of reinforcing element.may exceed
the limits of reinforcement e$tablished by
UG-40; however, credit cannot be taken for
any material outside these limits)

finished diameter af,circular opening
or finished dimension (chord length at mid-
surface of thickness excluding excess thick-
ness available for reinforcement) of
nonradial.opening in the plane under
consideration, in. (mm) [see Figures
UG-37:1and UG-40]

= 1¢(see definitions for t, and t,,)
= -1 when an opening is in the solid plate or in a

Category B butt joint; or

0.85 when an opening is located in an ERW
or autogenously welded pipe or tube. If the
ERW or autogenously welded joint is clearly
identifiable and it can be shown that the
opening does not pass through this weld
joint, then E; may be determined using the
other rules of this paragraph; or

joint efficiency obtained from Table UW-12
when any part of the opening passes
through any other welded joint

fr
frl

fr2
fr3
fr4

Ky

correction factor that compensates for the
variation in internal pressure stresses on
different planes with respect to the axis of
a vessel. A value of 1.00 shall be used for
all configurations except that Figure UG-37
may be used for integrally reinforced open-
ings in cylindrical shells and cones. [Seé
UW-16(c)(1).]

strength reduction factor, not greater than
1.0 [see UG-41(a)]

S,/S, for nozzle wall inserted-thirough the
vessel wall

1.0 for nozzle wall abuttinghe vessel wall
and for nozzles shown in’ Figure UG-40,
sketch (j), (k), (n), and (o).

= Sn/Sy

= (lesser of S, or §5)/S,

= Sp/sv

= distancemozzle projects beyond the inner

surfacerof-the vessel wall. (Extension of the
nozzle\beyond the inside surface of the ves-
sel wall is not limited; however, for rein-
forcement calculations, credit shall not be
taken for material outside the limits of rein-
forcement established by UG-40.)

spherical radius factor (see definition of ¢,
and Table UG-37)

length of projection defining the thickened
portion of integral reinforcement of a nozzle
neck beyond the outside surface of the ves-
sel wall [see Figure UG-40, sketch (e)]
internal design pressure (see UG-21), psi
(MPa)

inside radius of the shell course under
consideration

inside radius of the nozzle under
consideration

allowable stress value in tension (see
UG-23), psi (MPa). For welded pipe or tub-
ing, the allowable stress of the correspond-
ing seamless product form. If there is no
corresponding seamless product form, use
the allowable stress for the welded product
form divided by 0.85.

allowable stress in nozzle, psi (MPa) (see S
above)

allowable stress in reinforcing element
(plate), psi (MPa) (see S above)

allowable stress in vessel, psi (MPa) (see S
above)

specified vessel wall thickness,?® (not in-
cluding forming allowances). For pipe it is
the nominal thickness less manufacturing
undertolerance allowed in the pipe
specification.

= thickness or height of reinforcing element

(see Figure UG-40)

Copyright ASME International (BPVC)

41


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.1 (ASME BPVC Section 8 Division 1) 2019.pdf

UG-37

ASME BPVC.VIIL.1-2019

nominal thickness of internal projection of
nozzle wall

nozzle wall thickness.?® Except for pipe, this
is the wall thickness not including forming
allowances. For pipe, use the nominal thick-
ness [see UG-16(d)].

required thickness of a seamless shell based
on the circumferential stress, or of a formed
head, computed by the rules of this Division
for the designated pressure, using E = 1, and,
for shells fabricated from welded pipe or
tubing, the allowable stress of the corre-
sponding seamless product form. If there is
no corresponding seamless product form,
use the allowable stress for the welded pro-
duct form divided by 0.85, except that

(a) when the opening and its reinforce-
ment are entirely within the spherical por-
tion of a torispherical head, t, is the
thickness required by 1-4(d), using M = 1;

(b) when the opening is in a cone, ¢, is
the thickness required for a seamless cone
of diameter D measured where the nozzle
axis pierces the inside wall of the cone;

(c) when the opening and its reinforce-
ment are in an ellipsoidal head and are lo-
cated entirely within a circle the center of
which coincides with the center of the head
and the diameter of which is equal to 80%
of the shell diameter, t, is the thickness re-
quired for a seamless sphere of radius
K1D, where D is the shell diameter and K;
is given by Table UG-37.
required thickness of a seamless niozzle wall,
using E = 1, and, for nozzles fabricated from
welded pipe or tubing, the allowable stress
of the corresponding seamléss product form.
If there is no corresponding seamless pro-
duct form, use the allowable stress for the
welded product form divided by 0.85.

W = total load to becarried by attachment welds
(see UG-41)

(b) General. The-rules in this paragraph apply to all
openings other than:

(1) small.openings covered by UG-36(c)(3);

(2) opénings in flat heads covered by UG-39;

(3) openings designed as reducer sections covered
by UG-36(e);

(4) large head openings covered by UG-36(b)(2);

(5) tube holes with ligaments between them con-
forming to the rules of UG-53.

Reinforcement shall be provided in amount and dis-
tribution such that the area requirements for reinforce-
ment are satisfied for all planes through the center of
the opening and normal to the vessel surface. For a circu-
lar opening in a cylindrical shell, the plane containing the

Figure UG-37
Chart for Determining Value of F, as Required
in UG-37
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axis of the shell is the plane of greatest loading due to
pressure. Not less than half the required reinforcement
shall be on each side of the centerline of single openings.

(c) Design for Internal Pressure. The total cross-
sectional area of reinforcement A required in any given
plane through the opening for a shell or formed head un-
der internal pressure shall be not less than

A= dtF + 26,6,F(1 - f4)

(d) Design for External Pressure

(1) The reinforcement required for openings in
single-walled vessels subject to external pressure need
be only 50% of that required in (c) above, where ¢, is
the wall thickness required by the rules for vessels under
external pressure and the value of F shall be 1.0 in all ex-
ternal pressure reinforcement calculations.

(2) The reinforcement required for openings in each
shell of a multiple-walled vessel shall comply with (1)
above when the shell is subject to external pressure,
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Figure UG-37.1
Nomenclature and Formulas for Reinforced Openings
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h, 2.5, 2.5 I il See UG-40
Use smallest value | 2252 O Fd——¥  for Kohits of
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Use larger value ] Use“larger value

For nozzle wall inserted through the vessel wall —b-!-t— Fornozzle wall abutting the vessel wall

Without Reinforcing Element

= A =dt F+2tyt, Fl1-14]) Area-téquired
=d(Egt-Ft) —2t, (Eqr-Fr) (1 =Fpq)
Vo] = Aq L r ik g 7 Area available in shell; use larger value
= 2(t+ 1) (Eqt - Ft,) — 2t (Eqt - Ft )1 - fq)
m = Agd = blty -t fot Area available in nozzle projecting outward; use
= Slty - tp) f.,.zrn smaller value
B - Az = 5ttf, Area available in inward nozzle; use smallest value
= Stitifea
= 2htf,
A B = Aygq = outward nozzle weld = (Iegi2 frg _ Area available in outward weld
Q = Aya = inward nozzle weld = {Ieg]zf,E Area available in inward weld
If A1 + Ay +A3 + A41 +A43 2A Opening is adequately reinforced
IfA)+Ag+ Az + Ay, +A43 NA Opening is not adequately reinforced so
reinforcing elements must be added
andfor thicknesses must be increased
With Reinforcing Element Added
A = sarigas A, above Area required
Ay =sameasAjq, above Area available
i 5'(‘.'1 — tplfiat Area available in nozzle projecting outward;
27 = 2(t, — t,,) 25t, + t ), use smaller area
Az =same as Aj, above Area available in inward nozzle

= A4y = outward nozzle weld = [|egjzf_,3 Area available in outward weld

= Ayo = outer element weld = {Ieg}zfr4 Area available in outer weld

= A5 =(Dp—d— 2t,) tg frq [Note (2)] Area available in element

[7 = A4z = inward nozzle weld = (leg)2f 5 Area available in inward weld

1fA]+As+ Az + Ay +Ay tAyztAg 2 A Opening is adequately reinforced

GENERAL NOTE: This figure illustrates a common nozzle configuration and is not intended to prohibit other configurations permitted by the
Code.
NOTES:

(1) Includes consideration of these areas if S,, /S, < 1.0 (both sides of centerline).
(2) This formula is applicable for a rectangular cross-sectional element that falls within the limits of reinforcement.
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Table UG-37
Values of Spherical Radius Factor K,
D /2h 3.0 2.8 2.6 2.4 2.2 2.0 1.8 1.6 1.4 1.2 1.0
K4 1.36 1.27 1.18 1.08 0.99 0.90 0.81 0.73 0.65 0.57 0.50

GENERAL NOTES:

(@) Equivalent spherical radius = K;D; D/2h = axis ratio.

(b) For definitions, see 1-4(b).
©]

Interpolation permitted for intermediate values.

and with (c) above when the shell is subject to internal
pressure, regardless of whether or not there is a common
nozzle secured to more than one shell by strength welds.

(e) Design for Alternate Internal and External Pressure.
Reinforcement of vessels subject to alternate internal and
external pressures shall meet the requirements of (c)
above for internal pressure and of (d) above for external
pressure.

(f) Details and equations for required area and avail-
able area are given in Figure UG-37.1.

(g) Reinforcing plates and saddles of nozzles attached
to the outside of a vessel shall be provided with at least
one vent hole [maximum diameter 7/ in. (11 mm)] that
may be tapped with straight or tapered threads. These
vent holes may be left open or may be plugged when
the vessel is in service. If the holes are plugged, the plug-
ging material used shall not be capable of sustaining pres-
sure between the reinforcing plate and the vessel wall.

(h) Segmental reinforcing elements are allowed, pro-
vided the individual segments are joined by full penetta-
tion butt welds. These butt welds shall comply with:all the
applicable requirements of Part UW. Each segment/of the
reinforcing element shall have a vent hole as‘cequired by
(g). Unless the provisions given below are.satisfied, the
-area As as defined in Figure UG-37.1 shall be multiplied
‘by 0.75. The area A5 does not requireany reduction if
‘one of the following is satisfied:

(1) Each butt weld is radiographed or ultrasonically
examined to confirm full penetration, or

(2) For openings in cylinders, the weld is oriented at
least 45 deg from the longitudinal axis of the cylinder.

(i) The reinforcement rules in this Division are applic-
able for internal or external pressure and do not address
the requirements for openings under the action of exter-
nally appliéd loadings (such as pipe reactions). When ex-
ternally applied loadings are to be considered, see U-2(g).

UG-38 FLUED OPENINGS IN SHELLS AND
FORMED HEADS

(a) Flued openings in shells and formedheads made by
inward or outward forming of the head plate shall meet
the requirements for reinforcement’in UG-37. The thick-
ness of the flued flange shall alsormeet the requirements
of UG-27 and/or UG-28, as-applicable, where L as used in
UG-28 is the minimum depth of flange as shown in Figure
UG-38. The minimum thickness of the flued flange on a
vessel subject to beth internal and external pressure shall
be the larger of the‘two thicknesses as determined above.

(b) The minimum depth of flange of a flued in opening
exceeding 6'in. (150 mm) in any inside dimension, when
not stayed by an attached pipe or flue, shall equal 3¢, or (¢,
+ 3,iny) (for SI units, ¢, + 75 mm), whichever is less, where
talis the required shell or head thickness. The depth of
flange shall be determined by placing a straight edge
across the side opposite the flued opening along the major
axis and measuring from the straightedge to the edge of
the flanged opening (see Figure UG-38).

(c) There is no minimum depth of flange requirement
for flued out openings.

Figure UG-38
Minimum Depth for Flange of Flued-In
Openings

Minimum depth of flange: the
smaller of 3t or t, + 3in. (75 mm)
when d exceeds 6 in. (150 mm)+

Copyright ASME International (BPVC)

44



https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.1 (ASME BPVC Section 8 Division 1) 2019.pdf

ASME BPVC.VIIL.1-2019

UG-38 - UG-39

(19)

(d) The minimum width of bearing surface for a gasket
on a self-sealing flued opening shall be in accordance with
UG-46(j).

UG-39 REINFORCEMENT REQUIRED FOR
OPENINGS IN FLAT HEADS AND COVERS

(a) General. The rules in this paragraph apply to all
openings in flat heads except opening(s) that do not ex-
ceed the size and spacing limits in UG-36(c)(3) and do
not exceed one-fourth the head diameter or shortest span.
Electric immersion heater support plates (see 41-3) may
be designed in accordance with the rules of this para-
graph or Mandatory Appendix 41.

(b) Single and multiple openings in flat heads that have
diameters equal to or less than one-half the head dia-
meter may be reinforced as follows:

(1) Flat heads that have a single opening with a dia-
meter that does not exceed one-half the head diameter or
shortest span, as defined in UG-34, shall have a total
cross-sectional area of reinforcement for all planes
through the center of the opening not less than that given
by the formula

A =05dt + tt, (1-£,4)

where d, t,, and f,, are defined in UG-37 and t in UG-34.

(2) Multiple openings none of which have diameters
exceeding one-half the head diameter and no pair having
an average diameter greater than one-quarter the head
diameter may be reinforced individually as required‘by
(1) above when the spacing between any pair of adjacent
openings is equal to or greater than twice theaverage dia-
meter of the pair.

When spacing between adjacent opehings is less than
twice but equal to or more than 1%, thé-average diameter
of the pair, the required reinforceniént for each opening
in the pair, as determined by (1)‘above, shall be summed
together and then distributed-stich that 50% of the sum is
located between the two openings. Spacings of less than
1Y, the average diameter of adjacent openings shall be
treated by rules of U-2(g).

(3) Referencing Figure UG-39, sketch (a), the liga-
ment betweed two adjacent openings (U, U,, or Us)
shall not be less than one-quarter of the diameter of the
smaller efthe two openings in the pair. The radial dis-
tance.between the inner edge of the opening (Uy, Us, or
Ug) and the dimension d as shown in Figure UG-34 and
Figiire UG-39, sketch (a) shall not be less than one-
quarter of the diameter of that one opening.

(c) Flat heads that have an opening with a diameter
that exceeds one-half the head diameter or shortest span,
as defined in UG-34, shall be designed as follows:

(1) When the opening is a single, circular centrally lo-
cated opening in a circular flat head, the head shall be de-
signed according to Mandatory Appendix 14 and related
factors in Mandatory Appendix 2. The head-to-shell junc-
tion may be integral, as shown in Figure UG-34, sketches
(a), (b-1), (b-2), (d), and (g). The head may also be at-
tached by a butt weld or a full-penetration corner weld
similar to the joints shown in Figure UW-13.2, sketehes
(a), (b), (c), (d), (e), or (f). The large centrally located
opening may have a nozzle that is integrally formed-or in-
tegrally attached by a full penetration weld(r may be
plain without an attached nozzle or hub. The-head thick-
ness does not have to be calculated by-UG-34 rules. The
thickness that satisfies all the requirements of Mandatory
Appendix 14 meets the requirements’of the Code.

