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Markings such as “ASME,” “ASME Standard,” or any other marking including “ASME,” ASME logos,
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 or Standard. Use of the ASME
Single Certification Mark requires formal ASME certification; if no certification program is
available, such ASME markings may not be used. (For Certification and Accreditation Programs,
see https://www.asme.org/certification-accreditation.)

Items produced by parties not formally possessing an ASME Certificate may not be described,
either explicitly or implicitly, as ASME certified or approved in any code forms or other-document.
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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Vessel Committee was superseded by the following committees: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 (1)

(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)

(g9) 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) Committee on Overpressure Protection (XIII)

() Technical Oversight Management Committee (TOMC)

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

The Committee’s function is to establish rules of safety'relating to pressure integrity. The rules govern the
construction” of boilers, pressure vessels, transport tanks,@ud nuclear components, and the inservice inspection of nu-
clear components and transport tanks. For nuclear itemgs-other than pressure-retaining components, the Committee also
establishes rules of safety related to structural integrity,. Fhe Committee also interprets these rules when questions arise
regarding their intent. The technical consistency of the'Sections of the Code and coordination of standards development
activities of the Committees is supported and guided by the Technical Oversight Management Committee. The Code does
not address other safety issues relating to the construction of boilers, pressure vessels, transport tanks, or nuclear com-
ponents, or the inservice inspection of nuclear components or transport tanks. Users of the Code should refer to the
pertinent codes, standards, laws, regulatiens, or other relevant documents for safety issues other than those relating
to pressure integrity and, for nuclear‘items other than pressure-retaining components, structural integrity. Except for
Sections XI and XII, and with a few'other exceptions, the rules do not, of practical necessity, reflect the likelihood and
consequences of deterioration in service related to specific service fluids or external operating environments. In formu-
lating the rules, the Committeeconsiders the needs of users, manufacturers, and inspectors of components addressed by
the Code. The objective of therules is to afford reasonably certain protection of life and property, and to provide a mar-
gin for deterioration inservice to give a reasonably long, safe period of usefulness. Advancements in design and materi-
als and evidence of experience have been recognized.

The Code contains' mandatory requirements, specific prohibitions, and nonmandatory guidance for construction ac-
tivities and inseryice 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
specific prohibitions of the Code.

The Committee recognizes that tools and techniques used for design and analysis change as technology progresses
and expects engineers to use good judgment in the application of these tools. The designer is responsible for complying
with Code rules and demonstrating compliance with Code equations when such equations are mandatory. The Code

" 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,
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neither requires nor prohibits the use of computers for the design or analysis of components constructed to the require-
ments of the Code. However, designers and engineers using computer programs for design or analysis are cautioned that
they are responsible for all technical assumptions inherent in the programs they use and the application of these pro-
grams 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
the Code. Requests for revisions, new rules, Code cases, or interpretations shall be addressed to the staff secretary in
writing and shall give full particulars in order to receive consideration and action (see the Correspondence With the
Committee page). Proposed revisions to the Code resulting from inquiries will be presented to the Committee for-appro-
priate action. The action of the Committee becomes effective only after confirmation by ballot of the Committée and ap-
proval by ASME. Proposed revisions to the Code approved by the Committee are submitted to the American National
Standards Institute (ANSI) and published at http://go.asme.org/BPVCPublicReview to invite comments’ from all inter-
ested persons. After public review and final approval by ASME, revisions are published at regular iatervals 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 parameteps 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 the Code, the singular shall be interpreted-as the plural, and vice versa.

The words “shall,” “should,” and “may” are used in the Code as follows:

- Shall is used to denote a requirement.

- Should is used to denote a recommendation.

- May is used to denote permission, neither a requirement not/a recommendation.
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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
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 infaceordance 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.
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CORRESPONDENCE WITH THE COMMITTEE

General

ASME codes and standards are developed and maintained by committees with the intent to represent the consensus of
concerned interests. Users of ASME codes and standards may correspond with the committees to propose revisions or
cases, report errata, or request interpretations. Correspondence for this Section of the ASME Boiler and Rressure
Vessel Code (BPVC) should be sent to the staff secretary noted on the Section’s committee web page,-accessible at
https://go.asme.org/CSCommittees.

NOTE: See ASME BPVC Section II, Part D for guidelines on requesting approval of new materials. See Section II, Part’C for guidelines on re-
questing approval of new welding and brazing materials (“consumables”).

Revisions and Errata

The committee processes revisions to this Code on a continuous basis to incorporate'changes that appear necessary or
desirable as demonstrated by the experience gained from the application of the Gede: Approved revisions will be pub-
lished in the next edition of the Code.

In addition, the committee may post errata and Special Notices at http://go.asme.org/BPVCerrata. Errata and Special
Notices become effective on the date posted. Users can register on the committee web page to receive email notifications
of posted errata and Special Notices.

This Code is always open for comment, and the committee welcomes proposals for revisions. Such proposals should
be as specific as possible, citing the paragraph number, the propased wording, and a detailed description of the reasons
for the proposal, including any pertinent background informatioh and supporting documentation.

Cases

(a) The most common applications for cases are
(1) to permit early implementation of a revision based on an urgent need
(2) to provide alternative requirements
(3) to allow users to gain experience withyalternative or potential additional requirements prior to incorporation
directly into the Code
(4) to permit use of a new material’dr process
(b) Users are cautioned that not all jurisdictions or owners automatically accept cases. Cases 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.
(c) The committee will.¢onsider proposed cases concerning the following topics only:
(1) equipment to b@ymarked with the ASME Single Certification Mark, or
(2) equipment«to be constructed as a repair/replacement activity under the requirements of Section XI
(d) A proposed-¢ase shall be written as a question and reply in the same format as existing cases. The proposal shall
also include the following information:
(1) a statement of need and background information
(2)the'urgency of the case (e.g., the case concerns a project that is underway or imminent)
(3)the Code Section and the paragraph, figure, or table number to which the proposed case applies
(4) the editions of the Code to which the proposed case applies
(€) A case is effective for use when the public review process has been completed and it is approved by the cognizant
supervisory board. Cases that have been approved will appear in the next edition or supplement of the Code Cases
books, “Boilers and Pressure Vessels” or “Nuclear Components.” Each Code Cases book is updated with seven Supple-
ments. Supplements will be sent or made available automatically to the purchasers of the Code Cases books until the
next edition of the Code. Annulments of Code Cases become effective six months after the first announcement of the
annulment in a Code Case Supplement or Edition of the appropriate Code Case book. The status of any case is available
at http://go.asme.org/BPVCCDatabase. An index of the complete list of Boiler and Pressure Vessel Code Cases and Nu-
clear Code Cases is available at http://go.asme.org/BPVCC.
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Interpretations

(a) Interpretations clarify existing Code requirements and are written as a question and reply. Interpretations do not
introduce new requirements. If a revision to resolve conflicting or incorrect wording is required to support the inter-
pretation, the committee will issue an intent interpretation in parallel with a revision to the Code.

(b) Upon request, the committee will render an interpretation of any requirement of the Code. An interpretation can
be rendered only in response to a request submitted through the online Inquiry Submittal Form at http://go.asme.org/
InterpretationRequest. Upon submitting the form, the inquirer will receive an automatic email confirming receipt.

(c) ASME does not act as a consultant for specific engineering problems or for the general application or understand<
ing of the Code requirements. If, based on the information submitted, it is the opinion of the committee that the inquiter
should seek assistance, the request will be returned with the recommendation that such assistance be obtained:\In-
quirers may track the status of their requests at http://go.asme.org/Interpretations.

(d) ASME procedures provide for reconsideration of any interpretation when or if additional information-that might
affect an interpretation is available. Further, persons aggrieved by an interpretation may appeal to the cognizant ASME
committee or subcommittee. ASME does not “approve,” “certify,” “rate,” or “endorse” any item, constructien, proprietary
device, or activity.

(e) Interpretations are published in the ASME Interpretations Database at http://go.asme.org/Interpretations as they
are issued.

Committee Meetings

The ASME BPVC committees regularly hold meetings that are open to the public. Pérsons wishing to attend any meet-
ing should contact the secretary of the applicable committee. Information on future ‘eommittee meetings can be found at
http://go.asme.org/BCW.
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SUMMARY OF CHANGES

Changes listed below are identified on the pages by a margin note, (25), placed next to the affected area. In addition, the
term “impregnated” has been revised to “impervious” throughout Section VIII, Division 1.

Page
XXX

Xxxi

XXXiV

1

O© 0 0 o v

10
13
14
15
16
17
15
15
18
19
21
22
23

27

34

35
37

Location
List of Sections

Foreword

Personnel
U-1
U-2

U-6

Table U-3

UG-1

UG-4

UG-6

UG-9

UG-10
UG-11(e)
UG-14

Table UG-14-1
Figure UG-14-1
Figure UG-14:2
UG-15

UG-16

UG-19

UG-23

UG-24

UG-25

UG-28

UG-29

UG-33

Figure UG-33.1
UG-34

Change
Title of Section XI, Division 1 revised

Third, fourth, seventh, tenth, and eleventh paragraphs editorially
revised

Updated
Subparagraph (b) revised

Subparagraphs (a), (a)(2), (b)(1)aB)(2), (b)(4). (e), and (h)(3)
revised

Added

Updated

Revised

Subparagraphs.(a)-and (f) revised
Subparagraphs' (a) through (c) revised
Revised\itvits entirety

Revised in its entirety

Third cross-reference updated
Revised in its entirety

Added

Added

Added

Revised in its entirety

Revised in its entirety

In subpara. (a), last sentence, “r” corrected by errata to “or”
In subpara. (b)(2), Step 1 revised
Revised in its entirety

Subparagraph (a) revised

(1) In definition of L in subpara. (b), item (c) revised
(2) Subparagraph (f) revised

In Note of subpara. (a), Step 7(b) , “6(b) and (b)” corrected by errata
to “Step 6(b) and Step 7(b)”

(1) In subpara. (b), definition of L. revised
(2) In subpara. (f), last sentence added

Sketches (a) and (b) revised
Definition of W and subparas. (d)(4), (d)(10), and (d)(12) revised
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Page Location Change

40 UG-35.2 Revised in its entirety
40 UG-35.3 Revised in its entirety
40 Table UG-35.2-1 Added
47 UG-39 In subpara. (b)(3), second sentence revised
48 Figure UG-39 Revised
57 Table UG-44-1 "Size Range" entries and Note (2) revised
59 UG-47 Subparagraph (b) revised
66 UG-75 Revised in its entirety
66 UG-76 Revised in its entirety
66 UG-77 Revised in its entirety
67 UG-78 Revised in its entirety
67 UG-79 Revised in its entirety
70 UG-84 (1) Revised in its entirety
(2) Figures and tables redesignated
73 Figure UG-84.5-1 In former Figure UG-84.1;-General Note (b) revised
74 Figure UG-84.5-1M In former Figure UG-8471M, General Note (b) revised
77 UG-85 Revised in its eftirety
77 UG-90 Revised in its‘ehtirety
78 UG-91 Revised iVits entirety
79 UG-92 Revised in its entirety
79 UG-93 Revised in its entirety
80 UG-94 Revised in its entirety
80 UG-95 Revised in its entirety
80 UG-96 Revised in its entirety
80 UG-97 Revised in its entirety
81 UG-99 Revised in its entirety
84 UG-100 Revised in its entirety
87 UG101 Subparagraphs (a)(4)(-d) and (b) revised
92 UG-102 Revised in its entirety
93 UG-103 Revised in its entirety
93 UG-115 Revised in its entirety
93 UG-116 Subparagraph (a)(1)(-a) revised
95 UG-117 Subparagraph (g) revised
96 Figure UG-118 Revised
97 UG-119 Subparagraph (d) revised
97 UG-120 Subparagraphs (a)(1)(-b), (b)(1)(-c), (c)(1), (c)(1)(-a), and

(©)(1)(-b) revised
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Page
100
100
100

101

102
104
104
105
106
107
107
109
110
112
111
116

120
120
136

137

140
141
144
143

144
146
146

146

Location
UG-151
UG-152
UG-153

UG-154

UG-155
UwW-1

Uw-2

UW-3

Figure UW-3
UW-6

Uw-8
UwW-10
Uw-12
Table UW-12
UW-13
Figure UW-13.2

Uw-14
UW-15
UW-20.2

UW-20.3.4

UW:20.4.2
Eigure UW-20.3
Figure UW-21
UwW-26

UW-28
Table UW-33
UW-34

UW-35

Change
Subparagraphs (a) and (c) revised
Subparagraph (a) revised

(1) Subparagraph (a) revised
(2) In subpara. (a)(2), “Nonmandatory Appendix MM” corrected by.
errata to “Nonmandatory Appendix M”

(1) Subparagraph (b)(3) revised
(2) Subparagraph (c)(3) deleted
(3) Subparagraphs (e)(3) and (e)(4) added

Subparagraph (h) revised

Revised

Subparagraphs (a), (b)(1), (b)(4)(-a), (b)(4)(-b), and (d)(3) revised
First paragraph and subparas. (c) and, (d) revised
Category F added

First paragraph revised

Revised

Revised

First paragraph revised

Type No. (9)-added

Subparagtaphs (a), (f)(4), and (g)(1) revised

(1) Sketches (m) and (n) revised
(2)Note (2) deleted and subsequent Note renumbered

Revised in its entirety
Revised in its entirety

(1) Definition of P, revised
(2) Definitions of S, ;, and S, ; , added
(3) Term “S,.” corrected by errata to “S,, ."

In subpara. (b) nomenclature, terms “F” and “S” corrected by errata
to “F,” and “S,,,” respectively

In subpara. (b), first two equations revised
Duplicate Figure UW-20.3 deleted by errata
Title corrected by errata

(1) Subparagraphs (a), (b), and (d)(4)(-a) [formerly (d)(4)(-b)]
revised

(2) Subparagraph (d)(4)(-a) deleted and subsequent subparagraphs
redesignated

Subparagraph (b) revised

Title added

(1) Revised

(2) Former Endnote 47 deleted and subsequent Endnotes
renumbered

Revised in its entirety
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Page Location Change

147 UW-35-1 In-text table formerly in UW-35(e) designated and titled
146 UW-36 Deleted

146 UW-37 Subparagraph (f)(1) revised

148 UW-38 Second cross-reference updated

148 UW-40 Revised in its entirety

150 UW-46 Revised

150 Uw-47 Revised

150 Uw-48 Revised

150 UW-49 Revised

151 UW-50 Title and subpara. (a) revised

151 UW-51 Revised

151 UW-52 Subparagraph (b)(3) revised

153 UW-55 Revised in its entirety

154 UF-1 Second sentence revised

154 UF-5 Subparagraph (d) revised

154 UF-12 Second paragraphsrevised

156 UF-32 Subparagraph (d)’added

157 UF-37 Subparagraph (b)(4) added

157 UF-38 Last sentence added

158 UF-43 First'sentence revised

158 UF-52 Revised

158 UF-55 Subparagraph (a) revised

160 UB-1 Subparagraph (a) revised

161 UB-9 Revised

164 UB-30 Subparagraphs (a), (b), and (d)(4)(-b) revised
165 UB-40 Revised

165 UB-42 Revised

165 UB*43 Subparagraph (a) revised

166 UB-44 Subparagraph (a) revised

167 UCS-1 Revised

168 UCS-16 Revised

169 Table UCS-23 For SA-372, Type/Grade revised

170 UCS-56 Revised in its entirety

176 Table UCS-56-4 In Note (d)(1), cross-reference updated
181 Table UCS-56-11 In Note (b)(1), cross-reference updated

182 Table UCS-56-12 Former Table UCS-56.1 redesignated
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Page
182
183
186
199
199
199
200
201
202
204
205
205
207

206

209
209
210
210
214
215
216
215
218
219

220
221
222
222
222
228
231

231

Location
UCS-66
Figure UCS-66
Figure UCS-66M
UCS-67
Table UCS-67.2-1
UCS-68
UCS-75
UCS-85
UCS-90
UNF-1
UNF-15
UNF-16
Table UNF-23.3

UNF-56

UNF-65

UNF-75

UNF-78

UNF-90

UHA-1

UHA-20

Table UHA-23
UHA-32

Table UHA-32-1
Table UHA-32-2

Table UHA-32-5
UHA-40

UHA-42

UHA-50

UHA-51
UHA-A-4

Table UCI-23

UCI-35

Change
Subparagraphs (a)(1)(-a)(-1) and (a)(1)(-a)(-3) revised
Table in Note (c) revised

Table in Note (c) revised

Revised in its entirety

Added

Revised in its entirety

Revised

Revised in its entirety

Revised

Revised

Subparagraph (b) revised

Revised

(1) SA-182, SA-213, SA-240, SA-312, SA-403, SA-479, SA-688, and
SA-965 added
(2) For SB-625, SB-649xand SB-677, UNS No. N08354 added

(1) In subpara. (¢), Endnote 54 deleted and subsequent Endnotes
renumbered
(2) Subparagraph (d)(1) and (d)(3)(-a) revised

Revised\ifvits entirety

Revised

Revised

Revised

Revised

Revised

SA-693 added

Subparagraph (d) revised

General Notes (a)(1) and (b) revised

(1) General Notes (a)(1), (b), and (c) [formerly (d)] revised
(2) General Note (c) deleted and subsequent General Note
redesignated

Second cross-reference in General Note (a) updated
Revised

Last sentence revised

Revised

Revised in its entirety

Cross-reference in subpara. (a)(5) updated

)

(1) “Class” column heading revised to “Class or Type’
(2) SA-439 added

Revised
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Page Location Change

232 UCI-78 Subparagraphs (a)(3) and (a)(4) revised

232 Table UCI-78.1 DN values added

232 Table UCI-78.2 DN values added

234 UCL-1 Last sentence revised

235 UCL-20 Subparagraph (a) revised

235 UCL-23 Last sentence revised

236 UCL-26 Revised

236 UCL-30 Revised

238 UCL-50 Revised

238 UCL-52 Cross-reference in subpara. (b) updated

239 UCD-3 In subpara. (b), Note revised

240 Table UCD-23 General Notes and Note (1) revised

240 UCD-78 Subparagraphs (a)(3) and (a)(4) revised

241 Table UCD-78.1 DN values added

241 Table UCD-78.2 DN values added

243 UHT-1 First sentence revised

244 UHT-16 Revised

245 UHT-18 Subparagraph (c)(2) revised

249 UHT-56 In subpara. (c), third cross-reference updated

250 UHT-75 Revised

253 UHT-86 Cross-reference updated

253 UHT-90 Revised

254 ULW-1 First sentence revised

265 ULW-18(d) Revised

272 ULW-57 Subparagraph (a) revised

283 ULT-86 Second cross-reference updated

286 Subsection D Added

286 Part UAS Former Mandatory Appendix 48 redesignated

288 Part UCC Former Mandatory Appendix 24 revised and redesignated
295 Part UDA Former Mandatory Appendix 17 revised and redesignated
306 Part UEB Former Mandatory Appendix 26 revised and redesignated
310 Form UEB-1 Former Form 26-1 redesignated and retitled

312 Form UEB-1M Former Form 26-1M redesignated and retitled

314 Part UE] Former Mandatory Appendix 5 revised and redesignated
318 Part UGL Former Mandatory Appendix 27 redesignated

320 Part UHX Formerly in Subsection C, moved to Subsection D
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Page
320
320
321

323
325

325
326

326
326
327
327
327
327
327
328
328
336

337
339
340
341
341
340
343
346
347
347
348
349
350

Location
UHX-1
UHX-2
Table UHX-1-1

Part UIF
Part UIG

UIG-1
UIG-3

UIG-5

UIG-6

Table UIG-6-1
UIG-7

UIG-8

UIG-23

UIG-27

UIG-28

UIG-34

Table UIG-34-1

Figure UIG:34-4
Table UIG-34-5

UIG=35

Figure UIG-35-1
Figure UIG-35-2
UIG-36

Figure UIG-36-2
UIG-45

UIG-75

UIG-76

Figure UIG-76-1

Figure UIG-76-1-M

Figure UIG-76-2

Change
Subparagraph (a) revised and Table UHX-1.1 deleted
Revised

(1) Former Table UHX-1.2 revised and redesignated
(2) Division 2 cross-reference for “Flexible shell element expansion
joints” corrected by errata to 4.20

Former Mandatory Appendix 22 revised and redesignated

(1) Formerly in Subsection C, moved to Subsection D
(2) In Nonmandatory Introduction, subparas. (b); (d), and (f)
revised

Revised

(1) Definitions of binder system, compouhd graphite material, and
impregnated graphite material added

(2) Definitions of certified materials,graphite cement, lot, and raw
materials revised

(3) Definitions of graphite compound and impervious materials
deleted

Subparagraph (b) revised

Subparagraph (b)(8) added and subpara. (c) revised
Revised in its,entirety

Revised

Subparagraph (d) revised

Subpdragraphs (c)(2) and (d) revised

Last sentence revised

Revised

Revised

For Operating Load Cases, shell side and tube side design pressures
revised

Sketch (a) revised

Last line revised

Added

Added

Added

Revised in its entirety

Sketches (a) through (e), (g), and (h) revised
First sentence revised

Subparagraphs (b) and (d) revised

In subparas. (c) through (e), cross-references updated
Revised

Added

Revised
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Page
351
353
355
357
358
359
360
360
360
361
361
362
363
363
364
365
367
368
371
371
372
373
380
386
388

391

393

394
395
397
399
403

406

Location
Figure UIG-76-2M
Figure UIG-76-3M
Figure UIG-76-4M
Figure UIG-76-5M
Figure UIG-76-6
Figure UIG-76-6M
UIG-77
UIG-78
UIG-79
UIG-81
UIG-84
Table UIG-84-1
UIG-97
UIG-101
UIG-102
UIG-103
UIG-104
UIG-105
UIG-116
UIG-120
UIG-121
Form CMQ
Form CMQ-C
Form CCQ
Form CPQ

Normandatory Appendix
UIG-A

Nonmandatory Appendix
UIG-B

Part UJK
Part UJV
Part UNC
Part UPX
1-4

1-5

Change

Added

Added

Added

Added

Title revised

Added

Subparagraphs (d)(2) and (f) revised

Revised

Subparagraphs (b) and (e) revised

Revised in its entirety

Revised

Revised in its entirety

Revised in its entirety

Former Mandatory Appendix 36 revised and redesignated
Former Mandatory Appendix 37 revised and redesignated
Former Mandatory)Appendix 38 revised and redesignated
Former Mandatory Appendix 39 revised and redesignated
Former Mandatory Appendix 40 revised and redesignated
Subparagraphs (e) and (f) added

Subparagraphs (c) and (d) added

Last sentence revised

Revised in its entirety

Added

In table on first page, entry for UIG-6 revised

(1) On first page, last cross-reference updated
(2) In table on second page, “Block Joint Material” revised to “Block
Joint”

Cross-references updated throughout and UIG-A-3(d) revised

Former Nonmandatory Appendix MM redesignated

Former Mandatory Appendix 19 redesignated

Former Mandatory Appendix 9 revised and redesignated
Former Mandatory Appendix 13 revised and redesignated
Former Mandatory Appendix 45 revised and redesignated

(1) Subparagraphs (a), (f)(1), and (f)(2) revised
(2) In subpara. (b), definition of S revised

In subpara. (c), Note deleted
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Page
409

413

418
422

433
434
436
437
439
441
442
442
443
443
443
444
446
447
448
450
453
454
456
457
458
461

470
473
474
475
476

Location

1-6

1-8

Mandatory Appendix 2
3-2

Mandatory Appendix 5
6-2

7-1

7-4

8-2

Mandatory Appendix 9
10-1

10-5

10-9

10-11

10-13

10-15

Mandatory Appendix. 13
Mandatory Appendix)14
Mandatory Appendix 17
MandatoryAppendix 19
Mandatoery Appendix 22
23-4

Mandatory Appendix 24
Mandatory Appendix 26
Mandatory Appendix 27
Table 31-1

35-4

Mandatory Appendix 36
Mandatory Appendix 37
Mandatory Appendix 38
Mandatory Appendix 39

Change

(1) In subpara. (b), definition of M, revised
(2) Subparagraph (d)(3) revised

In subpara. (b)(3), Step 5,“4 = 2-B/E,” corrected by errata to A =
2B/Ey"

Revised in its entirety

(1) Definition of acceptance by the Inspector, acceptedChy the
Inspector revised

(2) Definition of Certifying Engineer deleted

(3) Term nominal pipe size (NPS) revised to nomingl'pipe size [NPS

(DN)]

(4) Definition of replacement or repair parts added
Revised and redesignated as Part UE]
Revised

Cross-reference updated

Subparagraph (d) revised

Revised

Revised and redesignated as Part UJV
Second paragraph'revised
Subparagraphs (c)(1) and (c)(2) revised
Revised

Revised

Subparagraphs (a), (b)(6), (b)(7), (b)(8), and (b)(12) revised
Subparagraph (d) revised

Revised and redesignated Part UNC
Revised in its entirety

Revised and redesignated as Part UDA
Redesignated as Part UJK

Revised and redesignated as Part UIF
Subparagraphs (a)(3) and (b)(3) revised
Revised and redesignated as Part UCC
Revised and redesignated as Part UEB
Redesignated as Part UGL

(1) Entries for Nominal Composition 2%,Cr-1Mo revised
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CROSS-REFERENCING IN THE ASME BPVC

Paragraphs within the ASME BPVC may include subparagraph breakdowns, i.e., nested lists. The following is a guide ta
the designation and cross-referencing of subparagraph breakdowns:

(a) Hierarchy of Subparagraph Breakdowns

(1) First-level breakdowns are designated as (a), (b), (c), etc.

(2) Second-level breakdowns are designated as (1), (2), (3), etc.
(3) Third-level breakdowns are designated as (-a), (-b), (-c), etc.
(4) Fourth-level breakdowns are designated as (-1), (-2), (-3), etc.
(5) Fifth-level breakdowns are designated as (+a), (+b), (+c), etc.
(6) Sixth-level breakdowns are designated as (+1), (+2), etc.

(b) Cross-References to Subparagraph Breakdowns. Cross-references within an alphanumerieally designated para-
graph (e.g., PG-1, UIG-56.1, NCD-3223) do not include the alphanumerical designator of that paragraph. The cross-
references to subparagraph breakdowns follow the hierarchy of the designators under @hich the breakdown appears.
The following examples show the format:

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

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

(3) If X.1(c)(1)(-a) is referenced in X.1(e)(1), it will be referenced as (c)(1)(-a).
(4) If X.1(c)(1)(-a) is referenced in X.2(c)(2), it will be referenced as(X.1{c)(1)(-a).

Ixx
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(25)

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.

(b) This Division is divided into four Subsections, Man-~
datory Appendices, and Nonmandatory Appendices.

(1) Subsection A covers general requirements ‘appli-
cable to all pressure vessels.

(2) Subsection B covers specific requirements appli-
cable to the various methods used in the{fabrication of
pressure vessels.

(3) Subsection C covers specific requirements appli-
cable to the several classes of matekials used in pressure
vessel construction.

(4) Subsection D covers.requirements applicable to
specific types of pressure vessels and components.

(5) The Mandatory-Appendices address specific sub-
jects not covered elsewhere in this Division, and their re-
quirements are mandatory when the subject covered is
included in cofistruction under this Division.

(6) The Nonmandatory Appendices provide informa-
tion and‘suggested good practices.

(c)-See’below.

(1) The scope of this Division has been established to
identify the components and parameters considered in
formulating the rules given in this Division. Laws or reg-
ulations issued by municipality, state, provincial, federal,
or other enforcement or regulatory bodies having juris-
diction at the location of an installation establish 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 Division of the Code for vessels
or components not considered to be within its scope.

These laws or regulations should be reviewed to déter-
mine size or service limitations of the coveragewhich
may be different or more restrictive than thgse given
here.

(2) Based on the Committee’s considetation, the fol-
lowing classes of vessels are not incliided in the scope
of this Division; however, any préssure vessel which
meets all the applicable requirements of this Division
may be stamped with the Certification Mark with the U
Designator:

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

(-b) fired procéss tubular heaters;

(-c) pressure containers which are integral parts
or components jof 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 (58.6 kW);

(-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 Mandatory Appendix 3, 3-2), at the top of the vessel,
limitations below, with no limitation on size [see UG-28(f)
and UJV-1(d)]:

(-1) vessels having an internal or external pres-
sure not exceeding 15 psi (100 kPa);
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(-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 devices, such as
pumps, mixers, or compressors, are to be connected to
the vessel:

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

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

(-¢) the face of the first flange for boltéd, flanged
connections;

(-d) the first sealing surface for preprietary con-
nections or fittings;

(2) where nonpressure parts areswelded directly to
either the internal or external préssure-retaining surface
of a pressure vessel, this scopé‘shall include the design,
fabrication, testing, and material requirements estab-
lished for non-pressure<part attachments by the applica-
ble 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) thefirst sealing surface for proprietary fittings or
components for which rules are not provided by this Divi-
siomnsuch as gages, instruments, and nonmetallic
components.

{f) The scope of the Division includes requirements for
overpressure protection in UG-150 through UG-156.

(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-150(d), 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 accordance 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;

(-¢) vessels in which steam is generated but not
withdrawn for external 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 be 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
Part UJK).

(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-35.2and UG-35.3, respectively), and that do not ex-
ceed the following volume and pressure limits may be ex-
emptred 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) 1%, 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” Designator in Figure UG-116, sketch (b) and
with the data required in UG-116. Certificates of Compli-
ance shall satisfy the requirements of UG-120(a).

U-2 GENERAL

(a) The user or the user’s designated agent (see Non-
mandatory Appendix NN) shall establish the design re-
quirements for pressure vessels, taking into
consideration factors associated with normal operation,
such other conditions as startup and shutdown, and ab-
normal conditions which may become a governing design
consideration.

(1) Such consideration shall include but shall not be
limited to the following:
(-a) all loadings listed in UG-22.
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(-b) the need for corrosion allowances;

(-c) damage mechanisms and service restrictions
associated with the service fluid at design conditions. In-
formative and nonmandatory guidance regarding metal-
lurgical phenomena is provided in Section II, Part D,
Nonmandatory Appendix A, API RP 571, and WRC Bulle-
tins 488, 489, and 490.

(-d) the need for postweld heat treatment beyond
the requirements of this Division and dependent on ser-
vice conditions;

(-e) for pressure vessels in which steam is gener-
ated, 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.

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

(2) User’s Design Requirements Form

(-a) A User’s Design Requirements Form, or other
document with equivalent information, shall be provided
when any of the following conditions is a design
requirement:

(-1) superimposed static reactions [see
UG-22(c)]

(-2) cyclic or dynamic reactions [see UG-22(e)]

(-3) loadings due to wind, snow, or seismic reac-
tions [see UG-22(f)]

(-4) impact reactions [see UG-22(g)]

(-5) temperature effects [see UG-22(h)]

(-6) abnormal pressures [see UG-22(i)]

(-b) A User’s Design Requirements Form,or-other
document with equivalent information shall¢be ‘provided
when overpressure protection by system design in accor-
dance with Section XIII, Part 13 has been*chosen.

(-c) A User’s Design Requiremients Form or other
document with equivalent informatien shall be provided
when the user of an existing Code-pressure vessel is spe-
cifying replacement or repajgparts to be built by a parts
Manufacturer that performs-no design function. The user
shall identify on the forym the parts as “User-Specified
Parts.”

(-d) Sample_User’s Design Requirements Forms
and guidance onjtheir preparation are found in Nonman-
datory Appendix KK. This sample form might not be appli-
cable to-allpressure vessels that may be constructed in
accordance with this Division. The user is cautioned that
inputfrom the Manufacturer may be necessary for com-
pletion of this form.

(b) Responsibilities*

(1) The Manufacturer is responsible for the structur-
al and pressure-retaining integrity of a vessel or part
thereof, as established by conformance with the require-
ments of the rules of this Division and any additional re-
quirements specified in the User’s Design Requirements

Form when provided. The Manufacturer’s Data Report
shall include the design requirements of (a)(2)(-a) and
and (a)(2)(-b)when specified.

(2) The Manufacturer of any vessel or part to be
marked with the Certification Mark has the responsibility
of complying with all of the applicable requirements of
this Division and, through proper certification, 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 rulesof this Di-
vision, and the vessel or part Manufacturer(s signature on
the Manufacturer’s Data Report Form shall’lbe considered
as certification that this has been done. The vessel or part
Manufacturer shall have available for'the Inspector’s re-
view the applicable design calculations and, when pro-
vided, the User’s Design Requirements Form. See
Mandatory Appendix 10,+10-5 and 10-15(d).

(3) The Manufacturerhas the responsibility of ensur-
ing all personnel performing design activities are quali-
fied in the applicable area(s) of design. See Mandatory
Appendix 10 .and Mandatory Appendix 47.

(4) The Manufacturer has the responsibility to report
methods-of design used that are not covered by the rules
of this Division [see (g)], and shall be described in the “Re-
matks” of the Manufacturer’s Data Report.

(5) 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-
sel 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) Avessel 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 provide
procedures for establishing its maximum allowable work-
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 deemed necessary by the Inspector to permit
certification that the vessel has been designed and con-
structed in accordance with the minimum requirements
of this Division. The Inspector has the duty of verifying
that the applicable design calculations 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-90.3.
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NOTE: The term “applicable design calculations” means that all
pressure-retaining 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
that applicable 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.

(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 Manufacturer’s Data Re-
port Form U-1, Form U-1A, or Form U-1P within Nonman-
datory Appendix W, 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 Manufac-
turer’s Partial Data Report Form U-2 or Form U-2A to the
other party. The other party, who must hold a valid U Cer-
tificate of Authorization, makes the final assembly, re-
quired NDE,“and final pressure test; completes the
Manufacturer’s Data Report Form U-1, Form U-1A4, or
Form U-1P; 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
thé vessel Manufacturer. The Certificate Holder perform-
ing the field work is required to supply the Manufac-
turer’s Partial Data Report Form U-2 or Form U-2A
covering the organization’s portion of the work com-
pleted (including data on the pressure test if conducted
by the Certificate Holder performing the field work) to
the Manufacturer responsible for the Code vessel. The

vessel Manufacturer applies the Certification Mark with
the U Designator in the presence of a representative from
the Inspection Agency and completes the Manufacturer’s
Data Report Form U-1, Form U-1A, or Form U-1P with the
Inspector.

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

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

(j) The Manufacturer of the €ompleted vessel shall es-
tablish the construction requirements for subcontracted
parts [see Mandatory Appendix 43, 43-2(a)(2)] requiring
inspection under thjs Division. The Manufacturer shall
give consideration\to the compatibility of the parts with
the completed wessel. Such consideration shall include,
but not be limited to, the following:

(1) the design requirements established by the user
or the user’s designated agent [see (a)]

(2)/the Certificate Holder responsible for design [see
UG<120(c)(1)(-b)]

(3) the need for pressure testing by the Manufacturer
of the part, including the required test pressure

(4) impact testing requirements for materials and/or
welding procedure qualifications

(5) compliance with special requirements for vessels
intended for special services [see UG-120(d)]

(6) the need for preheat or postweld heat treatment

(7) the extent and method of nondestructive exami-
nation (see UW-12)

(8) the units of measurement (see U-4)

(9) the mandated Edition of the Code to be used for
construction (see Mandatory Appendix 43)

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 year 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.
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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 different lo-
cations where local customary units are different than
those used for the general design, the local units may 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 than that used for the gen-
eral design, the alternate units may be used for the design
and documentation of that component, subject to the lim-
itations given in (c).