(2) Opening(s) may be located in the rim space sur-
rounding the central opening See Figure UG-39, sketch
(b). Such openings may &€ reinforced by area replace-
ment in accordance with the formula in (b)(1) above
using as a required head thickness the thickness that sa-
tisfies rules of Mandatory Appendix 14. Multiple rim
openings shall meet spacing rules of (b)(2) and (b)(3)
above. Alternatively, the head thickness that meets the
rules of-Mandatory Appendix 14 may be increased by
multiplying it by the square root of two (1.414) if only a
single opening is placed in the rim space or if spacing p
bétween two such openings is twice or more than their
average diameter. For spacing less than twice their aver-
age diameter, the thickness that satisfies Mandatory
Appendix 14 shall be divided by the square root of effi-
ciency factor e, where e is defined in (e)(2) below.

The rim opening(s) shall not be larger in diameter
than one-quarter the differences in head diameter less
central opening diameter. The minimum ligament width
U shall not be less than one-quarter the diameter of the
smaller of the two openings in the pair. A minimum liga-
ment width of one-quarter the diameter of the rim open-
ing applies to ligaments designated as U,, Uy, Uz, and Us
in Figure UG-39, sketch (b).

(3) When the large opening is any other type than
that described in (1) above, there are no specific rules giv-
en. Consequently, the requirements of U-2(g) shall be
met.

(d) As an alternative to (b)(1) above, the thickness of
flat heads and covers with a single opening with a dia-
meter that does not exceed one-half the head diameter
may be increased to provide the necessary reinforcement
as follows:

(1) In eq. UG-34(c)(2)(1) or eq. UG-34(c)(3)(3), use
2C or 0.75 in place of C, whichever is the lesser; except
that, for sketches (b-1), (b-2), (e), (f), (g), and (i) of Figure
UG-34, use 2C or 0.50, whichever is the lesser.

(2) In eq. UG-34(c)(2)(2) or eq. UG-34(c)(3)(5), dou-
ble the quantity under the square root sign.

Copyright ASME International (BPVC)

45


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.1 (ASME BPVC Section 8 Division 1) 2019.pdf

UG-39

ASME BPVC.VIIL.1-2019

19) Figure UG-39
Openings in Flat Heads and Covers
/_LA
|
S — —— d as defined in
Ua - > Figure UG-34
e d ~
U, s d | 3 U, AN
/ 0/
& / a A\
- - / [ 'j B U \
N4 - 1 \
! \
| U5 \
| |
— L —
Us
hy
= 4 d as defipediin
Figure-UG+34,
ketches (j), (k), ‘and
Section A-A sketches (j), (k). and (p)
(a)
i { U
N Us
f a
— Us 7
N /
/
/
/
/
!
|
|
Section B-B
\—r B
(b)
Legend:
p = spacing, center-to-center, between openings
Uy, Uy,... = ligament width
(di +d;)/2 = average diameter of pair of openings
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(e) Multiple openings none of which have diameters ex-
ceeding one-half the head diameter and no pair having an
average diameter greater than one-quarter the head dia-
meter may be reinforced as follows:

(1) When the spacing between a pair of adjacent
openings is equal to or greater than twice the average dia-
meter of the pair, and this is so for all opening pairs, the
head thickness may be determined by rules in (d) above.

(2) When the spacing between adjacent openings in a
pair is less than twice but equal to or greater than 1%, the
average diameter of the pair, the required head thickness
shall be that determined by (d) above multiplied by a fac-
tor h, where

h=05/e

e=[(p - daye) /D]

smallest

where

d.ve = average diameter of the same two adjacent

openings

e = smallest ligament efficiency of adjacent opening
pairs in the head
p = center-to-center spacing of two adjacent

openings

(3) Spacings of less than 1%/, the average diameter of
adjacent openings shall be treated by rules of U-2(g).

(4) In no case shall the width of ligament between
two adjacent openings be less than one-quarter the-.dia-
meter of the smaller of the two openings in thé-pair.

(5) The width of ligament between the\edge of any
one opening and the edge of the flat head (such as U3
or Us in Figure UG-39) shall not be less‘than one-quarter
the diameter of that one opening.

UG-40 LIMITS OF REINFORCEMENT

(a) The boundaries of thé’cross sectional area in any
plane normal to the vessel*wall and passing through the
center of the opening within which metal must be located
in order to have value-as reinforcement are designated as
the limits of peinforcement for that plane (see Figure
UG-37.1). Figure UG-40 depicts thicknesses t, t,, and t,,
or t; and diameter d used in establishing the limits of re-
inforcement. All dimensions are in the corroded condi-
tion;(for nomenclature, see UG-37(a).

(b) The limits of reinforcement, measured parallel to
the vessel wall, shall be at a distance, on each side of
the axis of the opening, equal to the greater of the
following:

(1) the diameter d of the finished opening;
(2) the inside radius, R,, of the nozzle plus the vessel
wall thickness ¢, plus the nozzle wall thickness t,.

(c) The limits of reinforcement, measured normal to
the vessel wall, shall conform to the contour of the surface
at a distance from each surface equal to the smaller of the
following:

(1) 2%, times the vessel wall thickness t;

(2) 2%, times the nozzle wall thickness t, plus the
thickness t, as defined in Figure UG-40.

(d) Metal within the limits of reinforcement that may-be
considered to have reinforcing value shall include‘the
following:

(1) metal in the vessel wall over and abové the thick-
ness required to resist pressure and the thickness speci-
fied as corrosion allowance. the area in'the vessel wall
available as reinforcement is the larger”of the values of
A1 given by the equations in Figure*'dG-37.1.

(2) metal over and above the thickness required to
resist pressure and the thickness specified as corrosion
allowance in that part ofwa@ozzle wall extending outside
the vessel wall. The maXimum area in the nozzle wall
available as reinforéemeént is the smaller of the values of
A, given by the equdtions in Figure UG-37.1.

All metaldin the nozzle wall extending inside the ves-
sel wall Asz'\may be included after proper deduction for
corrosion allowance on all the exposed surface is made.
No allowance shall be taken for the fact that a differential
préssure on an inwardly extending nozzle may cause op-
posing stress to that of the stress in the shell around the
opening:

(3) metal in attachment welds 4, and metal added as
reinforcement As.

(e) With the exception of studding outlet type flanges
and the straight hubs of forged nozzle flanges [see
UG-44(a)(10)], bolted flange material within the limits
of reinforcement shall not be considered to have reinfor-
cing value. With the exception of material within an inte-
gral hub, no material in a tubesheet or flat head shall be
credited as reinforcement for an opening in an adjacent
shell or head.

UG-41 STRENGTH OF REINFORCEMENT

(a) Material used for reinforcement shall have an al-
lowable stress value equal to or greater than that of the
material in the vessel wall, except that when such materi-
al is not available, lower strength material may be used,
provided the area of reinforcement is increased in inverse
proportion to the ratio of the allowable stress values of
the two materials to compensate for the lower allowable
stress value of the reinforcement. No credit may be taken
for the additional strength of any reinforcement having a
higher allowable stress value than that of the vessel wall.
Deposited weld metal outside of either the vessel wall or
any reinforcing pad used as reinforcement shall be cred-
ited with an allowable stress value equivalent to the
weaker of the materials connected by the weld. Vessel-to-
nozzle or pad-to-nozzle attachment weld metal within the
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Figure UG-40
Some Representative Configurations Describing the Reinforcement Dimension t. and the Opening

Dimension d
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(a-4) [See Note(2)]
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{a-3) [See Note(1)]
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Figure UG-40
Some Representative Configurations Describing the Reinforcement Dimension t. and the Opening
Dimension d (Cont'd)
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NOTES:
(1) See Figure UW-16.1, sketch (v-2) for limitations.
(2) See Figure UW-16.1, sketch (w-2) for limitations.
(3) If L < 2.5t,, use sketch (e-1); if L = 2.5¢t,, use sketch (e-2).
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vessel wall or within the pad may be credited with a
stress value equal to that of the vessel wall or pad,
respectively.

(b) On each side of the plane defined in UG-40(a), the
strength of the attachment joining the vessel wall and re-
inforcement or any two parts of the attached reinforce-
ment shall be at least equal to the smaller of:

(1) the strength in tension of the cross section of the
element or elements of reinforcement being considered
(See W1_1, WZ—ZJ and W3_3 of Figure UG-41.1 for
examples);

(2) the strength in tension of the area defined in
UG-37 less the strength in tension of the reinforcing area
that is integral in the vessel wall as permitted by
UG-40(d)(1) (see W of Figure UG-41.1 for examples);

(3) for welded attachments, see UW-15 for exemp-
tions to strength calculations.

(c) The strength of the attachment joint shall be consid-
ered for its entire length on each side of the plane of the
area of reinforcement defined in UG-40. For obround
openings, consideration shall also be given to the strength
of the attachment joint on one side of the plane transverse
to the parallel sides of the opening that passes through
the center of the semicircular end of the opening.

(d) For detailed requirements for welded and brazed
reinforcement see the appropriate paragraphs in the
Parts devoted to these subjects (see UW-15 and UB-19).

UG-42 REINFORCEMENT OF MULTIPLE
OPENINGS

(See UG-39 for multiple openings in flat heads.)

(a) When any two openings are spaced such that'their
limits of reinforcement overlap [see Figure UG-42, sketch
(a)], the two openings shall be reinforced in“the plane
connecting the centers, in accordance with.the rules of
UG-37, UG-38, UG-40, and UG-41 with a_combined rein-
forcement that has an area not less than the sum of the
areas required for each opening. No portion of the cross
section is to be considered asapplying to more than
one opening, nor to be considered more than once in a
combined area.

(1) The available area of the head or shell between
openings having an‘overlap area shall be proportioned
between the two openings by the ratio of their diameters.

(2) For cylinders and cones, if the area of reinforce-
ment between the two openings is less than 50% of the
total required for the two openings, the supplemental
rules of 1-7(a) and 1-7(c) shall be used.

(3)°A series of openings all on the same centerline
shall be treated as successive pairs of openings.

(b) When more than two openings are spaced as in (a)
above [see Figure UG-42, sketch (b)], and are to be pro-
vided with a combined reinforcement, the minimum dis-
tance between centers of any two of these openings
shall be 11/3 times their average diameter, and the area
of reinforcement between any two openings shall be at
least equal to 50% of the total required for the two

openings. If the distance between centers of two such
openings is less than 1%; times their average diameter,
no credit for reinforcement shall be taken for any of the
material between these openings. Such openings must
be reinforced as described in (c) below.

(c) Alternatively, any number of adjacent openings, in
any arrangement, may be reinforced by using an assumed
opening enclosing all such openings. The limits for rein-
forcement of the assumed opening shall be those given
in UG-40(b)(1) and UG-40(c)(1). The nozzle walls of the
actual openings shall not be considered to have.réinfor-
cing value. For cylinders and cones, when thecdiameter
of the assumed opening exceeds thedimits in
UG-36(b)(1), the supplemental rules-of“1-7(a) and
1-7(c) shall also be used.

(d) When a group of openings is reinforced by a thicker
section butt welded into the shell ot /head, the edges of the
inserted section shall be tapered as prescribed in
UW-9(c).

(e) When a series of twe:-or more openings in a cylind-
rical or conical shell are‘arranged in a regular pattern, re-
inforcement of the openings may be provided per the
rules of ligaments.in UG-53.

UG-43 METHODS OF ATTACHMENT OF PIPE
AND NOZZLE NECKS TO VESSEL WALLS

(a) “General. Nozzles may be attached to the shell or
head/of a vessel by any of the methods of attachment giv-
en' in this paragraph, except as limited in UG-36.

(b) Welded Connections. Attachment by welding shall
be in accordance with the requirements of UW-15 and
Uw-16.

(c) Brazed Connections. Attachment by brazing shall be
in accordance with the requirements of UB-17 through
UB-19.

(d) Studded Connections. Connections may be made by
means of studs. The vessel shall have a flat surface ma-
chined on the shell, or on a built-up pad, or on a properly
attached plate or fitting. The distance from the inside sur-
face of the vessel to the bottom of a drilled hole to be
tapped shall not be less than the corrosion allowance plus
one-fourth of the minimum required wall thickness. Weld
metal may be added to the inside surface of the vessel to
maintain this distance (see UW-42). The tapped holes
shall also conform to the requirements of (g) below.
Studded connections shall meet the requirements for re-
inforcement in UG-36 through UG-42.

(e) Threaded Connections. Pipes, tubes, and other
threaded connections that conform to the ASME Standard
for Pipe Threads, General Purpose, Inch (ASME B1.20.1)
may be screwed into a threaded hole in a vessel wall, pro-
vided the pipe engages the minimum number of threads
specified in Table UG-43 after allowance has been made
for curvature of the vessel wall. The thread shall be a stan-
dard taper pipe thread except that a straight thread of at
least equal strength may be used if other sealing means to
prevent leakage are provided. A built-up pad or a
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UG-43

Figure UG-41.1
Nozzle Attachment Weld Loads and Weld Strength Paths to Be Considered

W = total weld load [UG-41{b}2}]
= [A-Aq + 2t,fri{Eqt- Ftr)ISy
Wi.4 = weld load for strength path 1-1 [UG-41{b}{1}]
= (Az + A5 + A41 + A42)SV
W5 o = weld load for strength path 2-2 [UG-41(b}{1)]
= (Az + A3 + A41 + A43 + 2r‘ntf,1)5v
Wy 4 = weld load for strength path 3-3 [UG-41{b}{1}}

(A2 + A3 + A5 + A‘” + A42 + A43 + 2tntf,-|)SV

(a) Depicts Typical Nozzle Detail With Neck Inserted Through the Vessel Wall
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Figure UG-41.1
Nozzle Attachment Weld Loads and Weld Strength Paths to Be Considered (Cont'd)
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W = total weld load [UG-41{b}2)}}
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weld load for strength path.1-1 [UG-41(b)}{1}]
(Az + A5 + A“ + A42)SV
weld load for strength path 2-2 [UG-41(b}(1)]

{b) Depicts Typical Nozzle)Detail With Neck Abutting the Vessel Wall

GENERAL NOTES:
(@) Areas Aq,A,, Az, As, and A4; are modified;by f,, factors.
(b) Nomenclature is the same as in UG-37.and Figure UG-37.1.

properly attached plate or fitting may be used to provide
the metal thickness and number of threads required in
Table UG-43, or to furnish. reinforcement when required.

Threaded connections larger than 4 in. pipe size
(DN 100) shall not'be used in vessels that contain liquids
having a flash point below 110°F (43°C), or flammable va-
pors, or flamimable liquids at temperatures above that at
which they boil under atmospheric pressure.

Threaded connections larger than 3 in. pipe size
(DN"807 shall not be used when the maximum allowable
working pressure exceeds 125 psi (0.8 MPa), except that
this 3 in. pipe size (DN 80) restriction does not apply to
plug closures used for inspection openings, end closures,
or similar purposes, or to integrally forged openings in
vessel heads meeting the requirement of UF-43.

(f) Expanded Connections. A pipe, tube, or forging may
be attached to the wall of a vessel by inserting through an
unreinforced opening and expanding into the shell, pro-
vided the diameter is not greater than 2 in. pipe size
(DN 50). A pipe, tube, or forging not exceeding 6 in.
(150 mm) in outside diameter may be attached to the wall
of a vessel by inserting through a reinforced opening and
expanding into the shell.

Such connections shall be:

(1) firmly rolled in and beaded; or

(2) rolled in, beaded, and seal-welded around the
edge of the bead; or

(3) expanded and flared not less than Y in. (3 mm)
over the diameter of the hole; or

(4) rolled, flared, and welded; or
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Limits of reinforcement
s Openings
— ’]" ~

(a) Two Openings Spaced With
Limits of Reinforcement Overlapping

Figure UG-42

Examples of Multiple Openings

Limits of reinforcement

(b) More Than Two Openings Spaced
With Limits of Reinforcement Overlapping

Table UG-43

Minimum Number of Pipe Threads for Connections

Copyright ASME International (BPVC)

Size of Pipe Connection, Threads Min. Plate Thickness Required,
NPS (DN) Engaged in. (mm)
Y, and %/, (DN 15 and 20) 6 0.43 (11.0)
1, 1Y, and 1%, (DN 25, 32, and 40) 7 0.61 (15)
2 (DN 50) 8 0.70 (18)
2Y, and 3 (DN 65 and 80) 8 1.0 (25)
4-6 (DN 100-150) 10 1.25 (32)
8 (DN 200) 12 1.5 (38)
10 (DN 250) 13 1.62 (41)
12 (DN 300) 14 1.75 (45)
53
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(5) rolled and welded without flaring or beading,
provided:

(-a) the ends extend at least ¥, in. (6 mm), but no
more than %; in. (10 mm), through the shell;

(-b) the throat of the weld is at least ¥4 in.
(5 mm), but no more than % in. (8 mm).

When the tube or pipe does not exceed 1%/, in.
(38 mm) in outside diameter, the shell may be chamfered
or recessed to a depth at least equal to the thickness of the
tube or pipe and the tube or pipe may be rolled into place
and welded. In no case shall the end of the tube or pipe
extend more than % in. (10 mm) beyond the shell.

Grooving of shell openings in which tubes and pipe
are to be rolled or expanded is permissible.

Expanded connections shall not be used as a method
of attachment to vessels used for the processing or stor-
age of flammable and/or noxious gases and liquids unless
the connections are seal-welded.

(g) Where tapped holes are provided for studs, the
threads shall be full and clean and shall engage the stud
for a length not less than the larger of d; or

maximum allowable stress value of

stud material at design temperature
0.75dg x

maximum allowable stress value of
tapped material at design temperature

in which d; is the nominal diameter of the stud, except
that the thread engagement need not exceed 1'4d,.

UG-44 FLANGES AND PIPE FITTINGS

(a) The following standards covering flanges and{pipe
fittings are acceptable for use under this Division/in ac-
cordance with the requirements of UG-11:\Pressure-
temperature ratings shall be in accordange with the ap-
pfopriate standard except that the pressiire-temperature
ratings for ASME B16.9 and ASME B16:11 fittings shall be
calculated as for straight seamle$s pipe in accordance
with the rules of this Division ingluding the maximum al-
lowable stress for the materjal. The thickness tolerance of
thye ASME standards shall apply.

(1) ASME B16.1,.Gray Iron Pipe Flanges and Flanged
Fittings, Classes 25(125, and 250. Permitted only for pres-
sure vessel parts-used on pressure vessels constructed in
accordance withvPart UCI of this Division.

(2) ASME B16.5, Pipe Flanges and Flanged Fittings
[see UG-11(a)(2)]

(8) ASME B16.9, Factory-Made Wrought Buttwelding
Fittings

(4) ASME B16.11, Forged Fittings, Socket-Welding
and Threaded

(7) ASME B16.24, Cast Copper Alloy Pipe Flanges and
Flanged Fittings, Class 150, 300, 400, 600, 900, 1500, and
2500

(8) ASME B16.42, Ductile Iron Pipe Flanges and
Flanged Fittings, Class 150 and 300

(9) ASME B16.47, Large Diameter Steel Flanges,
NPS 26 Through NPS 60

(10) A forged nozzle flange may use the ASME B16.5/
B16.47 pressure-temperature ratings for the flange mate-
rial being used, provided all of the following are met:;

(-a) For ASME B16.5 applications, the forgedynoz-
zle flange shall meet all dimensional requirements of a
flanged fitting given in ASME B16.5 with theZexception
of the inside diameter. The inside diameter of the forged
nozzle flange shall not exceed the inside-diameter of the
same size lap joint flange given in ASME B16.5. For ASME
B16.47 applications, the inside diaimeter shall not exceed
the weld hub diameter A given.ifithe ASME B16.47 tables.

(-b) For ASME B16/5 applications, the outside dia-
meter of the forged nozzlexieck shall be at least equal to
the hub diameter of the.same size and class ASME B16.5
lap joint flange. For ASME B16.47 applications, the out-
side diameter of‘the hub shall at least equal the X dia-
meter givep in the ASME B16.47 tables. Larger hub
diameters shall be limited to nut stop diameter dimen-
sions. See Figure 2-4, sketches (12) and (12a).

(b) External loads (forces and bending moments) may
be €valuated for flanged joints with welding neck flanges
chosen in accordance with (a)(2), (a)(9), and (a)(10),
using the following requirements:

(1) The vessel MAWP (corrected for the static pres-
sure acting on the flange) at the design temperature can-
not exceed the pressure-temperature rating of the flange.

(2) The actual assembly bolt load (see Nonmanda-
tory Appendix S) shall comply with ASME PCC-1, Non-
mandatory Appendix O.

(3) The bolt material shall have an allowable stress
equal to or greater than SA-193 B8 Cl. 2 at the specified
bolt size and temperature.

(4) The combination of vessel MAWP (corrected for
the static pressure acting on the flange) with external mo-
ment and external axial force shall satisfy the following
equation (the units of the variables in this equation shall
be consistent with the pressure rating):

16Mp + 4FG < nG3[[PR - Pp) + FMPR:

= external tensile axial force
= moment factor, in accordance with Table UG-44-1
G = gasket reaction diameter

(5) ASME B16.15, Cast Bronze Threaded Fittings, My = external moment
Classes 125 and 250 Pp = vessel MAWP (corrected for static pressure acting
(6) ASME B16.20, Metallic Gaskets for Pipe Flanges on the flange) at design temperature
— Ring-Joint, Spiral-Wound, and Jacketed Py = flange pressure rating at design temperature
54
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UG-45 NOZZLE NECK THICKNESS

The minimum wall thickness of nozzle necks shall be
determined as given below.

For access openings and openings used only for
inspection:

tyG-45 = ta
For other nozzles:

Determine t,,.

tp = min [tp3, max (tp1, tp2)]

tyG-45 = max (tg, tp)

tp2 = for vessels under external pressure, the thick-
ness (plus corrosion allowance) obtained by
using the external design pressure as an
equivalent internal design pressure (assuming
E = 1.0) in the formula for the shell or head
at the location where the nozzle neck or other
connection attaches to the vessel but in no casé
less than the minimum thickness specified-for
the material in UG-16(b).

tp3 = the thickness given in Table UG-45,plus the
thickness added for corrosion allowarice.
tuc-45 = minimum wall thickness of nozzlenecks
UG-46 INSPECTION OPENINGS?°

(a) All pressure vessels for use\with compressed air
and those subject to internal €orrosion or having parts

where subject to erosion or mechanical abrasion (see UG-25),
t, = minimum neck thickness required for internal except as permitted otherWwise in this paragraph, shall
and external pressure using UG-27 and UG-28 be provided with suitable-manhole, handhole, or other in-
(plus corrosion and threading allowance), as spection openings for_examination and cleaning.
applicable. The effects of external forces and Compressed air\as used in this paragraph is not in-
moments from supplemental loads (see tended to include*air that has had moisture removed to
UG-22) shall be considered. Shear stresses provide an\atmospheric dew point of -=50°F (-46°C) or
caused by UG-22 loadings shall not exceed less.
70% of the allowable tensile stress for the noz- Inspeetion openings may be omitted in vessels covered
zle material. in {b), and in heat exchangers where the construction
tp1 = for vessels under internal pressure, the thick- dees not permit access to the shell side, such as fixed
ness (plus corrosion allowance) required for tubesheet heat exchangers or U-tube and floating tube-
pressure (assuming E = 1.0) for the shell or sheet heat exchangers with Configuration a, b, or c as
head at the location where the nozzle neck.or shown in Figure UHX-12.1 or Figure UHX-14.2. When in-
other connection attaches to the vessel but in spection openings are not provided, the Manufacturer’s
no case less than the minimum thickness-speci- Data Report shall include one of the following notations
fied for the material in UG-16(b). under “Remarks”:
(1) “UG-46(b)” when telltale holes are used in lieu of
inspection openings;
Table UG-44-1
Moment Factor, F
Flange Pressure Rating Class
Standard Size Range 150 300 600 900 1500 2500
ASME B16.5 SNPS 12 1.2 0.5 0.5 0.5 0.5 0.5
>NPS 12 and 1.2 0.5 0.5 0.3 0.3
<NPS 24
ASME B1647
Serie§ A All 0.6 0.1 0.1 0.1
Serie$ B <NPS 48 [Note (1)] [Note (1)] 0.13 0.13
>NPS 48 0.1 [Note (2)]

GENERAL NOTES:

(a) The combinations of size ranges and flange pressure classes for which this Table gives no moment factor value are outside the scope of this

Table.

(b) The designer should consider reducing the moment factor if the loading is primarily sustained in nature and the bolted flange joint oper-
ates at a temperature where gasket creep/relaxation will be significant.

NOTES:
(1) Fy =[0.1 + (48 - NPS)]/56.
(2) Fy = 0.1, except for NPS 60, Class 300, in which case Fy = 0.03.
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Table UG-45
Nozzle Minimum Thickness Requirements

Minimum Wall Thickness
[See UG-16(d)]

Nominal Size in. mm
NPS /g (DN 6) 0.060 1.51
NPS '/, (DN 8) 0.077 1.96
NPS ®/5 (DN 10) 0.080 2.02
NPS '/, (DN 15) 0.095 2.42
NPS 3/, (DN 20) 0.099 2.51
NPS 1 (DN 25) 0.116 2.96
NPS 11/, (DN 32) 0.123 3.12
NPS 11/, (DN 40) 0.127 3.22
NPS 2 (DN 50) 0.135 3.42
NPS 2%/, (DN 65) 0.178 4.52
NPS 3 (DN 80) 0.189 4.80
NPS 31/, (DN 90) 0.198 5.02
NPS 4 (DN 100) 0.207 5.27
NPS 5 (DN 125) 0.226 5.73
NPS 6 (DN 150) 0.245 6.22
NPS 8 (DN 200) 0.282 7.16
NPS 10 (DN 250) 0.319 8.11
> NPS 12 (DN 300) 0.328 8.34

GENERAL NOTE: For nozzles having a specified outside diameter
not equal to the outside diameter of an equivalent standard NPS
(DN) size, the NPS (DN) size chosen from the table shall be one
having an equivalent outside diameter larger than the nozzle out-
side diameter.

(2)“UG-46(a)” when inspection openings age
omitted in fixed tubesheet heat exchangers or U-tube
and floating tubesheet heat exchangers with Configura-
tion a, b, or ¢ as shown in Figure UHX-12.1 orFigure
UHX-14.2;

(3) “UG-46(c)”, “UG-46(d)”, or “UG-46(€)*when pro-
vision for inspection is made in accordance with one of
these paragraphs;

(4) the statement “for noncorkgsive service.”

(b) When provided with telltale holes complying with
the provisions of UG-25, inspéction openings as required
in (a) above may be omitted in vessels not over 36 in.
(900 mm) L.D. that are subject only to corrosion, provided
that the holes are spaced one hole per 10 ft* (0.9 m?) (or
fraction thereof), of-internal vessel surface area where
corrosion is expected with a minimum of four uniformly
spaced holés\per vessel. This provision does not apply
to vessel§ for compressed air.

(c) Vessels over 12 in. (300 mm) L.D. under air pressure
that also contain, as an inherent requirement of their op-
eration, other substances that will prevent corrosion need
not have openings for inspection only, provided the vessel
contains suitable openings through which inspection can
be made conveniently, and provided such openings are
equivalent in size and number to the requirements for in-
spection openings in (f) below.

(d) For vessels 12 in. (300 mm) or less in inside dia-
meter, openings for inspection only may be omitted if
there are at least two removable pipe connections not less
than NPS 3/, (DN 20).

(e) Vessels less than 16 in. (400 mm) and over 12 in.
(300 mm) L.D. shall have at least two handholes or two
threaded pipe plug inspection openings of not less than
NPS 1'%, (DN 40) except as permitted by the following;
when vessels less than 16 in. (400 mm) and over 12n.
(300 mm) I.D. are to be installed so that inspection cannot
be made without removing the vessel from the assembly,
openings for inspection only may be omitted,(provided
there are at least two removable pipe ceoniiéctions of
not less than NPS 1%/, (DN 40).

(f) Vessels that require access or inspection openings
shall be equipped as follows.*!

(1) All vessels less than 18 in/(450 mm) and over
12 in. (300 mm) L.D. shall hayé-at least two handholes
or two plugged, threaded inspection openings of not less
than NPS 1%, (DN 40).

(2) All vessels 18 in.. (450 mm) to 36 in. (900 mm),
inclusive, 1.D. shalkhave a manhole or at least two hand-
holes or two plugged, threaded inspection openings of
not less thap-NPS 2 (DN 50).

(3) All\vessels over 36 in. (900 mm) L.D. shall have a
manhole/except that those whose shape or use makes one
impracticable shall have at least two handholes 4 in.
x¢6(n. (100 mm x 150 mm) or two equal openings of
equivalent area.

(4) When handholes or pipe plug openings are per-
mitted for inspection openings in place of a manhole,
one handhole or one pipe plug opening shall be in each
head or in the shell near each head.

(5) Openings with removable heads or cover plates
intended for other purposes may be used in place of the
required inspection openings, provided they are equal
at least to the size of the required inspection openings.