(c) For any single equation, all variables shall be ex-
pressed in a single system 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 standard units given in Table U-4-1. When sep-
arate equations are provided for U.S. Customary and SI
units, those equations must be executed using variables
in the units associated with the specific equation. Data ex-
pressed 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 anycother
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 qualification§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 meastirement 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 Manufac-
turer shall provide the source of the conversion factors
which shall be subject to verification and acceptance 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 manufaeturing
precision or tolerance on the dimensions.

(g) Material that has been manufactured and certified
to either the U.S. Customary or SI materiat specification
(e.g, SA-516M) may be used regardless-ofthe 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
data for Code-required\nameplate marking shall be in
units consistent with:the fabrication drawings for the
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 tolerances or local var-
iances may be considered acceptable when based on
engineering judgment and standard practices as deter-
mined by the designer.

U-6 CROSS-REFERENCES TO SECTION VIII,
DIVISION 2

In some instances, this Division references Section VIII,
Division 2 for design rules. If a cross-referenced Division
2 requirement then refers to another Division 2 element
(e.g., a paragraph, figure, or table), the designer using this
Division shall use the applicable element of this Division.
Refer to the relevant tables located at the beginning of
each Part or Appendix that references Division 2 design
rules.

For example, see Part UE], Table UEJ-1-2, which lists
the Division 1 elements that are used in lieu of Division
2 elements referenced in the Division 2 design rules.
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Table U-3

Year of Acceptable Edition of Referenced Standards in This Division

Title

Number

Year

Pipe Threads, General Purpose (Inch)

Marking and Labeling Systems
Seat Tightness of Pressure Relief Valves

Minimum Design Loads and Associated Criteria for Buildings and Other Structures
Unified Inch Screw Threads (UN and UNR Thread Form)

Gray 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

Cast Copper Alloy Pipe Flanges, Flanged Fittings, and Valves, Classes 150, 300, 600,
900, 1500, and 2500

Ductile Iron Pipe Flanges and Flanged Fittings, Classes 150 and 300

Large Diameter Steel Flanges, NPS 26 Through NPS 60 Metric/Inch Standard

Nuts for General Applications: Machine Screw Nuts, Hex, Square, Hex Flange, and
Coupling Nuts (Inch Series)
Welded and Seamless Wrought Steel Pipe

ANSI/ASME B1.20.1

ANSI/UL-969
API Std. 527

ASCE/SEI 7
ASME B1.1

ASME B16.1
ASME B16.5
ASME B16.9

ASME B16.11
ASME B16.15
ASME B16.20

ASME B16.24

ASME B16.42
ASME B16:47

ASME\Bi18.2.2

ASME B36.10M

Latest edition

Latest edition
2020

2022
Latest edition

2020
2025 [Note (1], [Note (4)]
Latest edition

Latest edition
Latest edition
Latest edition

2021

2021
2025 [Note (4)]

Latest edition

Latest edition

Conformity Assessment Requirements ASME CA-1 Latest edition
Pressure Boundary Bolted Flange Joint Assembly ASME PCC-1 2022
Repair of Pressure Equipment and Piping ASME PCC-2 2022
Standard Test Method for Measurement of Fracture Toughness ASTM E1820 2024
Section VIII - Division 1 Example Problem Manual ASME PTB-4 Latest edition
Criteria for Shell-and-Tube Heat Exchangers According to Part UHX of ASME Section ASME PTB-7 2014
VIII-Division 1
Safety Standard for Pressure Vessels for Human Occupancy ASME PVHO-1 2016
Qualifications for Authorized Inspection ASME QAI-1 Latest edition [Note (2)]
Standard Practice for Quantitative Measurement and Reparting of Hypoeutectoid ASTM A1033 Latest edition
Carbon and Low-Alloy Steel Phase Transformations
Standard Test Method for Flash Point by Tag Closed, Tester ASTM D56 Latest edition
Standard Test Methods for Flash Point by Pensky“Martens Closed Cup Tester ASTM D93 Latest edition
Standard Guide for Preparation of Metallographie Specimens ASTM E3 2017
Standard Reference Photographs for Magnetic Particle Indications on Ferrous ASTM E125 1963 (R2023) [Note (3)]
Castings
Standard Hardness Conversion Table§for Metals Relationship Among Brinell ASTM E140 Latest edition
Hardness, Vickers Hardness, Roekwell Hardness, Superficial Hardness, Knoop
Hardness, and Scleroscope Hardness
Standard Reference Radiographs for Heavy-Walled [2 to 4%, in. (50.8 to 114 mm)] ASTM E186 2020
Steel Castings
Standard Test Methad for Conducting Drop-Weight Test to Determine Nil- Ductility ASTM E208 Latest edition
Transition Temperature of Ferritic Steels
Standard Refererice Radiographs for Heavy-Walled [4Y, to 12 in. (114 to 305 mm)] ASTM E280 2021
Steel Castings
Standard Reference Radiographs for Steel Castings up to 2 in. (51 mm) in Thickness ASTM E446 2020
Metallic Materials — Charpy Pendulum Impact Test Part 1: Test Method ISO 148-1 Latest edition
Metallic Materials — Charpy Pendulum Impact Test Part 2: Verification of Testing ISO 148-2 Latest edition
Machines
Metallic Materials — Charpy Pendulum Impact Test Part 3: Preparation and ISO 148-3 Latest edition
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 AWS A4.2M Latest edition
Ferrite Content of Austenitic and Duplex Ferritic-Austenitic Stainless Steel Weld
Metal
Metric Screw Thread — M Profile ASME B1.13M Latest edition
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Table U-3
Year of Acceptable Edition of Referenced Standards in This Division (Cont'd)
Title Number Year
Metric Screw Thread — M] Profile ASME B1.21M Latest edition

Metric Heavy Hex Screws

Metric Fasteners for Use in Structural Applications

Standard Test Method for Compressive Strength of Carbon and Graphite
Standard Practices for Force Verification of Testing Machines

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

ASME B18.2.3.3M
ASME B18.2.6M

ASTM C695
ASTM E4
ASTM E177

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

of a Test Method

Latest edition
Latest edition
2021
2021
2020
2023

NOTES:

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

(2) See UG-91 and UG-117(a).
(3) R — Reaffirmed.

(4) The use of a flange or flanged fitting that relies on and meets the requirements of a B16 Case isthot permitted.

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 (iny

Area

Volume

Section modulus

Moment of inertia of section
Mass (weight)

Force (load)

Bending moment

Pressure, stress, stress intensity, and modulus of elasticity

Energy (e.g., Charpy impact values)
Temperature

Absolute temperature

Fracture toughness

Angle

Boiler capacity

squargsinches (in.?)

cubic iches (in.*)
cibic.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.)
degrees or radians

Btu/hr

millimeters (mm)

square millimeters (mm?)
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)
degrees or radians

watts (W)
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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, C,
and D and the Mandatory Appendices that pertain to
the method 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 II, Part.D,
Subpart 1, Tables 14, 1B, and 3, including all applicable
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; UG-10;UG-11; UG-15;
Part UCS; Subsection D, Part UIG; and thé;Mandatory Ap-
pendices. Material may be identifi&d\as meeting more
than one material specification and/or grade, provided
the material meets all requirements of the identified ma-
terial specification(s) and/or grade(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 cgnform 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
vessel by welding shall be of weldable quality [see
UW-5(b)}..The allowable stress values for material not
identifiéd 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 Véssel Committee on Materials in accor-
dance with Section II, Part D, Mandatory Appendix 5.

(e) Matetials outside the limits of size and/or thickness
given in the title or scope clause of the specifications giv-
en in‘Séction 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) Itis recommended that the user or the user’s desig-
nated agent ensure that materials used for the construc-
tion of the vessels will be suitable for the intended
service with respect to retention of satisfactory mechan-
ical properties, and resistance to corrosion, erosion, oxi-
dation, and other deterioration during their intended
service life. See also informative and nonmandatory guid-
ance regarding metallurgical phenomena in Section II,
Part D, Nonmandatory 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
taken 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) Specifications and maximum allowable stress val-
ues for acceptable forging materials are given in the
tables referenced in UG-23. (See Part UF for forged
vessels.)

(b) Bar [as defined in UG-14(a)] that is forged indepen-
dent of the material specification to which it is certified
may be used only within the limitations 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
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 1b (2 250 kg).
The largest obtainable tension test 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 forgingsrthe longitudinal axis of the test speci-
men shall be taken in the tangential direction. When
agreed to by the Manufacturer, and when not prohibited
by the material specification, test specimens may be ma-
chingd 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 all ma
terials except cast iron.

UG-8 PIPE AND TUBES

(a) Pipe and tubes of seamless or welded®¢onstruction
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 the materials 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 41.\The requirements of (1), (2),
(3), and (5) do not applyp to tubes produced in accordance
with a Section II intégrally-finned material specification.
These tubes may*be used under the following conditions:

(1) The«tubés, 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
fitmed 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
I, 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-90.3(a)(10) 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

UG-9.1 Production Welding Materials. Welding ma-
terials used for production shall meet the requirements of
this Division, Section IX, and the applicable qualified
Welding Procedure Specification.

UG-9.2 Identification of Welding Materials. The ves-
sel or part Manufacturer may accept one or more of the
following for identification of welding materials:

(a) the marking or tagging of the welding material, con-
tainers, or packages as required by the Section II, Part C
specification to which the material conforms

(b) the marking or tagging of the materials in the Weld-
ing Procedure Specification if the material does not con-
form to a Section II, Part C specification

(c) the Test Report

(d) the Certificate of Compliance

UG-10 RECERTIFICATION OF MATERIAL TQ A
SPECIFICATION PERMITTED BY THIS
DIVISION

UG-10.1 Recertification Procedural Requirements.

(a) Only a Certificate Holder (vessel oy part Manufac-
turer) shall recertify material.

(b) The Certificate Holder shall only recertify a material
to a specification permitted by this Division that is any of
the following (see also Mandatory Appendix 43):

(1) an ASME material“specification published in the
current Edition of Section’1l, Part A or Part B

(2) a material specification otherwise explicitly per-
mitted by the current Edition of Section II, Part A, Manda-
tory Appendix:II or Section II, Part B, Mandatory
Appendix Il

(3) aCode Case material specification

UG-10.2 Recertification of Identified Material. A
Gertificate Holder shall recertify per UG-10.2.1 or
UG-10.2.2 a material meeting the following criteria:

(a) The material is identified with a specification not
permitted by this Division.

(b) The material is identified to a single lot as required
by a specification permitted by this Division.

(c) The material has marking acceptable to the Inspec-
tor that identifies the material to the documentation.

See UG-10.3 for recertification of material that does not
meet the criteria of (a), (b), and (c).

UG-10.2.1 Recertification When Documentation Is
Available.

(a) The material manufacturer shall provide to the Cer-
tificate Holder documentation that the material meets all
the requirements of a specification permitted by this
Division.

(b) After establishing the material’s conformance to the
permitted specification, the Certificate Holder shall mark
the material as required by the permitted specification
identified in (a).

UG-10.2.2 Recertification When Complete Docu-
mentation Is Unavailable. If the complete.documentation
described in UG-10.2.1(a) is unavailable, the Certificate
Holder shall meet the requirements*in 10.2.2.1 through
10.2.2.5.

UG-10.2.2.1 Missing Chemical Requirements
Documentation. If documentation demonstrating com-
plete conformance to the chemical requirements is not
available, the Certificate Holder shall perform chemical
analyses as deséribed in (a) through (d).

(a) The Certificate Holder shall select a sample of ran-
dom pieces\from the lot of material for chemical analysis.
The nufuber of pieces in the sample shall be at least

where
n = number of pieces in the lot

(b) The Certificate Holder shall analyze each piece in
the sample per the chemical analyses described in the
permitted specification.

(c) The Certificate Holder shall analyze those elements
for which the permitted specification (including its gener-
al requirements specification) requires analysis and for
which documentation is unavailable.

(d) To qualify for recertification, the material shall sat-
isfy the following criteria:

(1) Each individual analysis for an element shall con-
form to the product analysis limits of the permitted
specification.

(2) The average of each element shall conform to the
heat analysis limits of the permitted specification.

UG-10.2.2.2 Missing Mechanical Requirements
Documentation.

(a) The Certificate Holder shall test all mechanical
properties for which required documentation is
unavailable.

(b) The Certificate Holder shall perform the tests per
the requirements of the permitted specification.

(c) The results of the mechanical properties tests shall
conform to the requirements of the permitted
specification.

10
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UG-10.2.2.3 Missing Heat Treatment Require-
ments Documentation. If documentation demonstrating
complete conformance to the heat treatment require-
ments is not available, the Certificate Holder shall heat
treat the material per the requirements of the permitted
specification. The heat treatment may be done before or
during fabrication (see also UG-85).

UG-10.2.2.4 Other Requirements. The Certifi-
cate Holder shall demonstrate that the material meets
all other applicable requirements of the permitted
specification.

UG-10.2.2.5 Marking and Acceptance. After es-
tablishing per UG-10.2.2.1 through UG-10.2.2.4 the mate-
rial’s conformance to the permitted specification, the
Certificate Holder shall mark the material as required
by the permitted specification.

UG-10.3 Recertification of Material Not Fully Iden-
tified. A Certificate Holder may recertify per UG-10.3.1
and UG-10.3.2 a material that cannot be recertified per
UG-10.2. UG-10.3.1 and UG-10.3.2 apply to material meet-
ing either of the following criteria:

(a) The material is not fully identified as required by a
specification permitted by this Division.

(b) The material is unidentified.

UG-10.3.1 Recertification Requirements. The Cer-
tificate Holder shall perform the following steps:

(a) Test each piece of material to show that it meets the
chemical composition for heat analysis of the permittéd
specification. Chemical analyses shall be made for,thgse
elements required by the permitted specification (includ-
ing its general requirements specification).

(b) Test each piece of material to show thatit'meets the
mechanical properties requirements of the permitted
specification.

(c) When the direction of final relling or major work
(as required by the material spegification) is not known,
the Certificate Holder shall do.the following:

(1) Take tension test spécimens in each appropriate
direction from each sampling location designated in the
permitted specification:

(2) Ensure that'all test results conform to the mini-
mum requirements of the specification.

(3) Show that the tensile strength of at least one spe-
cimen confoerms to the maximum requirement.

(d) Heat treat if required per UG-10.2.2.3.

(e) Demonstrate that the material meets all other appli-
cable requirements of the permitted specification.

UG-10.3.2 Recertification Acceptance.

(a) After identifying the material per UG-10.3.1, the
Certificate Holder shall mark the material with the follow-
ing information:

(1) the number of the permitted specification and
grade, type, or class, as applicable, of the material
(2) a serial number identifying the lot of material

(b) The Certificate Holder shall complete and certify a
material report clearly labeled “Report on Tests of Noni-
dentified Material.”

(c) The Inspector shall review the “Report on Tests of
Nonidentified Material” [see (b)]. If accepted by the In-
spector, the report shall constitute authority to use the
material in lieu of material procured to the requirements
of the permitted specification.

UG-11 PREFABRICATED OR PREFORMED
PRESSURE PARTS

(a) Prefabricated or preformed pressure parts for pres-
sure vessels that are subject to stresses-due to pressure
and that are furnished by others oby the Manufacturer
of the completed vessel shall confornt to all applicable re-
quirements of this Division exeept as permitted in (b),
(©), (d), (e), and (f) below. When the prefabricated or pre-
formed parts are furnished/with a nameplate that con-
tains product identifying marks and the nameplate
interferes with furtherfabrication or service, and where
stamping on thepmaterial 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), (d),
and (f) need not be manufactured by a Certificate Holder.
However, the Manufacturer of the completed vessel or
Certification Mark-stamped part shall ensure that parts
furnished under the provisions of (b) through (f) 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 or nonwelded

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

(4) cast cylindrical acrylic shells meeting the require-
ments of Part UAS.

(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 ma-
terials 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
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with such other markings as will serve to identify the par-
ticular parts with accompanying material identification.
The Manufacturer of the completed vessel shall be satis-
fied that the part is suitable for the design conditions spe-
cified for the completed 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

(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-93.1 or UG-93.2, 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 eithérinthe lo-
cation of the parts manufacturer or in the logation 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 completed radio-
graphs, properly identified, with a radiographic 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 retention of this documentation,
and have such documentation available for examinatien
by the Inspector when requested. The documentation
shall contain at a minimum:

(-a) material used

(-b) the pressure-temperature rating 6f'the part

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

(d) Cast, Forged, Rolled, or Die Férmed Standard Pres-
sure Parts That Comply With a, Standard Other Than an
ASME Product Standard, EitherdWelded or Nonwelded

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

(-a) a Cextificate Holder

(-b) a-pressure parts manufacturer

(2) Parts-of small size falling within this category for
which itis impossible to obtain identified material or that
may bé stocked and for which identification in accordance
withAUG-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 parts as identified in (d) do
not require inspection, identification in accordance with
UG-93.1 or UG-93.2, or 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
Manufacturer of the completed vessel.

(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 parts Manufacturer

(-c) the location of the pressure parts
manufacturer

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

(-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.

(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 ae-
cordance with the rules of this Division. [See also U-2(g)]
This analysis shall be included in the documentatioh and
shall be made available for examination by the/Inspector
when requested.

(11) The documentation shall contain‘at a2 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), the Certificate Holder
may subgontract to an individual or organization not
holdjng-an ASME Certificate standard pressure parts that
are fabricated to a standard other than an ASME product
stanidard 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 joining operations, and these provisions
shall be acceptable to the Manufacturer’s Authorized In-
spection Agency:

(-a) the joining processes permitted by this Divi-
sion that are permitted to be subcontracted

(-b) joining operations

(-c) Authorized Inspection activities

(-d) placement of the Certificate Holder’s marking
in accordance with UG-11(d)(8)

(3) The Certificate Holder’s Quality Control System
provides for the requirements of UG-92 to be met at-the
subcontractor’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 joining 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 thejs-Quality Control Systems the opera-
tional control of precedure and personnel qualifications
of the subcontracted joining operations.

(8) Thé Certificate Holder shall be responsible for
controlling the quality and ensuring that all materials
and parts that are joined 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 from the
subcontractor.

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

(f) Cast Acrylic Shells

(1) Cast acrylic cylindrical shells meeting the re-
quirements of Part UAS may be supplied as material.

(2) The acrylic cylindrical shell manufacturer shall
provide certification that the acrylic shell has been con-
structed in accordance with all the requirements of Part
UAS. The certification package shall include all certifica-
tion documentation required by Part UAS, UAS-8 and
ASME PVHO-1 Forms VP-1 through VP-4.

(3) The certification package shall be verified by the
Authorized Inspector prior to the acrylic shell being in-
stalled into any part of the vessel.

(4) The Certificate Holder shall include the acrylic
certification package and PVHO-1 Form VP-5 with Form
U-1 or Form U-1A.

UG-12 BOLTS AND STUDS

(a) Bolts and studs may be used for the attachment of
removable parts. Specifications, supplementary rules,
and maximum allowable stress values for acceptable bolt-
ing materials are given in the tables referenced in UG-23.
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(b) Studs shall be threaded full length or shall be ma-
chined down to the root diameter of the thread in the un-
threaded portion, provided that the threaded portions are
at least 1Y/, diameters in length.

Studs greater than eight diameters in length may have
an unthreaded 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 appli-
cable 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 BARS

(a) General

(1) Bar materials shall conform to the requirements
for bars or bolting in the applicable Part of Subsection C.

(2) A bar is defined as a solid section whose axial
length is greater than its maximum cross-sectional di-
mension, with a nominally constant cross section
throughout its length.

(3) A rod is defined as a bar with other thana square
or rectangular cross section; the general term “bar” is
used in this paragraph.

(b) Bars Used in Tension or Longitudingl*Bending. Bars
may be used in pressure vessel constrietion for pressure
parts whose primary stresses are parallel to the axis of
the bar, such as flange rings [sée Mandatory Appendix
2, 2-2(d)], stiffening rings, frames for reinforced open-
ings, stays and staybolts, and similar parts.

(c) Other Parts Machined From Bar. Pressure parts
other than those jin\(b), such as hollow cylindrically
shaped parts, heads,-caps, tubesheets, flanges, elbows, re-
turn bends, teés, and header tees, may be machined di-
rectly fromsbar as provided below. (See Table UG-14-1.)

(1) Using a Reduction in Design Stresses. Parts may be
machined from bar provided all the following require-
ments are met:

(-a) The minimum required thickness of the com-
ponent is calculated using 50% of the following values, as
appropriate:

(-1) the specified allowable stress

(-2) the “B” value for external pressure or com-
pressive stress design

(-3) the yield and tensile strengths for rules

(-b) The following surfaces shall be examined by
the magnetic particle or liquid penetrant method in accor-
dance with the requirements of Mandatory Appendix 6 or
Mandatory Appendix 8, respectively (see Figure
UG-14-1):

(-1) any surface that has a slope greater than
1:3 from the axis of the bar following final machining, ex-
cept where accessibility prevents meaningful interpreta-
tion and characterization of imperfections

(-2) the cut surfaces of the weld preparations
prior to welding

(-c) Bar having a minimum cross-sectionalMdimen-
sion greater than 8.00 in. (205 mm) shall also‘Conform to
the ultrasonic requirements of (2)(-b) and (2)(-c).

(2) Using Transverse Tension Testing“and Ultrasonic
Examination. As an alternative to_(?l), parts may be ma-
chined from bar without a reductien in design stresses
provided all the following requirements are met:

(-a) Transverse Test-Specimens

(-1) In additiontathe tension test specimens re-
quired by the material‘specification, tension test speci-
mens shall meet the following requirements:

(+a)They shall be taken transverse to the axis
of the bar per the requirements of (-2).

(+b) They shall be sampled from each lot (as
definedin the material specification) of bar material.

(+c) In addition to the per-lot requirement of
(+b),bars in the same lot shall be sampled from each dia-
meter in the lot.

(-2) Specimens shall be removed from the bar
as shown in Figure UG-14-2.

(+a) Hollow Parts, Such as Hollow, Cylindrically
Shaped Parts, and Ring, Slip-On, or Weld Neck Flanges. The
axis of the two outer tension test specimens shall be lo-
cated, as nearly as practicable, midway between the mini-
mum inner and maximum outer surfaces of the finished
part, as measured from the bar axis, and 90 deg around
the perimeter from each other.

(+b) Solid Parts, Such as Heads, Caps, Tube-
sheets, Blind Flanges, Elbows, Return Bends, Tees, and
Header Tees

(+1) The axis of the two outer tension test
specimens shall be located as nearly as practicable to
the outer surface of the finished part, as measured from
the bar axis, and 90 deg around the perimeter from each
other.

(+2) The axis and mid-gage length of the
third specimen shall be located approximately at the cen-
terline of the bar; its orientation need not be aligned with
either of the two other specimens.

(-3) All specimens shall meet all the mechanical
tension test property requirements of the material
specification.

(-b) Ultrasonic Examination. Each bar, before ma-
chining, shall be 100% ultrasonically examined perpendi-
cular to the longitudinal axis by the straight beam

using such criteria
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technique in accordance with Section V, SA-388 or
SA-745, as applicable. The 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.

(-¢) Longitudinal Ultrasonic Examination. For ma-
chined features of components for which it is practicable,
such as heads, tubesheets and the flat portion of caps, the
ultrasonic examination perpendicular to the longitudinal
axis of (-b) shall also be performed in the axial direction.
If the axial ultrasonic examination is qualified for the bar
prior to machining, this ultrasonic examination may be
done in lieu of the examination perpendicular to the lon-
gitudinal axis per (-b).

(-d) Surface Examination. Each part shall be sur-
face examined per (1)(-b).

(3) Exemptions. The following are exemptions to the
requirements of (c):

(-a) ASME Standard Parts. The requirements of (1)
and (2) do not apply to parts conforming to an ASME stan-
dard per UG-11(c).

(-b) Proof-Tested Parts. The requirements of
(1)(-a) and (2) do not apply to parts that use the provi-
sions of UG-101. Only the requirements of (1)(-b) and

(1)(-c) apply.
UG-15 PRODUCT SPECIFICATION

When a material specification is not listed in’this Divi-
sion covering a particular wrought or hotdsostatically
pressed material product of a grade (i.e., d€sired materi-
al), but there is an approved specificatiomlisted in this Di-
vision covering some other wrought or hot isostatically
pressed material product of that grade (i.e., approved ma-
terial ), the desired material may be used provided the fol-
lowing conditions are met;

(a) The chemical, mechanical, heat treating, deoxida-
tion, and grain size requirements shall conform to the ap-
proved material.

(b) Hot isostatically pressed material shall also meet
the requirements of Section II, Part D, Mandatory Appen-
dix 5, Table 5-100 and 5-600 and shall be limited to the
classes of material itemized in the title of Section II, Part
D, Mandatory Appendix 5, Table 5-100.

(c) The desired material shall be covered in a Seetion 11
specification.

(d) The stress values for the approved material given in
the tables referenced in UG-23 shall be used;

(e) For the case of welded product fornis without the
addition of filler metal, the allowable stresses of the de-
sired material shall be the appropriate approved material
stress values multiplied by a factor of 0.85.

(f) The product shall not b& pipe or tube fabricated by
fusion welding with the addition of filler metal unless it is
constructed as a pressure part in accordance with the
rules of this Division;

(g) The material test reports shall reference the speci-
fications used.in producing the material and reference
this paragraph:

DESIGN
UG-16 GENERAL

The design of pressure vessels and vessel parts shall
conform to the general design requirements in UG-16.1
through UG-16.4. In addition, design of pressure vessels
and vessel parts shall conform to the specific require-
ments for Design given in the applicable Parts of Subsec-
tions B, C, and D.

(a) If the design rules for a component reside in this Di-
vision, without reference to Section VIII, Division 2, then
the design rules of this Division apply, except that Manda-
tory Appendix 46 may be used as an alternative.

(b) If the design rules for a component refer to the de-
sign procedures in Section VIII, Division 2, then those de-
sign procedures shall be used subject to the conditions

Table UG-14-1
Criteria and Requirements for Bar per UG-14(c)

Direction of Primary Stresses
Relative to the Bar Axis

Design Stress

Volumetric
Ultrasonic
Examination

Penalty Required Required per Transverse Surface
per UG-14(c)(2)(-b) Tension Testing Examination
Bar Nominal UG-14(c)(1)(-a), and Required per Required per
Parallel Not Parallel Size, in. (mm) % UG-14(c)(2)(-c) UG-14(c)(2)(-a) UG-14(c)(1)(-b)
X Any None None None None

X <8.00 (=205) 50 None None X
X >8.00 (>205) 50 X None X
X Any None X X X

(25)

(25)
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Figure UG-14-1
Typical Component Surface Examination Locations and Machined Features Requiring Axial Ultrasonic
Examination
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GENERAL NOTES:

(@) The areas between the arrows shall be surface examined.

(b) The features delineated between the argows indicate examples of parts for which axial ultrasonic examination would be required, when
practicable, in the machined part or in‘the bar prior to machining.

specified in the applicable appendix or paragraph in this (b) 0.0938 in. (2.5 mm) for shells and heads con-
Division. Requirements other than design shall be in ac- structed from Table UCS-23 materials and used in com-
cordance with this Division. pressed air service, steam service, or water service
(c) For examples-applying the design rules in this Divi- (c) 0.022 in. (0.5 mm) for tubes used in air-cooled or
sion, see ASME PTB+4. cooling tower heat exchangers provided the tubes
UG-16.1 _Corrosion Allowance. Unless otherwise spe- (1) are not used in lethal service applications [see
cified, all-dimensions represented by dimensional sym- UW-2(a)] ] .
bols used-in design equations throughout this Division and (2) are protected by fins or other mechanical means,

are taken in the corroded condition.
(3) have an outside diameter of 0.375 in. to 1.5 in.

(10 mm to 38 mm), inclusive
(d) 0.0625 in. (1.5 mm) for all other components, un-
less otherwise specified in this Division

UG-16.2 Minimum Thickness Requirements. The
minimum thickness of the following components, after
forming, regardless of product form or material, and ex-

clusive of any corrosion allowance, shall be as follows: L. . . .
(a) 0.25 in. (6 mm) for shells and heads of unfired UG'16.3 Minimum Thickness Exemptlons. Minimum

thickness requirements do not apply to the following
components:
(a) heat transfer plates of plate-type heat exchangers

steam boilers
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Figure UG-14-2
Transverse Tension Test Specimen Locations and Orientations

D = bar diameter

t = wall thickness

GENERAL NOTES:

(a) The thick solid outlines are illustrative of\a\finished part geometry.

(b) The thin solid specimens are the two mandatory locations.

(9

The thin dashed specimen is the thiyd specimen when the centerline material remains in the finished part.

(b) the inner pipe of double=pipe heat exchangers and
pipes and tubes NPS 6 (DN\150) or smaller shielded from
mechanical damage by @n outer protective element (such
as a shell, casing, or/duct), with the following provisions:

(1) This exemption applies regardless of whether the
protective element is constructed to Code rules.

(2) The Manufacturer shall note on the Manufac-
turer’s/Data Report when the protective element is not
provided as part of the vessel. The user or the user's de-
signated agent shall ensure installation of the protective
element prior to operation.

(3) Pressure buildup within the protective element
due to a pipe or tube leak should be avoided and shall
be accounted for in the design.

UG-16.4 Material Thickness Requirements. Material
thickness shall be selected using the following criteria:
(a) Plate Undertolerance
(1) Plate material shall be ordered with a nominal
thickness greater than or equal to the design thickness.
(2) Plate material shall not have a measured thick-
ness less than the design thickness unless the difference
in thickness is less than the minimum of 0.01 in. (0.3
mm) and 6% of the design thickness [see UG-90(b)(6)].
(3) A suitably larger nominal thickness shall be or-
dered if the material specification allows a manufacturing
undertolerance greater than the minimum thickness dif-
ference in (2).
(b) Pipe Undertolerance
(1) Pipe and tube material ordered by nominal wall
thickness shall have a nominal thickness greater than or
equal to the design thickness plus the manufacturing un-
dertolerance allowed by the applicable material
specification.

(25)
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(2) The requirement in (1) does not apply to the noz-

zle wall thickness defined in UG-37(a).
(c) Fabrication Allowance. The forming, heat treatment,
and other fabrication processes shall not reduce the ma-
terial thickness at any point below the required thickness.

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 vessel is limited to the
service permitted by the method of fabrication having
the most restrictive requirements (see UG-116).

UG-18 MATERIALS IN COMBINATION

Except as specifically prohibited by other rules of this
Division, a vessel may be 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
metal(s) of a weldment between metals having different
impact testing 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 ocetirring at

elevated temperatures. [See also Galvanic Corrosion ifi Section 1,
Part D, Nonmandatory Appendix A, A-440(c).]

UG-19 SPECIAL CONSTRUCTIONS

(a) Combination Units. A combinatien unit is a pressure
vessel that consists of more than ehe 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 thé common elements, shall be de-
signed for at least the,most severe condition of coincident
pressure and temperature expected in normal operation
(see MandateryAppendix 3, 3-2). This includes consid-
eration of lodds from chambers that are otherwise ex-
empt from’' Code requirements per U-1(c)(2)(-f) and
U-1(c)(2)(-g)- Only the chambers that come within the
seope’ of this Division (see U-1) need be constructed in
compliance with its provisions. Also, see UJV-1(d) for
jacketed vessels, and UG-99(e) or UG-100(d) for pressure
tests of combination units.

(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 tempera-
ture design), or both, only when the vessel is to be
installed in a system that controls the common element
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<n the ves-
sel [see UG-116(j)(1)(-a) and UHX-19.2 4(a)]. The differ-
ential pressure shall be controlled*to ensure the
common element design pressure iSnot exceeded.

(3) Mean Metal Temperature/Design. When mean
metal temperature design is useds the maximum common
element design temperature.determined in accordance
with UG-20(a) may be less-than the greater of the maxi-
mum design temperatures of its adjacent chambers; how-
ever, it shall not be less than the lower of the maximum
design temperatures of its adjacent chambers. The com-
mon element and its corresponding design temperature
shall be indiedted in the “Remarks” section of the Manu-
facturef’s Data Report [see UG-120(b)(2) and UHX-19.3]
and marked on the vessel [see UG-116(j)(1)(-b) and
UHX~19.2.1(b)]. The fluid temperature, flow, and pres-
sure, as required, shall be controlled to ensure the com-
mon element design temperature is not exceeded.

(b) Special Shapes. Vessels other than cylindrical and
spherical and those for which no design rules are 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 completed vessel shall be es-
tablished in accordance with the provisions of UG-101.

UG-20 DESIGN TEMPERATURE

(a) Maximum. Except as 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 operating conditions for the part consid-
ered (see Mandatory Appendix 3, 3-2). If necessary, the
metal temperature shall be determined by computation
or by measurement from equipment in service under
equivalent operating conditions. 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
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allowable 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 transient 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, UCS-66, and UCS-A-3). The
minimum mean metal temperature shall be determined
by the principles described in (a) above. Consideration
shall include the lowest operating temperature, opera-
tional upsets, autorefrigeration, atmospheric tempera-
ture, and any other sources of cooling [except as
permitted in (f)(3) below for vessels meeting the require-
ments of (f) below]. The MDMT marked on the nameplate
shall correspond to a coincident pressure equal to the
MAWP. When there are multiple MAWP’s, the largest val-
ue shall 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 Noaman-
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 (Figure-UCS-66M);

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

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

(3) Design temperature is no warmer than 650°F
(3452C) 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 cofisid-
ered [see UG-98 and Mandatory Appendix 3, 3-2]. Sge also
U-2(a).

UG-22 LOADINGS

The loadings to be considered in d€signing a vessel
shall include those from:

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

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

(c) superimposed_static reactions from weight of at-
tached equipment,\stich as motors, machinery, other ves-
sels, piping, linings, and insulation;

(d) the attachment of:

(1) integnals (see Nonmandatory Appendix D);
(2).vessel supports, such as lugs, rings, skirts, sad-
dles;yand legs (see Nonmandatory Appendix G);

te) cyclic and dynamic reactions due to pressure or
thérmal 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 pressures, 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 selec-
tion of the version to use is dependent on the set of units
selected for construction. A listing of these materials is
given in the following tables, which are included in Sub-
section C. For material identified as meeting more than
one material specification and/or grade, the maximum al-
lowable tensile stress value for either material specifica-
tion and/or grade may be used provided all
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requirements and limitations for the material specifica-
tion 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 values in Section II, Part D,
through Subpart 1, Table 3 for bolting and Table 1B for
UNF-23.5 other nonferrous metals)
UHA-23 High Alloy Steel (stress 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 Maximum 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

The methods for determining maximum allowable
stress values for impervious graphite (Certified Material)
are given in UIG-23.

(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
taken as unity:
The (value of B shall be determined as follows.
Step 1, Using the selected values of t and R,, calculate
the(value of factor A using the following equation:

Step 2.Using the value of A calculated in Step 1, enter
the applicable material chart in Section II, Part D, Subpart
3 for the material under consideration. Move vertically to

an intersection with the material/temperature line for the
design temperature (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 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 bé.used. For values of A
falling to the left of the materjal/témperature line, see
Step 4.

Step 3.From the interseetién 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 applica-
ble material/temperature line, the value of B shall be cal-
culated using-the following equation:

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

Step 5.Compare the value 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 the design procedure repeated until a value of B is
obtained that is greater than the compressive stress com-
puted 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
operation13 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 1Y, 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 rules
for details have been written to limit such stresses to a
safe level consistent with experience.
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The maximum allowable stress values that are to be
used in the thickness calculations are to be taken from
the tables at the temperature that is expected 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 general primary 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.

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

In lieu of using Sps = 3S, a value of Sps = 25y 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 tensijle
strength for the material does not exceed 0.7;

(f) Values for yield strength, Sy, as a functien of tem-
perature are provided in Section II, Part D, Subpart 1,
Table Y-1. If the material being used is not\listed in Table
Y-1, while being listed in other tables of.Section II, Part D,
Subpart 1, or the specified temperature exceeds the high-
est temperature for which a value.js’' provided, the yield
strength may be determined as described below for use
in the design equations in this‘Division. S is the maximum
allowable stress at the temperature specified [see (a)]
and f is the factor (e.g;'weld factor) used to determine
the allowable stress as indicated in the notes for the
stress line. If the value of f is not provided, set f equal
to 1.

(1) If allowable stress is established based on the
66%3%,yield criterion, then yield strength, Sy, shall be
taken-as-1.5S /f.

(2) If the allowable stress is established based on
yield criterion between 66%;% and 90%, then the yield
strength, Sy, shall be taken as 1.1S /f.

NOTE: For temperatures where the allowable stress, S, is based on
time-dependent properties, the yield strength obtained by these for-
mulas may be overly conservative.

(g) 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

consideration would fail without a reduction of area, shall
be limited to 0.80 times the values in Section II, Part D,
Subpart 1, Table 1A, Table 1B, or Table 3.

(h) 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

UG-24.1 General Requirements.

(a) Surface Finish for Centrifugal Castings — Al Materi-
als. Machine all surfaces after heat treatment(when appli-
cable) to a finish not coarser than 250 (in. (6.3 pm)
arithmetical average deviation.

(b) Material Specification. All castings shall meet the
minimum requirements of the material specification.

(c) Mandatory Appendix 7., Radiographic, liquid pene-
trant, and magnetic particle examination techniques and
acceptance standards aretgivén in Mandatory Appendix 7.

UG-24.2 Casting‘Quality Factors.
UG-24.2.1 General.

(a) Except for'castings permitted by Part UCI, apply a
casting quality factor, as specified in (b), to the allowable
stress values for cast materials given in Subsection C.

(b) Apply the lesser of the following values at a welded
jointjina casting:

(1) the quality factor specified in UG-24.2.2,
UG-24.2.3, or UG-24.3
(2) the weld joint efficiency specified in UW-12

UG-24.2.2 Default Quality Factors — All Materi-
als. Unless the additional requirements of UG-24.2.3 are
met or UG-24.3 is required for lethal service, the following
quality factors shall be used based on casting process:

(a) Static Castings. The quality factor shall not exceed
80%.

(b) Centrifugal Castings. The quality factor shall not ex-
ceed 85%.

UG-24.2.3 Quality Factors — Specific Materials.
UG-24.2.3.1 Nonferrous and Ductile Cast Iron
Materials (See Part UNF or Part UCD, as Applicable).
The quality factor shall not exceed 90% when castings
of nonferrous and ductile cast iron material comply with
UG-24.2.3.1 or UG-24.2.3.2.

UG-24.2.3.1.1 Multiple Castings.

(a) Visually examine all surfaces of each casting, parti-
cularly those surfaces exposed by machining or drilling.

(b) Dissect at all critical sections'® or examine accord-
ing to UG-24.2.3.1.2 at least three pilot castings'” repre-
senting the first lot of five castings made from a new or
altered design.

(c) Section or radiograph, at all critical sections, one
more casting taken at random from every next lot of five.

(d) Examine all castings other than those that have
been radiographed at all critical sections by the magnetic
particle or liquid penetrant technique.
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(e) The examination of samples in (b) and (c) shall not
reveal any defects.

UG-24.2.3.1.2 Single Casting. A single casting
shall meet one of the following requirements:

(a) The user or user’s designated agent shall radio-
graph the casting at all critical sections.

(b) Machine a casting to the extent that all critical sec-
tions are exposed for examination as applicable for the
full wall thickness, such as in tubesheets drilled with
holes spaced no farther apart than the wall thickness of
the casting.

UG-24.2.3.2 Carbon, Low Alloy, or High Alloy
Steel Materials (See Part UCS, Part UHT, or Part UHA,
as Applicable). Higher quality factors may be applied
for these materials if the additional examinations of
UG-24.2.3.2.1 or UG-24.2.3.2.2 are made.

UG-24.2.3.2.1 Static Castings. The quality
factor shall not exceed 100% if the castings are radio-
graphed and examined by the magnetic particle or liquid
penetrant technique.

UG-24.2.3.2.2 Centrifugal Castings.

(a) The quality factor shall not exceed 90% if the cast-
ings are examined by the magnetic particle or liquid pen-
etrant technique.

(b) The quality factor shall not exceed 100% if the cast-
ings are radiographed and examined by the magnetic par-
ticle or liquid penetrant technique.

UG-24.3 Lethal Service. The additional require-
ments of UG-24.3.1 through UG-24.3.3 apply when cast-
ings (including those permitted in UG-11) are to ‘be
used in vessels containing lethal substances (see HW-2).

UG-24.3.1 Cast Iron and Cast Ductile‘lron. Cast
iron (see UCI-2) and cast ductile iron, castings (see
UCD-2) shall not be used in lethal service.

UG-24.3.2 Nonferrous Castings. The quality factor
shall not exceed 90% if nonferrous castings are radio-
graphed at all critical sections.

UG-24.3.3 Steel Castings. The quality factor shall
not exceed 100% for steel castings that have been exam-
ined for severe serviCe applications [see Mandatory
Appendix 7, 7-3(b)].

UG-24.4 Defects. Castings with defects shall be re-
jected or repaired by welding. Defects are imperfections
defined as unacceptable by the more restrictive of the
following:

(a)the material specification

(b) Mandatory Appendix 7, 7-3

UG-24.4.1 Defects Repaired by Welding.

(a) The completed repair shall be subject to reexamina-
tion in accordance with the applicable requirements of
UG-24.2 or UG-24.3 and Mandatory Appendix 7, 7-4.

(b) The completed repair shall be subject to postweld
heat treatment if required by any of the following:

(1) the rules of this Division

(2) the casting specification

(3) to obtain a 90% or 100% quality factor following
UG-24.2.3.1, UG-24.2.3.2, UG-24.3.2, or UG-24.3.3

UG-24.5 Identification and Marking. Use the follow-
ing identifications and markings in addition to those re-
quired by the material specification when a quality
factor greater than 80% is applied:

(a) the manufacturer’s identification, name, trademark,
or other traceable identification

(b) the casting identification, including the quality fac-
tor and the material designation

UG-25 CORROSION

(a) The user or the user’s designated agent (see U-2)
shall specify corrosion allowances-other than those re-
quired by the rules of this Division. Where corrosion al-
lowances are not provideds;.thi$ 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 thejdesign formulas, or by using some other
suitablesmethod 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
holes in layered construction. When telltale holes are pro-
vided, they shall have a diameter of 1/16 in. to 3/16 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 internal cor-
rosion shall be supplied with a suitable drain opening at
the lowest 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.

(25)
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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 of, appropriate
joint in cylindrical or spherical shells, or the effi-
ciency of ligaments between openings, 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 radius of the shell course under
consideration’

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

t = minimum required thickness of shell

(c) Cylindrical Shells. The minimum-thickness or max-
imum allowable working pressureyof cylindrical shells
shall be the greater thickness or<esser 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:

€Y

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

(2)

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

(3)

(e) When necessary, vessels shall be provided withrstif-
feners or other additional means of support to prevént
overstress or large distortions under the extepnalload-
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).

(g9) Any reduction in thickness-within a shell course or
spherical shell shall be in accofdance with UW-9.

UG-28 THICKNESS OF/SHELLS AND TUBES
UNDER EXTERNAL PRESSURE

(a) Rules for thedesign 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
(c)(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)]

outside diameter of cylindrical shell course or tube
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 between tube-
sheets, or design length of a vessel section between
lines of support (see Figure UG-28.1). A line of sup-
port is:

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

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

(25)
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Figure UG-28
Diagrammatic Representation of Variables for Design of Cylindrical Vessels Subjected to External
Pressure

. Moment axis of ring.__
| na A 3 *ﬂik

L

SN DA p—

L R
¥

e e iy A s A 5 L hi3
\ AL 414,._ | I o ) V-~
hi3 » ' il i ' h = depth
h = depth of head-kg=. _.I T | of head
T ) ﬁ I'*—_L__,It-_L_?
[ p——— i
: D,—- - - -—
1 { ¢ bo

(c) a jacket closure of a jacketed vessel that
meets the requirements of Mandatory Appendix
9, 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 requiremént
of Mandatory Appendix 1, 1-8.

P = external design pressure [see Note in (f}]
P, = calculated value of maximum allowable ‘external
working pressure for the assumed %alue of ¢, [see
Note in (f) below]
R, = outside radius of spherical shell
t = minimum required thickness of cylindrical shell or
tube, or spherical shell, in+{mm)
t; = nominal thickness of.eylindrical shell or tube, in.
(mm)
(c) Cylindrical Shells.and Tubes. The required minimum

thickness of a cylindrical shell or tube under external
pressure, eithetnseamless 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

permitted. From this point of intersection move vertically
downward to determine the value of factor A. For values
of\A greater than 0.10, use a value of 0.10.

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 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 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 4
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.
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Figure UG-28.1
Diagrammatic Representation of Lines of Support for Design of Cylindrical Vessels Subjected to External
Pressure
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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 Man-
datory Appendix 1, 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 Mandatory Appendix 1, 1-8 [see UG-33(f)].
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Step 6.Using this value of B, calculate the value of the
maximum allowable external working pressure P, using
the following equation:

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

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 given in (1), obtain
the value of B. For values of D, /t less than 4, the value of
factor A can be calculated using the following equation:

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

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

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 stréngth 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, 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 value
for t and repeat the design procedure until a value for P,
is obtained that is equal to or greater than P.

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

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

Step 2.Using the value of A galctlated 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 intersectioanywith 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, lifear 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 A
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.

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:

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

If tabulated values are used, determine B as in Step 2
and apply it to the equation in Step 4.
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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 the user’s designated agent shall
specify the required maximum allowable external work-
ing pressure.”! The vessel shall be designed and stamped
with the maximum allowable external working pressure.

(g9) When there is a longitudinal lap joint in a cylindrical
shell or any lap joint in a spherical shell under external
pressure, the thickness of the shell 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 ektend
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).

(i) When necessary, vessels shall bé 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) Externalstiffening 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 need
not be attached when the requirements of (c) are met.

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

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 igertia of the stiffening ring
cross section aboutsits neutral axis parallel to the
axis of the shell

available momen® of inertia of combined ring-shell
cross section d@bout its neutral axis parallel to the
axis of the'shell. The nominal shell thickness t; shall
be used\arid the width of shell that is taken as con-
tributing to the moment of inertia of the combined

~
“»
1]

~
~
1

section shall not be greater than 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

CAUTION: Stiffening rings may be subject to lateral buckling.
This should be considered in addition to the requirements for
I; and I's [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

A = cross-sectional area of the stiffening ring
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;
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(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.

D,, 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:

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 specific tem-
perature. Linear interpolation may also be used to 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 g in
Step 6(a) or Step 6(b).

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

Step 3.Move horizontally to the left to the material/
temperature line for the design metal temperature. For
values of B falling below the left end 0f tlie 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 Yine for the design temperature,
the value of A can/be\calculated using the formula 4 =
2B/E.

Step 6.See below.

(a) In theSe 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 I as
given in the definitions.

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

NOTE: In those cases where the stiffening ring is not attached to the
shell or where the stiffening ring is attached but the designer
chooses to consider only the ring, Step 6(a) and 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, Step 6(b) and
Step 7(b) are considered.

Step 8.1f the required moment of inertia is greater than
the available moment of inertia for the section selécted,
for those cases where the stiffening ring is not‘attached
or where the combined ring-shell stiffness was-hot con-
sidered, a new section with a larger monmént of inertia
must be selected; the ring must be attached to the shell
and the combination shall be considerned; or the ring-shell
combination that was previously fi6t considered together
shall be considered together. {fthe required moment of
inertia is greater than theavailable moment of inertia
for those cases where the-€ombined 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 therequired moment of inertia is smaller than the ac-
tual moment of inertia of the ring or ring-shell combina-
tiahy 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.

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

28


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.1 (ASME BPVC Section 8 Division 1) 2025.pdf

ASME BPVC.VIIL.1-2025 UG-29

Figure UG-29.1
Various Arrangements of Stiffening Rings for Cylindrical Vessels Subjected to External Pressure
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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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(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 platés) are used in a vessel, they may also be con-
sidered to act as stiffening rings, provided they are de-
sigied to function as such.

(¢) 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 Nonmandatory Appendix G, 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 support of one vessel on another or
by the hanging or supporting of heavy weights directly on the shell
of the vessel. (See Nonmandatory Appendix G.)

(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
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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) of Figure 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) long and 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 stiffenfers, and shear
loads acting radially across the stiffener.caused by exter-
nal design loads carried by the stiffener (if any) and a
computed radial shear equal to 2%.6f the stiffening ring’s
compressive load.

(1) The radial pressuretload from shell, Ib/in., is
equal to PL,.

(2) The radial shearjload 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) Yain. (6 mm);
(2)~essel 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 deter-
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 (a) or (b) above
shall be increased when necessary to meet the following
requirements:

(1) Additional wall thickness should be provided
when corrosion, erosion, or wear due to cleaning opera-
tions is expected.

(2) Where ends are threaded, additional wall thick=-
ness is to be provided in the amount of 0.8/p~in.
(20/n mm) [where n equals the number of threads‘per

inch (25.4 mm)].

NOTE: The requirements for rolling, expanding, or otherwise seating
tubes in tube plates may require additional wall thicktiess 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 requited 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 UWG-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 consid-
eration, measured perpendicular to the
longitudinal 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

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 >t
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Figure UG-30
Some Acceptable Methods of Attaching Stiffening Rings
+ ‘_2 in. (50 mm)
S [Notes (1) and (2)] y min.
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S[Notes (1) and (2)] I - l
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In-line Staggered Continuous Fillet Weld
Intermittent Intermittent One Side, Intermittent
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t
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Shell—/
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i
Continuous full
penetration weld \ t
-~ w J
(d) (e)
NOTES:

(1) For external stiffeners, S < 8t.
(2) For internal stiffeners, S < 12t.
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a = one-half of the included (apex) angle of the cone at
the centerline of the head (see Mandatory Appendix
1, Figure 1-4)

(c) Ellipsoidal Heads With ts/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

(0

NOTE: For ellipsoidal heads with t;/L < 0.002, the rules of Manda-
tory Appendix 1, 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 case in
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

(2

NOTE: For torispherical heads with ty;/L < 0.002, the rules of Man-
datory Appendix 1, 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 §,equal to
20,000 psi (138 MPa) at room temperature@and reduced
in proportion to the reduction in maximum’ allowable
stress values at temperature for the material (see UG-23).

(e) Hemispherical Heads. When the thickness of a hemi-
spherical head does not exceed 0.356L, or P does not ex-
ceed 0.665SE, the following formulas shall apply:

(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

(4)

A reinforcing ring shall be provided when required by
the rule in Mandatory Appendix 1, 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 Mandatory Appendix 1, 1-5(g).

(g) Toriconical Heads and Sections. The required thick-
ness of the conical portion of a toriconical head or section,
in which the knuckle radius is neither less than 6% of the
outside diameter of the head skirt nor less than three
times the knuckle thickness, shall be determined by eq.
(f)(4) in (f) above, using D; in place of D.

The required thickness of the knuckle shall be deter=
mined by Mandatory Appendix 1, eq. 1-4(d)(3) in which

Toriconical heads or sections may beruséd when the an-
gle a < 30 deg and are mandatory forcoriiical head designs
when the angle a exceeds 30 deg, unless the design com-
plies with Mandatory Appendi%d, 1-5(g).

(h) When an ellipsoidal, totispherical, hemispherical,
conical, or toriconical headis/of a lesser thickness than re-
quired by the rules ofthis‘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 skipt-of. the head. The inside knuckle radius of a tori-
spherical’head shall be not less than 6% of the outside
djameter 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.

(1) 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.
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(25)

(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 computed by the appropriate
procedure given in (d) or (e) below.

(2) For hemispherical heads, the required thickness
shall be determined by the rules given in (c) below.

(3) For conical and toriconical heads and conical sec-
tions, the required thickness shall be determined by the
rules given in (f) below.

(b) Nomenclature. The nomenclature defined below is
used in this paragraph. Mandatory Appendix 1, Figure
1-4 shows principal dimensions of typical heads.

A, B, E, and P are as defined in UG-28(b)

D, =
Do/2h, =

outside diameter of the head skirt

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 eutside

height of the head (see Table UG-3371)

outside diameter at large end ofleconical sec-

tion under consideration

outside diameter at small exd of conical sec-

tion under consideration

outside diameter at sniall end of conical sec-

tion under consideration

one-half of the length of the outside minor axis

of the ellipsoidal-head, or the outside height of

the ellipsoidal head measured from the tan-

gent lin€ (head-bend line)

factor-depending on the ellipsoidal head pro-

pertions D, /2h, (see Table UG-33.1)

axjal length of cone or conical section between

lines of support (see Figure UG-33.1).

equivalent length of conical head or Section

between lines of support [see (g)]

= for hemispherical heads, the outside radius

= for ellipsoidal heads, the equivalent outside
spherical radius taken as K,D,

= for torispherical heads, the outside radius of

the crown portion of the head

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 dn-el-
lipsoidal head having pressure on the convex sidé,either
seamless or of built-up construction with buttjeints, shall
not be less than that determined by the following
procedure.

Step 1.Assume a value for t and ealculate the value of
factor A using the following formala:

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
torisphérical 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 Mandatory Appendix 1, 1-8 shall be satisfied (see
Figure UG-28.1). When the cone-to-cylinder junction is a
line-of-support, the required thickness shall be deter-
mined in accordance with the following subparagraphs.
This procedure shall also apply to cone sections between
lines of support as shown in Figure UG-33.1, sketch (b).

(1) When «a 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 determine
the value of factor 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.

Step 4.Using the value of A calculated in Step 3, enter In cases where the value of A falls to the right of the end
the applicable material chart in Section II, Part D, Subpart of the material/temperature line, assume an intersection
3 for the material under consideration. Move vertically to with the horizontal projection of the upper end of the ma-
an intersection with the material/temperature line for the terial/temperature line. For values of 4-falling to the left
design temperature (see UG-20). Interpolation may be of the material/temperature line, see Step 7.
made between lines for intermediate temperatures. Step 5.From the intersection obtained in Step 4, move

horizontally to the right and read the value of factor B.

Figure UG-33.1
Length L. of Some Typical Conical Sections for External Pressure

|«
-

I b Ls
rq o
a 1
A SR
DS
(c) (d) (e)
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Step 6.Using this value of B, calculate the value of the
maximum allowable external working pressure P, using
the following formula:

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

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.

Step 9.Provide adequate moment of inertia and rein-
forcement at the cone-to-cylinder junction in accordance
with Mandatory Appendix 1, 1-8. For a junction with a
knuckle, the reinforcement calculation is not required,
and the moment of inertia calculation 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.

(-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 A can be calculated using the following
formula:

For values of A greater than 0.10, uSea value of 0.10.
Step 2.Using the value of B obtained’in Step 1, calculate
a value P, using the following formula:

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

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 applica-
ble 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.

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,. Conr-
pare P, with P.If P, is smaller than P, select a larger‘val-
ue for t and repeat the design procedure until avalue for
P, is obtained that is equal to or greater thatP.

Step 5.Provide adequate moment of inertia and rein-
forcement at the cone-to-cylinder junction in accordance
with Mandatory Appendix 1, 1-8, Ker a junction with a
knuckle, the reinforcement calculation is not required,
and the moment of inertia calcdlation may be performed
either by considering thepresence of the knuckle or by
assuming the knuckle issnot 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 thé 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 a 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,

(2) For sketch (c) in Figure UG-33.1,

(3) For sketch (d) in Figure UG-33.1,

(4) For sketch (e) in Figure UG-33.1,
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(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(]) 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 the com-
ponent parts and the dimensions of the welds 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 = a factor depending upon the method of attachment
of head, shell dimensions, 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 radiakdistance
from the centerline of the bolts totheJine of the
gasket reaction, as shown in Mandatory Appendix
2, Table 2-5.2

K = influence coefficient

= 0.2 in. for Customary units
= 5 mm for SI units

L = perimeter of nonciictlar 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 cgfner 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 (r)

ty = nominal thickness of the flange on a forged head, at
the large end, as indicated in Figure UG-34, sketch
(b)

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)

design bolt load for the operating condition and the
gasket seating condition for circular heads for Man-
datory Appendix 2

Y = length of flange of flanged heads, measured froni
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

(c) The thickness of flat unstayed hé€ads, covers, and
blind flanges shall conform to one, of the following three
I'equirements.25

(1) Circular blind flangeS)€¢onforming to any of the
flange standards listed in¢Table U-3 and further limited
in UG-44(a) shall be agceptable for the diameters and
pressure-temperature-fatings in the respective standard
when the blind flange is of the types shown in Figure
UG-34, sketches'(j) and (k).

(2) Theaninimum required thickness of flat unstayed
circular heads, covers and blind flanges shall be calcu-
lated by thé following formula:

1)

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

(2)

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 Mandatory Appendix 2, eq. 2-5(e)(4) shall be
used. For gasket seating, P equals zero, and the values
of S at atmospheric temperature and W from Mandatory
Appendix 2, eq. 2-5(e)(5) shall be used.

(3) Flat unstayed heads, covers, or blind flanges may
be square, rectangular, elliptical, obround, segmental, or
otherwise noncircular. Their required thickness shall be
calculated by the following formula:

(3)

where

4)
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Figure UG-34
Some Acceptable Types of Unstayed Flat Heads and Covers
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Sketches (e), (f), and (g) circular covers, C=0:33m, C min. = 0.20
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) See Figure UW-13.2 skéteches (a) to (g),
See Figure UW-13.2 sketches (a) to (g), inclusive, for detajls‘\@floutside
inclusive, for details of welded joint welded joint
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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.
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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
edge moment [see Figure UG-34, sketches (j) and (k)].
For noncircular heads of this type, the required thickness
shall be calculated by the following formula:

()

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.

(4(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 circumferen-
tial joints given in Part UW.

C =0.10 for circular heads, when the flange length for
heads of the above design is not less than

(6

C = 0.10 for circular heads, when the flange length Y
is less than the requirements in eq. (6) but the shell thick-
ness is not less than

(7

for a length of at least

When C = 0.10 is used, the taper shall be at least 1:3.

(2) Sketch (b-1). C = 0.17f0r forged circular and non-
circular 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
net’/less than the shell thickness, the corner radius on
the inside is not less than the following:

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 ot
brazed construction as above, but with no special requite-
ment with regard to Y.

C = 0.30 for circular flanged plates screwed-over the
end of the vessel, with inside corner radius notjless than
3t, in which the design of the threaded joint'against fail-
ure by shear, tension, or compression,'@esulting from
the end force due to pressure, is based-on the allowable
stress values in UG-23 and the threaded parts are at least
as strong as the threads for standard piping of the same
diameter. Seal welding may bé used, if desired.

(5) Sketch (d). C = 0.13¢or integral flat circular heads
when the dimension d-does not exceed 24 in. (600 mm),
the ratio of thickness-efthe 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'ess than 0.25¢, 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 . 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) 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.

(7) Sketch (h). C = 0.33 for circular plates welded to
the end of the shell when ¢, is at least 1.25¢, 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-93.4.
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(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 of 0.7t, is used and the details of the outside
weld conform to the requirements of UW-13(e) and
Figure UW-13.2, sketches (a) to (g) inclusive, in which
the inside weld can be considered to contribute an
amount equal to ¢ to the sum of the dimensions a and
b. See also UG-93.4.

(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

for circular heads and covers, nor less than

for noncircular heads and covers.

(10) Sketches (m), (n), and (o). C = 0.3 for 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 (either by shear, tension,
compression, or radial deformation, including flaring, re-
sulting from pressure and differential thermal expansion)
are designed using the allowable stress values in UG-23.
Seal welding may be used, if desired.

(11) Sketch (p). C = 0.25 for circular and noneircular
covers bolted with a full-face gasket, to shells, flanges or
side plates.

(12) Sketch (q). C = 0.75 for circulap plates screwed
into the end of a vessel having an inside diameter d not
exceeding 12 in. (300 mm); or forsheads having an inte-
gral flange screwed over the end©f a vessel having an in-
side diameter d not exceeding 12 in. (300 mm); and when
the design of the threaded‘joint, against failure by shear,
tension, compression,-0r radial deformation, including
flaring, resulting from'pressure and differential thermal
expansion, is based on the allowable stress values in
UG-23. 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 notless
than the ratio P/S nor less than 0.05. The maximtm al-
lowable pressure for this construction shall not-exceed
P =KS/d.

This construction is not permissible“if machined
from rolled plate.

UG-35 OTHER TYPES OF CLOSURES
UG-35.1 Dished Covers

Requirements for designof dished heads with bolting
flanges are given in 1-6.

UG-35.2 Quick-Actuating Closures

(a) Quick-actuating closures are closures that are oper-
ated by anjaction that releases all holding elements.

(b) Desigh requirements, additional definitions, and
recommendations for quick-actuating closures can be
found in Section VIII, Division 2, 4.8 and shall be used
in\accordance with UG-16(a) and Mandatory Appendix
46.

(c) Table UG-35.2-1 lists the new locations for all re-
quirements formerly located in this Division.

UG-35.3 Quick-Opening Closures

(a) Quick-opening closures are closures other than
(1) bolted flange joints as described in UG-44(a)
(2) bolted flange joints meeting the requirements of
Mandatory Appendix 2
(3) bolted head joints meeting the requirements of
Mandatory Appendix 1, 1-6
(4) quick-actuating closures as described in UG-35.2

Table UG-35.2-1
Paragraph Cross-Reference List

2023 Division 1 Designator, Topic Division 2
UG-35.2(a), Definitions 4.8.2
UG-35.2(b), General 4.8.3,4.85
UG-35.2(c), Specific design requirements 4.8.5

UG-35.2(d), Alternative designs for manually
operated closures

4.8.5(g), 4.8.5(h)

UG-35.3(a), Definitions 4.8.2
UG-35.3(b), General 483, 4.8.4
UG-35.3(c), Specific design requirements 4.8.4
Nonmandatory Appendix FF Annex 4-B

(25)

(25)

(25)
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(5) clamp connections meeting the requirements of
Mandatory Appendix 24
(6) closures with multiple, manually operated swing
bolts
(b) Additional definitions, rules, and recommendations
for quick-opening closures can be found in Section VIII,
Division 2, 4.8 and shall be used in accordance with
UG-16(a) and Mandatory Appendix 46.
(c) Table UG-35.2-1 lists the new locations for all re-
quirements formerly located in this Division.

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 obround opening exceeds twice the short di-
mensions, the reinforcement across the short dimensions
shall be increased as necessary to provide against exces-
sive distortion due to twisting moment.

(2) Openings may be of other shapes than those giv-
en in (1) above, and all corners shall be provided with a
suitable radius. These openings shall be designed in ac-
cordance with U-2(g).

(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 throtugh
UG-43 apply to openings not exceeding the following: for
vessels 60 in. (1 520 mm) inside diameter anddess, one-
half the vessel diameter, but not to exceed 20 in.
(510 mm); for vessels over 60 in. (1 520nmm) 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 Mandatory Appendix 1, 1-7 shall be satis-
fied 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 J(a);

(-b) a cone with a knuckle radius at the large end
as shown in Figure UG-36, sketch (b);

(-c) a reverse 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 rules for reducer sections [see (e) below] insofar as
these rules are applicable.

(c) 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 requiréreinforcement 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% 1n. (89 mm) diameter — in vessel shells
or heads with*a required minimum thickness of %; in.
(10 mmy) or less;

(-2) 2% in. (60 mm) diameter — in vessel shells
or hiéads over a required minimum thickness of %; in.
(X0 mm);

(-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;

(-c) 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,

for doubly curved shells and formed or flat heads,

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.
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Figure UG-36
Large Head Openings — Reverse-Curve and Conical Shell-Reducer Sections

NOTES:

(1) r, shall not be less than the greater of 0.12ZfR, + t) or 3t: r; has no dimensional requirement.

(2) ay > a;; therefore, use a; in design equations.

(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 longitudi-
nal loads are‘transmitted wholly through the shell of
the reducér;-Where loads are transmitted in part or as a
whole/by other elements, e.g., inner shells, stays, or tubes,
the(rules of this paragraph do not apply.

(2) The thickness of each element of a reducer, as de-
fined in (4) below, under internal 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 = minimum required thickness of the considered ele-
ment of a reducer after forming
R, = inside radius of larger cylinder
R; = inside radius of smaller cylinder
r; = inside radius of knuckle at larger cylinder
r, = 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).
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(-b) Knuckle Tangent to the Larger Cylinder.
Where a knuckle is used at the large end of a reducer 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 requirements of the ap-
propriate equations and provisions of UG-32.

(5) Combination of Elements to Form a Reducer.
When elements of (4) above, having different thicknesses
are combined to form a reducer, the joints including the
plate taper required by UW-9(c) shall lie entirely within
the limits of the thinner element being joined.

(-a) A reducer may be a simple conical shell sec-
tion, Figure UG-36, sketch (a), without knuckle, provided
the half-apex angle « is not greater than 30 deg, except as
provided for in Mandatory Appendix 1, 1-5(g). A rein-
forcement ring shall be provided at either or both ends
of the reducer when required by the rules of Mandatory
Appendix 1, 1-5.

(-b) A toriconical reducer, Figure UG-36, sketch
(b), may 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 a is not greater than
30 deg, except as provided for in Mandatory Appendix 1,
1-5(g). A reinforcement ring shall be provided at the small
end of the conical reducer element when required by the
rules in Mandatory Appendix 1, 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 Undefdnternal Pres-
sure. A transition section reducer consisting of an oblique
conical shell section may be used to jein two cylindrical
shell sections of different diameters§’and axes, provided
the following requirements are, used:

(1) The required thicknéss shall be determined by
the equations given in UG=32(f).

(2) The angle a ta'be used shall be the largest in-
cluded angle between the oblique cone and the attached
cylindrical sectien {see Figure UG-36, sketch (e)] and shall
not be greater'than 30 deg, except as provided for in Man-
datory Appendix 1, 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.

(4) A reinforcement ring shall be provided at either
or both ends of the reducer when required by the rules
of Mandatory Appendix 1, 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
required in the plane under consideration
(see Figure UG-37.1) (includes consideration
of nozzle area through shell if S,,/S,, <-1.0)

A; = area in excess thickness in the yvessel wall
available for reinforcement (See Figure
UG-37.1) (includes consideration of nozzle
area through shell if S,/S,< 1.0)

A, = area in excess thickness in the nozzle wall
available for reififorcement (see Figure
UG-37.1)

A3 = area availablefor reinforcement when the
nozzle extends inside the vessel wall (see
Figure §G-37.1)

As = cross-sectional area of material added as re-
inforcement (see Figure UG-37.1)

Ayq, Asr,
A4z = cross-sectional area of various welds avail-
able for reinforcement (see Figure UG-37.1)
¢ = corrosion allowance
D = inside shell diameter

D, = outside diameter of reinforcing element (ac-
tual size of reinforcing element may exceed
the limits of reinforcement established by
UG-40; however, credit cannot be taken for
any material outside these limits)

finished diameter of circular opening or
finished dimension (chord length at
midsurface of thickness excluding excess
thickness available for reinforcement) of
nonradial opening in the plane under
consideration, in. (mm) [see Figures
UG-37.1 and UG-40]

1 (see definitions for t. and t,,)

1 when an opening is in the solid plate orin 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

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

E4q
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may be used for integrally reinforced open- t, = nozzle wall thickness.?’ Except for pipe, this
ings in cylindrical shells and cones. [See is the wall thickness not including forming
UW-16(c)(1).] allowances. For pipe, use the nominal thick-
f+ = strength reduction factor, not greater than ness [see UG-16.4(b)].
1.0 [see UG-41(a)] t, = required thickness of a seamless shell based
fr1 = S,/S, for nozzle wall inserted through the on the circumferential stress, or of a formed
vessel wall head, computed by the rules of this Division
1.0 for nozzle wall abutting the vessel wall for the designated pressure, using E = 1, and,
and for nozzles shown in Figure UG-40, for shells fabricated from welded pipecor
sketch (j), (k), (n), and (o). tubing, the allowable stress of the corre-
frz = Sa/Sy sponding seamless product form. If there is
frs = (lesser of S, or 5,,)/S, no corresponding seamless product form,
fra = 5p/S, use the allowable stress for the weélded pro-

h = distance nozzle projects beyond the inner duct form divided by 0.85, except that
surface of the vessel wall. (Extension of the (a) when the opening\and its reinforce-
nozzle beyond the inside surface of the ves- ment are entirely within the spherical por-
sel wall is not limited; however, for rein- tion of a torisphetical head, t, is the
forcement calculations, credit shall not be thickness required by Mandatory Appendix
taken for material outside the limits of rein- 1, 1-4(d), using'\M = 1;
forcement established by UG-40.) (b) when:the opening is in a cone, ¢, is

K, = spherical radius factor (see definition of ¢, the thickness required for a seamless cone
and Table UG-37) of diameter D measured where the nozzle

L = length of projection defining the thickened axis ‘pierces the inside wall of the cone;
portion of integral reinforcement of a nozzle (c) when the opening and its reinforce-
neck beyond the outside surface of the ves- ment are in an ellipsoidal head and are lo-
sel wall [see Figure UG-40, sketch (e)] cated entirely within a circle the center of

P = internal design pressure (see UG-21), psi which coincides with the center of the head
(MPa) and the diameter of which is equal to 80%
inside radius of the shell course under of the shell diameter, t, is the thickness re-

R = insid di f the shell d f the shell di is the thick
consideration quired for a seamless sphere of radius

R, = inside radius of the nozzle undet K1D, where D is the shell diameter and K,
consideration is given by Table UG-37.