(6) A single opening with removable head or cover
plate may be used in place of all the smaller inspection
openings, provided it is of such size and location as to af-
ford at least an equal view of the interior.

(7) Flanged and/or threaded connections from which
piping, instruments, or similar attachments can be re-
moved may be used in place of the required inspection
openings, provided that:

(-a) the connections are at least equal to the size
of the required openings; and

(-b) the connections are sized and located to af-
ford at least an equal view of the interior as the required
inspection openings.

(g) When inspection or access openings are required,
they shall comply at least with the following
requirements:

(1) An elliptical or obround manhole shall be not less
than 12 in. x 16 in. (300 mm x 400 mm). A circular man-
hole shall be not less than 16 in. (400 mm) I.D.
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(2) A handhole opening shall be not less than 2 in.
x 3 in. (50 mm x 75 mm), but should be as large as is con-
sistent with the size of the vessel and the location of the
opening.

(h) All access and inspection openings in a shell or un-
stayed head shall be designed in accordance with the
rules of this Division for openings.

(i) When a threaded opening is to be used for inspec-
tion or cleaning purposes, the closing plug or cap shall
be of a material suitable for the pressure and no material
shall be used at a temperature exceeding the maximum
temperature allowed in this Division for that material.
The thread shall be a standard taper pipe thread except
that a straight thread of at least equal strength may be
used if other sealing means to prevent leakage are
provided.

(j) Manholes of the type in which the internal pressure
forces the cover plate against a flat gasket shall have a
minimum gasket bearing width of %4 in. (17 mm).

BRACED AND STAYED SURFACES
UG-47 BRACED AND STAYED SURFACES

(a) The minimum thickness and maximum allowable
working pressure for braced and stayed flat plates and
those parts that, by these rules, require staying as flat
plates with braces or staybolts of uniform diameter sym-
metrically spaced, shall be calculated by the following
equations:

- — 1
P\'sc )
2
p=5F @)
2
where
C = 2.1 for welded stayscor stays screwed through

plates not over 7/;¢'in. (11 mm) in thickness with
ends riveted over

= 2.2 for welded stays or stays screwed through
plates oyerY;¢ in. (11 mm) in thickness with ends
riveted over

= 2.5 for stays screwed through plates and fitted with
single nuts outside of plate, or with inside and out-
side nuts, omitting washers; and for stays screwed
into plates as shown in Figure UG-47, sketch (b)

= 2.8 for stays with heads not less than 1.3 times the
diameter of the stays screwed through plates or
made a taper fit and having the heads formed on
the stays before installing them, and not riveted
over, said heads being made to have a true bearing
on the plate

3.2 for stays fitted with inside and outside nuts and
outside washers where the diameter of washers is
not less than 0.4p and thickness not less than ¢t
internal design pressure (see UG-21)

maximum pitch. The maximum pitch is the greatest
distance between any set of parallel straight lines
passing through the centers of staybolts in adjacent
rows. Each of the three parallel sets running ip-the
horizontal, the vertical, and the inclined planes
shall be considered.

maximum allowable stress value in tefision (see
UG-23)

minimum thickness of plate

S =

t =

(b) The minimum thickness of plates to which stays
may be applied, in other than cylindrical or spherical out-
er shell plates, shall be %;¢ in)( mm) except for welded
construction covered by UW-19 or Mandatory Appendix
17.

(c) If a stayed jacket’extends completely around a cy-
lindrical or sphetical vessel, or completely covers a
formed head, it shall meet the requirements given in (a)
above, and shall also meet the applicable requirements

Figure UG-47
Acceptable Proportions for Ends of Stays

i

/

Not less than 2t if C= 2.8 or less t
and not less than tif C=3.2

Not less than 2% times the
nominal diameter of the bolt,
but must be 0.4 pitch of stays
if C=3.2

(a)

3

lf———————— Notless than 1%
diameters of bolt as

measured on the
outside of the
threaded portion

(b) [See Note (1)]

NOTE:
(1) See UG-83
s
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for shells or heads in UG-27(c) and UG-27(d) and UG-32.
In addition, where any nozzle or other opening penetrates
the cylindrical or spherical vessel, or completely covered
head, and the jacket, the vessel or formed head shall be
designed in accordance with UG-37(d)(2).

(d) When two plates are connected by stays and but
one of these plates requires staying, the value of C shall
be governed by the thickness of the plate requiring
staying.

(e) Acceptable proportions for the ends of through
stays with washers are indicated in Figure UG-47, sketch
(a). See UG-83.

(f) The maximum pitch shall be 8" in. (220 mm), ex-
cept that for welded-in staybolts the pitch may be greater,
provided it does not exceed 15 times the diameter of the
staybolt. See UW-19(a) for plate thicknesses greater than
%, in. (19 mm).

(g9) When the staybolting of shells is unsymmetrical by
reason of interference with butt straps or other construc-
tion, it is permissible to consider the load carried by each
staybolt as the area calculated by taking the distance from
the center of the spacing on one side of the bolt to the cen-
ter of the spacing on the other side.

UG-48 STAYBOLTS

(a) The ends of staybolts or stays screwed through the
plate shall extend beyond the plate not less than two
threads when installed, after which they shall be riveted
over or upset by an equivalent process without excessive
scoring of the plates, or they shall be fitted with threaded
nuts through which the bolt or stay shall extend.

(b) The ends of steel stays upset for threading shall be
fully annealed.

(c) Requirements for welded-in staybolts are given in
UwW-19.

UG-49 LOCATION OF STAYBOLTS

(a) When the edge of a flat stayed plate is flanged, the
distance from the center of the.outérmost stays to the in-
side of the supporting flange shall not be greater than the
pitch of the stays plus thexihside radius of the flange.

UG-50 DIMENSIONS OF STAYBOLTS

(a) The required area of a staybolt at its minimum cross
section®? and exclusive of any allowance for corrosion
shall be ohtained by dividing the load on the staybolt
computed in accordance with (b) below by the allowable
stress(value for the material used, as given inSubsection
C, dnd multiplying the result by 1.10.

(b) Load Carried by Stays. The area supported by a stay
shall be computed on the basis of the full pitch dimen-
sions, with a deduction for the area occupied by the stay.
The load carried by a stay is the product of the area sup-
ported by the stay and the maximum allowable working
pressure.

(c) Stays made of parts joined by welding shall be
checked for strength using a joint efficiency of 60% for
the weld.

LIGAMENTS
UG-53 LIGAMENTS

(a) The symbols used in the equations and charts of this
paragraph are defined as follows:

d = diameter of tube holes
n = number of tube holes in length p,
p = longitudinal pitch of tube holes
p1 = unit length of ligament
p’ = diagonal pitch of tube holes
s = longitudinal dimension of diagonal pitch
=p'cos @
6 = angle of diagonal with lengitudinal line, deg

(b) When a cylindrical shéll is drilled for tubes in a line
parallel to the axis of thé shell for substantially the full
length of the shell as’sshown in Figures UG-53.1 through
UG-53.3, the efficiency of the ligaments between the tube
holes shall be determined as follows:

(1) Whenjthe pitch of the tube holes on every row is
equal (seg Figure UG-53.1), the formula is

p-d = efficiency of ligament

(2) When the pitch of tube holes on any one row is
unequal (as in Figures UG-53.2 and UG-53.3), the formula
is

r-
151

d
= efficiency of ligament

(c) When the adjacent longitudinal rows are drilled as
described in (b) above, diagonal and circumferential liga-
ments shall also be examined. The least equivalent longi-
tudinal efficiency shall be used to determine the
minimum required thickness and the maximum allowable
working pressure.

(d) When a cylindrical shell is drilled for holes so as to
form diagonal ligaments, as shown in Figure UG-53.4, the
efficiency of these ligaments shall be determined by
Figures UG-53.5 and UG-53.6. Figure UG-53.5 is used to
determine the efficiency of longitudinal and diagonal liga-
ments with limiting boundaries where the condition of
equal efficiency of diagonal and longitudinal ligaments
form one boundary and the condition of equal efficiency
of diagonal and circumferential ligaments form the other
boundary. Figure UG-53.6 is used for determining the
equivalent longitudinal efficiency of diagonal ligaments.
This efficiency is used in the equations for setting the
minimum required thickness and the maximum allowable
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Figure UG-53.1
Example of Tube Spacing With Pitch of Holes Equal in Every Row
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GENERAL NOTE: 5%, in. = 133 mm.

(e) Figure UG-53.5 is used when either or both longitu-
dinal and circumferential ligaments exist with diagonal li-
gaments. To use Figure UG-53.5, compute the value of
p'/p1 and also the efficiency of the longitudinal ligament.
Next find the vertical line in the diagram corresponding to
the longitudinal efficiency of the ligament and follow this
line vertically to the point where it intersects the diagonal
line representing the ratio of p’/p. Then project this
point horizontally to the left, and read the diagonal effi-
ciency of the ligament on the scale at the edge of the dia-
gram. The minimum shell thickness and the maximum
allowable working pressure shall be based on the liga-
ment that has the lower efficiency.

(f) Figure UG-53.6 is used for holes which are not in
line, placed longitudinally along a cylindrical shell. The
diagram may be used for pairs of holes for all planes be-
tween the longitudinal plane and the circumfetential
plane. To use Figure UG-53.6, determine the-algle 6 be-
tween the longitudinal shell axis and the’line between
the centers of the openings, 6, and compute the value of
p'/d. Find the vertical line in the diagram corresponding
to the value of 8 and follow this lin€’yertically to the line
representing the value of p'/d *Then project this point
horizontally to the left, and redd the equivalent longitudi-
nal efficiency of the diagonal ligament. This equivalent

longitudinal efficiency is used tg détermine the minimum
required thickness and the maximum allowable working
pressure.

(g) When tube holes in-a cylindrical shell are arranged
in symmetrical groupSivhich extend a distance greater
than the inside diameter of the shell along lines parallel
to the axis and the same spacing is used for each group,
the efficiency for one of the groups shall be not less than
the efficieniey on which the maximum allowable working
pressure_is based.

(f) The average ligament efficiency in a cylindrical
shell, in which the tube holes are arranged along lines
parallel to the axis with either uniform or nonuniform
spacing, shall be computed by the following rules and
shall satisfy the requirements of both:33

(1) For a length equal to the inside diameter of the
shell for the position which gives the minimum efficiency,
the efficiency shall be not less than that on which the max-
imum allowable working pressure is based. When the in-
side diameter of the shell exceeds 60 in. (1 520 mm), the
length shall be taken as 60 in. (1 520 mm) in applying this
rule.

(2) For a length equal to the inside radius of the shell
for the position which gives the minimum efficiency, the
efficiency shall be not less than 80% of that on which
the maximum allowable working pressure is based. When

Figure UG-53.2
Example of Tube Spacing With Pitch of Holes Unequal in Every Second Row

‘51/4“63/4 51/4“63/4 51/4“63/4‘ 51/4‘
VW War War War War Wan
NVANVA ANV ANVANANVANY,

(305 mm)

Longitudinal line ————

GENERAL NOTE.-

5Y, in =135 mm: 634 in =170 mm
7 o
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Figure UG-53.3
Example of Tube Spacing With Pitch of Holes Varying in Every Second and Third Row
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GENERAL NOTE: 5%, in. = 135 mm; 6%, in. = 170 mm.

the inside radius of the shell exceeds 30 in. (760 mm), the
length shall be taken as 30 in. (760 mm) in applying this
rule.

(i) When ligaments occur in cylindrical shells made
from welded pipe or tubes, and their calculated efficiency
is less than 85% (longitudinal) or 50% (circumferential),
the efficiency to be used in the equations of UG-27 is the
calculated ligament efficiency. In this case, the appropri-
ate stress value in tension (see UG-23) may be multiplied
by the factor 1.18.

UG-54 SUPPORTS

(a) All vessels shall be so supported and the supporting
members shall be arranged and/or attached to the vessel
wall in such a way as to provide for the maximum im>*
posed loadings (see UG-22 and UG-82).

(b) Nonmandatory Appendix G contains suggested
rules for the design of supports.

Figure UG-53:4
Example of Tube SpacingWith Tube Holes on
Diagonal Lines

P = 115 in.
(290 mm)
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UG-55 LUGS FOR PLATFORMS, LADDERS, AND
OTHER ATTACHMENTS TO VESSEL
WALLS

(a) Lugs or clips may be welded, brazed, or bolted to
the outside or inside '0f the vessel to support ladders, plat-
forms, piping, motor or machinery mounts, and attach-
ment of insulating jackets (see UG-22). The material of
the lugs or clips shall be in accordance with UG-4.

(b) External piping connected to a pressure vessel shall
be installed so as not to overstress the vessel wall (see
UG-22 and UG-82).

{¢) Nonmandatory Appendix G provides guidance on
the design of attachments.

FABRICATION
UG-75 GENERAL

The fabrication of pressure vessels and vessel parts
shall conform to the general fabrication requirements in
the following paragraphs and to the specific requirements
for ULW-75 given in the applicable Parts of Subsections B
and C.

UG-76 CUTTING PLATES AND OTHER STOCK

(a) Plates, edges of heads, and other parts may be cut to
shape and size by mechanical means such as machining,
shearing, grinding, or by oxygen or arc cutting. After oxy-
gen or arc cutting, all slag and detrimental discoloration
of material which has been molten shall be removed by
mechanical means prior to further fabrication or use.

(b) Ends of nozzles or manhole necks which are to re-
main unwelded in the completed vessel may be cut by
shearing, provided sufficient additional material is re-
moved by any other method that produces a smooth
finish.

(c) Exposed inside edges shall be chamfered or
rounded.
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GENERAL NOTES:

Figure UG-53.5
Diagram for Determining the Efficiency of Longitudinal and Diagonal Ligaments Between Openings in

Cylindrical Shells
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Equations are provided for the user’s option in (b), (c), and (d) below. The use of these equations is permitted for values beyond those
provided by Figure UG-53.5.