S = allowable stress value in tension,(see trn = required thickness of a seamless nozzle wall,
UG-23), psi (MPa). For welded pipe or tub- using E = 1, and, for nozzles fabricated from
ing, the allowable stress of the correspond- welded pipe or tubing, the allowable stress
ing seamless product form:\If there is no of the corresponding seamless product form.
corresponding seamless prdduct form, use If there is no corresponding seamless pro-
the allowable stress for the welded product duct form, use the allowable stress for the
form divided by 0.85: welded product form divided by 0.85.

S, = allowable stress in‘nozzle, psi (MPa) (see S W = total load to be carried by attachment welds
above) (see UG-41)
S, = allowablestréss in reinforcing element ) G I Th les in thi h Iv to all
(plate), psi (MPa) (see S above) | General. The rules in this paragraph apply to a
S allowable stress in vessel, psi (MPa) (see S openings other than:
v above) ’ (1) small openings covered by UG-36(c)(3);
i . 29 . (2) openings in flat heads covered by UG-39;

t =-specified vessel wall thickness,”” (not in- : : .

. . S (3) openings designed as reducer sections covered
cluding forming allowances). For pipe it is by UG-36(e);
the nominal thickness less manufacturing y &J; .

. . (4) large head openings covered by UG-36(b)(2);

undertolerance allowed in the pipe s

e (5) tube holes with ligaments between them con-
specification. .

. . . . forming to the rules of UG-53.

t. = thickness or height of reinforcing element > . . .

. Reinforcement shall be provided in amount and dis-
(see Figure UG-40) — . .
. . . . tribution such that the area requirements for reinforce-

t; = nominal thickness of internal projection of

nozzle wall

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
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Figure UG-37
Chart for Determining Value of F, as Required
in UG-37

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 qpening for a shell or formed head un-
der internal pressiive shall be not less than

(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,

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 angd,avdil-
able area are given in Figure UG-37.1.

(g) Reinforcing plates and saddles of nozz]€syattached
to the outside of a vessel shall be provided with at least
one vent hole [maximum diameter 7/;¢-id<(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 belcapable of sustaining pres-
sure between the reinforeing plate and the vessel wall.

(h) Segmental reinforcing elements are allowed, pro-
vided the individualisegments are joined by full penetra-
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 required by
(g). Unless.the provisions given below are satisfied, the
area A as defined in Figure UG-37.1 shall be multiplied
by0:!75. The area As does not require any reduction if
on¢’ 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 applica-
ble for internal or external pressure and do not address
the requirements for openings under the action of exter-
nally applied 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 formed heads 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 also meet 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 both 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
(t- + 3 in.) (for SI units, t. + 75 mm), whichever is less,
where ¢, is 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).
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Figure UG-37.1
Nomenclature and Formulas for Reinforced Openings

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 Mandatory Appendix 1, 1-4(b).
(c) Interpolation permitted for intermediate values.

(c) There is no minimum depth of flange requirement
for flued out openings.

(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 Mandatory
Appendix 41, 41-3) may be designed in accordance with
the rules of this paragraph 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 diamieter or
shortest span, as defined in UG-34, shall have a total
cross-sectional area of reinforcement{orvall planes
through the center of the opening not less.than that given
by the formula

Figure4G-38
Minimum Depth for Flange of Flued-In
Openings

Minimum depth of flange: the
smallerof 3t,or t, + 3in. (75 mm)
when\d exceeds 6 in. (150 mm)+

where d, t,,, and f,, are defineddn UG-37 and ¢t in UG-34.

(2) Multiple openings none of which have diameters
exceeding one-half the héad.diameter and no pair having
an average diameter @reater than one-quarter the head
diameter may be réinforced individually as required by
(1) above when the“spacing between any pair of adjacent
openings is equal to or greater than twice the average dia-
meter of the pair.

When spacing between adjacent openings is less than
twice but’equal to or more than 1%, the average diameter
of.the pair, the required reinforcement for each opening
in‘the pair, as determined by (1) above, shall be summed
together and then distributed such 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 between two adjacent openings (U, U, or Us)
shall not be less than one-quarter of the diameter of the
smaller of the two openings in the pair. The radial dis-
tance between the inner edge of the opening (Uy, Us,
Ug, or U;) and the dimension d as shown in Figure
UG-34 and Figure 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, sketches
(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 or 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.
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(25) Figure UG-39
Openings in Flat Heads and Covers
F d as defined in
T Figure UG-34
Uy
\1 U,
/T - - C
Us
- h_ d as defined in
] _ g Figure UG-34,
— 4 d as defined in sketch (p)
Figure UG-34,
i sketches (j) and (k)
Section A-A A
(a)
<
—U,
- B
Section B-B Y/ P
Ll
T 2
y ui—X - f
i 1 —
N Us K Us
S L A N
N Uy / U,
A \
/ XT%
/ b \
Section C-C |
L&
(b)
Legend:
p = spacing, center-to-center, between openings
Uy, Uy,... = ligament width
(dq +d;)/2 = average diameter of pair of openings
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(2) Opening(s) may be located in the rim space sur-
rounding the central opening. See Figure UG-39, sketch
(b). Such openings may be 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
between 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, U3, 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), (), (g); and (i) of Figure
UG-34, use 2C or 0.50, whichever/stthe 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.

(e) Multiple openings none of which have diameters ex-
ceeding one-half the head diameter and no pair having an
average diameter greatér 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
headrthieckness 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

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 fules of U-2(g).

(4) In no case shall the width (ofjligament between
two adjacent openings be less tlian one-quarter the dia-
meter of the smaller of the two 'openings in the pair.

(5) The width of ligamient’between the edge of any
one opening and the edgeof the flat head (such as Us
or Us in Figure UG-39)shall not be less than one-quarter
the diameter of that\ohe opening.

UG-40 LIMITS OF REINFORCEMENT

(a) The*boundaries of the 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
ierder to have value as reinforcement are designated as
the limits of reinforcement for that plane (see Figure
UG-37.1). Figure UG-40 depicts thicknesses ¢, 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 above 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 UG-37.1.

(2) metal over and above the thickness required to
resist pressure and the thickness specified as corrosion
allowance in that part of a nozzle wall extending outside
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Figure UG-40
Some Representative Configurations Describing the Reinforcement Dimension t. and the Opening
Dimension d

(a-2) (a-3) [See Note(1)]

(a-4) [See Note(2)]

(b-1) (b-2}

(b-3) (c)
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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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the vessel wall. The maximum area in the nozzle wall
available as reinforcement is the smaller of the values of
A, given by the equations in Figure UG-37.1.

All metal in the nozzle wall extending inside the ves-
sel wall A3z 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
pressure 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 A, 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
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 twe’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 Wyy;W, ., and W3 _3 of Figure UG-41.1 for
examples);

(2)the strength in tension of the area defined in
YG337 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 suchhat their
limits of reinforcement overlap [see FiguredJG-42, sketch
(a)], the two openings shall be reinfogced in the plane
connecting the centers, in accordanee\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 consideredvas applying to more than
one opening, nor to be Coilsidered 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) Eor cylinders and cones, if the area of reinforce-
ment between the two openings is less than 50% of the
total fequired for the two openings, the supplemental
rulés’of Mandatory Appendix 1, 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 1/ 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 open-
ings. If the distance between centers of two such openings
is less than 11/3 times their average diameter, no credit for
reinforcement shall be taken for any of the material be-
tween 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 reinfor-
cing value. For cylinders and cones, when the diameter
of the assumed opening exceeds the limits in
UG-36(b)(1), the supplemental rules of Mandatory
Appendix 1, 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 or head, the edges of the
inserted section shall be tapered as prescribed in
UW-9(c).
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Figure UG-41.1

Nozzle Attachment Weld Loads and Weld Strength Paths to Be Considered
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total weld load [UG-41(b)(2)]

[A=-Aq + 2t fri(Eqt= Ftr)ISy

weld load for strength path 1-1 [UG-41(b)(1)]
(Az + A5 + A41 + A42)SV

weld load for strength path 2-2 [UG-41(b){1)]
(Az + A3 + A41 + A43 + 2t,,tf,1)SV

weld load for strength path 3-3 [UG-41(b){1)]
(AZ + A3 + A5 + A4~| + A42 + A43 + 2tntf,1)SV
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(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)}
= (A-A))Sy
Wi, = weld load for strength path-1-1 [UG-41(b)(1)]
= (A2 + A5 + A,n + A42)SV
W, , = weld load for stregth path 2-2 [UG-41(b)(1)]

(Az + A41 )SV

(b) Depicts Typical Nozzfe)Detail With Neck Abutting the Vessel Wall

GENERAL NOTES:
(@) Areas Aq,A,, Az, As, and A,4; are modified;by f,, factors.
(b) Nomenclature is the same as in UG-37%and Figure UG-37.1.

(e) When a series of two 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 ¢f a vessel by any of the methods of attachment giv-
en inthis 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-109.

(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
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Figure UG-42
Examples of Multiple Openings

Limits of reinforcement

Openings
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(a) Two Openings Spaced With
Limits of Reinforcement Overlapping

Limits of reinforcement

(b) More Than Two Openings Spaced
With Limits of Reinforcement Overlapping

for curvature of the vessel wall. The thread shall be atstan-
dard taper pipe thread except that a straight thread of at
least equal strength may be used if other sealifig'means to
prevent leakage are provided. A built-up pad’or a prop-
erly 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 flammable liquids at temperatures above that at
which they boil under atmospheric pressure.

Threaded connections larger than 3 in. pipe size
(DN 80) 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.

Minimum Number of Pipe Threads for Connections

Table UG-43

Size of Pipe Connection, Threads Min. Plate Thickness Required,

NPS (DN) Engaged in. (mm)

Y, and 3/, (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)

2, 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)
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(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

(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

in which d; is the nominal diameter of the stud, except
that the thread engagement neeé’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 tequirements of UG-11. Pressure-
temperature «atings shall be in accordance with the ap-
propriate standard except that the pressure-temperature
ratings for ASME B16.9 and ASME B16.11 fittings shall be
calculated as for straight seamless pipe in accordance
with. the rules of this Division including the maximum al-
lowable stress for the material. The thickness tolerance of
the 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 with Part UCIL.

(2) ASME B16.5, Pipe Flanges and Flanged Fittings,
NPS Y, Through NPS 24 Metric/Inch Standard

(3) ASME B16.9, Factory-Made Wrought Buttwelding
Fittings

(4) ASME B16.11, Forged Fittings, Socket-Welding
and Threaded

(5) ASME B16.15, Cast Copper Alloy Threaded Fit-
tings, Classes 125 and 250

(6) ASME B16.20, Metallic Gaskets for Pipe Flanges

(7) ASME B16.24, Cast Copper Alloy Pipe Flanges,
Flanged Fittings, and Valves, Classes 150, 300, 6005900,
1500, and 2500

(8) ASME B16.42, Ductile Iron Pipe-Flanges and
Flanged Fittings, Classes 150 and 300

(9) ASME B16.47, Large Diameter-Steel Flanges,
NPS 26 Through NPS 60 Metric/Inély’ Standard

(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 forged noz-
zle flange shall meet all.dimensional requirements of a
flanged fitting given,in ASME B16.5 with the exception
of the inside didmeter. 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
B16.47pplications, the inside diameter shall not exceed
the weld hub diameter A given in the ASME B16.47 tables.

(-b) For ASME B16.5 applications, the outside dia-
nieter of the forged nozzle neck 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 given in the ASME B16.47 tables. Larger hub
diameters shall be limited to nut stop diameter dimen-
sions. See Section VIII, Division 2, Figures 4.16.3 and
4.16.4.

(b) External loads (forces and bending moments) may
be evaluated 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.
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(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):

= external tensile axial force
moment factor, in accordance with Table UG-44-1
G = gasket reaction diameter

Mg = external moment

Pp = vessel MAWP (corrected for static pressure acting
on the flange) at design temperature

Pr = flange pressure rating at design temperature

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:

For other nozzles:

Determine t,,.

where

minimum neck thickness required for internal
and external pressure using UG-27 and UG-28
(plus corrosion and threading allowance), as
applicable. The effects of external forces and
moments from supplemental loads (see
UG-22) shall be considered. Shear stresses
caused by UG-22 loadings shall not exceed
70% of the allowable tensile stress for the noz-
zle material.
tp1 = for vessels under internal pressure;-the thick-
ness (plus corrosion allowance)-tequired for
pressure (assuming E = 1.0)for the shell or
head at the location where jthe nozzle neck or
other connection attaches to the vessel but in
no case less than th&minimum thickness speci-
fied for the material'in UG-16.2 and UG-16.3.
t,> = for vessels undér‘external pressure, the thick-
ness (plus ‘edrrosion 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 case
less than the minimum thickness specified for
the material in UG-16.2 and UG-16.3.
tp3 = the thickness given in Table UG-45 plus the
thickness added for corrosion allowance.
tyg-4s5 = minimum wall thickness of nozzle necks

UG-46 INSPECTION OPENINGS*®

(a) All pressure vessels for use with compressed air
and those subject to internal corrosion or having parts
subject to erosion or mechanical abrasion (see UG-25),

ty =

Table UG-44-1
Moment Factor, Fy

Flange Pressure Rating Class

Standard Size Range 150 300 600 900 1500 2500
ASME B16.5 <NPS 12 (<DN 300) 1.2 0.5 0.5 0.5 0.5 0.5
>NPS 12 and <NPS 24 (>DN 300 and <DN 600) 1.2 0.5 0.5 0.3 0.3
ASME B16.47
Setiies)A All 0.6 0.1 0.1 0.1
Series B <NPS 48 (<DN1200) [Note (1)] [Note (1)] 0.13 0.13
=NPS 48 (=DN 1200) 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
operates 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 (DN 1500), Class 300, in which case Fy = 0.03.

(25)
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Table UG-45
Nozzle Minimum Thickness Requirements

Minimum Wall Thickness
[See UG-16.4(b)]

Nominal Size in. mm
NPS Y (DN 6) 0.060 1.51
NPS ¥, (DN 8) 0.077 1.96
NPS %; (DN 10) 0.080 2.02
NPS Y, (DN 15) 0.095 242
NPS %, (DN 20) 0.099 2.51
NPS 1 (DN 25) 0.116 2.96
NPS 1%, (DN 32) 0.123 3.12
NPS 1Y%, (DN 40) 0.127 3.22
NPS 2 (DN 50) 0.135 3.42
NPS 2%, (DN 65) 0.178 452
NPS 3 (DN 80) 0.189 4.80
NPS 3%, (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.

except as permitted otherwise in this paragraph, shall be
provided with suitable manhole, handhole, or other in®
spection openings for examination and cleaning.

Compressed air as used in this paragraph is\not in-
tended to include air that has had moisturesremoved to
provide an atmospheric dew point of -50°F*(-46°C) or
less.

Inspection openings may be omitted.in vessels covered
in (b), and in heat exchangers where the construction
does not permit access to the shell side, such as fixed
tubesheet heat exchangers or~U-tube and floating tube-
sheet heat exchangers having shells integral with the
tubesheets. When inspection openings are not provided,
the Manufacturer’s-Data Report shall include one of the
following notations~under “Remarks”:

(1) “UG-46(b)” when telltale holes are used in lieu of
inspection gpenings;

(2) UG-46(a)” when inspection openings are
omittéd,in fixed tubesheet heat exchangers or U-tube
and floating tubesheet heat exchangers having shells inte-
gral with the tubesheets;

(3) “UG-46(c)”, “UG-46(d)”, or “UG-46(e)” when pro-
vision for inspection is made in accordance with one of
these paragraphs;

(4) the statement “for noncorrosive service.”

(b) When provided with telltale holes complying with
the provisions of UG-25, inspection 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 holes per vessel. This provision does not apply
to vessels for compressed air.

(c) Vessels over 12 in. (300 mm) L.D. under air pressure
that also contain, as an inherent requirement of th€ir op-
eration, other substances that will prevent corrgsieh need
not have openings for inspection only, providedthe vessel
contains suitable openings through which inSpection can
be made conveniently, and provided_such openings are
equivalent in size and number to thérequirements for in-
spection openings in (f) below.

(d) For vessels 12 in. (300umm) or less in inside dia-
meter, openings for inspection only may be omitted if
there are at least two remevable 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 12 in.
(300 mum) 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 connections 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) I.D. shall have 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, I.D. shall have a manhole or at least two hand-
holes or two plugged, threaded inspection openings of
not less than 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 openings, each with
a minimum area equivalent to a 4 in. x 6 in. (100 mm x
150 mm) handhole.

(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.
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(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) LD.

(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 materijal
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 strenigth 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*Y,¢ 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 partsithat, 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:

€Y
(2)
where
C = 2.1 for welded stays or stays screwed through

plates not over 7/;¢ in. (11 mm) in thickness with
ends riveted over

= 2.2 for welded stays of stays screwed through
plates over 7/ in. (11 ™m) 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 ¢

= 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 in the

horizontal, the vertical, and the inclined planes

shall be considered.

maximum allowable stress value in tension (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. (8 mm) except for welded
construction covered by UW-19 or Part UDA.

(c) If a stayed jacket extends completely around a cy-
lindrical or spherical vessel, or completely covers a
formed head, it shall meet the requirements given in (a)
above, and shall also meet the applicable requirements
for shells or heads in UG-27(c) and UG-27(d) and
UG-32. In addition, where any nozzle or other opening pe-
netrates 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).
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Figure UG-47
Acceptable Proportions for Ends of Stays

NOTE:
(1) See UG-83.

(d) When two plates are connected by stays and but
one of these plates requires staying, the valte of C shall
be governed by the thickness of theplate requiring
staying.

(e) Acceptable proportions forsthe ends of through
stays with washers are indicatéd 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 nat éxceed 15 times the diameter of the
staybolt. See UW-19(a) for plate thicknesses greater than
%, in. (19 mm);

(g) 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
Uw-19.

UG-49 LOCATION OF STAYBOLTS

(a) When the edge of a flat stayed plate is flanged;.the
distance from the center of the outermost stays to(the in-
side of the supporting flange shall not be greatef than the
pitch of the stays plus the inside radius of thé&-flange.

UG-50 DIMENSIONS OF STAYBOLTS

(a) The required area of a staybpltat its minimum cross
section®? and exclusive of any allewance for corrosion
shall be obtained by dividing the load on the staybolt
computed in accordance witl (b) below by the allowable
stress value for the material used, as given in Subsection
C, and 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 @ deduction for the area occupied by the stay.
The load:earried by a stay is the product of the area sup-
portedyby the stay and the maximum allowable working
pressure.

(¢) 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 longitudinal line, deg

(b) When a cylindrical shell is drilled for tubes in a line
parallel to the axis of the shell for substantially the full
length of the shell as shown in Figures UG-53.1 through
UG-53.3, the efficiency of the ligaments between the tube
holes shall be determined as follows:

(1) When the pitch of the tube holes on every row is
equal (see Figure UG-53.1), the formula is
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(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

(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
working pressure.

(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 éfficiency.

(f) Figure UG-53.6%s-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 circumferential

plane. To use Figure UG-53.6, determine the angle 6 be-
tween the longitudinal shell axis and the line between
the centers of the openings, 8, and compute the value of
p'/d. Find the vertical line in the diagram corresponding
to the value of 8 and follow this line vertically to the line
representing the value of p'/d. Then project this point
horizontally to the left, and read the equivalent longitudi:
nal efficiency of the diagonal ligament. This equivalent
longitudinal efficiency is used to determine the minimum
required thickness and the maximum allowable.working
pressure.

(g) When tube holes in a cylindrical shell-are arranged
in symmetrical groups which extend adistance greater
than the inside diameter of the shell along lines parallel
to the axis and the same spacing_is usSed for each group,
the efficiency for one of the groups shall be not less than
the efficiency on which the maximum allowable working
pressure is based.

(h) The average liganient efficiency in a cylindrical
shell, in which the tube holes are arranged along lines
parallel to the axisswith either uniform or nonuniform
spacing, shalkbe 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.forthe position which gives the minimum efficiency,
thelefficiency 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
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.
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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.

Figure UG-53.2
Example of Tube Spacing With Pitch of Holes Unequal in Every Sécond Row
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GENERAL NOTE: 5%, in. = 135 mm; 6%, in. = 170 mm.

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.
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Figure UG-53.4
Example of Tube Spacing With Tube Holes on Diagonal Lines
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Figure UG-53.5
Diagram for Determining the Efficiency of Longitudinal and Diagonal Ligaments Between Openings in
Cylindrical Shells

GENERAL NOTES:

(a) 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.

(b)
Diagonal efficiency, ,where J = (p’/p1 )?

(c) Curve of condition of equal efficiency of diagonal and circumferential ligaments, diagonal efficiency,

, where M = [(100 - Ejong.)/(200 - 0.5E o)1

(d) Longitudinal efficiency, % = Ejong. = [(p1 - d)/p1 ] 100
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Figure UG-53.6
Diagram for Determining Equivalent Longitudinal Efficiency of Diagonal Ligaments Between Openings
in Cylindrical Shells
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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 ab-
scissa and ordinate shown.
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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.

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 of 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).

(c) Nonmandatory Appendix G provides guidance on
the design of attachments.

FABRICATION
UG-75 GENERAL

Pressure vessels and vessel parts shall be fabricated in
accordance with the general requirements in UG-76
through UG-85 and the specific requirements given in
the applicable Parts of Subsections B, C, and D.

UG-76 CUTTING MATERIAL

UG-76.1 Plates, edges of heads, and other parts may
be cut to shape and size by mechanical or therfmal pro-
cesses. When thermal cutting processes areyapplied, all
slag and detrimental discoloration of previously molten
material shall be removed by mechanical processes prior
to further fabrication or use.

UG-76.2 Ends of nozzles oraccess openings that re-
main unwelded in the completed vessel may be cut by
shearing, provided additional material is removed to pro-
duce a smooth finish:

UG-76.3 Exposed inside edges shall be chamfered or
rounded.

UG-77  MATERIAL IDENTIFICATION (SEE UG-85)

UG:77.1 Marking of Material. Marking of pressure
part material shall be performed as specified in (a)
through (d).

(a) All materials shall be identified by markings as re-
quired within the applicable material specification as spe-
cified in UG-93.

(b) Where the service conditions prohibit die stamping
for material identification markings, and when so speci-
fied by the user, the materials manufacturer shall mark

allow positive identification upon delivery. These mark-
ings shall be recorded by the vessel Manufacturer so that
each piece of material will be positively identified in its
position in the completed vessel to the satisfaction of
the Inspector.

(c) One complete set of the identification markings re-
quired by UG-94 should be plainly visible when the vessel
is complete. See UG-77.2.

(d) Transfer of markings shall be done in accordance
with UG-77.2 and UG-77.3, as applicable. The Inspector
need not witness the transfer of markings but shall.verify
that it has been properly performed.

UG-77.2 Transfer of Markings by Vessel Manufac-
turer. Transfer of markings by the vessel Manufacturer
shall be performed as specified in (@) through (c).

(a) The pressure vessel Manufacturer shall maintain
traceability of the material to tlie required identification
markings by one or more ofithe following methods:

(1) accurate transfey.of the original identification
markings to a location where the markings will be visible
on the completed vessel

(2) identification by a coded marking traceable to the
original identification markings, provided the coded
marking system is described in the Manufacturer’s writ-
ten Quality Control System

(3yrecording the original identification markings
using methods such as material tabulations or as-built
sketches that ensure identification of each piece of mate-
rial during fabrication and subsequent identification in
the completed vessel

(b) Transfers of markings shall be made prior to cut-
ting, except that the Manufacturer may transfer markings
immediately after cutting provided the control of these
transfers is described in the Manufacturer’s written Qual-
ity Control System (see Mandatory Appendix 10, 10-6).

(c) Except as indicated in UG-77.1(b), material may be
marked by any method acceptable to the Inspector.

UG-77.3 Transfer of Markings by Other Than the
Vessel Manufacturer. Transfer of markings by other than
the vessel Manufacturer shall be performed prior to cut-
ting as specified in (a) through (c).

(a) When material is formed into shapes by anyone
other than the Manufacturer of the completed pressure
vessel and the original identification marks required by
the applicable material specification are unavoidably cut
out, or the material is divided into two or more parts,
the manufacturer of the shape shall use one of the follow-
ing methods:

(1) transfer the original identification markings to
another location on the shape

(2) provide for identification with a coded marking
traceable to the original identification marking using a
marking method agreed upon and described in the Qual-
ity Control System of the Manufacturer of the completed

the rpr}nirpd data on the material in a manner that will
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(b) Identification in accordance with UG-93, in conjunc-
tion with the modified marking requirements in (a), shall
be considered sufficient to identify these shapes.

(c) Material identification marking requirements for
materials that are wholly formed into shapes that do
not include welded joints are found in UG-11(b).

UG-78 REPAIR OF DEFECTS IN MATERIALS

Defects in material may be repaired when the method
and extent of repairs are acceptable to the Inspector. De-
fective material that cannot be satisfactorily repaired
shall be rejected

UG-79 FORMING PRESSURE PARTS

UG-79.1 Limits are provided on the cold working of
all materials [see UCS-79(d), UNF-79(a), UHA-44(a), and
UHT-79(a)]. Forming strains or extreme fiber elongation
shall be determined by the equations in Table UG-79-1.

UG-79.2 If the plates are rolled, the adjoining edges
of longitudinal joints in cylinders shall be shaped by pre-
rolling or other operations to obtain the proper curvature
to avoid flat spots (see UG-80).

UG-79.3 When pressure boundary parts are formed
by parties other than the vessel Manufacturer, the re-
quired part certification shall indicate whether the part
has been hot formed or heat treated after cold forming
(see UCS-79, UHA-44, UNF-79, and UHT-79).

UG-79.4 A reduction in weld thickness due to a form-
ing operation is acceptable when all the following condi-
tions are met:

(a) Each weld is verified to comply with UW-35(a)
through UW-35(e) by the Manufacturer and-the Inspector
prior to the forming operation.

(b) The weld thickness after forming\shall not be less
than the design thickness of the component at any point.

(c) The reduction in thickness shall not exceed the les-
ser of Y3, in. (0.8 mm) or 10% of the nominal thickness of
the adjoining surface.

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
requiréments:

(1) The difference between the maximum and mini-
nfunr inside diameters at any cross section shall not ex-
céed 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).

Table UG-79-1
Equations for Calculating Forming Strains

Type of Part Being Formed Forming Strain, %

Cylinders formed from plate

For double curvature (e.g., heads)

Tube and pipe bends

Legend:

&r = calculated forming strain or extrenteé fiber elongation

R = nominal bending radius to centerline’ of pipe or tube
Ry = final mean radius
R, = original mean radius, equalto)infinity for a flat plate

nominal outside radius<f pipe or tube
nominal thickness ofithé\plate, pipe, or tube before forming

(2) When the cross section passes through an open-
ing or within 1 I.D. of the opening measured from the cen-
ter of thejopening, the permissible difference in inside
diameters given above may be increased by 2% of the in-
sidédiameter 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 outside or 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 where the measure-
ments are taken) and a chord length equal to twice the
arc length obtained from Figure UG-29.2. The values of
L and D, in Figures UG-29.2 and UG-80.1 shall be deter-
mined as follows:

(-a) for cylinders, L and D, as defined in
UG-28(b);
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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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(-b) for cones and conical sections, L and D, val-
ues to be used in the figures are given below in terms
of the definitions given in UG-33(b): In all cases below,

Figure UG-80.2

Example of Differences Between Maximum and
Minimum Inside Diameters in Cylindrical,

\

Conical, and Spherical Shells

(-1) at the large diameter end,

(-2) at the small diameter end,

(-3) at the midlength diameter,
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(-4) at any cross section having an outside dia-
meter of D,,

(-c) 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

(-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 besxtaken on the surface of
the base metal and not on welds or other raised parts
of the material.

(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, ., shall be determined by D, /t

(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 deviatiohs)shall be measured
perpendicular to the specified~shape and shall not be
abrupt. The knuckle radius<hall 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 0.5fox"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 the 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 fitted 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 over 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

for the nominal pl:\hn thickness used
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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 % in. (8 mm) in thick-
ness and Y 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

UG-84.1 General. Charpy V-notch impact testing of
weldments and vessel parts subject to stress due to pres-
sure shall be performed in accordance with the provisions
of this paragraph when required by the rules in Subsec-
tion C or Subsection D.

UG-84.2 Test Procedures.

(a) Procedures and Apparatus. Impact test procedures
and apparatus shall conform to the applicable paragraphs
of SA-370 or ISO 148 (Parts 1, 2, and 3).

(b) Product Form Requirements. When impact testing is
required and no procedural impact testing requirements
are given in the material specification, impact testing of
each product form of material shall comply with the re-
quirements of the applicable product form specification
listed in Table UG-84.2-1.

(c) Small Parts. A lot of up to 20 duplicate small cast or
forged parts may be certified by testing one set of impact
test specimens removed from a single randomly selected
part produced of the same specification, heat of material,
and heat treatment condition. No impact tests-are re-
quired when the parts are too small to provide/three test
specimens meeting the minimum specimen size shown in
Figure UG-84.2-1.

(d) Small Vessels. A lot of up to 10Q siiall vessels com-
plying with U-1(j) may be certified by.one set of material
impact test specimens removed from a single vessel pro-
duced of the same heat of material and heat treatment
furnace batch.

Table UG-84.2-1
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

Figure UG-84.2-1
Simple Beam Impact Test Specimens (Charpy
Type Test)

0.394 in. (10 mm) —

0.315in. (8 mm)
|«<——2.165 in. (65 mm) ———> —i
A

yAN I RN}
0.394 in. (10 mm) — }«
[Note (1)]

0.010 in.
(0.25 mm) RA
K s ™

deg

!

NOTE:
(1) See UG-84.3 for thickness'of reduced-size specimen.

UG-84.3 Test'Specimens.

(a) Each\set of impact test specimens shall consist of
three test specimens removed from each area required
to bedtested.

¢1) The impact test specimens shall be the Charpy
V=notch type and conform in all respects to Figure
UG-84.2-1.

(2) Except as permitted in (3) or (c), standard full
size 0.394 in. x 0.394 in. (10 mm x 10 mm) test specimens
shall be obtained from nominal material thicknesses of
/16 in. (11 mm) or greater.

(3) When full-size specimens cannot be obtained, the
test specimens shall be the largest obtainable standard
subsize specimens. Alternatively, testing may be per-
formed on specimens using the full nominal material
thickness after machining to remove any surface
irregularities.

(b) Impact tests are not required when the maximum
obtainable test specimen has a width along the notch of
less than 0.099 in. (2.5 mm).

(c) For materials demonstrating absorbed energy
greater than 180 ft-b (244 ]J) when testing full-size test
specimens at the specified test temperature, subsize
0.394 in. x 0.262 in. (10 mm x 6.7 mm) test specimens
are acceptable in lieu of full-size test specimens [see
UG-84.5(g)].

UG-84.4 Test Temperature.

(a) Except when otherwise permitted by Table
UG-84.4-1, the impact test temperature shall be no war-
mer than the minimum design metal temperature
(MDMT)>* [see UG-20(b)] where materials have a nom-

inal thickness
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(1) not less than 0.394 in. (10 mm) and the largest
obtainable test specimen has a width along the notch of
at least 0.315 in. (8 mm)

(2) less than 0.394 in. (10 mm) and the largest ob-
tainable test specimen has a width along the notch of at
least 80% of the nominal material thickness

(3) less than 0.394 in. (10 mm) where the largest ob-
tainable test specimen has a width along the notch less
than 80% of the nominal material thickness for

(-a) Table UCS-23 material having a minimum ten-
sile strength, S, not less than 95,000 psi (655 MPa)

(-b) Table UHT-23 materials, and

(-c) Table UHA-23 materials

(b) Except when applying the alternative rules of

UG-84.3(c), the impact test temperature shall be colder
than the MDMT by an amount equal to the difference be-
tween the temperature reductions shown in Table
UG-84.4-2 corresponding to the actual material thickness
and the actual test specimen width for Table UCS-23 ma-
terials with

(1) a minimum tensile strength, S, less than
95,000 psi (655 MPa)

(2) a nominal thickness less than 0.394 in. (10 mm),
and

(3) the largest obtainable test specimen has a width
along the notch less than 80% of the nominal material
thickness

(c) The rules of (a) and (b) above are summarized in
Table UG-84.4-3.

(d) The test temperature for welds and heat-affected
zones shall not be warmer than the test temperature re-
quired for the base materials.

UG-84.5 Acceptance Criteria.

(a) Table UCS-23 materials having a spécified minimum
tensile strength, S, less than 95,000 psi’(655 MPa) shall
have an impact energy value notdess than shown in
Figure UG-84.5-1 (Figure UG-84'5>1M) multiplied by the
ratio of the actual test specimen width along the notch
to the width for a full-size\t€st specimen.

(b) Table UCS-23 materials having a specified minimum
tensile strength, S,,not less than 95,000 psi (655 MPa)
shall have a lateral expansion opposite the notch not less
than required (in\UHT-6(a)(3) and UHT-6(a)(4).

Table UG-84.4-1
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.

Table UG-84.4-2
Charpy Impact Test Temperature Reduction
Below Minimum Design Metal Temperature

Actual Material Thickness [See UG-84.4(a)(2)] 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 (%5 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 (Y 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.

(c) Part UHT materials shall meet all requirements of
UHT-6(a)(3) and UHT-6(a)(4).

(d) Table UHA-23 materials shall meet all requirements
of UHA-51.

(e) Materials produced and impact tested in accor-
dance with the material specification requirements listed
in Figure UG-84.5-1 (Figure UG-84.5-1M), General Note
(c) shall meet the specified acceptance criteria of the re-
levant material specification.

(f) Test specimens for welding procedure qualification
with impact testing of welds and heat-affected zones and
for production impact testing shall achieve impact test
values at least as high as those required for the base
materials.

(g) For materials tested using subsize specimens as
permitted by UG-84.3(c)
(1) the minimum acceptance criteria for each of the
subsize test specimens shall be 75 ft-1b (102 ])
(2) the lateral expansion in mils (mm) shall be
reported

UG-84.6 Retesting.

(a) If the required impact test acceptance criteria in
UG-84.5 are not met, a retest is permitted when one of
the following conditions is met for the original test:

(1) The average value is satisfied and only one speci-
men has a value below two-thirds of the average value
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Table UG-84.4-3

Impact Test Temperature Criteria

Nominal Material
Thickness, t,

Test Specimen
Thickness, t

Specified Material Conditions

Impact Testing Temperature
[Note (1)]

Reference Code
Paragraph

Any

Any

SMYS < 55 ksi (<380 MPa)

Warmer than MDMT when Table
UG-84.4-1 conditions are met

UG-84.4(a)

20.394 in. (210 mm)

20.315 in. (28 mm)

All [Note (2)]

Not warmer than MDMT

UG-84.4(a)(1)

<0.394 in. (<10 mm)

>0.8t,

All [Note (2)]

Not warmer than MDMT

UG-84.4(a)(2)

<0.394 in. (<10 mm) =0.8t, S 295 ksi (2655 MPa) of Table UCS-23, all | Not warmer than MDMT UG-84.4(a)(3)
Table UHT-23 materials, and all Table
UHA-23 materials

<0.394 in. (<10 mm) <0.8t, Su <95 ksi (<655 MPa) of Table UCS-23 Colder than MDMT per Table UG=84.4(b)

materials [Note (2)]

UG-84.4-2

Legend:

SMYS
Sy

specified minimum yield strength
specified minimum tensile strength

NOTES:

(1) Test temperature may be colder than the minimum specified in the material specification in Seetion II.