J +025-(1-001E0pg)/0.75 T where) = (p'/p1 2
0.00375 + 0.005/

Curve of condition of equal efficiency of diagonal and circumferential ligaments, diagonal efficiency,
200M + 100 - 2(100 - Eigng | VT + M
(1+ M)
Longitudinal efficiency, % = E\ong, = [(p1 - d)/p1] 100

Diagonal efficiency, g4, =

, where M = [(100 - Ejong)/(200 - 0.5Eong)]*

h =

61
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Equivalent Longitudinal Efficiency, %
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Figure UG-53.6

Diagram for Determining Equivalent Longitudinal Efficiency of Diagonal Ligaments Between Openings in
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GENERAL NOTE: The equation below is provided for the user’s option. The use of the equation is prohibited beyond the range of the abscissa
and’ordinate shown.
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UG-77 MATERIAL IDENTIFICATION (SEE UG-85)

(a) Material for pressure parts preferably should be
laid out so that when the vessel is completed, one com-
plete set of the original identification markings required
by UG-94 will be plainly visible. The pressure vessel Man-
ufacturer shall maintain traceability of the material to the
original identification markings by one or more of the fol-
lowing methods: accurate transfer of the original identifi-
cation markings to a location where the markings will be
visible on the completed vessel; identification by a coded
marking traceable to the original required marking; or re-
cording the required markings using methods such as ma-
terial tabulations or as-built sketches that ensure
identification of each piece of material during fabrication
and subsequent identification in the completed vessel.
Such transfers of markings shall be made prior to cutting
except that the Manufacturer may transfer markings im-
mediately after cutting, provided the control of these
transfers is described in his written Quality Control Sys-
tem (see 10-6). Except as indicated in (b) below, material
may be marked by any method acceptable to the Inspec-
tor. The Inspector need not witness the transfer of the
marks but shall satisfy himself that it has been correctly
done (see UHT-86).

(b) Where the service conditions prohibit die-stamping
for material identification, and when so specified by the
user, the materials manufacturer shall mark the required
data on the plates in a manner which will allow positive
identification upon delivery. The markings must be re=
corded so that each plate will be positively identified'in
its position in the completed vessel to the satisfaction of
the Inspector. Transfer of markings for matefial that is
to be divided shall be done as in (a) above:

(c) When material is formed into shapes by anyone
other than the Manufacturer of the completed pressure
vessel, and the original markings as,required by the ap-
plicable material specification aresunavoidably cut out,
or the material is divided into two or more parts, the man-
ufacturer of the shape shall €ither:

(1) transfer the original identification markings to
another location on the-shape; or

(2) provide for\identification by the use of a coded
marking traceable\to the original required marking, using
a marking methed agreed upon and described in the Qual-
ity Control\System of the Manufacturer of the completed
pressure\vessel.

Identification in accordance with UG-93, in conjunction
with the above modified marking requirements, shall be
considered sufficient to identify these shapes. Manufac-
turer’s Partial Data Reports and parts stamping are not
a requirement unless there has been fabrication to the
shapes that include welding, except as exempted by
UG-11.

UG-78 REPAIR OF DEFECTS IN MATERIALS

Defects in material may be repaired, provided accep-
tance by the Inspector is first obtained for the method
and extent of repairs. Defective material that cannot be
satisfactorily repaired shall be rejected.

UG-79 FORMING PRESSURE PARTS

(a) Limits are provided on cold working of all carbon
and low alloy steels, nonferrous alloys, high alloysteels,
and ferritic steels with tensile properties enhanced by
heat treatment [see UCS-79(d), UNF-79(a);"UHA-44(a),
and UHT-79(a)]. Forming strains or extreme-fiber elonga-
tion shall be determined by the equations in Table
UG-79-1.

(b) If the plates are to be rolled;-the adjoining edges of
longitudinal joints of cylind¥ical vessels shall first be
shaped to the proper curvature by preliminary rolling
or forming in order tosaveoid having objectionable flat
spots along the completed joints (see UG-80).

(c) When the vessél shell section, heads, or other pres-
sure boundary parts are cold formed by other than the
manufacturernof‘the vessel, the required certification for
the part shall indicate whether or not the part has been
heat tréated (see UCS-79, UHA-44, UNF-79, and UHT-79).

(d)Asreduction in weld thickness due to a forming op-
efation is acceptable, provided all of the following condi-
tions are met:

(1) Prior to the forming operation, the weld(s) are
verified to comply with UW-35(a) through UW-35(d) by
the Manufacturer and the Inspector.

(2) The reduced weld thickness, at any point, shall
not be less than the design thickness of the component.

(3) The reduction in thickness shall not exceed
Y55 in. (1 mm) or 10% of the nominal thickness of the ad-
joining surface, whichever is less.

Table UG-79-1
Equations for Calculating Forming Strains

Type of Part Being Formed Forming Strain

- y
Cylinders formed from plate &= [JR—W][I - R—’r
f Ro,
75t Ry ]
For double curvature (e.g., heads) g= [R—][l o
i o)
Tube and pipe bends Ef= 1(1?(}:‘

GENERAL NOTE:

&r = calculated forming strain or extreme fiber elongation
R = nominal bending radius to centerline of pipe or tube
Ry = final mean radius

original mean radius, equal to infinity for a flat plate

nominal outside radius of pipe or tube
nominal thickness of the plate, pipe, or tube before forming

=
° 3
oo
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UG-80 PERMISSIBLE OUT-OF-ROUNDNESS OF
CYLINDRICAL, CONICAL, AND
SPHERICAL SHELLS

(a) Internal Pressure. The shell of a completed vessel
shall be substantially round and shall meet the following
requirements:

(1) The difference between the maximum and mini-
mum inside diameters at any cross section shall not ex-
ceed 1% of the nominal diameter at the cross section
under consideration. The diameters may be measured
on the inside or outside of the vessel. If measured on
the outside, the diameters shall be corrected for the plate
thickness at the cross section under consideration (see
Figure UG-80.2).

(2) When the cross section passes through an open-
ing or within 1 L.D. of the opening measured from the cen-
ter of the opening, the permissible difference in inside
diameters given above may be increased by 2% of the in-
side 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 differ-
ence in diameters shall not exceed 1%.

For vessels with longitudinal lap joints, the permissible
difference in inside diameters may be increased by the
nominal plate thickness.

(b) External Pressure. The shell of a completed vessel to
operate under external pressure shall meet the following
requirements at any cross section:

(1) The out-of-roundness limitations prescribed in
(a)(1) and (a)(2) above.

* (2) The maximum plus-or-minus deviation from the
true circular form, measured radially on the outsideer in-
side of the vessel, shall not exceed the maximum permis-
sible deviation e obtained from Figure UG-80.1. Use
e = 1.0t or e = 0.2t, respectively, for points falling above
or below these curves. Measurements shall be made from
a segmental circular template having.the design inside or
outside radius (depending upon whére the measurements
are taken) and a chord length equadl to twice the arc length
obtained from Figure UG-29.2The values of L and D, in
Figures UG-29.2 and UG%80.1 shall be determined as
follows:

(-a) for cylinders, L and D, as defined in
UG-28(b);

(-b) for'cones and conical sections, L and D, val-
ues to be ysed in the figures are given below in terms
of the definitions given in UG-33(b). In all cases below,

Le = 0.5L(1 + Dy/Dy)

(-1) at the large diameter end,

Le

D, =Dy

(-2) at the small diameter end,

L= Le[DLr! Ds)

(-3) at the midlength diameter,

L = Lo[2Dy/(Dy, + Dy)]

Do = 0.5 (D, + Bg)

(-4) at any crossssection having an outside dia-
meter of D,,

L = Le(Dy,/Dy)

(*¢) for spheres, L is one-half of the outside dia-

meter D,.
(3) For cylinders and spheres, the value of t shall be

determined as follows:

(-a) For vessels with butt joints, ¢t is the nominal
plate thickness less corrosion allowance.

(-b) For vessels with longitudinal lap joints, t is
the nominal plate thickness and the permissible deviation
is

t+e

(-c) Where the shell at any cross section is made
of plates having different thicknesses, t is the nominal
thickness of the thinnest plate less corrosion allowance.

(4) For cones and conical sections, the value of t shall
be determined as in (3) above, except that ¢t in (3)(-a),
(3)(-b), and (3)(-c) shall be replaced by ¢, as defined in
UG-33(b).

(5) The requirements of (2) above shall be met in
any plane normal to the axis of revolution for cylinders
and cones and in the plane of any great circle for spheres.
For cones and conical sections, a check shall be made at
locations (2)(-b)(-1), (2)(-b)(-2), and (2)(-b)(-3) above
and such other locations as may be necessary to satisfy
manufacturers and inspectors that requirements are met.

(6) Measurements shall be taken on the surface of
the base metal and not on welds or other raised parts
of the material.
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Figure UG-80.1

Maximum Permissible Deviation From a Circular Form e for Vessels Under External Pressure
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Figure UG-80.2

Example of Differences Between Maximum and
Minimum Inside Diameters in Cylindrical,

Conical, and Spherical Shells

(7) The dimensions of a completed vessel may be
brought within the requirements of this paragraph by
any process which will not impair the strength of the
material.

(8) Sharp bends and flat spots shall not be permitted
unless provision is made for them in the design.

(9) 1f the nominal thickness of plate used for a cylind-
rical vessel exceeds the minimum thickness required by
UG-28 for the external design pressure, and if such excess
thickness is not required for corrosion allowance or load-
ings causing compressive forces, the maximum permissi-
ble deviation e determined for the nominal plate
thickness used may be increased by the ratio of factor B
for the nominal plate thickness used divided by factor B
for the minimum required plate thickness; and the chord
length for measuring e, .y shall be determined by D, /t
for the nominal plate thickness used.
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(c) Vessels and components fabricated of pipe or tube
under internal or external pressure may have permissible
variations in diameter (measured outside) in accordance
with those permitted under the specification covering its
manufacture.

UG-81 TOLERANCE FOR FORMED HEADS

(a) The inner surface of a torispherical, toriconical,
hemispherical, or ellipsoidal head shall not deviate out-
side of the specified shape by more than 1%,% of D nor
inside the specified shape by more than %% of D, where
D is the nominal inside diameter of the vessel shell at
point of attachment. Such deviations shall be measured
perpendicular to the specified shape and shall not be
abrupt. The knuckle radius shall not be less than that
specified.

(b) Hemispherical heads or any spherical portion of a
torispherical or ellipsoidal head designed for external
pressure shall, in addition to satisfying (a) above, meet
the tolerances specified for spheres in UG-80(b) using a
value of 0.5 for L /D,,.

(c) Measurements for determining the deviations spe-
cified in (a) above shall be taken from the surface of the
base metal and not from welds.

(d) The skirts of heads shall be sufficiently true to
round so that the difference between the maximum and
minimum inside diameters shall not exceed 1% of the
nominal diameter.

(e) When the skirt of any unstayed formed head is ma-
chined to make a driving fit into or over a shell, the thick-
ness shall not be reduced to less than 90% of that
required for a blank head (see UW-13) or the thickness
of the shell at the point of attachment. When so machined,
the transition from the machined thickness to thé original
thickness of the head shall not be abrupt but\shall be ta-
pered for a distance of at least three times'the difference
between the thicknesses.

UG-82 LUGS AND FITTING ATTACHMENTS

All lugs, brackets, saddle type nozzles, manhole frames,
reinforcement around openings, and other appurtenances
shall be formed and fittéd to conform reasonably to the
curvature of the shell’ or surface to which they are
attached.

(a) When pressure parts, such as saddle type nozzles,
manhole frames, and reinforcement around openings, ex-
tend ovef pressure-retaining welds, such welds shall be
ground flush for the portion of the weld to be covered.

(b)'When nonpressure parts, such as lugs, brackets, and
support legs and saddles, extend over pressure-retaining
welds, such welds shall be ground flush as described in
(a) above, or such parts shall be notched or coped to clear
those welds.

UG-83 HOLES FOR SCREW STAYS

Holes for screw stays shall be drilled full size or
punched not to exceed Y, in. (6 mm) less than full dia-
meter of the hole for plates over %6 in. (8 mm) in thick-
ness and g in. (3 mm) less than the full diameter of the
hole for plates not exceeding % in. (8 mm) in thickness,
and then drilled or reamed to the full diameter. The holes
shall be tapped fair and true with a full thread.

UG-84 CHARPY IMPACT TESTS

(a) General. Charpy V-notch impact tests in acedrdance
with the provisions of this paragraph shall be~made on
weldments and all materials for shells, heads, nozzles,
and other vessel parts subject to stress,due to pressure
for which impact tests are required-by-the rules in Sub-
section C.

(b) Test Procedures

(1) Impact test procedures and apparatus shall con-
form to the applicable paragraphs of SA-370 or ISO 148
(Parts 1, 2, and 3).

(2) Unless permitted by Table UG-84.4, impact test
temperature shall\iot be warmer than the minimum de-
sign metal tenmperature [see UG-20(b)]. The test tempera-
ture may be colder than the minimum specified in the
material-specification of Section II.

(c)Test Specimens

(1) Each set of impact test specimens shall consist of
three specimens.

(2) The impact test specimens shall be of the Charpy
V-notch type and shall conform in all respects to Figure
UG-84. The standard (10 mm x 10 mm) specimens, when
obtainable, shall be used for nominal thicknesses of
7/16 in. (11 mm) or greater, except as otherwise permitted
in (-a) below.

Figure UG-84
Simple Beam Impact Test Specimens (Charpy
Type Test)

0.394 in. (10 mm) —

0.3151in. (8 mm)—l

[«———2.165 in. (55 mm) ———>

4

\

0.394 in. (10 mm)»|
[Note (1)]

0.010 in.
s >

deg

NOTE:

(1) See I]F-RA(P) for thickness of reduced-size cpnr‘impn

Copyright ASME International (BPVC)



https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.1 (ASME BPVC Section 8 Division 1) 2019.pdf

ASME BPVC.VIIL.1-2019

UG-84

(-a) For materials that normally have absorbed
energy in excess of 180 ft-1bf (240 ]J) when tested using
full size (10 mm x 10 mm) specimens at the specified test-
ing temperature, subsize (10 mm x 6.7 mm) specimens
may be used in lieu of full size specimens. However, when
this option is used, the acceptance value shall be 75 ft-lbf
(100 J) minimum for each specimen and the lateral expan-
sion in mils (mm) shall be reported.

(3) For material from which full size (10 mm x
10 mm) specimens cannot be obtained, either due to
the material shape or thickness, the specimens shall be
either the largest possible standard subsize specimens
obtainable or specimens of full material nominal thick-
ness which may be machined to remove surface irregula-
rities. [The test temperature criteria of (5)(-b) below
shall apply for Table UCS-23 materials having a specified
minimum tensile strength less than 95,000 psi (655 MPa)
when the width along the notch is less than 80% of the
material nominal thickness.] Alternatively, such material
may be reduced in thickness to produce the largest possi-
ble Charpy subsize specimen. Toughness tests are not re-
quired where the maximum obtainable Charpy specimen
has a width along the notch less than 0.099 in. (2.5 mm).

(4) See below.

(-a) Except for materials produced and impact
tested in accordance with the requirements in the speci-
fications listed in General Note (c) of Figure UG-84.1,
the applicable minimum energy requirement for all speci-
men sizes for Table UCS-23 materials having a specified
minimum tensile strength less than 95,000 \psi
(655 MPa) shall be that shown in Figure UG-84.1, multi-
plied by the ratio of the actual specimen width-along
the notch to the width of a full-size (10 mm™ x* 10 mm)
specimen, except as otherwise provided in(2)(-a) above.