(2) Except for materials addressed in UG-84.3(c).

(2) All three specimens have a value above
two-thirds of the average value required for three
specimens.

When a retest is permitted, three additional test speci-
mens shall be removed from the same test coupon. The
acceptance criteria for each of the retest specimen cou-
pons shall equal or exceed the required average value giv*
en in UG-84.5(a).

(b) When an erratic result is caused by a defettive spe-
cimen or there is uncertainty in test procedute, a retest is
permitted.

(c) When the rules of UG-84.3(c) are-applied for the in-
itial test and the minimum acceptanee value of 75 ft-1b
(102 J) is not achieved, retestingusing full-size test spec-
imens is permitted.

UG-84.7

(a) Reports or certificates of impact testing performed
by the material manufacturer demonstrating that the ma-
terial meets the applicable acceptance criteria of UG-84.5
are acceptable;-provided the test specimens comply with
the rules,of\UCS-85, UHT-5, or UHT-81, as applicable.

(b) When impact testing has not been performed by the
materjal manufacturer, the vessel Manufacturer may per-
foarm impact tests to prove the suitability of a material.

Impact Tests of Material.

UG-84.8 Impact Testing of Welds and Heat-
Affected Zones.

(a) Welding Procedure Specifications (WPSs) shall be
qualified with impact testing when required by UCS-67,
UHT-82, or UHA-51. When welding procedure qualifica-

tion with impact testing is rpqnirnd

(1) the\material used for the test coupon shall meet
the mifimum toughness requirements for thickest base
material thickness of the range qualified by the procedure
[see Figure UG-84.5-1 (Figure UG-84.5-1M)]

(2) the welding procedures used for fillet welds shall
be qualified by groove welded test coupons

(3) the supplementary essential variables in Section
IX, QW-250 shall apply

(b) Except for P-No. 1, Group Nos. 1 and 2 materials
other than SA-737 and SA-841, the weld test coupon ma-
terial for vessels constructed of Part UCS materials shall
be in the same material heat treatment condition before
welding (as rolled, normalized, quenched and tempered,
etc.) as the material of construction.

(1) The heat-treatment condition shall be recorded
on the procedure qualification record (PQR) and specified
on the WPS.

(2) The test coupons shall be subjected to the same
postweld heat treatment established by the Manufacturer
for production, including the aggregate time at tempera-
ture or temperatures.

(3) Heat treatment requirements of UG-85, UCS-85,
UHT-81, and UHT-82 shall apply to the test coupons, ex-
cept the provisions of UCS-85(f) and UCS-85(g) are not
applicable.

(c) For steel vessels of welded construction, the tough-
ness of welds and heat-affected zones (HAZs) of proce-
dure qualification test coupons and production impact
test coupons shall be determined as follows:

(1) Each set of weld metal test specimens shall be
taken transverse to the weld axis and prepared with

(-a) the notch located in the weld metal, perpendi-

cular to the surface of the material
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Figure UG-84.5-1
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

Minimum specified
yield strength
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Maximum Nominal Thickness of Material or Weld, in.

GENERAL NOTES:

(d) Interpolation between yield strengths shown is permitted.

() The minimum impact energy for any single 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-lb.

(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-84.5(g).

NOTE:
(1) Average of three specimens.

(25)
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Figure UG-84.5-1M
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

Minimum specified
yield strength
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GENERAL NOTES:

(a) Jnterpolation between yield strengths shown is permitted.

(b)~TFhe minimum impact energy for any single 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.

(¢) 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-84.5(g).

NOTE:
(1) Average of three specimens.
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(-b) one face of the specimen within /;4 in.
(1.5 mm) of the surface of the material, except the test
specimens may be removed from any depth when the
weld has been postweld heat treated

(2) When impact tests are required for the weld me-
tal but the base material is exempt, both the following re-
quirements shall be met:

(-a) The test coupon shall be made from the same
P-Number and Group number material as the vessel.

(-b) Impact testing of the weld metal shall be per-
formed, but impact testing of the HAZ is not required.

(3) Each set of HAZ test specimens shall be taken
transverse to the axis of the weld and of sufficient length
to locate the fusion line after etching.

(-a) Use of a joint design where only one side of
the joint is beveled (i.e., a single-bevel or double-bevel
groove weld) is recommended to obtain a specimen con-
taining as much of the HAZ as possible. See Figure
UG-84.8-1.

(-b) When the material to be tested is less than
1 in. (25 mm) thick, the HAZ test specimens shall be re-
moved from a depth that maximizes the amount of the
HAZ at the notch centerline.

(-c) When the material to be tested is 1 in.
(25 mm) thick or greater, test specimens prepared shall
be removed from coupons prepared as shown in Figure
UG-84.8-2 with their centerlines between %, and Y, of
the material thickness below the surface.

(-d) The notch shall be normal to the material
surface.

(-e) When the angle of the HAZ is approximately
normal to the material surface, the notch centefline shall
be approximately 0.04 in. (1 mm) from thé fusion line.

(-f) When the HAZ is at an angle.to the material
surface, the middle of the notch centerlin€ shall be located
approximately 0.08 in. (2 mm) frém the fusion line as
shown in Figure UG-84.8-1.

(d) Each welding process may be qualified using single-
process or multiprocess test Coupons.

(1) If more than one set of essential or supplemen-
tary essential variables for a process is recorded on a
PQR (e.g., different.filler metal F-numbers), the require-
ments for multiprocess testing shall apply for each set
of essential or.supplementary essential variables as if that
set of variables defined a separate welding process.

(2)*When more than one welding process is included
in-a_test coupon, the following shall apply:

(-a) The test specimens shall be full-size or the
largest obtainable subsize test specimen based on the
thickness of the test coupon.

(-b) The weld metal test specimens shall contain
as much of the weld metal from each process as practical.

(-c) When the test coupon contains more than two
welding processes, additional weld metal impact test
specimens shall be removed from the thickness depth

where each pracess is located

(-d) HAZ test specimens shall be removed from
the thickness depth associated with deposited weld metal
from each process and may contain HAZ material from
more than one welding process.

(-e) When test specimens contain weld metal or
HAZs from more than one welding process, the test re-
sults shall apply to all the welding processes contained
in the specimens.

(-f) Procedure qualifications completed using sub-
size test specimens tested in accordance with the 2017
Code Edition or later Editions remain acceptable.

(e) When qualifying a WPS for welding base metals
having different impact testing requirements and accep-
tance criteria, the following shall apply:

(1) The weld metal impact test\specimens shall meet
the acceptance criteria for either base metal.

(2) When HAZ impact tests are required, separate
impact test specimens_shall be removed from the HAZ
of each base metal ré€gniring impact testing, and each
set of test specimeng shall meet the acceptance criteria
for the base metal from which they were removed.

(f) When imipact testing of diffusion welded assemblies
is required, the diffusion welded assembly test block shall
be prepared in accordance with Section IX, QW-185.1.

(1) Two sets of impact test specimens shall be tested
with

(-a) one set of specimens removed perpendicular
to the interface planes of the test block

(-b) one set of specimens removed parallel to the
interface planes of the test block

(2) The impact test temperature and acceptance cri-
teria shall be in accordance with the requirements given
in Subsections C and D for the applicable base metal.

UG-84.9 Production Impact Testing.

(a) General. Impact tests of welds and HAZs of produc-
tion test coupons shall be made in accordance with
UG-84.8 for each welding procedure followed on each
vessel or group of vessels as defined in (d).

(b) Test Coupon Requirements. The production impact
test coupon shall be from one of the heats of steel used
for the vessel or group of vessels.

(1) For Category A joints, where practicable, the test
coupon shall be welded as an extension to the end of a
production joint so that the test coupon weldment will
represent the quality and type of welding in the vessel
joint.

(2) For Category B joints that are welded using a dif-
ferent welding procedure than used on Category A joints,
a test coupon shall be welded concurrently with the pro-
duction welds or as close to the start of production weld-
ing as practicable under the same production welding
conditions used for the vessel using all the following
criteria:

(-a) the same type of equipment
(-b) at the same location

(—r‘) the same prnrndnrp
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Figure UG-84.8-1
Location of HAZ Specimen Removal
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(c) When Production Impact Test Coupons Are Required

(1) Production impact test coupons shall be made for

all joints for which impact tests are required for qualify-

ing the welding procedure by UCS-67, UHT-82, or

UHA-51 (except where production impact testing is speci-
fically exempted by these paragraphs).

(2) Tests shall be made of the weld metal and HAZ to
the extent required by the procedure qualification, test
(see UCS-67 and UHA-51).

(d) Number of Vessel Impact Test Coupons Réquired

(1) For each vessel, one test coupon shall\be made for
each welding procedure used for Category A7and B joints,
unless the vessel is one of several as defired in (3) or (4).

(2) For Category A and B joints; the following re-
quirements shall apply:

(-a)\lIf-automatic, machine, or semiautomatic
welding is performed, a test coupon shall be made in each
positien employed in the vessel welding.

(-b) 1f manual welding is employed, a manually
welded test coupon shall be made in the flat position.
(-c) If welding is to be performed in other posi-
tions, a test coupon shall be made in the vertical position.
(-1) The major layers of welds shall be depos-
ited using vertical uphill progression.
(-2) An acceptable test coupon qualifies.
(3) For several vessels or parts of vessels, a minimum
of one test coupon shall be made for each welding proce-

dure followed for Category A and B joints, provided the
following requirements are met:

Figure UG-84.8-2
HAZ Impact Specimen Removal
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(-a) Welding is completed within any 3-month
period at one location.

(-b) The cumulative length of all joints represent-
ed by a test coupon welded by each welding procedure
does not exceed 400 ft (120 m).

(-c) Material is of the same specification and
grade.

(-d) The thicknesses of the vessels or parts of ves-
sels do not vary by more than the greater of Y/, in. (6 mm)
or 25%.

(-e) The additional requirements specified in (2)
shall be met.

(4) For small vessels complying with U-1(j) made
from material requiring impact tests, one welded test
joint may represent one lot of the lesser of 100 vessels
or one heat treatment furnace batch where the test cou-
pon meets all the following criteria:

(-a) the same heat of material

(-b) the same filler metal

(-c) the same welding procedure

(e) Test Failure. If the production impact test specimen
fails to meet the impact testing requirements, the welds
represented by the test specimen shall be unacceptable.
Reheat treatment and retesting or retesting only are
permitted.

UG-85 HEAT TREATMENT

When a required material specification heat treatment
is not applied by the material manufacturer, it shall be ap-
plied by or under the control of the vessel Manufacturer.

(a) When these heat treatments are completed, the re-
quired markings indicating the required_specification
heat treatments have been performed shall be added to
the material identification marking\wequired by the
specification.

(b) The Manufacturer shall document completion of the
specified heat treatment in accordance with the specifica-
tion and UG-93.2. See UCS*85, UHT-5(e), and UHT-81 for
heat treatment requirements for test specimens.

EXAMINATIONS, INSPECTIONS, AND TESTS

UG-90_ «GENERAL

UG=90:1 Scope of Applicability. Pressure vessels and
vessel parts to be marked with the Certification Mark and
the”U Designator, vessel parts to be marked with the Cer-
tification Mark and the PRT VIII-1 Designator, and minia-
ture pressure vessels [see U-1(j)] to be marked with the
Certification Mark and UM Designator shall be fabricated
in accordance with all the following:

(a) the applicable general requirements in the follow-
ing paragraphs

(b) the specific requirements given in the applicable

UG-90.2 Manufacturer's Duties and Responsibil-
ities. The Manufacturer is responsible for ensuring that
the quality control, detailed examinations, required tests,
and all other specifically assigned duties required by this
Division are performed. Some of these responsibilities,
which are defined in the applicable rules, are summarized
as follows:

(a) obtain the Certificate of Authorization from-the
ASME Accreditation Committee authorizing the Manufac-
turer to fabricate the type of vessel or vessel part per-
mitted under the scope of authorization [see UG-117(a)]

(b) ensure adequate preparation of drawings and de-
sign calculations for the vessel or part {se€’UG-101; Man-
datory Appendix 10, 10-5 and 10-15(d); and Mandatory
Appendix 47]

(c) obtain Partial Data Reperts when required [see
UG-120(c)]

(d) provide access for the Jhspector in accordance with
UG-92 and Mandatory-Appendix 10, 10-15

(e) examine all materials before fabrication to

(1) verify the identification markings on all material
used in the fabrication of the vessel or part (see UG-93)

(2) verify-that the materials meet the design thick-
ness requirements

(3) detect defects (see UG-93.4)

(4) verify the materials are permitted by this Divi-
sion (see UG-4)

(5) ensure that traceability (see UG-77) to the mate-
rial identification and its required documentation has
been maintained

(f) document impact tests when required (see UF-5,
UCS-66, UHA-51, UHT-6, and ULT-5)

(g) obtain concurrence of the Inspector prior to con-
ducting any base metal repairs (see UG-78 and UF-37)

(h) examine the shell and head sections to confirm they
are properly formed to the specified shapes within the
permissible tolerances (see UG-79, UG-80, UG-81, UF-27,
and UF-29)

(i) qualify the welding or brazing procedures before
they are used in fabrication [see UG-84(h), UW-28, and
UB-31]

(j) qualify welders, welding operators, brazers, and
brazing operators before engaging them in production
work (see UW-29, UW-48, UB-32, and UB-43)

(k) examine all parts prior to joining to verify they are
properly fitted for welding or brazing, the surfaces to be
joined are cleaned, and the alignment tolerances are
achieved and maintained (see UW-31, UW-32, UW-33,
and UB-17)

(1) examine parts as fabrication progresses for materi-
al marking (see UG-94), verify defects are not present (see
UG-95), and verify that dimensional geometries are main-
tained (see UG-96 and UF-30)

(m) provide controls to verify that all required heat
treatments are performed and documented (see UW-2;
UW-10; UG-85; UF-31; and Mandatory Appendix 10,

Parts of Subsections B C_and D
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(n) provide records of nondestructive examinations
performed on the vessel or vessel parts, including reten-
tion of the reports of nondestructive examination (see
UW-51; UW-52; UW-53; Mandatory Appendix 10, 10-13;
and Mandatory Appendix 12, 12-4)

(o) conduct the required hydrostatic or pneumatic tests
and ensure the required inspections are performed dur-
ing such tests (see UG-99, UG-100, and UW-50)

(p) apply the required Certification Mark with the ap-
plicable designator to the vessel when authorized by the
Inspector and verify it is applied to the proper vessel
(see UG-116, UG-118, and UG-119)

(q) prepare and certify the required Manufacturer’s
Data Report and have it certified by the Inspector (see
UG-120)

(r) provide for the retention of Manufacturer’s Data Re-
ports (see UG-120) and associated records required by
this Division (see Mandatory Appendix 10, 10-13)

UG-90.3 Inspector's Duties and Responsibilities.
The Inspector shall make all specifically required inspec-
tions described below, plus any additional inspections
deemed necessary to justify certification and stamping
with the Certification Mark with the applicable
designator.

(a) Some of the Inspector’s required inspections and
verifications, which are defined in the applicable rules,
are as follows:

(1) verify that the Manufacturer has a valid Certifi-
cate of Authorization [see UG-117(a)].

(2) verify that the Manufacturer is working to an ae-
cepted Quality Control System [see UG-117(e)] and\noni-
tor its implementation (see Mandatory Appendix 10).

(3) verify that the applicable design calculations have
been prepared and are available [see U-2(b); U-2(c); and
Mandatory Appendix 10, 10-5 and 10:15(d)].

(4) verify that all materials used in the construction
of the vessel or vessel parts camply with the require-
ments of UG-4 through UG-14;-including all the following:

(-a) the supporting<material documentation accu-
rately represents the material

(-b) the requirements of the material specification
have been met (see"UG-93)

(-c) thethickness and other dimensions of the ma-
terials used.in'the construction of the vessel or parts com-
ply with the design and requirements of this Division (see
UG-80,.UG-81, and UG-96)

(-d) the examination and marking requirements
have been met for those castings assigned a casting qual-
ity factor exceeding 80% (see UG-24)

(5) verify that all welding and brazing procedures
have been qualified (see UW-28, UW-47, and UB-42).

(6) verify that all welders, welding operators, bra-
zers, and brazing operators have been qualified (see

(7) verify that the required heat treatments, includ-
ing PWHT, have been performed and documented (see
UG-85, UW-10, UW-40, UW-49, and UF-52).

(8) verify that any material imperfections repaired
by welding are acceptable [see UG-78, UW-52(d)(2)(-c),
UF-37, and UF-47(c)].

(9) verify that all weld defects were acceptably re-
paired [see UW-51(a) and UW-52(c)].

(10) verify that required nondestructive examina-
tions, impact tests, and other tests have been performed
and documented and that the results are acceptable
(see UG-84, UG-93, UW-50, UW-51, UW-52, and UB-44).

(11) make a visual inspection of the vesselto confirm
that the material identification markings have been prop-
erly transferred (see UG-77 and UG;94)

(12) make a visual inspection¢0f,the vessel to confirm
that there are no material orddimensional defects (see
UG-95, UG-96, and UG-97).

(13) perform internal-and external inspections, wit-
ness the hydrostatic er{pneumatic tests, and witness
any proof tests used to support design (see UG-96,
UG-97, UG-99, UG=100, and UG-101).

(14) verify that the required vessel or part markings
are applied\(see UG-115) and that, if a nameplate (see
UG-118)isused, that it is securely attached to the proper
vessel orpart.

(15) sign the Certificate of Inspection on the Manu-
facturer’s Data Report when, to the best of the Inspector’s
knowledge and belief, the vessel or part conforms with all
the provisions of this Division. When the Inspector indi-
cates acceptance of the vessel or part by signing the Man-
ufacturer’s Data Report, this acceptance does not imply
any of the responsibilities of the Manufacturer are as-
sumed by the Inspector.

(b) When mass production of pressure vessels makes it
impracticable for the Inspector to personally perform all
required duties, the Manufacturer, in collaboration with
the Inspector, shall

(1) prepare an inspection and quality control proce-
dure setting forth, in complete detail, the method by
which the requirements® of this Division will be
maintained

(2) assure that the quality control procedure is de-
veloped, accepted, and implemented in accordance with
Mandatory Appendix 35

UG-91 THE INSPECTOR

UG-91.1 Inspectors. All references to “Inspectors”
throughout this Division mean the Authorized Inspector
as defined herein. All inspections required by this Divi-
sion shall be performed by an Inspector regularly em-
ployed by an ASME accredited Authorized Inspection
Agency, as defined in ASME QAI-1.

UG-91.2 Employment Restrictions. The Inspector

OW-29_1JW-48_and HR-A'«’.)
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UG-91.3 Qualification. All Inspectors shall be quali-
fied in accordance with ASME QAI-1.

UG-92 ACCESS FOR INSPECTOR

UG-92.1 Arrangement for Inspector Access. The
Manufacturer of the vessel shall arrange for the Inspector
to have free access to all plants or facilities concerned
with the supply or manufacture of materials for the ves-
sel, when so requested.

UG-92.2 Free Access for Inspector. The Inspector
shall be permitted free access to

(a) the Manufacturer’s facility at all times while work
on the vessel is being performed

(b) all parts of the Manufacturer’s facility that concern
the construction of the vessel

(c) 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 work as it progresses and notify the Inspector reason-
ably in advance of when vessels or parts will be ready for
any required tests or inspections.

UG-93 INSPECTION OF MATERIALS

UG-93.1 Material Acceptance Inspection. Except as
otherwise provided in UG-4(b), UG-10, UG-11, or UG-15;
the following requirements for accepting materials furn-
ished by the material manufacturer or material supplier
to verify complete conformance to a material specifica-
tion of Section II shall be met:

(a) For plates,’ the vessel Manufacturer Shall ensure all
requirements of the material specificationand all special
requirements of this Division to be fulfilled by the materi-
als manufacturer have been met by @btaining certificates
of conformance or Material Test Reports.

(1) These documents.shall include results of all re-
quired tests and examinations, evidence of conformance
to the material specifications, and additional require-
ments, as applicablel

(-a) When the specification permits certain specif-
ic requirements-to be completed later, those incomplete
items shalltbe'noted on the material documentation.

(-b) When these specific requirements have been
completed by someone other than the material manufac-
tirer, this completion shall be documented and attached
to the material documentation.

(2) The vessel Manufacturer shall obtain a copy of
the test report

(-a) prepared by the material manufacturer, or

(-b) prepared by any subsequent processors re-
sponsible for the reported information

(-c) and shall maintain these reports as part of the
construction records

(3) If a Material Test Report is supplied by a materi-
als manufacturer, the materials manufacturer may tran-
scribe data produced by other organizations when the
material manufacturer accepts responsibility for the accu-
racy and authenticity of the data.

(b) For all other product forms, the material shall be ac-
cepted by the Manufacturer as complying with the mater
rial specification when the material specification proyides
for the marking of each piece with the specificationydesig-
nation, including the grade, type, and class, if applicable,
and each piece is so marked.

(c) If the material specification does not provide for the
marking of each piece as indicated in~(b), the material
shall be accepted as complying with-thé 'material specifi-
cation provided the following requirements are met:

(1) Each bundle, lift, or shipping container is marked
by the material manufactureror supplier with the speci-
fication designation, inclading the grade, type, and class,
if applicable.

(2) Traceability\only to material specification, grade,
type, and class, if applicable, is required. Traceability to a
specific lot, order, or heat is not required.

(3) The\vessel Manufacturer’s Quality Control System
shall document procedures for the handling, storage, and
identification marking of materials.

(d) Pipe or tube material shall be accepted as conform-
ing’to the material specification when one of the following
conditions is met:

(1) The original markings required by the material
specification are present.

(2) A coded marking traceable to the specification
designation, including the grade, type, and class, if appli-
cable, is applied to each piece of pipe or tube and both
the following conditions are met:

(-a) The marking method has been agreed upon
by the material manufacturer or material supplier.

(-b) The marking method has been described in
the Quality Control System of the Manufacturer of the
completed pressure vessel when one of the following con-
ditions is met:

(-1) The material size is not adequate to display
the complete marking in accordance with the material
specification.

(-2) The required marking is not provided in ac-
cordance with (c).

UG-93.2 Supplementary Certification. Except as
otherwise provided in UG-4(b), UG-10, UG-11, or UG-15,
when some requirements of a material specification of
Section Il have been completed by other than the material
manufacturer [see UG-84(d) and UG-85], the vessel Man-
ufacturer shall obtain supplementary material test re-
ports or certificates of conformance as described in
UG-93.1(a)(2)(-b).

UG-93.3 Supplementary Documentation. When re-
quirements or provisions of this Division applicable to
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material specification of Section II (see UG-24, UG-84, and
UG-85), the vessel Manufacturer shall obtain supplemen-
tary material test reports or certificates of conformance
as specified in UG-93.1(a)(2)(-a).

UG-93.4 Examination Before Fabrication. All mate-
rials to be used in constructing a pressure vessel shall
be examined by the Manufacturer before fabrication for
imperfections that would affect the safety of the vessel.

(a) Particular attention should be given to cut edges
and other parts of rolled plate that may disclose the exis-
tence of serious laminations, shearing cracks, and other
imperfections.

(b) All materials that require impact testing in accor-
dance with the requirements of UG-84 shall be examined
for surface cracks.

(c) When a pressure part is to be welded under the pro-
vision of UW-13(e) to form a corner joint with a flat plate
thicker than %, in. (13 mm), the examinations specified in
(d) shall be applied to

(1) the edge of the flat plate before welding

(2) any remaining exposed edge of the flat plate or
surface of the weld joint preparation at the plate edge
after welding

(d) The weld joint preparation and the peripheral
edges of flat plate forming a corner joint shall be exam-
ined by either the magnetic particle or liquid penetrant
method as follows:

(1) the weld edge preparation of typical weld joint
preparations in the flat plate as shown in Figure
UW-13.2, sketches (b), (c), (d), (e-2), (f), and (n)

(2) the outside peripheral edge of the flat plate after
welding, as shown in Figure UW-13.2, sketches (a), (b),
(c), and (d)

(3) the outside peripheral edge of the flat plate after
welding, as shown in Figure UW-1:3:2; sketches (e-1),
(e-2), (f), and (g) if the distance fromi the edge of the com-
pleted 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)

(4) the inside peripheral surface of the flat plate after
welding, as shown in Figure UW-13.2, sketches (m)
and (n)

No examination is required on the flat plate as shown in
Figure UW=13.2, sketches (h), (i), (j), (k), and (1). When
the plate is' nonferromagnetic, only the liquid penetrant
metheod-shall be used.

UG-94 MARKING ON MATERIALS

UG-94.1 Material Identification Markings. The In-
spector shall inspect materials used in the construction
to verify that they bear the identification required by
the applicable material specification, except as otherwise

UG-94.2 Transfer of Identification Markings. Should
the material identifying marks be obliterated, or the ma-
terial be divided into two or more parts, the Inspector
shall verify the marks were properly transferred by the
Manufacturer as provided in UG-77.2. 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 thathave
occurred during fabrication to verify the work hasbeen
done properly.

UG-96 DIMENSIONAL CHECK OF COMPONENT
PARTS

UG-96.1 Shape Conformance: The Manufacturer
shall examine the pressure-retdinitig parts to verify con-
formance to the prescribed shap€ and the required design
thickness after forming. The ‘Manufacturer of the vessel
shall furnish accurately, formed templates when required
by the Inspector for werification. See UG-80.

UG-96.2 Attachment Conformance. Nozzles, man-
hole frames,.nozzle reinforcements, and other appurte-
nances to'\be/attached to the inside or outside of the
vessel shall' be examined to verify proper conformance
to théwessel curvature. See UG-82.

UG-96.3 Dimensional Conformance. The Inspector
shall verify that the dimensional requirements of
UG-96.1 and UG-96.2 have been met by making any di-
mensional measurement checks that are considered
necessary.

UG-97 INSPECTION DURING FABRICATION

UG-97.1 Internal. When conditions permit entry into
the vessel, the Inspector shall make an internal examina-
tion as complete as possible before final closure.

UG-97.2 External. The Inspector shall make an ex-
ternal inspection of the completed vessel at the time of
the final hydrostatic test or pneumatic test.

UG-97.3 Prior to Lead Lining. All welds, including
the nozzle welds, of homogeneously lead-lined vessels
shall be visually inspected on the inside prior to applica-
tion of lining. A visual examination of the lining shall be
made after completion to ensure that there are no imper-
fections that 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

(23)

(25)

(25)

prnvidnd in ”C-A(h)’ UG-10 UG-11 UG-15 or UG-93
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vessel 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 Manda-
tory Appendix 3, 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 pressures may be de-
termined for more than one designated coincident tem-
perature, using for each temperature the applicable
allowable stress value. See UG-151(e).

UG-99 STANDARD HYDROSTATIC TEST

(a) General. Vessels, including chambers of combina-
tion units, designed for internal pressure, except those
tested in accordance with UG-100 or UG-101, shall be sub-
jected to a hydrostatic test performed in accordance with
this paragraph. Vessels designed for vacuum or partial
vacuum only shall be tested in accordance with (f). The
pressure test shall be conducted after

(1) all fabrication and assembly have been com-
pleted, except for operations that could not be performed
prior to the test, such as weld end preparation [see
U-1(e)(1)(-a)], and cosmetic grinding on the base matefi-
al that does not reduce the actual thickness below the\de-
sign thickness; and

(2) all examinations have been performéd, except
those required after the test

(b) Minimum Test Pressure. Except as_otherwise per-
mitted in (a) and UGL-4, vessels designed for internal
pressure shall be subjected to a hydrostatic test pressure
that at every point in the vesselis-at least equal to 1.3
times the maximum allowable working pressure?®
(MAWP) 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'ef the stress value S at its test tem-
perature to the-stress value S at its design temperature
(see UG-21). Bolting shall not be included in the determi-
nation of the LSR, except when 1.3 times the LSR multi-
plied by+the allowable stress of the bolt at its design
tempenature exceeds 90% of the bolt material specified
mihimum yield strength at the test temperature. All load-
ings that may exist during this test shall be given consid-
eration. The hydrostatic test pressure reading shall be
adjusted to account for any static head conditions de-
pending on the difference in elevation between the cham-
ber being tested and the pressure gauge.

(c) Calculated Test Pressure. A hydrostatic test based on
a calculated pressure may be used by agreement between
the user and the Manufacturer. The hydrostatic test pres-

sure at the top of the vessel shall be the minimum of the

test pressures calculated by multiplying the basis for cal-
culated test pressure as defined in Mandatory Appendix 3,
3-2 for each pressure element by 1.3 and reducing this
value by the static head of the test fluid on that element.
If this pressure is used, the Inspector shall reserve the
right to require the Manufacturer or the designer to fur-
nish the calculations used for determining the hydrostati¢
test pressure for any part of the vessel.

(d) Maximum Test Pressure. The requirementsyof\(b)
represent the minimum hydrostatic test pressure re-
quired by this Division. The requirements of (¢] represent
a special test based on calculations. Any intermediate val-
ue of pressure may be used. This Divisign.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 in (c)
to the degree that the vessel is‘subjected to visible perma-
nent distortion, the Inspector’shall reserve the right to re-
ject the vessel.

(e) CombinatighyUnits. Combination units [see
UG-19(a) and UG-21 and common elements of chambers
that are otherwise exempted per U-1(c)(2)(-f) or
U-1(c)(2)(-g)'shall be pressure tested in accordance with
(1) through (4), as applicable.

(1) Common Elements Subject to Collapse due to Ex-
ternal Pressure. During the testing of common elements
in\accordance with (2) and final assembled combination
vnits in accordance with (3) and (4), common elements
subject to collapse (e.g., tubes, inner shell) will be sub-
jected to an external pressure resulting from the pressure
test in one of its chambers. The external test pressure act-
ing on a common element shall be limited to 1.3 times its
maximum permissible external pressure, calculated at the
test temperature using the nominal thickness, including
corrosion allowance, and reduced by the static head of
the test fluid on the common element. This external test
pressure is called the limiting test pressure (LTP). If the
LTP is less than the test pressure determined in (b) or
(c), as applicable, for the chamber considered, the pres-
sure test on the common element subject to collapse shall
be conducted as follows:

(-a) For (2), the test pressure shall not exceed the
LTP.

(-b) For (3) and (4), the chambers shall be simul-
taneously tested such that the test pressure on the com-
mon elements does not exceed the LTP while the other
elements of the chambers are subjected to the test pres-
sures required by (3) or (4), as applicable.

(-c) The vessel Data Report shall describe the
common elements and their LTP. See UG- 120(b).

(2) Common Element Interim Pressure Test. An inter-
im pressure test shall be conducted on completed cham-
bers having visually accessible common elements. The
common elements shall be inspected as follows after their
fabrication (e.g, tube-to-tubesheet joints, shell long seam

in jacketed vessel) and during assembly of the combina-
tion unit:
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(-a) Welded joints in common elements shall be
visually examined and inspected for workmanship.

(-b) The Manufacturer shall conduct an interim
hydrostatic test of completed chambers as follows:

(-1) The test pressures shall be in accordance
with (3) or (4), as applicable.

(-2) The common elements shall meet the in-
spection criteria in (h) for combination units.

(-3) The interim pressure test on a chamber of a
combination unit may be considered the final pressure
test of that chamber provided all the fabrication and as-
sembly, including attachments to the common elements
(e.g. welded, bolted) from the adjacent chamber, have
been completed prior to the test; otherwise, the interim
hydrostatic test shall not be used in lieu of the hydrostatic
tests required by (3) or (4) for the assembled combina-
tion unit.

(3) Independent Pressure Chambers. Each pressure
chamber of a combination unit designed to operate inde-
pendently shall be hydrostatically tested as a separate
vessel, without pressure in the adjacent chamber. If the
common elements between chambers are designed for a
pressure larger than the MAWP of the chamber being
tested, the hydrostatic test shall subject the common ele-
ments to a test pressure of at least their design pressure
times the LSR as in (b) for the common elements, as well
as meet the requirements of (b) or (c) for each indepen-
dent chamber. The combination unit design and pressure
test procedure shall ensure that no chamber elements are
overstressed when testing the common elements.

(4) Dependent Pressure Chambers.

(-a) Common elements designed for differéntial
pressure shall be subjected to a hydrostatic test pressure
on the higher pressure side. The test pressure shall be at
least 1.3 times the maximum differential design pressure
times the LSR as in (b) for the common elements.

(-b) Following the test and inspection of the com-
mon elements, the adjacent chambers shall be simulta-
neously tested [see (b) or.(c)]: The pressure test
procedure shall limit the differéntial pressure between
the chambers to the pressurfe)used when testing the com-
mon elements.

(-c) The vessehstamping and the vessel Data Re-
port shall describe'the common elements and their limit-
ing differentialtpressure. See UG-116(j) and UG-120(b).

(f) Vessels-Designed for Vacuum or Partial Vacuum Only.
Single-wall,vessels and individual pressure chambers of
combifiation units designed for vacuum only (MAWP less
thafi 0r 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 appli-
cable 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) Application of Test Pressure.

(1) The test pressure shall not be applied until the
vessel and the test fluid are at about the same tempera<
ture. See (i).

(2) The pressure shall be gradually increased-intil
the test pressure has been reached.

(3) The test pressure shall be held for @ sufficient
time to ensure that the pressure is stableZand there is
no evidence of pressure loss.

(4) If a pressure test is to be mdintained for a period
of time and the test medium in th® system is subject to
thermal expansion, precautionSshall be taken to avoid ex-
cessive pressure.

(5) Combination Units.

(-a) For combination units having joints that will
be visually inaccessible during inspection, the Manufac-
turer and Inspector shall consider the type(s) of inacces-
sible joints/(e.g., tube-to-tubesheet, flanged, welded)
when deterniining the test pressure holding time.

(*b) The test pressure holding time need not ex-
ceed 10'minutes, unless a longer holding time is specified
by.the user or the user's designated agent.

(-c) Leakage, including that from temporary test
closures, shall not be permitted during the test pressure
holding time.

(h) Inspection.

(1) Inspection Pressure. Following the application of
the hydrostatic test pressure, the pressure shall be re-
duced to the MAWP and then held for a sufficient time
to permit an inspection for leakage in accordance
with (2).

(2) Acceptance Criteria.

(-a) Single-Chamber Vessels. A visual inspection for
leakage at the inspection pressure shall be made of all
joints and connections. Leakage shall not be permitted
during inspection, except that leakage from temporary
test closures at openings intended for welded connections
is allowed provided the inspection pressure is maintained
and the leakage does not mask other joints to be
inspected.

(-b) Combination Units (Final and Interim Pressure
Tests). A visual inspection for leakage at the inspection
pressure shall be made of all visually accessible joints
and connections. For common elements in combination
units that are not visually accessible for inspection, the
test may be considered acceptable if there is no loss of
pressure and no leakage from temporary test closures
during the inspection. The inspection shall also confirm
that there is no leakage from visually accessible openings

(p g, naozzles hlhpc) in the nr‘ljnrpnf chamber
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(-c) Gas Leak Test. The visual inspection required
by (-a) or (-b) may be waived, provided all the following
requirements are satisfied:

(-1) a suitable gas leak test is applied;

(-2) substitution of the gas leak test is by agree-
ment reached between Manufacturer and Inspector;

(-3) all welded seams that will be hidden by as-
sembly are visually examined and inspected for work-
manship prior to assembly;

(-4) the vessel will not contain a “lethal”
substance.

(-d) Leaks. If leaks, except as those permitted in
(-a), are detected, the following actions shall be taken:

(-1) The vessel shall be depressurized.

(-2) The leaks shall be corrected.

(-3) The vessel shall be retested.

(-e) Permanent Distortion. The Inspector shall re-
serve the right to reject the vessel if there are any visible
signs of permanent distortion.

(3) Depressurization. Upon completion of the inspec-
tion, the vessel shall be depressurized gradually to atmo-
sphere before the commencement of any additional work
on the vessel.

(i) Minimum Hydrostatic Test Temperature.

(1) Any liquid that is nonhazardous at any tempera-
ture may be used for the hydrostatic test if it is 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.

(2) For materials not covered in Part UCS, to_mini-
mize the risk of brittle fracture, the coldest-metal tem-
perature during the hydrostatic test shouldvbe at least
30°F (17°C) warmer than the vessel MDMT and shall
never be colder than the vessel MDMT:

(3) For Part UCS materials, tolminimize the risk of
brittle fracture, the coldest metal temperature during
the hydrostatic test should beiat least 30°F (17°C) war-
mer than one of the following, as applicable:

(-a) the MDMT marked on the nameplate when
the requirements of (UG-20(f) have been met.

(-b) the MDMT marked on the nameplate when
the UCS-66(b)'or UCS-66(i) coincident ratio has not been
applied toccaleulate the vessel MDMT. The allowable re-
duction~ii-MDMT permitted by UCS-68.2 may be used
whepnapplicable.

(-c) the temperature determined either from
Figre UCS-66 (Figure UCS-66M) or from impact testing
when the UCS-66(b) or UCS-66(i) coincident ratio has
been applied to calculate the vessel MDMT. The allowable
reduction in MDMT permitted by UCS-68.2 may be used
when applicable.

(4) Further reduction in the coldest metal tempera-
ture during the hydrostatic test determined from (3)(-b)
or (3)(-c) may be achieved by following the rules in

(-a) Calculate t, for a pressure equal to the test
pressure divided by 1.3 plus pressure due to hydrostatic
head, using the allowable stress given in Section II, Part D,
Subpart 1 for the material at the pressure test
temperature.

(-b) The value of ¢ shall be zero.

(-¢) The value of t,, shall be one of the following,
as applicable:
(-1) the nominal uncorroded thickness/when
Part UCL has not been applied
(-2) the nominal thickness of the base material
when UCL-23(a) or UCL-23(b) has been applied
(-3) a thickness defined ,in UCL-23(c) when
UCL-23(c) has been applied
(5) The metal temperature/during the hydrostatic
test need not exceed 120°F (48°C). If the test temperature
exceeds 120°F (48°C), inspéction of the vessel should be
delayed until the temperature is reduced to 120°F
(48°C) or less.

CAUTION: A small'liquid relief valve set to 1.33 times the test
pressure is recommended for the pressure test system, in case
a vessel, while under test, is likely to be warmed up materially
with personnel absent.

(1) Precautions. Vents shall be provided at all high
poeints of the vessel in the position in which it is to be
tested to purge possible air pockets while the vessel is
filling.

(k) Test Closures and Equipment.

(1) Temporary Test Closures. The elements used for
temporary test closures (e.g., covers, fittings, pipe plugs)
and their fasteners (e.g., bolting, welds) shall be sufficient
to withstand the test pressure at the test temperature.

(-a) The pressure rating of standard flanges and
fittings at the test temperature shall be at least equal to
the test pressure divided by 1.3 plus the pressure due
to the hydrostatic head of the test fluid.

(-b) For bolted connections, the full complement
of bolting shall be used, and the thread engagement shall
be in accordance with this Division [see UG-13(a) and
UG-43(g)].

(-c) Threaded plugs shall have a thread engage-
ment in accordance with Table UG-43.

(-d) Nonstandard closures shall have supporting
calculations that are available to the Inspector.

(-e) Expandable pipe plugs shall be tethered to re-
strain their movement in the event of slippage or a blow-
out (e.g., safety gags).

(-f) These elements shall not be used for pressure
testing if they show evidence of wear or fatigue that could
affect their ability to perform the intended function.

(2) Test Equipment.

(-a) The pressurizing equipment, including test
fittings and hoses, shall be rated by the equipment manu-

Fignrp LUCS-662 with prp 3 modified as shown belows
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(-b) The test equipment shall be periodically
checked (e.g., based on usage) and replaced or repaired
if it shows evidence of wear or fatigue that could affect
its ability to perform the intended function.

(-c) Before applying pressure, the test equipment
shall be examined to see that it is tight and that all low-
pressure filling lines and other appurtenances that should
not be subjected to the test pressure have been
disconnected.

() Painting and Coating

(1) Unless permitted by the user or the user’s desig-
nated agent, pressure-retaining welds of vessels shall not
be painted or otherwise coated either internally or exter-
nally prior 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 the
user’s 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 UGL-4.

(m) Flange Assemblies. Custom-designed flange assem-
blies, including modified standard flange assemblies
where additional calculations are required, within the
geometric scope of this Division (see Mandatory Appen-
dix 2 and UG-34) shall be tested with gaskets dnd bolting
that meet the following requirements:

(1) be assembled with

(-a) the identical gasket used for<@peration of the
pressure vessel, or

(-b) a gasket with the sapieioutside diameter, in-
side diameter, thickness, gasket factor (m), and minimum
seating stress (y) used in thie flange design calculations.

(2) be assembled with bolting having identical allow-
able stress at room.témperature as used in the design
calculations.

The user or théwuser’s designated agent may allow either
or both requirements to be waived by including such a
statement in the General Notes section of Nonmandatory
Appendix KK, Form U-DR-1 or Form U-DR-2, or equiva-
lent. The use of test gaskets and bolting with properties
differing from those used in the design calculation does
not necessarily verify the integrity of flanged joints.

UG-100 PNEUMATIC TEST>® (SEE UW-50)

(a) General. 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 hydrostatic test pre-
scribed 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 to be used in serviges
where traces of the testing liquid cannot be tolerated
and the parts of which have, where possible, been)pre-
viously tested by hydrostatic pressure to the pressure re-
quired in UG-99.

(b) Test Pressure. Except for enameled vessels, for
which the pneumatic test shall be atJeast equal to, but
need not exceed, the MAWP to be-marked on the vessel,
the pneumatic test pressure at-every point in the vessel
shall be at least equal to 1.1 tith€s the MAWP multiplied
by the lowest stress ratio.- (LSR) for the pressure-
boundary materials of which the vessel is constructed.
The stress ratio for gach-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 included in the determination
of the LSR,\eXcept when 1.1 times the LSR multiplied by
the allowable stress of the bolt at its design temperature
exceeds’90% of the bolt material specified minimum yield
stréngth at the test temperature. All loadings that may ex-
1st during this test shall be given consideration. In no case
shall the pneumatic test pressure exceed 1.1 times the ba-
sis for the calculated test pressure as defined in Manda-
tory Appendix 3, 3-2.

(c) Minimum Pneumatic Test Temperature

(1) For materials not covered in Part UCS, to mini-
mize the risk of brittle fracture, the coldest metal tem-
perature during the pneumatic test shall be at least
30°F (17°C) warmer than the vessel MDMT.

(2) For Part UCS materials, to minimize the risk of
brittle fracture, the coldest metal temperature during
the pneumatic test shall be at least 30°F (17°C) warmer
than one of the following, as applicable:

(-a) the MDMT marked on the nameplate when
the UCS-66(b) or UCS-66(i) coincident ratio has not been
applied to calculate the vessel MDMT. The allowable re-
duction in MDMT permitted by UCS-68.2 may be used
when applicable.

(-b) the temperature determined either from
Figure UCS-66 (Figure UCS-66M) or from impact testing
when the UCS-66(b) or UCS-66(i) coincident ratio has
been applied to calculate the vessel MDMT. The allowable
reduction in MDMT permitted by UCS-68.2 may be used
when applicable.

(3) Further reduction in the coldest metal tempera-
ture during the pneumatic test determined from (2)
may be achieved by following the rules in Figure

(25)
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(-a) Calculate ¢, for a pressure equal to the test
pressure divided by 1.1, using the allowable stress given
in Section II, Part D, Subpart 1 for the material at the pres-
sure test temperature.

(-b) The value of ¢ shall be zero.

(-c) The value of t,, shall be one of the following,
as applicable:

(-1) the nominal uncorroded thickness when
Part UCL has not been applied

(-2) the nominal thickness of the base material
when UCL-23(a) or UCL-23(b) has been applied

(-3) a thickness defined in UCL-23(c) when
UCL-23(c) has been applied

(4) The metal temperature during the pneumatic test
need not exceed 120°F (48°C). If the test temperature ex-
ceeds 120°F (48°C), inspection of the vessel should be de-
layed until the temperature is reduced to 120°F (48°C) or
less.

(d) Combination Units. Combination units [see
UG-19(a) and UG-21] and common elements of chambers
that are otherwise exempted per U-1(c)(2)(-f) or
U-1(c)(2)(-g) shall be pressure tested in accordance with
(1) through (4), as applicable.

(1) Common Elements Subject to Collapse due to Ex-
ternal Pressure. During the testing of common elements
in accordance with (2) and final assembled combination
units in accordance with (3) and (4), common elements
subject to collapse (e.g., tubes, inner shell) will be sub-
jected to an external pressure resulting from the pressure
test in one of its chambers. The external test pressure act-
ing on a common element shall be limited to 1.1 times its
maximum permissible external pressure, calculated at the
test temperature using the nominal thickfiéss, including
corrosion allowance, and reduced by the. static head of
the test fluid on the common element. This external test
pressure is called the Limiting Test Pressure (LTP). If
the LTP is less than the test pressure determined in (b)
for the chamber considered, the pressure test on the com-
mon element subject to collapse shall be conducted as
follows:

(-a) For (2),thetest pressure shall not exceed the
LTP.

(-b) Fok (B) and (4), the chambers shall be simul-
taneously tested such that the test pressure on the com-
mon elements does not exceed the LTP while the other
elements’of the chambers are subjected to the test pres-
sures Tequired by (3) or (4), as applicable.

(-c) The vessel Data Report shall describe the
common elements and their LTP. See UG-120(b).

(2) Common Element Interim Pressure Test. An inter-
im pressure test shall be conducted on completed cham-
bers having visually accessible common elements. The
common elements shall be inspected as follows after their
fabrication (e.g., tube-to-tubesheet joints, shell long seam

in jacketed vessel) and during assembly of the combina-
tion unit

(-a) Welded joints in common elements shall be
visually examined and inspected for workmanship.

(-b) The Manufacturer shall conduct an interim
pneumatic test of completed chambers as follows:

(-1) The test pressures shall be in accordance
with (3) or (4), as applicable.

(-2) The common elements shall meet the int
spection criteria in (f) for combination units.

(-3) The interim pressure test on a chamber of a
combination unit may be considered the final{pressure
test of that chamber provided all the fabricatien and as-
sembly, including attachments to the common elements
(e.g., welded, bolted) from the adjacént chamber, have
been completed prior to the test; otherwise, the interim
pneumatic test shall not be usedsin\lieu of the pneumatic
tests required by (3) or (4) for'the assembled combina-
tion unit.

(3) Independent Pressure Chambers. Each pressure
chamber of a combination unit designed to operate inde-
pendently shall be pnieumatically tested as a separate ves-
sel without pressure in the adjacent chamber. If the
common elethénts between chambers are designed for a
pressure takger than the MAWP of the chamber being
tested, the pneumatic test shall subject the common ele-
ments-to a test pressure of at least their design pressure
timés the LSR as in (b) for the common elements, as well
as‘meet the requirements of (b) for each independent
chamber. The combination unit design and pressure test
procedure shall ensure that no chamber elements are
overstressed when testing the common elements.

(4) Dependent Pressure Chambers.

(-a) Common elements designed for differential
pressure shall be subjected to a pneumatic test pressure
on the higher pressure side. The test pressure shall be
at least 1.1 times the maximum differential design pres-
sure times the LSR as in (b) for the common elements.

(-b) Following the test and inspection of the com-
mon elements, the adjacent chambers shall be simulta-
neously tested [see (b)]. The pressure test procedure
shall limit the differential pressure between the chambers
to the pressure used when testing the common elements.

(-c) The vessel stamping and the vessel Data Re-
port shall describe the common elements and their limit-
ing differential pressure. See UG-116(j) and UG-120(b).

(e) Application of Test Pressure.

(1) The test pressure shall not be applied until the
vessel and the test fluid are at about the same tempera-
ture. See (c).

(2) The pressure shall be gradually increased until
one-half of the test pressure is reached, after which the
pressure shall be increased in steps of approximately one-
tenth of the test pressure until the test pressure has been
reached.

(3) The test pressure shall be held for a sufficient
time to ensure that the pressure is stable and there is

no evidence of pressure loss
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(4) If a pressure test is to be maintained for a period
of time and the test medium in the system is subject to
thermal expansion, precautions shall be taken to avoid ex-
cessive pressure.

(5) Combination Units.

(-a) For combination units having joints that will
be visually inaccessible during inspection, the Manufac-
turer and Inspector shall consider the type(s) of inacces-
sible joints (e.g., tube-to-tubesheet, flanged, welded)
when determining the test pressure holding time.

(-b) The test pressure holding time need not ex-
ceed 10 minutes, unless a longer holding time is specified
by the user or the user's designated agent.

(-c) Leakage, including that from temporary test
closures, shall not be permitted during the test pressure
holding time.

(f) Inspection.

(1) Inspection Pressure. Following the application of
the pneumatic test pressure, the pressure shall be re-
duced to the MAWP, and then held for a sufficient time
to permit an inspection for leakage in accordance
with (2).

(2) Acceptance Criteria.

(-a) Single-Chamber Vessels. A visual inspection for
leakage at the inspection pressure shall be made of all
joints and connections and of all regions of high stress,
such as knuckles of formed heads, cone-to-cylinder junc-
tions, regions around openings, and thickness transitions.
Leakage shall not be permitted during inspection, except
that leakage from temporary test closures at openings in-
tended for welded connections is allowed provided the i<
spection pressure is maintained and the leakage does not
mask other joints to be inspected.

(-b) Combination Units (Final and Interiny Pressure
Tests). A visual inspection for leakage at thelinspection
pressure shall be made of all visually aceessible joints
and connections and of all regions of-High stress, such
as knuckles of formed heads, cone-to~¢ylinder junctions,
regions around openings, and thickness transitions. For
common elements in combination units that are not vi-
sually accessible for inspection, the test may be consid-
ered acceptable if there is'no loss of pressure and no
leakage from temporaty test closures during the inspec-
tion. The inspectian shall also confirm that there is no
leakage from visually accessible openings (e.g., nozzles,
tubes) in theadjacent chamber.

(-¢) ‘Gas Leak Test. The visual inspection required
by (-a)-or(-b) may be waived, provided all of the follow-
ing requirements are satisfied:

(-1) a suitable gas leak test is applied;

(-2) substitution of the gas leak test is by agree-
ment reached between Manufacturer and Inspector;

(-3) all welded seams that will be hidden by as-
sembly are visually examined and inspected for work-
manship prior to assembly;

(-4) the vessel will not contain a “lethal”
substance.

(-d) Leaks. If leaks, except as those permitted in
(-a), are detected, the following actions shall be taken:

(-1) The vessel shall be depressurized.
(-2) The leaks shall be corrected.
(-3) The vessel shall be retested.

(-e) Permanent Distortion. The Inspector shall re-
serve the right to reject the vessel if there are any visible
signs of permanent distortion.

(3) Depressurization. Upon completion of the ifispec-
tion, the vessel shall be depressurized gradually-te’ atmo-
sphere before the commencement of any additional work
on the vessel.

(g) Precautions. Air or gas is hazardous-when used as a
testing medium. It is therefore re€emmended that the
vessel be tested in such a manner'as to ensure personnel
safety from a release of the total internal energy of the
vessel. See also ASME PCC-Z2;Article 501, Mandatory Ap-
pendices 501-1I and 501}k

(h) Test Closures and ‘Equipment.

(1) Temporary, Test Closures. The elements used for
temporary test clesures (e.g., covers, fittings, pipe plugs)
and their fasteners (e.g., bolting, welds) shall be sufficient
to withstand-the test pressure at the test temperature.

(za) The pressure rating of standard flanges and
fittings at the test temperature shall be at least equal to
thedtest pressure divided by 1.1.

(-b) For bolted connections, the full complement
of bolting shall be used, and the thread engagement shall
be in accordance with this Division [see UG-13(a) and
UG-43(g)].

(-c) Threaded plugs shall have a thread engage-
ment in accordance with Table UG-43.

(-d) Nonstandard closures shall have supporting
calculations that are available to the Inspector.

(-e) Expandable pipe plugs shall be tethered to re-
strain their movement in the event of slippage or a blow-
out (e.g., safety gags).

(-f) These elements shall not be used for pressure
testing if they show evidence of wear or fatigue that could
affect their ability to perform the intended function.

(2) Test Equipment.

(-a) The pressurizing equipment, including test
fittings and hoses, shall be rated by the equipment manu-
facturer to withstand the test pressure to be applied.

(-b) The test equipment shall be periodically
checked (e.g., based on usage) and replaced or repaired
if it shows evidence of wear or fatigue that could affect
its ability to perform the intended function.

(-c) Before applying pressure, the test equipment
shall be examined to see that it is tight and that all low-
pressure filling lines and other appurtenances that should
not be subjected to the test pressure have been
disconnected.
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(25)

(i) Painting and Coating

(1) Unless permitted by the user or the user’s desig-
nated agent, pressure-retaining welds of vessels shall not
be painted or otherwise coated either internally or exter-
nally prior to the pneumatic pressure test.

(2) When painting or coating prior to the pneumatic
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 the
user’s 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 pneumatic pressure test

(-b) shall not be internally lined by mechanical or
welded attachments prior to the pneumatic pressure test
unless the requirements of UCL-51 are followed

(j) Flange Assemblies. Custom-designed flange assem-

blies, including modified standard flange assemblies
where additional calculations are required, within the
geometric scope of this Division (see Mandatory Appen-
dix 2 and UG-34) shall be tested with gaskets and bolting
that meet the following requirements:

(1) be assembled with

(-a) the identical gasket used for operation of the
pressure vessel, or

(-b) a gasket with the same outside diameter, in-
side diameter, thickness, gasket factor (m), and minimum
seating stress (y) used in the flange design calculationg

(2) be assembled with bolting having identical allow=
able stress at room temperature as used in the design
calculations

The user or the user’s designated agent may allow
either or both requirements to be waived/by including
such a statement in the General Notes section of Nonman-
datory Appendix KK, Form U-DR-1 orForm U-DR-2, or
equivalent. The use of test gaskets-and bolting with prop-
erties differing from those used in the design calculation
does not necessarily verify the‘integrity of flanged joints.

UG-101 PROOF TESTS TO ESTABLISH MAXIMUM
ALLOWABLE WORKING PRESSURE

(a) General

(1) The maximum allowable working pressure for
vessels or‘wessel parts for which the strength cannot be
computediwith a satisfactory assurance of accuracy (see
U-2)(shall be established in accordance with the require-
ments of this paragraph, using one of the test procedures
applicable to the type of loading and to the material used
in construction. Production vessels or vessel parts that
utilize the results of a proof test shall comply with all ap-
plicable construction rules of the current edition and ap-

plicable addenda of this Division.
(-a) Consideration of the use of proof-tested con-
struction specifications based on past editions of this Di-
vision and documented in the original Proof Test Report

requires that the Manufacturer determine whether or

not there have been subsequent revisions to this Division
that apply and must be evaluated. This evaluation may
void the Division acceptability of establishing the vessel
MAWP by proof testing (e.g., UCS-66, Part UHX, Part
UNC, etc.). However, if applicable revisions are found,
and it is judged that a new proof test is not required,
the Manufacturer, using Duplicate and Similar Parts rules
in (d) as guidelines, shall prepare a Supplement to the-eri-
ginal Proof Test Report documenting any changes,to“the
construction requirements and to the Manufacturer’s
Data Report. The following should be noted:

(-1) The production vessel material need not be
identical with that used for the original:ptéof tested ves-
sel, but material equivalence must b€ confirmed and
documented.

(-2) The MDMT established by current Division
rules may be different from that originally assigned but
must be suitable for the fiameplate MDMT marking coin-
cident with the established MAWP.

(-3) The Supplement to the original Proof Test
Report shall be made available to the Inspector prior to
the start of censtruction.

(2) Provision is made in these rules for two types of
tests to(determine the internal maximum allowable work-
ing pressure:

(-a) tests based on yielding of the part to be tested.
These tests are limited to materials with a ratio of mini-
mum specified yield to minimum specified ultimate
strength of 0.625 or less.

(-b) tests based on bursting of the part.

(3) Safety of testing personnel should be given ser-
ious consideration when conducting proof tests, and par-
ticular care should be taken during bursting tests in (m)
below.

(4) The Code recognizes that Manufacturers may
maintain control of proof test reports under different
ownerships than existed during the original application
of the proof test. When a Manufacturer is acquired by a
new owner(s), the proof test reports may be used by
the new owner(s) without retesting, provided all of the
following are met:

(-a) the new owner(s) takes responsibility for the
proof tests;

(-b) the Proof Test Reports reflect the name of the
new owner(s);

(-c) the Proof Test Reports indicate the actual test
was performed by the former Manufacturer;

(-d) the Proof Test Report(s) is acceptable to the
Inspector of the new owner(s) as indicated by the Inspec-
tor’s signature on the Manufacturer’s report of the test.

(5) Manufacturers owned by the same entity may
share proof testing report(s) when the following condi-
tions are met:

(-a) Each Manufacturer maintain a Quality Control
System (see Mandatory Appendix 10) that describes the

effective npprnfinna] control and authaority for technical
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implementation of shared Manufacturer’s proof testing
reports, fabrication drawings, and procedures for assem-
bly of the vessel, when necessary.

(-b) Fabrication drawings and welding, brazing
and bolting procedures used by each Manufacturer are
identical to those used to produce the proof testing re-
port(s) within the requirements stated in UG-101.

(-c) Each Manufacturer takes full responsibility
for each shared proof testing report and documents this,
indicating the specific proof test performed by the origi-
nal qualifying Manufacturer and the location where the
proof test was performed.

(-d) Each Manufacturer submits the shared proof
test report(s) to the Inspector for acceptance.

(-e) Welding and brazing procedures qualified to
Section IX may be qualified at each Manufacturer’s loca-
tion but shall be identical, with respect to variables used,
to the procedures used to weld or braze the proof-tested
object for a shared proof testing report.

(-f) When the original qualifying Manufacturer no
longer holds a valid ASME U Certificate of Authorization
or has a name change, the previously accepted shared
Manufacturer’s proof testing report(s) remain valid.

(b) The tests in these paragraphs may be used only for
the purpose of establishing the maximum allowable
working pressure of those elements or component parts
for which the thickness cannot be determined by means
of the design rules given in this Division. The maximum
allowable working pressure of all other elements or com-
ponent parts shall not be greater than that determined by
means of the applicable design rules.

Tests to establish the maximum allowablé working
pressure of vessels, or vessel parts, shall bé.\witnessed
by and be acceptable to the Inspector, asyindicated by
the Inspector’s signature on the Manufacturer’s Proof
Test Report. The report shall includé.sufficient detail to
describe the test, the instrumentation and the methods
of calibration used, and the results obtained. The report
shall be made available to_the Inspector for each applica-
tion [see U-2(b) and UG-90:2(b)].

(c) The vessel or véssel part for which the maximum al-
lowable working pressure is to be established shall not
previously have been subjected to a pressure greater than
1.3 times the desired or anticipated maximum allowable
workingpressure, adjusted for operating temperature
as provided in (k) below.

(d))Duplicate and Similar Parts. When the maximum al-
lowable working pressure of a vessel or vessel part has
been established by a proof test, duplicate parts, or geo-
metrically similar parts, that meet all of the requirements
in (1) or (2) below, need not be proof tested but shall be
given a hydrostatic pressure test in accordance with
UG-99, or a pneumatic pressure test in accordance with
UG-100, except as otherwise provided in UCI-101, and
UCD-101

(1) Duplicate Parts. All of the following requirements
shall be met in order to qualify a part as a duplicate of the
part that had been proof tested:

(-a) same basic design configuration and type of
construction;
(-b) the material of the duplicate part is either:
(-1) the same material specifications:
(+a) alloy;
(+b) grade, class;
(+c) type, form;
(+d) heat treatment; or
(-2) the same or closely similar material when
only the material specification, the alloy, grade, or form
is different, provided the material meets,the following ad-
ditional requirements:
(+a) has allowablestress in tension equal to
or greater than the material.used in the proof tested part
at the test temperature [see)(k) below];

(+b) has thé same P-Number (Section IX);

(+c) for carbon or low alloy steels (see Part

UCS), has the same or tougher material grouping in
UCS-66, Figure UCS-66 (Figure UCS-66M), and Notes;

(-c)\theé nominal dimensions, diameter, or width
and height, of the duplicate parts shall be the same, and
the corresponding nominal thicknesses shall be the same
as'those used in the proof test. The length shall not be
fonger than that proof tested.

(-d) heat treatment shall be the same as per-
formed on the original part that was tested;

(-e) the MAWP shall be calculated according to (e)
below;

(-f)when there are permissible deviations from
the original part that was proof tested, a supplement to
the original Proof Test Report shall be prepared that
states and evaluates each deviation.

(2) Geometrically Similar Parts. The maximum allow-
able working pressure for geometrically similar parts
may be established by a series of proof tests that uni-
formly cover the complete range of sizes, pressure, or
other variables by interpolation from smooth curves
plotted from the results of the tests.

(-a) Sufficient tests shall be performed to provide
at least five data points that are at increments that are
within 20% to 30% of the range covered.

(-b) The curves shall be based on the lower bound
of the test data.

(-c) Extrapolation is not permitted.

(e) Proof test methods (1), (m), (n), and (o) below es-
tablish a pressure at which the test is terminated. The re-
sults of the test are recorded in a Proof Test Report
according to (b).

(1) The MAWP for the first duplicate part, as defined
in (d), to be put into service, shall be calculated according

to the pnln:\finnc givpn in the prnnf test method npp]ipr]
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The requirements for NDE are given in UG-24 and
UW-12. Other requirements are based on thickness or
material. These apply to parts which are to be put into
service. It is not necessary to examine the part actually
tested.

(2) For subsequent duplicate parts, the MAWP may
be recalculated for a different extent of NDE in a supple-
ment to the original Proof Test Report.

(3) The effect of the location of a weld joint may be
evaluated and included in the Proof Test Report.

(f) A retest shall be allowed on a duplicate vessel or
vessel part if errors or irregularities are obvious in the
test results.

(g) In tests for determination of governing stresses, suf-
ficient locations on the vessel shall be investigated to en-
sure that measurements are taken at the most critical
areas. As a check that the measurements are being taken
on the most critical areas, the Inspector may require a
brittle coating to be applied on all areas of probable high
stress concentrations in the test procedures given in (n)
and (o) below. The surfaces shall be suitably cleaned be-
fore the coating is applied in order to obtain satisfactory
adhesion. The technique shall be suited to the coating
material.

NOTE: Strains should be measured as they apply to membrane
stresses and to bending stresses within the range covered by
UG-23(c).

(h) Application of Pressure. In the procedures given (n
(D), (n), and (o) below, the Displacement Measurement
Test, the hydrostatic pressure in the vessel or vessel\part
shall be increased gradually until approximately one-half
the anticipated working pressure is reached. Thereafter,
the test pressure shall be increased in steps of approxi-
mately one-tenth or less of the anticipated maximum al-
lowable working pressure until the pressure required
by the test procedure is reached({ The pressure shall be
held stationary at the end of each increment for a suffi-
cient time to allow the obsefvations required by the test
procedure to be made, and shall be released to zero to
permit determination«of’any permanent strain after any
pressure incrementithat indicates an increase in strain
or displacementiover the previous equal pressure
increment.

(i) Corrosion Allowance. The test procedures in this
paragraph'give the maximum allowable working pressure
for thelthickness of material tested. The thickness of the
pressure vessel that is to be proof tested should be the
corroded thickness. When this is not practical and when
the thickness as tested includes extra thickness as pro-
vided in UG-25, the maximum allowable working pres-
sure at which the vessel shall be permitted to operate
shall be determined by multiplying the maximum allow-
able working pressure obtained from the test by the ratio

where

allowance added for corrosion, erosion, and
abrasion

1 for curved surfaces such as parts of cylinders,
spheres, cones with angle a < 60 deg; for stayed
surfaces similar to those described in UW-19(b)
and UW-19(c); and parts whose stress due to bend*
ing is < 67% of the total stress

= 2 for flat or nearly flat surfaces, such as flag'sides,
flanges, or cones with angle a > 60 deg (except
for stayed surfaces noted above) unless’it can be
shown that the stress due to bending at the limiting
location is <67% of the total stress

nominal thickness of the material at the weakest
point

C =

(j) Determination of Yield Strength and Tensile
Strength

(1) For proof tests based on yielding, (1), (n), or (o)
below, the yield strength (or yield point for those materi-
als which exhibit that type of yield behavior indicated by a
“sharp-kneed*portion of the stress-strain diagram) of the
material in ‘the part tested shall be determined in accor-
dance with the method prescribed in the applicable mate-
rial specification. For proof tests based on bursting [see
(mj/below], the tensile strength instead of the yield
sttength of the material in the part tested shall be simi-
larly determined.

(2) Yield or tensile strength so determined shall be
the average from three or four specimens cut from the
part tested after the test is completed. The specimens
shall be cut from a location where the stress during the
test has not exceeded the yield strength. The specimens
shall not be flame cut because this might affect the
strength of the material. If yield or tensile strength is
not determined by test specimens from the pressure part
tested, alternative methods are given in (1), (m), (n), and
(o) below for evaluation of proof test results to establish
the maximum allowable working pressure.

(3) When excess stock from the same piece of
wrought material is available and has been given the
same stress relieving heat treatment as the pressure part,
the test specimens may be cut from this excess stock. The
specimen shall not be removed by flame cutting or any
other method involving sufficient heat to affect the prop-
erties of the specimen. When the sheet material is used,
test specimens obtained from another piece cut from
the same coil of sheet used in the proof tested component
meet the requirements of this paragraph.

(k) Maximum Allowable Working Pressure at Higher
Temperatures. The maximum allowable working pressure
for vessels and vessel parts that are to operate at
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temperatures at which the allowable stress value of the
material is less than at the test temperature shall be de-
termined by the following formula:

where

= maximum allowable working pressure at the de-
sign temperature

= maximum allowable working pressure at test

temperature

maximum allowable stress value at the design tem-

perature, as given in the tables referenced in UG-23

but not to exceed S,

= maximum allowable stress value for the material

used in the test at test temperature as given in

the tables referenced in UG-23

(1) Brittle-Coating Test Procedure

(1) Subject to the limitations of (a)(2)(-a) above, this
procedure may be used only for vessels and vessel parts
under internal pressure, constructed of materials having
a definitely determinable yield point (see SA-370, 13.1).
The component parts that require proof testing shall be
coated with a brittle coating in accordance with (g) above.
Pressure shall be applied in accordance with (h) above.
The parts being proof tested shall be examined between
pressure increments for signs of yielding as evidenced
by flaking of the brittle coating, or by the appearance of
strain lines. The application of pressure shall be stoppéd
at the first sign of yielding, or if desired, at some lower
pressure.

(2) The maximum allowable working pressure P in
pounds per square inch (MPa) at test temperature for
parts tested under this paragraph shall be.computed by
one of the following equations.

(-a) If the average yield strength is determined in
accordance with (j) above,

(-b) To eliminate the necessity of cutting tensile
specimens and\determining the actual yield strength of
the material inder test, one of the following equations
may be used to determine the maximum allowable work-
ing pressure:

(-1) For carbon steel meeting an acceptable
Code specification, with a specified minimum tensile
strength of not over 70,000 psi (480 MPa),

(U.S. Customary Units)

(51 Units)

(-2) For any acceptable material listed in this
Division,

P =04H
where
H = hydrostatic test pressure at'which the test was
stopped, psi (kPa)
S, = specified minimum yield Strength at room tem-
perature, psi ( kPa)
S, avg = actual average yield strength from test speci-

mens at room temperature, psi (kPa)
S, = specified minimum tensile strength at room
temperature, psi (kPa)

When the formula in (-1) or (-2) above is used,
the material'in the pressure part shall have had no appre-
ciable cold working or other treatment that would tend to
raise the yield strength above the normal.

The maximum allowable working pressure at other
temperatures shall be determined as provided in (k)
above.

(m) Bursting Test Procedure

(1) This procedure may be used for vessels or vessel
parts under internal pressure when constructed of any
material permitted to be used under the rules of this Divi-
sion. The maximum allowable working pressure of any
component part proof tested by this method shall be es-
tablished by a hydrostatic test to failure by rupture of a
full-size sample of such pressure part. The hydrostatic
pressure at which rupture occurs shall be determined. Al-
ternatively, the test may be stopped at any pressure be-
fore rupture that will satisfy the requirements for the
desired maximum allowable working pressure.

(2) The maximum allowable working pressure P in
pounds per square inch (kilopascals) at test temperature
for parts tested under this paragraph shall be computed
by one of the following equations:

(-a) parts constructed of materials other than cast
materials:

(-b) parts constructed of cast iron — see UCI-101;

parts. constructed of cast ductile iron — see UCD-101;
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(-c) parts constructed of cast materials, except
cast iron and ductile iron:

where
B = bursting test pressure, or hydrostatic test pres-
sure at which the test was stopped
E = efficiency of welded joint, if used (see Table
Uw-12)
f = casting quality factor as specified in UG-24

S, = specified minimum tensile strength at room
temperature

S, avg = average actual tensile strength of test speci-
mens at room temperature, or the tensile
strength reported on the material test report
when postweld heat treatment is not applied
to the production component

S,» = maximum tensile strength of range of specifica-

tion at room temperature

The maximum allowable working pressure at other
temperatures shall be determined as provided in (k)
above.

(n) Strain Measurement Test Procedure

(1) Subject to limitations of (a)(2)(-a) above, this
procedure may be used for vessels or vessel parts under
internal pressure, constructed of any material permitted
to be used under the rules of this Division. Strains shall
be measured in the direction of the maximum stress at
the most highly stressed parts [see (g) abovel(by means
of strain gages of any type capable of indicatifig incremen-
tal strains to 0.00005 in./in. (0.005%). It.is ¥fecommended
that the gage length be such that the expected maximum
strain within the gage length does not exceed the ex-
pected average strain within the gage’length by more than
10%. The strain gages and the method of attachment shall
be shown by test to be reliable*and the results documen-
ted for a range of strain values that is at least 50% higher
than expected, when used with the material surface finish
and configuration béing considered. [See (e) above.]