(-b) The applicable minimum lateral expansion
opposite the notch for all specimén-sizes for Table
UCS-23 materials, having a specified minimum tensile
strength of 95,000 psi (655 MPa) or more, shall be as re-
quired in UHT-6(a)(3) and UHT-6(a)(4). For UHT materi-
als, all requirements of UHT-6(a)(3) and UHT-6(a)(4)
shall apply. For Table UHA-23 materials, all requirements
of UHA-51 shall apply.

(5) For all Chdrpy impact tests the following test tem-
perature critetiajshall be observed:

(-a). For Materials of Nominal Thickness Equal to
or Greater-Than 0.394 in. (10 mm). Where the largest ob-
tainable-Charpy V-notch specimen has a width along the
notch-of at least 0.315 in. (8 mm), the Charpy test using
sueh a specimen shall be conducted at a temperature
not warmer than the minimum design metal
temperature.** Where the largest possible test specimen
has a width along the notch less than 0.315 in. (8 mm),
the test shall be conducted at a temperature lower than
the minimum design metal temperature®** by the amount
shown in Table UG-84.2 for that specimen width. [This
latter requirement does not apply when the option of
(2)(-a) above is used.]

(-b) For Materials of Nominal Thickness Less Than
0.394 in. (10 mm). Where the largest obtainable Charpy
V-notch specimen has a width along the notch of at least
80% of the material nominal thickness, the Charpy test of
such a specimen shall be conducted at a temperature not
warmer than the minimum design metal temperature.*

Where the largest possible test specimen has a
width along the notch of less than 80% of the materjal
nominal thickness, the test, for Table UCS-23 materials
having specified minimum tensile strength of less’than
95,000 psi (655 MPa), shall be conducted at @jtempera-
ture lower than the minimum design metal
temperature®* by an amount equal to th& difference (re-
ferring to Table UG-84.2) between-the-temperature re-
duction corresponding to the actualmaterial thickness
and the temperature reduction corresponding to the
Charpy specimen width actually tested. [This latter re-
quirement does not apply_when the option of (2)(-a)
above is used.] For Table;UCS-23 materials having a spe-
cified minimum tenSile-strength of 95,000 psi (655 MPa)
and over, for Table! UHT-23 materials, and for Table
UHA-23 materials, the test shall be conducted at a tem-
perature hot warmer than the minimum design
temperature.

(6)'When the average value of the three specimens
equals or exceeds the minimum value permitted for a sin-
gle specimen and the value for more than one specimen is
below the required average value, or when the value for
one specimen is below the minimum value permitted
for a single specimen, a retest of three additional speci-
mens shall be made. The value for each of these retest
specimens shall equal or exceed the required average
value.

When an erratic result is caused by a defective speci-
men or there is uncertainty in test procedure, a retest will
be allowed. When the option of (2)(-a) above is used for
the initial test and the acceptance value of 75 ft-1bf
(100 ]J) minimum is not attained, retest using full size
(10 mm x 10 mm) specimens will be allowed.

(d) Impact Tests of Material

(1) Reports or certificates of impact tests by the ma-
terial manufacturer will be acceptable evidence that the
material meets the requirements of this paragraph, pro-
vided the specimens comply with UCS-85, UHT-5, or
UHT-81, as applicable.

(2) The Manufacturer of the vessel may have impact
tests made to prove the suitability of a material which the
material manufacturer has not impact tested provided the
number of tests and the method of taking the test speci-
mens shall be as specified for the material manufacturer
(see UG-85).

(e) Procedural Requirements

(1) Product Form Procedural Requirements. When no
procedural requirements are listed in the material speci-
fications, impact testing of each form of material shall
comply with the applicable product form procedural re-
quirements of the specifications listed in Table UG-84.3.
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Figure UG-84.1
Charpy V-Notch Impact Test Requirements for Full-Size Specimens for Carbon and Low Alloy Steels,
Having a Specified Minimum Tensile Strength of Less Than 95 ksi, Listed in Table UCS-23
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GENERAL NOTES:

(a) Interpolation between yield strengths shown is permitted.

(b) The nidimum impact energy for one specimen shall not be less than %; of the average energy required for three specimens. The average
impact energy value of the three specimens may be rounded to the nearest ft-1b.

(c)~~Material produced and impact tested in accordance with SA-320, SA-333, SA-334, SA-350, SA-352, SA-420, impact tested SA/AS 1548 (L
impact designations), SA-437, SA-540 (except for materials produced under Table 2, Note 4 in SA-540), and SA-765 do not have to satisfy
these energy values. See UCS-66(g).

(d) For materials having a specified minimum tensile strength of 95 ksi or more, see UG-84(c)(4)(-b).

NOTE:
(1) Average of three specimens.
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Figure UG-84.1M
Charpy V-Notch Impact Test Requirements for Full-Size Specimens for Carbon and Low Alloy Steels,
Having a Specified Minimum Tensile Strength of Less Than 655 MPa, Listed in Table UCS-23
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GENERAL NOTES:

(d) jInterpolation between yield strengths shown is permitted.

(8)  The minimum impact energy for one specimen shall not be less than %; of the average energy required for three specimens. The average
impact energy value of the three specimens may be rounded to the nearest J.

(c) Material produced and impact tested in accordance with SA-320, SA-333, SA-334, SA-350, SA-352, SA-420, impact tested SA/AS 1548 (L
impact designations), SA-437, SA-540 (except for materials produced under Table 2, Note 4 in SA-540), and SA-765 do not have to satisfy
these energy values. See UCS-66(g).

(d) For materials having a specified minimum tensile strength of 655 MPa or more, see UG-84(c)(4)(-b).

NOTE:
(1) Average of three specimens.
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Table UG-84.2
Charpy Impact Test Temperature Reduction
Below Minimum Design Metal Temperature

Actual Material Thickness [See UG-84(c)(5)(-b)] or Charpy Impact
Specimen Width Along the Notch [Note (1)]

Temperature
Thickness, in. (mm) Reduction, °F (°C)
0.394 (full-size standard bar) (10) 0 (0)
0.354 (9) 0 (0)
0.315 (8.00) 0 (0)
0.295 (%, size bar) (7.5) 5 (3)
0.276 (7) 8 (4)
0.262 (% size bar) (6.7) 10 (6)
0.236 (6) 15 (8)
0.197 (Y, size bar) (5.00) 20 (11)
0.158 (4) 30 (17)
0.131 (Y5 size bar) (3.3) 35 (19)
0.118 (3.00) 40 (22)
0.099 (Y, size bar) (2.5) 50 (28)

GENERAL NOTE: For Table UCS-23 materials having a specified
minimum tensile strength of less than 95,000 psi (655 MPa) when
the subsize charpy impact width is less than 80% of the material
thickness.

NOTE:
(1) Straight line interpolation for intermediate values is permitted.

(2) Small Parts. The Manufacturer of small parts,
either cast or forged, may certify a lot of not more than
20 duplicate parts by reporting the results of one set of
impact specimens taken from one such part selected\at
random, provided the same specification and heatof ma-
terial and the same process of production, incladiig heat
treatment, were used for all of the lot. Wheén\the part is
too small to provide the three specimens of'at least mini-
mum size shown in Figure UG-84, no inipact test need be
made.

Table UG-84.3
Specifications for Impact Tested Materials in
Various Product Forms

Product Form Spec. No.

Plates

Parts UCS and UHT SA-20, S5

Part UHA SA-480
Pipe SA-333
Tubes SA-334
Forgings SA-350
Castings SA-352
Bolting materials (and bars) SA-320
Piping fittings SA-420

Table UG-84.4
Impact Test Temperature Differential

Minimum Specified Yield Temperature Difference, °F (°C)

Strength, ksi (MPa) [Note (1)]
<40 (280) 10 (6)
<55 (380) 5(3)
>55 (380) 0(0)

NOTE:
(1) Impact test temperature may be warmer than the minimum, de-
sign temperature by the amount shown.

(3) Small Vessels. For small vessel§_in conformance
with U-1(j), one set of impact specimens of the material
may represent all vessels from th€)same heat of material
not in excess of 100 vessels or ehe heat-treatment furnace
batch, whichever is smaller:

(f) Impact Testing of Welds

(1) For steel vesseéls(of welded construction the im-
pact toughness of welds and heat-affected zones of proce-
dure qualification'test plates and vessel impact test plates
(production impact test plates) shall be determined as re-
quired herein.

(2)All-test plates shall be subjected to heat treat-
mentyincluding cooling rates and aggregate time at tem-
pefature or temperatures as established by the
Marnufacturer for use in actual manufacture. Heat treat-
ment requirements of UG-85, UCS-85, UHT-81, and
UHT-82 shall apply to the test plates except that the pro-
visions of UCS-85(f) and UCS-85(g) are not applicable.

(g) Location, Orientation, Temperature, and Values of (19)

Weld Impact Tests. All weld impact tests shall comply with
the following:

(1) Each set of weld metal impact specimens shall be
taken across the weld with the notch in the weld metal.
Each specimen shall be oriented so that the notch is nor-
mal to the surface of the material and one face of the spe-
cimen shall be within ¥ in. (1.5 mm) of the surface of the
material.

(2) Each set of heat-affected zone impact specimens
shall be taken across the weld and of sufficient length to
locate, after etching, the notch in the heat-affected zone.
The number of heat-affected zone impact specimen sets
to be removed, and the location of the centerline in the
prepared test specimens, shall be as shown in Figure
UG-84.5 and Table UG-84.6. Test specimens that are full
sized or the largest obtainable subsized test specimens
that have been removed and prepared with the width
along the notch located fully within the specified range
of removal depth are acceptable. The notch shall be cut
approximately normal to the material surface in such a
manner as to include as much heat-affected zone material
as possible in the resulting fracture. Where the material
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Figure UG-84.5
HAZ Impact Specimen Removal
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Root surface

b

Weld metal

thickness permits, the axis of the notch may be inclined to
allow the root of the notch to align parallel to the fusion
line.

(3) For welds made by a solid-state welding process,
such as for electric resistance-welded (ERW) pipe, the
weld impact tests shall consist only of one set of three
specimens taken across the weld with the notch at the
weld centerline. Each specimen shall be oriented so that
the notch is normal to the surface of the material and
one face of the specimen shall be within Y6 in.
(1.5 mm) of the surface of the material. The weld impdct
tests are not required if the weld and the base metal have
been: annealed, normalized, normalized and tempered,
double normalized and tempered, or quenched and
tempered.

(4) The test temperature for welds and heat-affected
zones shall not be‘\higher than required for the base
materials.

(5) Impactwalues shall be at least as high as those re-
quired for-the base materials.

(6)When qualifying a Welding Procedure Specifica-
tionfWPS) for welding base metals having different im-
pact.testing requirements and acceptance criteria, the
following shall apply:

(-a) The weld metal impact test specimens shall
meet the acceptance criteria for either base metal.

(-b) When HAZ tests are required, separate impact
test specimens shall be removed from the HAZ of each
base metal that requires impact testing, and those speci-
mens shall meet the acceptance criteria applicable to
the base metal from which they were removed.

Table UG-84.6
Required HAZ Impact Test Specimen Set Removal

Number of Specimen Sets and the Locations

of Their Approximate Centerline

Base Metal Thickness, t

Single-Sided Weld

Two-Sided Weld

t <%, in. (19 mm)

t >3, in. (19 mm)

One set, Yt to Yot

One set, Yt to Yot

One set, middle %t [Note (1)]

Two sets, Y4t to %t [Note (2)]

GENERAL NOTE: Testing shall be performed on sets of three impact test specimens as required by UG-84(c)(1).
Each specimen shall be full size, or the largest subsize specimen that may be removed from the available material
thickness. The specimen sets shall be removed at the indicated depth from the weld surface, as described in Notes

(1) and (2).
NOTES:

(1) For two-sided welds in base metal thicknesses of ¥, in. (19 mm) or less, a single specimen set prepared with
the centerline of the width of the notch falling within the middle "4t shall represent the HAZ of the welds ap-

plied to both surfaces.

(2) For two-sided welds in base metal thicknesses greater than %, in. (19 mm), the specimen sets shall be prepared
with the centerline of the width along the notch falling between Y/t and 5t from each weld surface.

(19)
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(h) Impact Tests of Welding Procedure Qualifications

(1) General. For steel vessels of welded construction,
the impact toughness of the welds and heat-affected
zones of the procedure qualification test plates shall be
determined in accordance with (g) above and the follow-
ing subparagraphs:

(2) When Required. Welding procedure impact tests
shall be made when required by UCS-67, UHT-82, or
UHA-51. For vessels constructed to the rules of Part
UCS, the test plate material shall satisfy all of the follow-
ing requirements relative to the material to be used in
production:

(-a) be of the same P-Number and Group Number;

(-b) be in the same heat-treated condition, and
this heat-treated condition shall be noted on the PQR
and WPS used for construction; and

(-c) meet the minimum notch toughness require-
ments of (c)(4) for the thickest material of the range of
base material qualified by the procedure (see Figure
UG-84.1).

If impact tests are required for the deposited weld
metal, but the base material is exempted from impact
tests (as in UHA-51), welding procedure test plates shall
be made. The test plate material shall be material of the
same P-Number and Group Number used in the vessel.
One set of impact specimens shall be taken with the notch
approximately centered in the weld metal and perpendi-
cular to the surface; the heat-affected zone need not be
impact tested.

When the welding procedure employed for produc-
tion welding is used for fillet welds only, it shall be quals
ified by a groove weld qualification test. The qualifieation
test plate or pipe material shall meet the requirements of
(-a), (-b), and (-c) above when impact testing is\a réquire-
ment. This welding procedure test qualification is in addi-
tion to the requirements of Section IX, QW-202.2 for P-No.
11 materials.

(3) Material Over 1%, in. (38 mm)"Thick. When proce-
dure tests are made on material over 1%, in. (38 mm) in
thickness, the following heat-affected zone and weld me-
tal impact specimens are required:

(-a) Heat-affected zone specimens shall be as de-
scribed in (g)(2) abowveé.

(-b) Two séts)of impact specimens shall be re-
moved from the weld with one set located near [within
Y16 in. (1.5 nim)] the surface of one side of the material
and one set-taken as near as practical midway between
the surface and the center of thickness of the opposite
side-anhd oriented as described in (g)(1) above.

(4) Essential Variables. The supplementary essential
variables specified in Section IX, QW-250, for impact test-
ing are required.

(5) Multiple Process Welding Procedures. When quali-
fying a welding procedure with impact testing that em-
ploys multiple welding processes, or multiple sets of

essential and supplementary essential variables for a
welding process, the welding procedure shall be qualified
by testing separate sets of impact test specimens removed
from the weld metal and heat-affected zone, as follows:

(-a) The requirements of (f) shall be met.