(2) Pressuresshall be applied as provided in (h)
above. After each increment of pressure has been applied,
readings of\the strain gages and the hydrostatic pressure
shall betaken and recorded. The pressure shall be re-
leased and any permanent strain at each gage shall be de-
termined after any pressure increment that indicates an
increase in strain for this increment over the previous
equal pressure increment. Only one application of each
increment of pressure is required.

(3) Two curves of strain against test pressure shall
be plotted for each gage line as the test progresses, one
showing the strain under pressure and one showing the
permanent strain when the pressure is removed. The test
may be discontinued when the test pressure reaches the

value H which will hy the formula }'ncfiﬁr the desired

working pressure, but shall not exceed the pressure at
which the plotted points for the most highly strained gage
line reaches the value given below for the material used:

(-a) 0.2% permanent strain for aluminum-base
and nickel-base alloys;

(-b) 0.2% permanent strain for carbon low alloy
and high alloy steels;

(-c) 0.5% strain under pressure for copper-base
alloys.

(4) The maximum allowable working pressure P in
pounds per square inch (kilopascals) at test.temperature
for parts tested under this paragraph shallbe computed
by one of the following equations:

(-a) If the average yield strength is determined in
accordance with (j) above,

(-b) If thesactual average yield strength is not de-
termined by. test specimens,

P=04H
where
H = hydrostatic test pressure at which the test was
stopped in accordance with (3) above
S, = specified minimum yield strength at room

temperature
= actual average yield strength from test speci-
mens at room temperature

The maximum allowable working pressure at other
temperatures shall be determined as provided in (k)
above.

(o) Displacement Measurement Test Procedure

(1) Subject to the limitations of (a)(2)(-a) above, this
procedure may be used only for vessels and vessel parts
under internal pressure, constructed of materials having
a definitely determinable yield point (see SA-370, 13.1).
Displacement shall be measured at the most highly
stressed parts [see (g) above] by means of measuring de-
vices of any type capable of measuring to 0.001 in.
(0.02 mm). The displacement may be measured between
two diametrically opposed reference points in a symme-
trical structure, or between a reference point and a fixed
base point. Pressure shall be applied as provided in (h)
above.

(2) After each increment of pressure has been ap-
plied, readings of the displacement and hydrostatic test
pressure shall be taken and recorded. The pressure shall
be released and any permanent displacement shall be de-
termined after any pressure increment that indicates an
increase in measured displacement for this increment
over the previous equal pressure increment. Only one ap-

p]irnfinn of each increment is rpr]nirpd Care must bhe
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taken to assure that the readings represent only displace-
ments of the parts on which measurements are being
made and do not include any slip of the measuring de-
vices or any movement of the fixed base points or of the
pressure part as a whole.

(3) Two curves of displacement against test pressure
shall be plotted for each reference point as the test pro-
gresses, one showing the displacement under pressure
and one showing the permanent displacement when the
pressure is removed. The application of pressure shall
be stopped when it is evident that the curve through
the points representing displacement under pressure
has deviated from a straight line.

(4) The pressure coincident with the proportional
limit of the material shall be determined by noting the
pressure at which the curve representing displacement
under pressure deviates from a straight line. The pressure
at the proportional limit may be checked from the curve
of permanent displacement by locating the point where
the permanent displacement begins to increase regularly
with further increases in pressure. Permanent deforma-
tion at the beginning of the curve that results from the
equalization of stresses and irregularities in the material
may be disregarded.

(5) The maximum allowable working pressure P in
pounds per square inch (kilopascals) at test temperature
for parts tested under this paragraph shall be computed
by one of the following equations.

(-a) If the average yield strength is determined in
accordance with (j) above,

(-b) To eliminate the necessity of cutting tensile
specimens and determining the actual‘yield strength of
the material under test, one of the\following equations
may be used to determine the makimum allowable work-
ing pressure.

(-1) For carbon’steel, meeting an acceptable
Code specification, with-a specified minimum tensile
strength of not over 70,000 psi (480 MPa),

(U.S. Customary Units)

(SMUnits)

(-2) For any acceptable material listed in this
Division

P=04H

where

H = hydrostatic test pressure coincident with the
proportional limit of the weakest element of
the component part tested

S, = specified minimum yield strength at room

temperature

= actual average yield strength from test speci-

mens at room temperature

S, = specified minimum tensile strength at room
temperature

When the formula in (-1) or (#2))above is used,
the material in the pressure part shall have had no appre-
ciable cold working or other treatihent that would tend to
raise the yield strength above the normal. The maximum
allowable working pressure.at-other temperatures shall
be determined as provided’in (k) above.

(p) Procedure for Vessels Having Chambers of Special

Shape Subject to Collapse

(1) Pressure.chambers of vessels, portions of which
have a shape other than that of a complete circular cylin-
der or formed’head, and also jackets of cylindrical vessels
which extend over only a portion of the circumference,
which/are not fully staybolted as required by UG-28(i),
shall withstand without excessive deformation a hydro-
static test of not less than three times the desired maxi-
mum allowable working pressure.

(2) The maximum allowable working pressure at
other temperatures shall be determined as provided in
(k) above.

UG-102 TEST GAUGES

UG-102.1 Connection of Pressure-Indicating Gauge.
A pressure-indicating gauge shall be connected directly to
the vessel or with a pressure line that does not include in-
termediate valves.

UG-102.2 Gauge Visibility. If the indicating gauge is
not readily visible to the operator controlling the pres-
sure applied, an additional indicating gauge shall be pro-
vided where it will be visible to the operator throughout
the duration of the test. For large vessels, a recording
gauge should be used in addition to an indicating gauge.

UG-102.3 Gauge Type. Indicating gauges may be dial
or digital.

(a) Dial pressure-indicating gauges used in testing shall
be graduated over a range of about 2 times the intended
maximum test pressure, but in no case shall the range be
less than 1%, times nor more than 4 times the intended
maximum test pressure.

(b) Digital pressure-indicating gauges having a wider
range of pressure than described in (a) may be used pro-
vided readings have an equal or better degree of accuracy

as obtained with dial prnccnrn-indirnfing gauges

(25)
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UG-102.4 Gauge Calibration. As a minimum, all
pressure-indicating gauges shall be calibrated against a
standard deadweight tester or a calibrated master gauge,
and shall be recalibrated any time there is reason to be-
lieve error exists.

UG-103 NONDESTRUCTIVE TESTING

UG-103.1 Magnetic Particle Examination. Magnetic
particle examination required by this Division shall be
performed in accordance with Mandatory Appendix 6.

UG-103.2 Liquid Penetrant Examination. Liquid
penetrant examination required by this Division shall be
performed in accordance with Mandatory Appendix 8.

MARKING AND REPORTS

UG-115 GENERAL

UG-115.1 Requirements. The marking and certifica-
tion of all pressure vessels built under this Division shall
comply with the requirements of UG-115.2 and with the
requirements for marking and reports given in the appli-
cable Parts of Subsections B, C, and D.

UG-115.2 Units of Measurement. The units of mea-
surement for the following shall be either U.S. Customary
units, SI units, or any local customary units (see U-4):

(a) Manufacturer’s Data Reports

(b) Manufacturer’s Certificates of Compliance (se€
UG-120)

(c) capacity certification of pressure relief devicés

(d) marking or stamping of pressure vessels, pressure
vessel parts, and pressure relief devices

UG-116 REQUIRED MARKING

(a) Each pressure vessel shall bevmarked with the
following:
(1) See below.

(-a) the official Certification Mark with the U Des-
ignator shown in Figure UG-116, sketch (a) on vessels in-
spected in accordance(with the requirements in UG-90
through UG-97; or

(-b) the_ official Certification Mark with the UM
Designator shown in Figure UG-116, sketch (b) on vessels
constructed in accordance with the provisions in U-1(j);
or

{(=¢) the official Certification Mark with the PRT
VHI1-1 Designator shown in Figure UG-116, sketch (c) on
parts [see (h)]

(2) name of the Manufacturer of the pressure vessel
preceded by the words “certified by”

(3) maximum allowable working pressure
ternal or external®”) at temperature

(4) minimum design metal temperature ________at
maximum allowable working pressure'®

(5) Manufacturer’s serial number

10,35 (in'

Figure UG-116
Official Certification Mark to Denote the
American Society of Mechanical Engineers'
Standard

u UM PRT VIII-1
(@) (b) (©)

(7) the maximum designed steaming capacity for
vessels in accordance with'U-1(g)(1)

(b) See below.

(1) The type of.construction used for the vessel shall
be indicated directly under the Certification Mark by ap-
plying the\appropriate designators and letter(s) as
follows;

Type of Construction Letter(s)
Tensile enhanced by heat treat (see UHT-115) UHT
Layered (see ULW-115) WL
Low temperature (see ULT-115) ULT
Graphite (see UIG-116) G
Cold stretched (see Mandatory Appendix 44, cS
44-7)
Acrylic shell A

(2) Vessels embodying a combination of types of con-
struction shall be marked to indicate all of the types of
construction used.

(c) When a vessel is intended for special service and
the special requirements have been complied with [see
UG-120(d)], the appropriate lettering shall be applied as
listed below:

Special Service Letter(s)
Lethal service L
Unfired steam boiler UB
Direct firing DF

This lettering shall be separated by a hyphen and ap-
plied after the lettering of (b) above.

(d) The maximum allowable working pressure and
temperature to be indicated on vessels embodying a com-
bination of types of construction and material shall be
based on the most restrictive detail of construction and
material used.

(e) When radiographic or ultrasonic examination has
been performed on a vessel in accordance with UW-11,
marking shall be applied under the Certification Mark as

follows:

(6) vear built
A A
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(1) “RT 1” when all pressure-retaining butt welds,
other than Category B and C butt welds associated with
nozzles and communicating chambers that neither exceed
NPS 10 (DN 250) nor 1% in. (29 mm) wall thickness [ex-
cept as required by UHT-57(a)], satisfy the full radiogra-
phy requirements of UW-11(a) for their full length; full
radiography of the above exempted Category B and C butt
welds, if performed, may be recorded on the Manufac-
turer’s Data Report; or

(2) “RT 2” when the complete vessel satisfies the re-
quirements of UW-11(a)(5) and when the spot radiogra-
phy requirements of UW-11(a)(5)(-b) have been applied;
or

(3) “RT 3” when the complete vessel satisfies the spot
radiography requirements of UW-11(b); or

(4) “RT 4” when only part of the complete vessel has
satisfied the radiographic requirements of UW-11(a) or
where none of the markings “RT 1,” “RT 2,” or “RT 3”
are applicable.

The extent of radiography and the applicable joint effi-
ciencies shall be noted on the Manufacturer’s Data Report.

(f) See below.

(1) The letters HT shall be applied under the Desig-
nators when the complete vessel has been postweld heat
treated as provided in UW-10.

(2) The letters PHT shall be applied under the Desig-
nators when only part of the complete vessel has been
postweld heat treated as provided in UW-10.

The extent of the postweld heat treatment shall be
noted on the Manufacturer’s Data Report.

(g) The Manufacturer shall have a valid Certificate\of
Authorization, and, with the acceptance of the Inspéctor,
shall apply the Certification Mark to the vessel¢which, to-
gether with the final certification [seesU-1(j) and
UG-120], shall indicate that all requirements’of this Divi-
sion have been met.

(1) Except as provided in (2) below, the Certification
Mark shall be applied after the hydrostatic test or pneu-
matic test.

(2) The Certification Mark may be preapplied to a
nameplate. The nameplate may be attached to the vessel
after the final fabrication and examination sequence but
before the hydrostatic tests or pneumatic test, provided
the procedure for.sequence of stamping is described in
the Manufacturet’s accepted Quality Control System.

(h) See-below.

(1) Parts of vessels for which Partial Data Reports
are/required in UG-120(c) shall be marked by the parts
Mantufacturer, with a nameplate or stamping, with the
following:

(-a) the official Certification Mark with, as applica-
ble, either
(-1) the U Designator shown in Figure UG-116,
sketch (a) above the word “PART”
(-2) the PRT VIII-1 Designator shown in Figure

(-b) name of the Manufacturer of the part of the
pressure vessel preceded by the words “certified by”;

(-c) the Manufacturer’s serial number.

When stamping with the Certification Mark with the
PRT VIII-1 Designator, the word “PART” may be elimi-
nated from the stamping.

Parts may be stamped with the Certification Mark
without being pressure tested prior to shipment. If testing
was not performed, this shall be indicated in the “Re-
marks” section of the Manufacturer’s Partial Data Reports
(see Nonmandatory Appendix W, Forms U-2 and U-2A).

This requirement does not apply to such’items as
handhole covers, manhole covers and their.accessories.
[See (k) below.]

(2) As an alternative to nameplates or stamping,
parts 5 in O.D. and under may be niarked with an identi-
fication acceptable to the Inspectér’and traceable to the
Manufacturer’s Partial Data‘Report Form U-2 or Form
U-2A. Such marking shallbe’of a type that will remain
visible until the parts aréinstalled. The Certification Mark
is not required.

(3) No accessory. or part of a pressure vessel may be
marked “ASME” ‘or. “ASME Std.” unless so specified in this
Division.

(4) Anameplate furnished with the Certification
Mark on/prefabricated or preformed parts may be re-
movedfrom the completed pressure vessel if all of the fol-
lowing conditions are satisfied:

(-a) The nameplate interferes with further fabri-
cation or service.

(-b) The Manufacturer of the completed vessel has
agreement from the Authorized Inspector to remove the
nameplate.

(-c) The removal of the nameplate shall be noted
in the “Remarks” section of the vessel Manufacturer’s
Data Report.

(-d) The removed nameplate shall be destroyed.

(i) All required markings shall be located in a conspic-
uous place on the vessel, preferably near a manhole or
handhole (see Nonmandatory Appendix M, M-3).

(j) Combination Units

(1) Those chambers included within the scope of this
Division shall be marked. The marking shall include the
name of each chamber (e.g., process chamber, jacket,
tubes, channel) and its corresponding data. The markings
shall be grouped in one location on the combination unit
or applied to each individual chamber. Each detachable
chamber shall be marked to identify it with the combina-
tion unit. When required, the marking shall include the
following:

(-a) for differential pressure design, the maximum
differential design pressure for each common element
and the name of the higher pressure chamber [see
UG-19(a)(2)]

(-b) for mean metal temperature design, the max-
imum mean metal design temperature for each common

UG-116_sketch ()
4 g

94

element [see UG-19(a)(3)]
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(-c) for a common element adjacent to a chamber
not included within the scope of this Division, the com-
mon element design conditions from that chamber

(2) It is recommended that the design conditions for
those chambers not included within the scope of this Di-
vision be marked on the combination unit. The markings
may be on the applicable chamber or grouped as de-
scribed in (1), provided they are not included in the mark-
ings covered by the Certification Mark.

(k) Removable pressure parts shall be permanently
marked in a manner to identify them with the vessel or
chamber of which they form a part. This does not apply
to manhole covers, handhole covers, and their accessory
parts, provided the marking requirements of UG-11 are
met.

UG-117 CERTIFICATES OF AUTHORIZATION AND
CERTIFICATION MARKS

(a) A Certificate of Authorization to use the Certifica-
tion Mark with the U, UM, or PRT VIII-1 Designator shown
in Figure UG-116 will be granted by the Society pursuant
to the provisions of the following paragraphs. Stamps for
applying the Certification Mark shall be obtained from the
Society. For those items to be marked with the UM Desig-
nator, a Certified Individual meeting the current require-
ments of ASME QAI-1 shall provide oversight to ensure
that each use of the UM Designator is in accordance with
the requirements of this Division. In addition, each use of
the UM Designator is to be documented on the Certificate
of Compliance (see Nonmandatory Appendix W, Form
U-3, Form U-3A, or Form U-3P).

(1) Requirements for the Certified Individudl,(CI). The
CI shall

(-a) be qualified in accordance with ASME CA-1
and the requirements of this Division

(-b) have the following qualifications as a
minimum:

(-1) knowledge of the\requirements of this Divi-
sion for the application of the,Certification Mark with the
appropriate designator;

(-2) knowledgelof the Manufacturer’s or Assem-
bler’s quality program;

(-3) training commensurate with the scope,
complexity, orsspecial nature of the activities to which
oversight is,to be provided.

(=€) have a record, maintained and certified by the
Manf{ifacturer or Assembler, containing objective evi-
dénce of the qualifications of the CI and the training pro-
gram provided.

(2) Duties of the Certified Individual (CI). The CI shall

(-a) verify that each item to which the Certifica-
tion Mark is applied meets all applicable requirements
of this Division;

(-b) sign the appropriate Certificate of Compli-
ance/Conformance (see Nonmandatory Appendix W,
Form U-3, Form U-3A, or Form U-3P) as appropriate prior

to release of contral of the item

(3) Certificate of Compliance/Conformance (Forms
U-3, Form U-3A, Form U-3P)

(-a) The appropriate Certificate of Conformance
shall be filled out by the Manufacturer or Assembler
and signed by the Certified Individual.

(-b) The Manufacturer’s or Assembler’s written
quality control program shall include requirements for
completion of Certificates of Conformance forms and-te-
tention by the Manufacturer or Assembler for a minimam
of 5 yr.

(b) Application for Certificate of Authorization: Any or-
ganization desiring a Certificate of Authorization shall ap-
ply to ASME in accordance with the certification process
of ASME CA-1. Authorization to useCertification Marks
maybe granted, renewed, suspended, or withdrawn as
specified in ASME CA-1. Applicants for a UM Certificate
of Authorization must already\hold an S or U Certificate.

(c) Issuance of Authorization. Certificate of Authoriza-
tion shall be issued inaccordance with ASME CA-1 (see
www.asme.org/shop/€ertification-accreditation).

(d) Designated Oversight.The Manufacturer shall com-
ply with the requirements of ASME CA-1 for designated
oversight.by use of an Authorized Inspection Agency or
Certified"Individual, as applicable.

(e)}~Quality Control System. Any Manufacturer holding
orapplying for a Certificate of Authorization shall demon-
strate a quality control program that meets the require-
ments of ASME CA-1 and establishes that all Code
requirements, including material, design, fabrication, ex-
amination (by the Manufacturer), inspection of vessel
and vessel parts (by the Authorized Inspector or Certified
Individual, as applicable), pressure testing, and certifica-
tion, will be met. The Quality Control System shall be in
accordance with the requirements of Mandatory Appen-
dix 10.

(f) Evaluation of the Quality Control System. The issu-
ance or renewal of a Certificate of Authorization is based
upon ASME'’s evaluation and approval of the Quality Con-
trol System, and shall be in accordance with ASME CA-1.
Before issuance or renewal of a Certificate of Authoriza-
tion for use of the U, UM, or PRT VIII-1 Designator, the
Manufacturer’s facilities and organization are subject to
a joint review by a representative of the Authorized In-
spection Agency and an individual certified as an ASME
designee who is selected by the concerned legal
jurisdiction.

Certificates of Authorization are valid for the period
given in ASME CA-1. UM Certificates are valid for 1 yr,
but reviews after the first and second years of each 3-yr
period are performed by the Authorized Inspection
Agency only and shall include at a minimum an Author-
ized Inspector Supervisor.

Any changes made to the Quality Control System shall
be made and accepted in accordance with the require-
ments specified in ASME CA-1. For Manufacturers of
mass-produced pressure vessels,*® acceptance of these

changes hy the ASME dncighnn is also rnnlnirnd
(=]
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For those areas where there is no jurisdiction or where
a jurisdiction does not choose to select an ASME designee
to review a vessel or vessel parts Manufacturer’s facility,
that function shall be performed by an ASME designee se-
lected by ASME. Where the jurisdiction is the Manufac-
turer’s Inspection Agency, the joint review and joint
report shall be made by the jurisdiction and an ASME des-
ignee selected by ASME.

(g) Code Construction Before Receipt of Certificate of
Authorization. When used to demonstrate the Manufac-
turer’s Quality Control System, a Manufacturer may start
fabricating Code items before receipt of a Certificate of
Authorization to use a Certification Mark under the condi-
tions specified in ASME CA-1.

UG-118 METHODS OF MARKING

(a) The required marking shall be applied to the vessel
by one of the following methods:

(1) nameplate as provided in UG-119

(2) stamped directly on the vessel under the follow-
ing conditions:

(-a) Unless the requirements of (-b) or (-c) are
met, such stamping shall not be used on vessels con-
structed of steel plates less than Y, in. (6 mm) thick or
of nonferrous plates less than Y, in. (13 mm) thick but
may be used on vessels constructed of thicker plates.

(-b) For Ferrous Materials

(-1) The materials shall be limited to P-No. 1,
Group Nos. 1 and 2.

(-2) The minimum nominal plate thickness shall
be 0.1875 in. (5 mm), or the minimum nominal pipe wall
thickness shall be 0.154 in. (4 mm).

(-3) The minimum design metal temperature
shall be no colder than -20°F (-29°C).

(-c) For Nonferrous Materials

(-1) The materials shall be limjted to aluminum
as follows: SB-209 alloys 3003, 5083,°5454, and 6061;
SB-241 alloys 3003, 5083, 5086, 5454, 6061, and 6063;
and SB-247 alloys 3003, 5083,.and 6061.

(-2) The minimum neminal plate thickness shall
be 0.249 in. (6.30 mm), or'\the minimum nominal pipe
thickness shall be 0.133\in. (3.38 mm).

(3) electrochemically etched, including the Certifica-
tion Mark, directly-on the vessel under the following
conditions:

(-a) (The electrochemically etched marking is ac-
ceptable (o the user as indicated in the User’s Design Re-
quirements per Nonmandatory Appendix KK, or
equivalent.

(-b) The material of construction shall be limited
to high alloy steels and nonferrous materials.

(-c) The process controls for electrochemical etch-
ing shall be described in the Quality Control System and
shall be acceptable to the Authorized Inspector. The pro-
cess controls shall be established so that it can be demon-
strated that the characters will be at least 0.004 in. (0.102

mm) deep
7 T

(-d) The external vessel-surface condition where
electrochemical etching is acceptable shall be clean, un-
coated, and unpainted.

(-e) The electrochemical etching shall not result in
any detrimental effect to the materials of the vessel.

(b) Stamped or electrochemically etched letters and
figures shall be in characters not less than /4 in.
(8 mm) high. The character size may be reduced as shown
in the following table for small diameter vessels with
space limitations:

Nominal Qutside Vessel Diameter Character Size,

Min:, in. (mm)

Min., in. (mm) Max., in. (mm)

3%, (89) s (3)
>3, (>89) 4%, (114) %6 (5)
>4, (>114) 6% (168) a (6)

(c) Stamping or electrochemical etching shall be ar-
ranged substantially as shewn in Figure UG-118 when
space permits and shall bé-Jocated in a conspicuous place
on the vessel [see UG:116(i)].

Figure UG-118
Form of Stamping

Certified by

(Name of Manufacturer)

(Pressure) at (temperature) __

Max. allowable working pressure (internal) [see Note (3)]

(Pressure)

Max. allowable working pressure
(external) [if specified, see Notes (3) and (4)]

at (temperature) __

U, UM, or PRT VIII-1
[see Note (1)]

(Temperature) at (pressure)

Min. design metal temperature

{Letters denoting
construction type
[see Note (2)]}

Manufacturer’s serial number

Year built

GENERAL NOTE: Information within parentheses, brackets, or
braces is not part of the required marking. Phrases identifying data
may be abbreviated; minimum abbreviations shall be MAWP, MDMT,
S/N, FV, and year, respectively. See ASME PTB-4 for sample Name-
plate markings.

NOTES:

(1) See UG-116(a)(1)(-a), UG-116(a)(1)(-b), and UG-116(a)(1)(-c).

(2) See UG-116(b)(1), UG-116(c), UG-116(e), UG-116(f), and
UG-116(h)(1)(-a).

(3) For cases where the MAWP (internal) and MAWP (external) val-
ues have the same designated coincident temperature, the val-
ues may be combined on a single line as follows:

(4) The maximum allowable working pressure (external) is re-

guired onlv when snecified as a design condition
T e P 5

(25)
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UG-119 NAMEPLATES

(a) Nameplates shall be used on vessels except when
markings are directly applied in accordance with
UG-118. Nameplates shall be metal suitable for the in-
tended service and shall bear the markings called for in
UG-116. The marking arrangement shall be substantially
as shown in Figure UG-118. Required nameplates shall
be located in a conspicuous place on the vessel.

(b) The nameplate thickness shall be sufficient to resist
distortion due to the application of the marking and to be
compatible with the method of attachment. The name-
plate nominal thickness shall not be less than 0.020 in.

(c) Nameplates shall have permanent, legible markings
produced by either casting, etching, embossing, deboss-
ing, stamping, engraving, or laser annealing.

(1) The required markings on a nameplate shall be in
characters not less than %, in. (4 mm) high, except that
characters for pressure relief device markings may be
smaller.

(2) Characters produced by processes other than la-
ser annealing shall be either indented or raised at least
0.004 in. (0.10 mm).

(3) Laser annealing is allowed only on stainless steel
and aluminum.

(4) No coating that obscures the laser annealing
marking shall be allowed.

(5) The Certification Mark shall be stamped on the
nameplate unless process controls for mechanical etching
or laser annealing by the Manufacturer of the certified
vessel have been described in the accepted Quality.Con-
trol System and approved by the Authorized Inspector.

(d) The nameplate may be marked before it is affixed to
the vessel, in which case the Manufacturér shall ensure
that the nameplate with the correct marking has been ap-
plied to the proper vessel, and the Inspector shall verify
that this has been done.

(e) The nameplate shall be attached to the vessel or to a
pad, bracket, or structure thatis welded, brazed, soldered,
or attached with mechanical*fasteners directly to the ves-
sel. Mechanical fasteners)shall be of a material and design
that is compatible with the vessel, bracket materials, and
the vessel servicésAfter installation of the pad, bracket, or
structure, the.heads of the fasteners shall be welded,
brazed, orssoldered to the pad, bracket, or structure that
supports, the nameplate. The nameplate shall be located
within 30 in. (760 mm) of the vessel. Removal shall re-
quire the willful destruction of the nameplate, or its at-
tachment system. (See Nonmandatory Appendix M, M-3.)

(1) Nameplates may be attached either by welding,
brazing, or soldering.

(2) Nameplates may be attached by tamper-resistant
mechanical fasteners of suitable metal construction.

(3) Nameplates may be attached with pressure-
sensitive acrylic adhesive systems provided that, in addi-
tion to the requirements of this paragraph, those of Man-

datory Anpendix 18 are met
4 Ll o

(f) An additional nameplate in accordance with (a)
through (d) may be installed on the skirt, supports, jacket,
or other permanent attachment to a vessel. All data on the
additional plate, including the Certification Mark with the
Designator, shall be as required for the mandatory name-
plate. The marking need not be witnessed by the Inspec-
tor. The additional nameplate shall be marked;
“DUPLICATE.

(g) When a nameplate is employed, the Manufaeturer’s
name or identifying trademark, and vessel serial.number
(or National Board Number, if applicable,)-niay also be
marked directly on the vessel in close proximity to the
nameplate attachment. The marking shall’be of a visible
permanent type that is not detrimental to the vessel,
and its location shall be indicated on-the Data Report.

(1) If the thickness limitations of UG-118 preclude
marking directly on the vessél/shell or heads, it may be
applied to the skirt, supperts; jacket, or other permanent
attachment to the vessek

UG-120 DATA REPORTS

(a) A Data-Report shall be filled out on Nonmandatory
Appendix. W, Form U-1, Form U-1A, or Form U-1P by the
ManufacCturer and shall be signed by the Manufacturer
and_the Inspector for each pressure vessel marked with
the\Certification Mark with the U Designator.

(1) Same day production of vessels may be reported
on a single Form, provided all of the following require-
ments are met:

(-a) vessels must be identical;

(-b) vessels must be manufactured for stock or for
the same user or the user’s designated agent;

(-c) serial numbers must be in uninterrupted se-
quence; and

(-d) the Manufacturer’s written Quality Control
System includes procedures to control the development,
distribution, and retention of the Data Reports.

(2) For guidance in preparing the Manufacturer’s
Data Report Forms, see Nonmandatory Appendix W. Hor-
izontal spacing for information on each line may be al-
tered as necessary. All information must be addressed;
however, footnotes described in the “Remarks” block
are acceptable, e.g., for multiple cases of “none” or “not
applicable.”

(3) The Manufacturer shall

(-a) furnish a copy of the Manufacturer’s Data Re-
port to the user and, upon request, to the Inspector:

(-b) submit a copy of the Manufacturer’s Data Re-
port to the appropriate enforcement authority in the jur-
isdiction in which the vessel is to be installed, where
required by law;

(-c) keep a copy of the Manufacturer’s Data Report
on file in a safe repository for at least 3 years.

In lieu of (-c) above, the vessel may be registered and
the Data Report filed with the National Board of Boiler

and Pressure Vessel Inspectors, 1055 Crupper Avenue,
Columbus Qhiao 43229 Where nr‘r‘ppfnhlp tao the
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appropriate enforcement authority in the jurisdiction in
which the vessel is to be installed, the vessel may be regis-
tered and the Data Report filed with the National Board of
Boiler and Pressure Vessel Inspectors in lieu of (-b)
above.

(4) A Manufacturer’s Certificate of Compliance on
Nonmandatory Appendix W, Form U-3, Form U-3A, or
Form U-3P shall be completed and signed by the Manufac-
turer for each pressure vessel marked with the Certifica-
tion Mark with the UM Designator. This Certificate shall
be maintained by the Manufacturer for 5 years and a copy
made available upon request, or the vessel may be regis-
tered and the Data Report filed with the National Board of
Boiler and Pressure Vessel Inspectors, 1055 Crupper Ave-
nue, Columbus, OH 43229. Where acceptable to the ap-
propriate enforcement authority in the jurisdiction in
which the vessel is to be installed, the vessel may be regis-
tered and the Data Report filed with the National Board of
Boiler and Pressure Vessel Inspectors. Identical vessels
up to 1 day’s production may be recorded on a single Cer-
tificate of Compliance.

(b) Combination Units

(1) Those chambers included within the scope of this
Division shall be described on the same Data Report. This
includes the following, as applicable:

(-a) for differential pressure design, the maximum
differential design pressure for each common element
and the name of the higher pressure chamber [see
UG-19(a)(2)]

(-b) for mean metal temperature design, the max-
imum mean metal design temperature for each commoh
element [see UG-19(a)(3)]

(-c) for a common element adjacent to a_.€hamber
not included within the scope of this Division;¢he com-
mon element design conditions from that,chamber

(-d) for limiting pressure tests, the\common ele-
ment subject to collapse due to external pressure and
its limiting test pressure [see UG-99(e)(1)(-c) or
UG-100(d)(1)(-0)]

(2) It is recommended that'those chambers not in-
cluded within the scope of'this Division be described in
the “Remarks” section of-the Data Report.

(3) For a fixed tubesheet heat exchanger, Nonmanda-
tory Appendix W, Ferm U-5 shall be filled out with the in-
formation required by UHX-19.3.2, signed by the
Manufacturer,and Inspector, and included with the Man-
ufacturer’s Data Report.

(c) (Partial Data Reports

(1) Data Reports to document the construction activ-
ities of pressure vessel parts requiring inspection under
this Division that are furnished by a parts Manufacturer
other than the Manufacturer responsible for the com-
pleted vessel shall be executed on the applicable Partial
Data Report, Nonmandatory Appendix W, Form U-2 or
Form U-2A, by the parts Manufacturer and Inspector in
accordance with the requirements of this Division. The
Manufacturer’s Partial Data Report shall bhe forwarded

in duplicate, to the Manufacturer of the completed vessel
[see U-2(b)]. Nonmandatory Appendix W, Form U-2A
may be used for this purpose, provided all the applicable
information is recorded on this Form; otherwise Non-
mandatory Appendix W, Form U-2 shall be used. These
Partial Data Reports, together with the completed vessel’s
inspection, shall be the final Inspector’s authority to wit-
ness the application of a Certification Mark to the vesse]
[see UG-90.3]. When Nonmandatory Appendix W, Form
U-2 or Form U-2A is used, it shall be attached to the asso-
ciated Nonmandatory Appendix W, Form U-1, ForntU-1A,
or Form U-1P by the Manufacturer of the vessel to be
marked with the Certification Mark. Manufaeturers and
Assemblers of parts who do not perform or“assume any
design responsibility for the parts they mianufacture shall
identify on the Partial Data Report.the organization re-
sponsible for the design of the part. As is applicable in
(-a), a parts Manufacturer thatperforms no design func-
tion shall state under “Remarks,” “User Specified Part,
No Design Performed.”

(-a) Data Repprtsfor those parts of a pressure ves-
sel which are furntished by a parts Manufacturer to the
user of an existing Code vessel as replacement or repair
parts shall pe executed on Nonmandatory Appendix W,
Form U-2.0r Form U-2A by the parts Manufacturer and
the Inspector in accordance with the requirements of this
Division. A copy of the parts Manufacturer’s Partial Data
Repoftt shall be furnished to the user or the user’s desig-
nated agent and maintained in accordance with (a) above.

(-b) The parts Manufacturer shall indicate under
“Remarks” the extent to which the Manufacturer has per-
formed any or all of the design functions. When the parts
Manufacturer performs only a portion of the design, the
parts Manufacturer shall state which portions of the de-
sign were performed.

(-¢) Same day production of vessel parts may be
reported on a single Nonmandatory Appendix W, Form
U-2 or Form U-2A, provided all of the following are met:

(-1) vessel parts shall be identical;

(-2) Manufacturer’s serial numbers must be in
uninterrupted sequence; and

(-3) The Manufacturer’s written Quality Control
System includes procedures to control the development,
distribution, and retention of the Partial Data Reports.

(-d) For guidance in preparing Partial Data Re-
ports, see Nonmandatory Appendix W.

(-e) Manufacturers with multiple locations under
the operational control of a single organization®’, each lo-
cation with its own Certificate of Authorization, may
transfer welded or brazed pressure vessel parts, or com-
pletely welded pressure vessels that have not been pres-
sure tested or received final inspection, from one location
to another without Partial Data Reports, provided the
Quality Control System describes the method of identifi-
cation, transfer, and receipt of the parts. These methods

shall include the Fn]]n\Aling requirements:
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(-1) Identification requirements shall include
details of the specific marking to be applied. Identification
shall be on each part and shall be legible, permanent, and
not detrimental to the part.

(-2) The Certificate Holder shall have a trans-
mittal form that is included with each transfer. It shall list
all items with corresponding identification number, with
indication that the items do not contain the Certification
Mark. This form shall be signed by the Certificate Holder.

(-3) The receiving location shall inspect each
item upon receipt.

(-4) The Manufacturer of the completed vessel
shall retain all transfer forms as part of the vessel records;
see Mandatory Appendix 10, 10-13.