(-b) The requirements of (g) and (3) specifying
the location, number, and orientation of test specimen
sets to be removed for each welding process or set of vari-
ables shall be modified as follows:

(-1) The weld thickness shall be considered, the
base metal thickness.

(-2) The surface of the last deposited layer of
weld metal shall be considered the weld surface.

(-3) The root side of the first deposited layer of
weld metal shall be considered the root ‘surface.

(-c) If the weld thickness for\a welding process or
set of variables is small enough that the maximum obtain-
able Charpy specimen has a width along the notch less
than 0.099 in. (2.5 mm), toughness testing of the weld me-
tal and heat-affected zonesishot required for that welding
process or set of varjables.

(i) Vessel (Production) Impact Test Plates

(1) General.\lh addition to the requirements of (h)
above, impaet tests of welds and heat-affected zones shall
be made in aecordance with (g) above for each qualified
welding procedure used on each vessel or group of ves-
sels asidefined in (3) below. The vessel impact test plate
shallbe from one of the heats of steel used for the vessel
or'group of vessels. For Category A joints, the test plate
shall, where practicable, be welded as an extension to
the end of a production joint so that the test plate weld-
ment will represent as nearly as practicable the quality
and type of welding in the vessel joint. For Category B
joints that are welded using a different welding procedure
than used on Category A joints, a test plate shall be
welded under the production welding conditions used
for the vessel, using the same type of equipment and at
the same location and using the same procedures as used
for the joint, and it shall be welded concurrently with the
production welds or as close to the start of production
welding as practicable.

(2) When Required. Vessel (production) impact test
plates shall be made for all joints for which impact tests
are required for the welding procedure by UCS-67,
UHT-82, or UHA-51 (except where production test plates
are specifically exempt by these paragraphs). Test shall
be made of the weld metal and/or heat-affected zone to
the extent required by the procedure test (see UCS-67
and UHA-51).

(3) Number of Vessel Impact Test Plates Required

(-a) For each vessel, one test plate shall be made
for each welding procedure used for Category A and B
joints, unless the vessel is one of several as defined in
(-b) or (-c) below.
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In addition, for Category A and B joints the follow-
ing requirements shall apply:

(-1) If automatic, machine, or semiautomatic
welding is performed, a test plate shall be made in each
position employed in the vessel welding.

(-2) If manual welding is also employed, a test
plate shall be made in the flat position only, except if
welding is to be performed in other positions a test plate
need be made in the vertical position only (where the ma-
jor portions of the layers of welds are deposited in the
vertical upward direction). The vertically welded test
plate will qualify the manual welding in all positions.

(-b) For several vessels or parts of vessels, a mini-
mum of one test plate shall be made for each welding pro-
cedure used for Category A and B joints, provided that all
of the following requirements are met:

(-1) Welding is completed within any 3-month
period at one location.

(-2) The cumulative length of all joints welded
by each welding procedure does not exceed 400 ft
(120 m).

(-3) Materials are of the same specification and
grade.

(-4) The plate thicknesses of the vessels or parts
of vessels do not vary by more than Y/, in. (6 mm) or 25%,
whichever is greater.

(-5) The number of heat-affected-zone impact
specimen sets to be removed and the locations of their re-
moval shall be as shown in Figure UG-84.5 and Table
UG-84.6 for the largest plate thickness in the range speci=
fied in (-4).

(-6) The additional requirements specified in
(-a) shall be met.

(-c) For small vessels not exceeding the volume
limitations defined in U-1(j) made from one heat of mate-
rial requiring impact tests, one welded test joint made
from the same heat of material andWelded with the same
electrode and the same welding procedure may represent
one lot of 100 vessels or lessyor each heat treatment fur-
nace batch, whichever is smaller.

(j) Rejection. If the yessel test plate fails to meet the
impact requirements, the welds represented by the plate
shall be unacceptable. Reheat treatment and retesting or
retesting only ‘are permitted.

UG-85_<HEAT TREATMENT

When-plate specification heat treatments are not per-
formed by the material manufacturer, they shall be per-
formed by, or be under the control of, the Manufacturer
who shall then place the letter “T” following the letter
“G” in the Mill plate marking (see SA-20) to indicate that
the heat treatments required by the material specification
have been performed. The Manufacturer shall also docu-
ment in accordance with UG-93(b) that the specified heat
treatment has been performed.

UCS-85, UHT-5(e), and UHT-81 provide requirements
for heat treatment of test specimens.

INSPECTION AND TESTS
UG-90 GENERAL

(a) The inspection and testing of pressure vessels to be
marked with the Certification Mark with the U Designator
and the testing of vessels to be marked with the Certifica-
tion Mark with the UM Designator shall conform to thé
general requirements for inspection and testing in the-fol-
lowing paragraphs and, in addition, to the specific\re-
quirements for Inspection and Tests given in the
applicable Parts of Subsections B and C.

(b) The Manufacturer has the responsibility-of assuring
that the quality control, the detailed examinations, and
the tests required by this Division-are“performed. The
Manufacturer shall perform his ‘specified duties. See
UG-92 and 10-15. Some, but notvall, of these responsibil-
ities, which are defined in the{applicable rules, are sum-
marized as follows:

(1) the Certificate of*Authorization from the ASME
Boiler and Pressure;Vessel Committee authorizing the
Manufacturer to fabricate the class of vessel being con-
structed [UG-117(a)];

(2) the\drawings and design calculations for the ves-
sel or part [10-5 and 10-15(d)];

(3)identification for all material used in the fabrica-
tiofi,of the vessel or part (UG-93);

(4) securing Partial Data Reports [UG-120(c)];

(5) access for the Inspector in accordance with
UG-92 and 10-15;

(6) examination of all materials before fabrication to
make certain the materials meet the design thickness re-
quirements, to detect defects [UG-93(d)], and to make
certain the materials are permitted by this Division
(UG-4) and that traceability (UG-77) to the material iden-
tification (UG-93) has been maintained;

(7) documentation of impact tests when such tests
are required (UF-5, UCS-66, UHA-51, UHT-6, and ULT-5);

(8) concurrence of the Inspector prior to any base
metal repairs (UG-78 and UF-37);

(9) examination of the shell and head sections to con-
firm they have been properly formed to the specified
shapes within the permissible tolerances (UG-79, UG-80,
UG-81, UF-27, and UF-29);

(10) qualification of the welding and/or brazing pro-
cedures before they are used in fabrication [UG-84(h),
UW-28(b), and UB-31];

(11) qualification of welders and welding operators
and brazers before using the welders or brazers in pro-
duction work (UW-29, UW-48, UB-32, and UB-43);

(12) examination of all parts prior to joining to make
certain they have been properly fitted for welding or
brazing and that the surfaces to be joined have been
cleaned and the alignment tolerances are maintained
(UW-31, UW-32, UW-33, and UB-17);

Copyright ASME Interniational (BPVC)

73


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.1 (ASME BPVC Section 8 Division 1) 2019.pdf

UG-90 - UG-92

ASME BPVC.VIIL.1-2019

(13) examination of parts as fabrication progresses,
for material marking (UG-94), that defects are not evident
(UG-95), and that dimensional geometries are maintained
(UG-96 and UF-30);

(14) provision of controls to assure that all required
heat treatments are performed (UW-2, UW-10, UG-85,
UF-31, and 10-11);

(15) provision of records of nondestructive testing
examinations performed on the vessel or vessel parts.
This shall include retaining the radiographic film if radio-
graphic examinations are performed (UW-51, UW-52,
and 10-10);

(16) making the required hydrostatic or pneumatic
test and having the required inspection performed during
such test (UG-99, UG-100, UG-101, and UW-50);

(17) applying the required stamping and/or name-
plate to the vessel and making certain it is applied to
proper vessel (UG-116, UG-118, and UG-119);

(18) preparing required Manufacturer’s Data Report
and having it certified by the Inspector (UG-120);

(19) providing for retention of radiographs (UW-51),
ultrasonic test reports (12-4), Manufacturer’s Data Re-
ports (UG-120), and other documents as required by this
Division (10-13).

(c) See below.

(1) The Inspector shall make all inspections specifi-
cally required of him plus such other inspections as he be-
lieves are necessary to enable him to certify that all
vessels which he authorizes to be stamped with the Cer-
tification Mark have been designed and constructed in ac-
cordance with the requirements of this Division. Some,
but not all, of the required inspections and verifications,
which are defined in the applicable rules, are summarized
as follows:

(-a) verifying that the Manufacturetshas a valid
Certificate of Authorization [UG-117(a)] and is working
to a Quality Control System [UG-117(e}}s

(-b) verifying that the applicable design calcula-
tions are available [U-2(b), U-2(¢);<10-5, and 10-15(d)];

(-¢) verifying that matetials used in the construc-
tion of the vessel comply with the requirements of UG-4
through UG-14 (UG-93);

(-d) verifying.that all welding and brazing proce-
dures have been qualified (UW-28, UW-47, and UB-42);

(-e) verifying that all welders, welding operators,
brazers, andibrazing operators have been qualified
(UW-29, BW-48, and UB-43);

(-f}verifying that the heat treatments, including
PWHT-have been performed (UG-85, UW-10, UW-40,
UW-49, and UF-52);

(-g) verifying that material imperfections repaired
by welding were acceptably repaired [UG-78,
“UW-52(d)(2)(-c), UF-37, and UF-47(c)];

: (-h) verifying that weld defects were acceptably
‘repaired [UW-51(a) and UW-52(c)];

(-i) verifying that required nondestructive exami-
nations, impact tests, and other tests have been per-
formed and that the results are acceptable (UG-84,
UG-93, UW-50, UW-51, UW-52, and UB-44);

(-j) making a visual inspection of vessel to confirm
that the material identification numbers have been prop-
erly transferred (UG-77 and UG-94);

(-k) making a visual inspection of the vessel to
confirm that there are no material or dimensional defeets
(UG-95, UG-96, and UG-97);

(-1) performing internal and external inspections
and witnessing the hydrostatic or pneumatic tests
(UG-96, UG-97, UG-99, UG-100, and UG-101);

(-m)verifying that the required marking is pro-
vided (UG-115) and that any nameplate‘has been attached
to the proper vessel;

(-n) signing the Certificaté of Inspection on the
Manufacturer’s Data Report when the vessel, to the best
of his knowledge and belief;*is in compliance with all
the provisions of this Division. When the Inspector has
certified by signing the*Manufacturer’s Data Report, this
indicates acceptance by the Inspector. This acceptance
does not imply\assumption by the Inspector of any of
the responsjbilities of the Manufacturer.

(2) When'mass production of pressure vessels makes
it impragticable for the Inspector to personally perform
each of’his required duties,* the Manufacturer, in colla-
beration with the Inspector, shall prepare an inspection
and quality control procedure setting forth, in complete
detail, the method by which the requirements® of this Di-
vision will be maintained. This procedure shall be devel-
oped, accepted, and implemented in accordance with
Mandatory Appendix 35.

UG-91 THE INSPECTOR

(a) All references to Inspectors throughout this Division
mean the Authorized Inspector as defined in this para-
graph. All inspections required by this Division of Section
VIII shall be:

(1) by an Inspector regularly employed by an ASME
accredited Authorized Inspection Agency, as defined in
ASME QAI-1, except that

(2) inspections may be by the regularly employed
user’s Inspector in the case of a User-Manufacturer that
manufactures pressure vessels exclusively for its own
use and not for resale [see UG-116(a)(1)].

Except as permitted in (2) above, the Inspector shall
not be in the employ of the Manufacturer. All Inspectors
shall have been qualified in accordance with ASME QAI-1.

(b) In addition to the duties specified, the Inspector has
the duty to monitor the Manufacturer’s Quality Control
System as required in Mandatory Appendix 10.

UG-92 ACCESS FOR INSPECTOR

The Manufacturer of the vessel shall arrange for the In-
spector to have free access to such parts of all plants as
are concerned with the supply or manufacture of

(19)
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materials for the vessel, when so requested. The Inspector
shall be permitted free access, at all times while work on
the vessel is being performed, to all parts of the Manufac-
turer’s shop that concern the construction of the vessel
and to the site of field erected vessels during the period
of assembly and testing of the vessel. The Manufacturer
shall keep the Inspector informed of the progress of the
work and shall notify him reasonably in advance when
vessels will be ready for any required tests or inspections.

UG-93 INSPECTION OF MATERIALS

(a) Except as otherwise provided in UG-4(b), UG-10,
UG-11, or UG-15, requirements for acceptance of materi-
als furnished by the material manufacturer or material
supplier in complete compliance with a material specifi-
cation of Section II shall be as follows.

(1) For plates,” the vessel Manufacturer shall ensure
all requirements of the material specification, and all spe-
cial requirements of this Division, that are to be fulfilled
by the materials manufacturer have been complied with.
The Manufacturer shall accomplish this by obtaining cer-
tificates of compliance or Material Test Reports. The In-
spector shall determine if these documents represent
the material and meet the requirements of the material
specification.

(-a) These documents shall include results of all
required tests and examinations, evidence of compliance
with the material specifications, and additional require-
ments, as applicable. When the specification permits cer=
tain specific requirements to be completed later, those
incomplete items shall be noted on the material documen-
tation. When these specific requirements havebeen com-
pleted by someone other than the material mdanufacturer,
this completion shall be documented and attached to the
material documentation.

(-b) The vessel Manufacturer shall receive a copy
of the test report or reports as prepared by the material
manufacturer, or by the material'manufacturer and any
subsequent processors respensible for the data, and shall
maintain the reports as part of the construction records.

(2) For all other product forms

(-a) the matetial shall be accepted by the Manufac-
turer as complying-with the material specification if the
material specification provides for the marking of each
piece withythe specification designation, including the
grade, type; and class, if applicable, and each piece is so
marked;-or

(-b) if a Material Test Report is supplied by a ma-
terials manufacturer, the materials manufacturer may
transcribe data produced by other organizations, pro-
vided he accepts responsibility for the accuracy and
authenticity of the data

(3) If the material specification does not provide for
the marking of each piece as indicated in (2) above, the
material shall be accepted as complying with the material
specification, provided the following requirements are
met:

(-a) Each bundle, lift, or shipping container is
marked with the specification designation, including the
grade, type, and class if applicable by the material manu-
facturer or supplier.

(-b) The handling and storage of the material by
the vessel Manufacturer shall be documented ifyhis Qual-
ity Control System such that the Inspector can determine
that it is the material identified in (-a) above. Traceability
to specific lot, order, or heat is not required. Traceability
is required only to material specification and grade and
type and class, if applicable.

(4) For pipe or tube wheré the length is not adequate
for the complete markingin accordance with the material
specification or not praovided in accordance with (3)
above, the materia] shall be acceptable as complying with
the material specification, provided the following are met:

(-a) a.coded marking is applied to each piece of
pipe or tube\by the material manufacturer or material
supplier;r and

(*b) the coded marking applied by the material
manufacturer or material supplier is traceable to the
specification designation, including the grade, type, and
class if applicable.

(b) Except as otherwise provided in UG-4(b), UG-10,
UG-11, or UG-15, when some requirements of a material
specification of Section II have been completed by other
than the material manufacturer [see UG-84(d) and
UG-85], then the vessel Manufacturer shall obtain supple-
mentary material test reports or certificates of compli-
ance and the Inspector shall examine these documents
and shall determine that they represent the material
and meet the requirements of the material specification.

(c) When requirements or provisions of this Division
applicable to materials exceed or supplement the require-
ments of the material specification of Section II (see
UG-24, UG-84, and UG-85), then the vessel Manufacturer
shall obtain supplementary material test reports or certi-
ficates of compliance and the Inspector shall examine
these documents and shall determine that they represent
the material and meet the requirements or provisions of
this Division.

(d) All materials to be used in constructing a pressure
vessel shall be examined before fabrication for the pur-
pose of detecting, as far as possible, imperfections which
would affect the safety of the vessel.

(1) Particular attention should be given to cut edges
and other parts of rolled plate which would disclose the
existence of serious laminations, shearing cracks, and
other imperfections.

(2) All materials that are to be tested in accordance
with the requirements of UG-84 shall be inspected for
surface cracks.
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(3) When a pressure part is to be welded to a flat
plate thicker than %, in. (13 mm) to form a corner joint
under the provision of UW-13(e), the weld joint prepara-
tion in the flat plate shall be examined before welding as
specified in (4) below by either the magnetic particle or
liquid penetrant methods. After welding, both the periph-
eral edge of the flat plate and any remaining exposed sur-
face of the weld joint preparation shall be reexamined by
the magnetic particle or liquid penetrant methods as spe-
cified in (4) below. When the plate is nonferromagnetic,
only the liquid penetrant method shall be used.

(4) For Figure UW-13.2 the weld joint preparation
and the peripheral edges of flat plate forming a corner
joint shall be examined as follows:

(-a) the weld edge preparation of typical weld
joint preparations in the flat plate as shown in sketches
(b), (c), (d), (e-2), (f), and (n);

(-b) the outside peripheral edge of the flat plate
after welding as shown in sketches (a), (b), (c), and (d);

(-c) the outside peripheral edge of the flat plate
after welding, as shown in sketches (e-1), (e-2), (f), and
(g) if the distance from the edge of the completed weld
to the peripheral edge of the flat plate is less than the
thickness of the flat plate such as defined in UG-34(b);

(-d) the inside peripheral surface of the flat plate
after welding as shown in sketches (m) and (n);

(-e) no examination is required on the flat plate as
shown in sketches (h), (i), (j), (k), and (1).

(e) The Inspector shall assure himself that the thick-
ness and other dimensions of material comply with the
requirements of this Division.

(f) The Inspector shall satisfy himself that the inspec-
tion and marking requirements of UG-24 have be€h com-
plied with for those castings assigned a casting quality
factor exceeding 80%.

UG-94 MARKING ON MATERIALS

The Inspector shall inspect materials used in the con-
struction to see that they bear the identification required
by the applicable material spegification, except as other-
wise provided in UG-4(b),)UG-10, UG-11, UG-15, or
UG-93. Should the identifying marks be obliterated or
the material be divided\into two or more parts, the marks
shall be properly transferred by the Manufacturer as pro-
vided in UG-77(a)-See UG-85.

UG-95 EXAMINATION OF SURFACES DURING
FABRICATION

As fabrication progresses, all materials used in the con-
struction shall be examined for imperfections that have
been uncovered during fabrication as well as to deter-
mine that the work has been done properly.

UG-96 DIMENSIONAL CHECK OF COMPONENT
PARTS

(a) The Manufacturer shall examine the pressure-
retaining parts to make certain they conform to the pre-
scribed shape and meet the design thickness after form-
ing. The Manufacturer of the vessel shall furnish
accurately formed templates as required by the Inspector
for verification. See UG-80.

(b) Before attaching nozzles, manhole frames, nozzle
reinforcement and other appurtenances to the inside or
outside of the vessel they shall be examined to make cer-
tain they properly fit the vessel curvature. See, UG-82.

(c) The Inspector shall satisfy himself thatthe above di-
mensional requirements have been met, This shall in-
clude making such dimensional méasurements as he
considers necessary.

UG-97 INSPECTION DURING FABRICATION

(a) When conditions permit entry into the vessel, as
complete an examination\@as possible shall be made before
final closure.

(b) The Inspegtorsshall make an external inspection of
the completed-vessel at the time of the final hydrostatic
test or pneumatic test.

(c) Allswelds, including the nozzle welds, of homoge-
neously,lead-lined vessels shall be visually inspected on
the’inside prior to application of lining. A visual examina-
tionof the lining shall be made after completion to ensure
that there are no imperfections which might impair the
integrity of the lining and subject the vessel to corrosion
effects.

UG-98 MAXIMUM ALLOWABLE WORKING
PRESSURE

(a) The maximum allowable working pressure for a
vessel is the maximum pressure permissible at the top
of the vessel in its normal operating position at the desig-
nated coincident temperature specified for that pressure.
It is the least of the values found for maximum allowable
working pressure for any of the essential parts of the ves-
sel by the principles given in (b) below, and adjusted for
any difference in static head that may exist between the
part considered and the top of the vessel. (See 3-2.)

(b) The maximum allowable working pressure for a
vessel part is the maximum internal or external pressure,
including the static head thereon, as determined by the
rules and equations in this Division, together with the ef-
fect of any combination of loadings listed in UG-22 that is
likely to occur, for the designated coincident temperature,
excluding any metal thickness specified as corrosion al-
lowance. See UG-25.

(c) Maximum allowable working pressure may be de-
termined for more than one designated operating tem-
perature, using for each temperature the applicable
allowable stress value.
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UG-99

UG-99 STANDARD HYDROSTATIC TEST

(a) A hydrostatic test shall be conducted on all vessels
after

(1) all fabrication has been completed, except for op-
erations that could not be performed prior to the test,
such as weld end preparation [see U-1(e)(1)(-a)], and cos-
metic grinding on the base material that does not reduce
the actual thickness below the design thickness; and

(2) all examinations have been performed, except
those required after the test.

The completed vessels, except those tested in accor-
dance with the requirements of UG-100 and UG-101, shall
have satisfactorily passed the hydrostatic test prescribed
in this paragraph.

(b) Except as otherwise permitted in (a) above and
27-4, vessels designed for internal pressure shall be sub-
jected to a hydrostatic test pressure that at every point in
the vessel is at least equal to 1.3 times the maximum al-
lowable working pressure®® multiplied by the lowest
stress ratio (LSR) for the pressure-boundary materials
of which the vessel is constructed. The stress ratio for
each pressure-boundary material is the ratio of the stress
value S at its test temperature to the stress value S at its
design temperature (see UG-21). Bolting shall not be in-
cluded in the determination of the LSR, except when 1.3
times the LSR multiplied by the allowable stress of the
bolt at its design temperature exceeds 90% of the bolt
material specified minimum yield strength at the test
temperature. All loadings that may exist during this tést
shall be given consideration. The hydrostatic test, pres-
sure reading shall be adjusted to account for any-static
head conditions depending on the difference inelevation
between the chamber being tested and, the’ pressure
gauge.

(c) A hydrostatic test based on a calculated pressure
may be used by agreement between the user and the
Manufacturer. The hydrostatic.tést pressure at the top
of the vessel shall be the minithum of the test pressures
calculated by multiplying.the basis for calculated test
pressure as defined in 3-2for each pressure element by
1.3 and reducing this«value by the hydrostatic head on
that element. When'this pressure is used, the Inspector
shall reserve theright to require the Manufacturer or
the designer, to-furnish the calculations used for deter-
mining theéthydrostatic test pressure for any part of the
vessel.

(d) The requirements of (b) above represent the mini-
nfunr standard hydrostatic test pressure required by this
Division. The requirements of (c) above represent a spe-
cial test based on calculations. Any intermediate value of
pressure may be used. This Division does not specify an
upper limit for hydrostatic test pressure. However, if
the hydrostatic test pressure is allowed to exceed, either
intentionally or accidentally, the value determined as

prescribed in (c) above to the degree that the vessel is
subjected to visible permanent distortion, the Inspector
shall reserve the right to reject the vessel.

(e) Combination units [see UG-19(a) and UG-21] shall
be tested by one of the following methods.

(1) Independent Pressure Chambers. Pressure cham-
bers of combination units that have been designed to op=
erate independently shall be hydrostatically tested.as
separate vessels, that is, each chamber shall be-tested
without pressure in the adjacent chamber. If the.common
elements of a combination unit are designed_for a larger
differential pressure than the higher maxinmmum allowable
working pressure to be marked on the 'ddjacent cham-
bers, the hydrostatic test shall subject‘the common ele-
ments to at least their design. differential pressure,
corrected for temperature as in‘(b) above, as well as meet
the requirements of (b) or (c)'above for each independent
chamber.

(2) Dependent Pressure Chambers. When pressure
chambers of combination units have their common ele-
ments designed, for.the maximum differential pressure
that can possibly'occur during startup, operation, and
shutdown, and the differential pressure is less than the
higher pressure in the adjacent chambers, the common
elements-shall be subjected to a hydrostatic test pressure
of atleast 1.3 times the differential pressure to be marked
or the unit, corrected for temperature as in (b).

Following the test of the common elements and their
inspection as required by (g) below, the adjacent cham-
bers shall be hydrostatically tested simultaneously [see
(b) or (c) above]. Care must be taken to limit the differen-
tial pressure between the chambers to the pressure used
when testing the common elements.

The vessel stamping and the vessel Data Report must
describe the common elements and their limiting differ-
ential pressure. See UG-116(j) and UG-120(b).

(f) Single-wall vessels and individual pressure cham-
bers of combination units designed for vacuum only
(MAWP less than or equal to zero) shall be subjected to
either

(1) an internal hydrostatic pressure test in accor-
dance with UG-99, or a pneumatic pressure test in accor-
dance with UG-100. The applied test pressure shall be not
less than 1.3 times the specified external design pressure;
or

(2) a vacuum test conducted at the lowest value of
specified absolute internal design pressure. In conjunc-
tion with the vacuum test, a leak test shall be performed
following a written procedure complying with the applic-
able technical requirements of Section V, Article 10 for
the leak test method and technique specified by the user.
Leak testing personnel shall be qualified and certified as
required by Section V, Article 1, T-120(e).

(g) Following the application of the hydrostatic test
pressure, an inspection shall be made of all joints and con-
nections. This inspection shall be made at a pressure not
less than the test pressure divided by 1.3. Except for
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leakage that might occur at temporary test closures for
those openings intended for welded connections, leakage
is not allowed at the time of the required visual inspec-
tion. Leakage from temporary seals shall be directed away
so as to avoid masking leaks from other joints.

The visual inspection of joints and connections for
leaks at the test pressure divided by 1.3 may be waived,
provided:

(1) a suitable gas leak test is applied;

(2) substitution of the gas leak test is by agreement
reached between Manufacturer and Inspector;

(3) all welded seams that will be hidden by assembly
are given a visual examination for workmanship prior to
assembly;

(4) the vessel will not contain a “lethal” substance.

(h) Any nonhazardous liquid at any temperature may
be used for the hydrostatic test if below its boiling point.
Combustible liquids having a flash point less than 110°F
(43°C), such as petroleum distillates, may be used only
for near atmospheric temperature tests. It is recommend-
ed that the metal temperature during hydrostatic test be
maintained at least 30°F (17°C) above the minimum de-
sign metal temperature, but need not exceed 120°F
(48°C), to minimize the risk of brittle fracture. [See
UG-20 and Figure UCS-66.2, Note (6).] The test pressure
shall not be applied until the vessel and its contents are
at about the same temperature. If the test temperature ex-
ceeds 120°F (48°C), it is recommended that inspection of
the vessel required by (g) above be delayed until the tem-
perature is reduced to 120°F (48°C) or less.

CAUTION: A small liquid relief valve set to 1'/; times the test
pressure is recommended for the pressure test system, v case
a vessel, while under test, is likely to be warmed up materially
with personnel absent.

(i) Vents shall be provided at all high peints of the ves-
sel in the position in which it is to be tested to purge pos-
sible air pockets while the vessel is fillihg.

(j) Before applying pressure, the\test equipment shall
be examined to see that it istight and that all low-
pressure filling lines and otherappurtenances that should
not be subjected to the test pressure have been
disconnected.

(k) Painting and €odting

(1) Unless permitted by the user or his designated
agent, pressure-retaining welds of vessels shall not be
painted or(otherwise coated either internally or exter-
nally priop to the pressure test. [See UCI-99(b) and
UCD-99(b).]

(2) When painting or coating prior to the hydrostatic
test'is permitted, or when internal nonmetallic linings are
to be applied, the pressure-retaining welds shall first be
leak tested in accordance with Section V, Article 10. Such
a test may be waived with the approval of the user or his
designated agent.

(3) Vessels for lethal service [see UW-2(a)]

(-a) shall not be painted or coated either intern-
ally or externally prior to the hydrostatic pressure test
(-b) shall not be internally lined by mechanical or
welded attachments prior to the hydrostatic pressure test
unless the requirements of UCL-51 are followed
(4) The requirements given in (1) and (2) do not ap-
ply to glass-lined vessels; see 27-4.

UG-100 PNEUMATIC TEST>® (SEE UW-50)

(a) Subject to the provisions of UG-99(a)(1)~and
UG-99(a)(2), a pneumatic test prescribed in this_para-
graph may be used in lieu of the standard hydroStatic test
prescribed in UG-99 for vessels:

(1) that are so designed and/or supported that they
cannot safely be filled with water;

(2) not readily dried, that are-te’be used in services
where traces of the testing liquid/cannot be tolerated
and the parts of which have\wihere possible, been pre-
viously tested by hydrostatic'pressure to the pressure re-
quired in UG-99.

(b) Except for enameled vessels, for which the pneu-
matic test shall be\at.least equal to, but need not exceed,
the maximum_.allowable working pressure to be marked
on the vessel; the pneumatic test pressure at every point
in the vesselshall be at least equal to 1.1 times the max-
imum.allowable working pressure®® multiplied by the
loweststress ratio (LSR) for the pressure-boundary mate-
rials/of which the vessel is constructed. The stress ratio
for each pressure-boundary material is the ratio of the
stress value S at its test temperature to the stress value
S at its design temperature (see UG-21). Bolting shal