(-f) For cases in which a Manufacturer has multiple
locations that include both shop and field locations, and
the field assembly of a vessel is completed by one Manu-
facturer’s location that is different from the part Manufac-
turer’s location(s), the name of the Manufacturer
responsible for field assembly shall be shown on Line 1
of the Manufacturer’s Data Report. The Manufacturer re-
sponsible for field assembly shall complete and sign both
the Shop and Field portions of the Manufacturer’s Data
Report.

(2) A Manufacturer with multiple locations, each
holding its own Certificate of Authorization, may transfer
pressure vessel parts from one of its locations to another
without Partial Data Reports, provided the Quality Cons«
trol System describes the method of identification, trans=
fer, and receipt of the parts. For cases in which a
Manufacturer has multiple locations that include)both
shop and field locations, and the field assembly. of the ves-
sel is completed by one Manufacturer’s logation that is
different from the part Manufacturer’sNocation(s), the
name of the Manufacturer responsiblefor field assembly
shall be shown on Line 1 of the Mapufacturer’s Data Re-
port. The Manufacturer responsible for field assembly
shall complete and sign both the Shop and Field portions
of the Manufacturer’s Datd«Report.

(d) This Division, in paragraphs such as UW-2, UF-1,
UF-32(b), UB-1, UB*22, UCS-66, UNF-56, UHA-51,
UCL-27, and UHT+6; establishes special requirements to
qualify a vessel for certain “special services.” (Paragraphs,
such as UW-2, prohibit certain types of construction or
materials.in*some special services.) The special services
to which/special requirements are applicable are classi-
fied as/follows:

(1) lethal service [for example, see UW-2(a)];

(2) services below certain temperatures (for exam-
ple, see UW-2(b), UCS-65, UHA-51, and UHT-6);

(3) unfired steam boiler [for example, see UW-2(c)];

(4) direct firing [for example, see UW-2(d)].

When a vessel is intended for such special services, the
special service and the paragraphs of special require-
ments complied with shall be indicated on the Data

Reports
r

(e) Pressure-retaining covers and their attaching bolt-
ing and nuts shall be listed in the “Remarks” section of
the Manufacturer’s Data Report or on an attached Non-
mandatory Appendix W, Form U-4 when required. The
minimum information shall include the material specifi-
cation, material grade, size, and thread designation.

(f) An unfired steam boiler, referenced in U-1(g)(1),
shall have its maximum designed steaming capacity-te-
corded in the “Remarks” section of the Data Report.

(g) For sample forms and guidance in their preparation,
see Nonmandatory Appendix W.

OVERPRESSURE PROTECTION

In the 2021 Edition of Division'1, pressure relief device
requirements were transferfed from UG-125 through
UG-140 to Section XIII, andthe remaining Division 1 over-
pressure protection/srequirements were restructured
within UG-150 thteugh UG-156. A complete cross-
reference list of the changes between the 2019 and
2021 Editions.is available in Nonmandatory Appendix
PP of the 2021 Edition.

UG-150 GENERAL REQUIREMENTS

(@) UG-150 through UG-155 provide the acceptable
methods and requirements for overpressure protection
for pressure vessels constructed to the requirements of
this Division. Acceptable methods include pressure relief
devices, open flow paths, and overpressure protection by
system design. It establishes the type, quantity and set-
tings of acceptable pressure relief devices and relieving
capacity requirements including maximum allowed re-
lieving pressures. Unless otherwise specified, the re-
quired pressure relief devices shall be constructed,
capacity certified, and bear the ASME Certification Mark
in accordance with Section XIII. UG-156 provides require-
ments for installation of pressure relief devices.

(b) Other than unfired steam boilers, all pressure ves-
sels within the scope of this Division, regardless of size
or pressure, shall be provided with overpressure protec-
tion in accordance with the requirements of UG-150
through UG-156.

(c) Unfired steam boilers shall be provided with pres-
sure relief devices in accordance with the requirements
of UG-150 through UG-156.

(d) Unfired steam boilers shall be equipped with pres-
sure relief devices required by Section I to the extent that
they are applicable to the service of the particular
installation.

(e) Pressure relief devices for vessels that are to oper-
ate completely filled with liquid shall be designed for liq-
uid service.

(f) Unless otherwise defined in this Division, the defini-
tions relating to pressure relief devices in Section XIII

shall npp]y
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UG-151 RESPONSIBILITIES

(a) It is the user’s or the user’s designated agent’s re-
sponsibility to determine the required relief rate, to size
and select the device, and to design the relief system.

(b) It is the responsibility of the user to ensure that the
required overpressure protection system is properly in-
stalled prior to initial operation.

(c) If a pressure relief device(s) is to be installed, it is
the responsibility of the user or the user’s designated
agent to size and select the pressure relief device(s) based
on its intended service. Intended service considerations
shall include, but not necessarily be limited to, the
following:

(1) normal operating and upset conditions
(2) fluids
(3) fluid phases

(d) The overpressure protection system need not be
supplied by the vessel Manufacturer.

(e) If a pressure vessel is provided with more than one
MAWP per UG-98(c) or para. UIF-5, it is the user’s respon-
sibility to provide overpressure protection per this Divi-
sion for the vessel operation corresponding to each of
the MAWPs and coincident temperatures.

UG-152 DETERMINATION OF PRESSURE
RELIEVING REQUIREMENTS

(a) It is the user’s or the user’s designated agent’s re-
sponsibility to identify all potential overpressure scenar-
ios and the method of overpressure protection used to
mitigate each scenario.

(b) The aggregate capacity of the pressure relief de-
vices connected to any vessel or system of vessél§ for
the release of a liquid, air, steam, or other vapor shall
be sufficient to carry off the maximum quantity*that can
be generated or supplied to the attached equipment with-
out permitting a rise in pressure within the vessel of more
than that specified in UG-153.

(c) Vessels connected together by‘a system of adequate
piping not containing valves that/can isolate any vessel,
and those containing valves if*compliance with Section
XIIT Nonmandatory Appehdix B, may be considered as
one unit in figuring thé‘required relieving capacity of
pressure relief devicés‘to be furnished.

(d) Heat exchangets and similar vessels shall be pro-
tected with a.pressure relief device of sufficient capacity
to avoid overpressure in case of an internal failure.

(e) The rated pressure-relieving capacity of a pressure
relief valve for other than steam, water, or air shall be de-
termined by the method of conversion given in Section
XHJ, Mandatory Appendix IV.

(f) The relieving capacity of a pressure relief device for
compressible fluids may be prorated at any relieving
pressure greater than 1.10p, as permitted under
UG-153, by applying a multiplier to the official relieving
capacity as follows:

(U.S. Customary Units)

(51 Units)

where

P
p:

relieving pressure, psig {kPa'gage)
set pressure, psig (kPa.gage)

For steam pressures dbove 1,500 psig (10 MPa gage),
the above multiplier is'not applicable. For steam valves
with relieving pressures greater than 1,500 psig
(10 MPa gage)\and less than or equal to 3,200 psig
(22.1 MPa gage), the capacity at relieving pressures great-
er than 1.10p”shall be determined using the equation for
steam dnd the correction factor for high pressure steam in
Sectiof/XIll, 9.7.6.4 with the permitted absolute relieving
pressure and the coefficient K for that valve design.

UG-153 OVERPRESSURE LIMITS

(a) Other than unfired steam boilers, when a pressure
relief device is provided, it shall prevent the pressure
from rising more than 10% or 3 psi (20 kPa), whichever
is greater, above the maximum allowable working pres-
sure, except as permitted in (1) through (3) and (c).
(See UG-155 for pressure settings.)

(1) When multiple pressure relief devices are pro-
vided and set in accordance with UG-155(a), they shall
prevent the pressure from rising more than 16% or
4 psi (30 kPa), whichever is greater, above the maximum
allowable working pressure.

(2) When a pressure vessel can be exposed to fire or
other unexpected sources of external heat, the pressure
relief device(s) shall be capable of preventing the pres-
sure from rising more than 21% above the maximum al-
lowable working pressure. Supplemental pressure relief
devices shall be installed to protect against this source
of excessive pressure if the pressure relief devices used
to satisfy the capacity requirements of (a) and (1) above
have insufficient capacity to provide the required protec-
tion. See Nonmandatory Appendix M, M-13 for cases
where the metal temperature due to fire or other sources
of external heat can cause vessel failure prior to reaching
the MAWP.

(3) Pressure relief devices, intended primarily for
protection against exposure of a pressure vessel to fire

or other nnpyppr‘fpr‘l sources of external heat installed

(25)
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on vessels having no permanent supply connection and
used for storage at ambient temperatures of nonrefriger-
ated liquefied compressed gases,** are excluded from the
requirements of (1) and (2), provided

(-a) the pressure relief devices are capable of pre-
venting the pressure from rising more than 20% above
the maximum allowable working pressure of the vessels

(-b) the set pressure marked on these devices do
not exceed the maximum allowable working pressure of
the vessels

(-c) the vessels have sufficient ullage to avoid a
liquid-full condition

(-d) the maximum allowable working pressure of
the vessels on which these pressure relief devices are in-
stalled is greater than the vapor pressure of the stored li-
quefied compressed gas at the maximum anticipated
temperature*' that the gas will reach under atmospheric
conditions

(-e) pressure relief valves used to satisfy these
provisions also comply with the requirements of
UG-155(e); Section XIII, 3.9(e)(5)(-a); and Section XIII,
Table 9.7.2-1 for fire.

(b) For vessels that use overpressure protection by sys-
tem design, the overpressure limits shall be per
UG-154(e).

(c) The aggregate capacity of the open flow paths, or
vents, shall be sufficient to prevent overpressure in ex-
cess of those specified in (a). When the MAWP is 15 psi
(105 kPa) or less, in no case shall the pressure be allowed
to rise more than 21% above the MAWP.

UG-154 PERMITTED PRESSURE RELIEF DEVICES
AND METHODS

Protection against overpressure shall'be provided by
pressure relief devices, open flow paths, or system design
or a combination thereof in*accordance with this
paragraph.

(a) Pressure Relief Valves

(1) Pressure relief valves bearing the ASME Certifica-
tion Mark with the UV Designator in accordance with Sec-
tion XIII may be used. Pressure relief valves shall be of the
direct spring-loaded or pilot-operated type.

(2) Pressure relief valves certified for a steam dis-
charging €apacity under the provisions of Section I and
bearing-the ASME Certification Mark with the V Designa-
tor for'safety valves may be used on pressure vessels con-
Structed to this Division. The rated capacity in terms of
other fluids shall be determined by the method of conver-
sion given in Section XIII, Mandatory Appendix IV. (See
Section XIII, 9.2.3.)

(b) Nonreclosing Pressure Relief Devices

(1) Rupture disks bearing the ASME Certification
Mark with the UD Designator in accordance with Section
XIII may be used as the sole pressure-relieving device for

NOTE: When rupture disk devices are used, it is recommended that
the design pressure of the vessel be sufficiently above the intended
operating pressure to provide sufficient margin between operating
pressure and rupture disk bursting pressure to prevent premature
failure of the rupture disk due to fatigue or creep.

Application of rupture disk devices to liquid service should be
carefully evaluated to ensure that the design of the rupture disk de-
vice and the dynamic energy of the system on which it is installed
will result in sufficient opening of the rupture disk.

(2) A pin device bearing the ASME Certification. Mark
with the UD Designator in accordance with Seetion XIII
may be used as the sole pressure-relieving(device for
overpressure protection

(3) A spring-actuated non-reclosing pressure relief
device bearing the ASME Certification Mark with the UD
Designator in accordance with Section XIII may be used
as the sole pressure-relieving @device for overpressure
protection.

(c) Combination of Devices

(1) The following-eombinations of devices may be
used, provided they meet the requirements of Section
X111, Part 8:

(-a) a“rupture disk device installed between a
pressure-relief valve and the vessel

(-b) a rupture disk device installed on the outlet
sideof a pressure relief valve that is opened by direct ac-
tion of the pressure in the vessel

(-c) a pin device installed between a pressure re-
lief valve and the vessel

(2) A pin device shall not be installed on the outlet

side of a pressure relief valve that is opened by direct ac-
tion of the pressure in the vessel.
NOTE: Use of nonreclosing pressure relief devices of some types may
be advisable on vessels containing substances that may render a
pressure relief valve inoperative, such as where a loss of valuable
material by leakage should be avoided or where contamination of
the atmosphere by leakage of noxious fluids must be avoided. The
use of rupture disk devices may also be advisable when very rapid
rates of pressure rise may be encountered.

(d) Open Flow Paths

(1) Flow paths or vents, open directly or indirectly to
the atmosphere may be used as the sole pressure reliev-
ing device on a vessel.

(2) The calculated capacity of any pressure relief sys-
tem may be determined by analyzing the total system
resistance to flow. This analysis shall take into considera-
tion the flow resistance of the piping and piping compo-
nents including the exit nozzle on the vessels, elbows,
tees, reducers, and valves. The calculation shall be made
using accepted engineering practices for determining
fluid flow through piping systems. This calculated reliev-
ing capacity shall be multiplied by a factor of 0.90 or less
to allow for uncertainties inherent in this method.

(e) Overpressure Protection by System Design
Overpressure protection by system design in accor-

Qverpressure prnfprfi on
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(1) For vessels with overpressure protection by sys-
tem design where the pressure is self-limited at or below
the vessel MAWP, (see Section XIII, 13.2), there shall be
no credible overpressure scenario in which the pressure
exceeds the maximum allowable working pressure
(MAWP) of the pressurized equipment at the coincident
temperature.

(2) For vessels with overpressure protection by sys-
tem design where the pressure is not self-limited at or be-
low the vessel MAWP, (see Section XIII, 13.3), there shall
be no credible overpressure scenario in which the pres-
sure exceeds 116% of the MAWP times the ratio of the al-
lowable stress value at the temperature of the
overpressure scenario to the allowable stress value at
the vessel design temperature. The overpressure limit
shall not exceed the vessel test pressure.

(3) For either case, the user shall provide a User’s De-
sign Requirements Form, or document with equivalent in-
formation, stating that the vessel will be protected by
overpressure protection by system design. See
U-2(a)(2)(-b).

(4) The Manufacturer shall state on the Manufac-
turer’s Data Report that the vessel is protected from over-
pressure by system design.

UG-155 PRESSURE SETTINGS AND
PERFORMANCE REQUIREMENTS

(a) When a single pressure relief device is used, the set
pressure marked on the device shall not exceed the max-
imum allowable working pressure of the vessel. When the
required capacity is provided in more than one preS§sure
relief device, only one pressure relief device needbe set at
or below the maximum allowable working pressure, and
the additional pressure relief devices may<be'set to open
at higher pressures but in no case at alpressure higher
than 105% of the maximum allowable working pressure,
except as provided in (b).

(b) For pressure relief devices permitted in
UG-153(a)(2) as protectiomagainst excessive pressure
caused by exposure to.firevor other sources of external
heat, the device marked set pressure shall not exceed
110% of the maximum allowable working pressure of
the vessel. If such a pressure relief device is used to meet
the requirentents of both UG-153(a) and UG-153(a)(2),
the device-marked set pressure shall not be over the max-
imum allowable working pressure.

(e)~Fhe pressure relief device set pressure shall include
the\effects of static head and constant back pressure.

(d) The set pressure tolerance for pressure relief valves
shall not exceed +2 psi (15 kPa) for pressures up to and
including 70 psi (500 kPa) and +3% for pressures above
70 psi (500 kPa), except as covered in (e).

(e) The set pressure tolerance of pressure relief valves
which comply with UG-153(a)(3) shall be within -0%,
+1004

(f) The burst pressure tolerance for rupture disk de-
vices at the specified disk temperature shall not exceed
+2 psi (15 kPa) of marked burst pressure up to and in-
cluding 40 psi (300 kPa) and +5% of marked burst pres-
sure above 40 psi (300 kPa).

(g) The set pressure tolerance for pin devices shall not
exceed *2 psi (15 kPa) of marked set pressure up to and
including 40 psi (300 kPa) and *5% of marked set
pressures above 40 psi (300 kPa) at specified pin
temperature.

(h) The tolerance of spring-actuated non-reclosing
pressure relief devices opening point shall not-exceed
+5%.

UG-156 INSTALLATION

(a) Pressure relief devices shall be‘constructed, located,
and installed so that they are yeadily accessible for test-
ing, inspection, replacement, and repair and so that they
cannot be readily rendered-inoperative (see Nonmanda-
tory Appendix M).

(b) The pressure relief-devices required in UG-150(b)
and UG-150(c) need-not be installed directly on a pres-
sure vessel when éither of the following conditions apply:

(1) The(squrce of pressure is external to the vessel
and is under such positive control that the pressure in
the vessél cannot exceed the maximum allowable working
pressure at the operating temperature except as per-
mittéd in UG-153(a) (see UG-98), or under the conditions
set forth in Nonmandatory Appendix M.

(2) There are no intervening stop valves between the

vessel and the pressure relief device or devices, except as
permitted under (g).
NOTE: Pressure-reducing valves and similar mechanical or electrical
control instruments, except for pilot-operated pressure relief valves
as permitted in UG-154(a), are not considered as sufficiently positive
in action to prevent excess pressures from being developed.

(c) Pressure relief devices intended for relief of com-
pressible fluids shall be connected to the vessel in the va-
por space above any contained liquid or to piping
connected to the vapor space in the vessel which is to
be protected. Pressure relief devices intended for relief
of liquids shall be connected below the liquid level. Alter-
native connection locations are permitted, depending on
the potential vessel overpressure scenarios and the type
of relief device selected, provided the requirements of
UG-151(b) and UG-153(a) are met.

(d) The opening through all pipe, fittings, and nonre-
closing pressure relief devices (if installed) between a
pressure vessel and its pressure relief valve shall have
at least the area of the pressure relief valve inlet. The
characteristics of this upstream system shall be such that
the pressure drop will not reduce the relieving capacity
below that required or adversely affect the proper opera-
tion of the pressure relief valve.

(e) The opening in the vessel wall shall be designed to
provide unobstructed flow between the vessel and its

pressure relief device (cpp Nonmandatory Apppndiv M)
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(f) When two or more required pressure relief devices
are placed on one connection, the inlet internal cross sec-
tional area of this connection shall be either sized to avoid
restricting flow to the pressure relief devices or made at
least equal to the combined inlet areas of the safety de-
vices connected to it. The flow characteristics of the up-
stream system shall satisfy the requirements of (d) and
(e) (see Nonmandatory Appendix M).

(g) There shall be no intervening stop valves between
the vessel and its pressure relief device or devices, or be-
tween the pressure relief device or devices and the point
of discharge, except

(1) when these stop valves are so constructed or po-
sitively controlled that the closing of the maximum num-
ber of block valves possible at one time will not reduce
the pressure-relieving capacity provided by the unaf-
fected pressure relief devices below the required reliev-
ing capacity, or

(2) under conditions set forth in Section XIII, Non-
mandatory Appendix B

(h) The pressure relief devices on all vessels shall be so
installed that their proper functioning will not be hin-
dered by the nature of the vessel’s contents.

(i) Discharge lines from pressure relief devices shall be
designed to facilitate drainage or shall be fitted with
drains to prevent liquid from lodging in the discharge side
of the pressure relief device, and such lines shall lead to a
safe place of discharge. The size of the discharge lines
shall be such that any pressure that may exist or develop
will not reduce the relieving capacity of the pressure re-
lief devices below that required to properly protect the
vessel, or adversely affect the proper operation of the
pressure relief devices [see Nonmandatory Appendix M
and Section XIII, 3.2.2(a)].

(j) For rupture disks that are.marked with only a lot
number in accordance with Se€tion XIII, 4.7.2, following
the installation of the disk, the/metal tag shall be sealed
to the installation in a manher that will prevent removal
of the disk without breaking the seal. The seal shall iden-
tify the organization:-fesponsible for performing the
installation.
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SUBSECTION B
REQUIREMENTS PERTAINING TO METHODS
OF FABRICATION OF PRESSURE VESSELS

PART UW
REQUIREMENTS FOR PRESSURE VESSELS FABRICATED BY
WELDING

GENERAL
UW-1 SCOPE

The rules in Part UW are applicable to pressure vessels
and vessel parts that are fabricated by welding and shall
be used in conjunction with the general requirements in
Subsections C and D.

UW-2 SERVICE RESTRICTIONS

(a) When vessels are to contain lethal** substances;
either liquid or gaseous, all butt-welded joints shall be
fully radiographed in accordance with UW-515 except
for butt welds subject to the provisions of (2) and (3) be-
low and UW-11(a)(4), and butt welds in stiffening rings
designed under the rules of UG-29. ERW pipe or tube is
not permitted to be used as a shell or'riozzle in lethal ser-
vice applications. When fabricated of carbon or low alloy
steel, such vessels shall be postweld heat treated in accor-
dance with Tables UCS-56-1 through UCS-56-11, unless
otherwise exempted by Fable UCS-56-1, General Note
(b)(3). When a vessel is‘te-contain fluids of such a nature
that a very small amount mixed or unmixed with air is
dangerous to life when inhaled, it shall be the responsibil-
ity of the user and/or the user’s designated agent to de-
termine if it\is lethal. If determined as lethal, the user
and/or the,uSer’s designated agent [see U-2(a)] shall so
advise“the designer and/or Manufacturer. It shall be the
responsibility of the Manufacturer to comply with the ap-
plicable Code provisions (see UCI-2 and UCD-2).

(1) The joints of various categories (see UW-3) shall
be as follows:

(-a) Except for welded tubes and pipes internal to
heat exchanger shells, all joints of Category A shall be
Type No. (1) of Table UW-12.

(-b) All Category B and C joints shall be Type No.

(-c) Category C'joints for lap joint stub ends shall
be as follows:

(-1 The finished stub end shall be attached to
its adjacent\shell with a Type No. (1) or Type No. (2) joint
of TabledUW-12. The finished stub end can be made from
a forging or can be machined from plate material. [See
UW-13(h).]

(-2) The lap joint stub end shall be fabricated as
follows:

(+a) The weld is made in two steps as shown
in Figure UW-13.5.

(+b) Before making weld No. 2, weld No. 1 is
examined by full radiography in accordance with
UW-51, regardless of size. The weld and fusion between
the weld buildup and neck is examined by ultrasonics in
accordance with Mandatory Appendix 12.

(+c) Weld No. 2 is examined by full radiogra-
phy in accordance with UW-51.

(-3) The finished stub end may either conform
to ASME B16.9 dimensional requirements or be made to
a non-standard size, provided all requirements of this Di-
vision are met.

(-d) All joints of Category D shall be full penetra-
tion welds extending through the entire thickness of the
vessel wall or nozzle wall.

(2) Radiographic examination of the welded seam in
exchanger tubes and pipes, to a material specification per-
mitted by this Division, which are butt welded without
the addition of filler metal may be waived, provided the
tube or pipe is totally enclosed within a shell of a vessel
which meets the requirements of (a).

(3) If only one side of a heat exchanger contains a
lethal substance, the other side need not be built to the
rules for a vessel in lethal service if:

(1) aor Nao (7) of Table UW-12

104

[—n) exchanger tubes are seamless; or
(=]


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.1 (ASME BPVC Section 8 Division 1) 2025.pdf

ASME BPVC.VIIL.1-2025

UW-2 - UW-3

(-b) exchanger tubes conform to a tube specifica-
tion permitted by this Division, are butt welded without
addition of filler metal, and receive in lieu of full radiogra-
phy all of the following nondestructive testing and
examination:

(-1) hydrotest in accordance with the applicable
specification;

(-2) pneumatic test under water in accordance
with the applicable material specification, or if not speci-
fied, in accordance with SA-688;

(-3) ultrasonic or nondestructive electric exam-
ination of sufficient sensitivity to detect surface calibra-
tion notches in any direction in accordance with
SA-450, Section 25.

No improvement in longitudinal joint efficiency
is permitted because of the additional nondestructive
tests.

(4) All elements of a combination vessel in contact
with a lethal substance shall be constructed to the rules
for lethal service.

(b) When vessels are to operate below certain tempera-
tures designated by Part UCS (see UCS-68), or impact
tests of the material or weld metal are required by Part
UHA, the joints of various categories (see UW-3) shall
be as follows:

(1) All joints of Category A shall be Type No. (1) of
Table UW-12 except that for austenitic chromium-nickel
stainless steel Types 304, 304L, 316, 316L, 321, and 347;
which satisfy the requirements of UHA-51(d), Type No.
(2) joints may be used.

(2) All joints of Category B shall be Type Not (1) or
No. (2) of Table UW-12.

(3) All joints of Category C shall be fyll penetration
welds extending through the entire section at the joint.

(4) All joints of Category D shall*be’full penetration
welds extending through the entire.thickness of the vessel
wall or nozzle wall except that partial penetration welds
may be used between materials listed in Table UHA-23
as follows:

(-a) for materialsyshown in UHA-51(g)(3)(-a)(-1)
and UHA-51(g)(3)(sb)(*1) at minimum design metal tem-
peratures (MDMTs)of -320°F (-196°C) and warmer;

(-b) for\materials shown in UHA-51(g)(3)(-a)(-2)
and UHA-51(g)(3)(-b)(-2) at MDMTSs of -50°F (-45°C)
and warmer.

(c) Unfired steam boilers with design pressures ex-
ceedinig 50 psi (343 kPa)shall satisfy all of the following
requirements:

(1) Alljoints of Category A (see UW-3) shall be in ac-
cordance with Type No. (1) of Table UW-12, and all joints
in Category B shall be in accordance with Type No. (1) or
No. (2) of Table UW-12.

(2) All butt-welded joints shall be fully radiographed
except under the provisions of UW-11(a)(4) and except
for ERW pipe weld seams. When using ERW pipe as the

shell of an unfired steam hoiler its thickness shall not

exceed % in. (13 mm), its diameter shall not exceed 24 in.
(DN 600), and the ERW weld shall be completed using
high frequency (HFI) welding.

(3) When fabricated of carbon or low-alloy steel,
such vessels shall be postweld heat treated.

(4) See also U-1(g)(1), UG-16.2, UG-16.3, and
UG-150(d).

(d) Pressure vessels or parts subject to direct firingfsee
U-1(h)] may be constructed in accordance with allappli-
cable rules of this Division and shall meet the following
requirements:

(1) All welded joints in Category A (see,UW-3) shall
be in accordance with Type No. (1) of/Table UW-12, and
all welded joints in Category B, when the thickness ex-
ceeds % in. (16 mm), shall be in_accordance with Type
No. (1) or No. (2) of Table UW~12. No welded joints of
Type No. (3) of Table UW-12 ate permitted for either Cat-
egory A or B joints in any thickness.

(2) When the thickness at welded joints exceeds
% in. (16 mm) for cdrbon (P-No. 1) steels and for all thick-
nesses for low alloy steels (other than P-No. 1 steels),
postweld heat\treatment is required. For all other materi-
al and in anysthickness, the requirements for postweld
heat treatment shall be in conformance with the applica-
ble Subsections of this Division. See also U-1(h), UG-16.2,
UG416.3, and UCS-56.

(3) The user, the user’s designated agent, or the Man-
ufacturer of the vessel shall make available to the Inspec-
tor the calculations used to determine the design
temperature of the vessel. The provisions of UG-20 shall
apply except that pressure parts in vessel areas having
joints other than Type Nos. (1) and (2) of Table UW-12,
subject to direct radiation and/or the products of com-
bustion, shall be designed for temperatures not less than
the maximum surface metal temperatures expected un-
der operating conditions.

UW-3 WELDED JOINT CATEGORY

The term “Category” as used herein defines the location
of a joint in a vessel, but not the type of joint. The “Cate-
gories” established by this paragraph are for use else-
where in this Division in specifying special
requirements regarding joint type and degree of inspec-
tion for certain welded pressure joints. Since these special
requirements, which are based on service, material, and
thickness, do not apply to every welded joint, only those
joints to which special requirements apply are included
in the categories. The special requirements will apply to
joints of a given category only when specifically so stated.
The joints included in each category are designated as
Categories A, B, C, D, and F below. Figure UW-3 illustrates
typical joint locations included in each category. Welded
joints not defined by the category designations include
but are not limited to Part UE], Figure UE]-3-1, sketches
(a), (c), and (d) corner joints; Section VIII, Division 2,
Table 4.11.1 jacket-closure-to-shell welds; diffusion

(25)
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Figure UEB-13 fillet welds. Unless limited elsewhere in
this Division, the UW-9(a) permissible weld joint types
may be used with welded joints that are not assigned a
category.

(a) Category A. Longitudinal and spiral welded joints
within the main shell, communicating chambers,*? transi-
tions in diameter, or nozzles; any welded joint within a
sphere, within a formed or flat head, or within the side
plates™ of a flat-sided vessel; any butt-welded joint with-
in a flat tubesheet; circumferential welded joints connect-
ing hemispherical heads to main shells, to transitions in
diameters, to nozzles, or to communicating chambers.

(b) Category B. Circumferential welded joints within
the main shell, communicating chambers, nozzles, or
transitions in diameter including joints between the tran-
sition and a cylinder at either the large or small end; cir-
cumferential welded joints connecting formed heads
other than hemispherical to main shells, to transitions
in diameter, to nozzles, or to communicating chambers.
Circumferential welded joints are butt joints if the half-
apex angle, «, is equal to or less than 30 deg and angle
joints when «a is greater than 30 deg. (See Figure UW-3.)

(c) Category C. Welded joints connecting flanges, lap
joint stub ends, tubesheets, or flat heads to main shell,
to formed heads, to transitions in diameter, to nozzles,
or to communicating chambers any welded joint connect-
ing one side plate to another side plate of a flat-sided
vessel.

(d) Category D. Welded joints connecting communicat-
ing chambers or nozzles to main shells, to spheres, to
transitions in diameter, to heads, to diffusion-welded
plate packs, or to flat-sided vessels, and those joints con-
necting nozzles to communicating chambers (forTniozzles
at the small end of a transition in diameter, see/.Category
B).

(e) Category F. Welded joints connecting\tubes to tube-
sheets per UW-20.

MATERIALS
UW-5 GENERAL

(a) Pressure Parts. Materials used in the construction of
welded pressure vessels shall comply with the require-
ments for materials given in UG-4 through UG-15, and
shall be proven of weldable quality. Satisfactory qualifica-
tion of the welding procedure under Section IX is consid;
ered as proof.

(b) Nonpressure Parts. Materials used for nonpressure
parts that are welded to the pressure vessel shall be pro-
ven of weldable quality as described below.

(1) For material identified in accordanee With UG-10,
UG-11, UG-15, or UG-93, satisfactory qualification of the
welding procedure under Section IX\is“considered as
proof of weldable quality.

(2) For materials not identifiable in accordance with
UG-10, UG-11, UG-15, or UG=93, but identifiable as to
nominal chemical analysis.and mechanical properties,
P-Number under Section-IX, Table QW/QB-422, or to a
material specification not permitted in this Division, sat-
isfactory qualification of the welding procedure under
Section IX is considered as proof of weldable quality.
For materials identified by P-Numbers, the provisions of
Section IX, Table QW/QB-422 may be followed for weld-
ing procedure qualification. The welding procedure need
only be/qualified once for a given nominal chemical anal-
ysis.and mechanical properties or material specification
not permitted in this Division.

(3) Materials that cannot be identified are to be con-
sidered as unassigned material and qualified per the re-
quirements of Section IX.

(c) Two materials of different specifications may be
joined by welding provided the requirements of Section
IX are met.

(d) Materials joined by the electroslag and electrogas
welding processes shall be limited to ferritic steels and
the following austenitic steels which are welded to pro-
duce a ferrite containing weld metal: SA-240 Types 304,
304L, 316, and 316L; SA-182 F304, F304L, F316, and
F316L; SA-351 CF3, CF3A, CF3M, CF8, CF8A, and CF8M.

Figure UW-3
Illustration of Welded Joint Locations Typical of Categories A, B, C, D, and F
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(e) Welding of SA-841 by the electroslag or electrogas
welding process is prohibited.

(f) Materials joined by the inertia and continuous drive
friction welding processes shall be limited to materials as-
signed P-Numbers in Section IX and shall not include
rimmed or semikilled steel.

UW-6 NONMANDATORY GUIDELINES FOR
WELDING MATERIAL SELECTIONS

The Manufacturer is responsible for the selection of
welding consumables and welding processes. These non-
mandatory guidelines for welding material selections are
intended to achieve suitable vessel performance for the
intended service conditions, but may not be appropriate
for every condition in the absence of specific technical
reasons to do otherwise. The user or the user’s desig-
nated agent should inform the Manufacturer when a spe-
cific filler metal selection is necessary to achieve
satisfactory vessel performance for the intended service
conditions.

(a) The tensile strength of the weld should equal or ex-
ceed that of the base metals to be joined. When base me-
tals of different strengths are to be joined by welding, the
tensile strength of the weld metal should equal or exceed
that of the weaker of the two base metals.

(b) When considerations such as corrosion resistance,
toughness, or fatigue resistance require selecting welding
consumables or processes that produce weld joints of-a
lesser strength than either of the base metals, the
strength of the resulting joint should be reviewed and
the design adjusted as appropriate for the intended ser-
vice conditions.

(c) When welding materials of like composition, the
nominal composition of the weld metalshould be analo-
gous to the nominal composition of the\base metal, except
when creep or corrosion performance is an overriding
consideration.

(d) When welding materials of different nominal com-
position, the nominal cemiposition of the weld metal
should be analogous t6_one of the base metals, or be of
an acceptable alternative composition.

(e) When joining’nonferrous base metals, filler metal
selections should follow the recommendations of the
manufactuger: of the nonferrous metal or applicable in-
dustry associations.

DESIGN
UW-8 GENERAL

The rules in the following paragraphs apply specifically
to the design of pressure vessels and vessel parts that are
fabricated by welding and shall be used in conjunction
with the general requirements for Design in Subsection

A, and with the specific requirements for Design in Sub-
sections Cand D

UW-9 DESIGN OF WELDED JOINTS

(a) Permissible Types. The types of welded joints per-
mitted for Category A, B, C, and D joints are listed in Table
UW-12, together with the limiting plate thickness per-
mitted for each type. Other types of welded joints are spe-
cifically allowed in this Subsection. Only butt-type joints
may be used with the permitted welding processes in
UW-27 that include the application of pressure.

(b) Welding Grooves. The dimensions and shape(of the
edges to be joined shall be such as to permit complete fu-
sion and complete joint penetration. Qualification of the
welding procedure, as required in UW-28,"is acceptable
as proof that the welding groove is satisfactory.

(c) Tapered Transitions

(1) Atapered transition haying a length not less than
three times the offset betweetn) the adjacent surfaces of
abutting sections, as showfiin Figure UW-9-1, shall be
provided at joints between sections that differ in thick-
ness by more than one-fourth of the thickness of the thin-
ner section, or by more than Y in. (3 mm), whichever is
less. The transition may be formed by any process that
will providé\a uniform taper. When the transition is
formed, by removing material from the thicker section,
the minimum thickness of that section, after the material
is femoved, shall not be less than that required by
UG-23(c). When the transition is formed by adding addi-
tional weld metal beyond what would otherwise be the
edge of the weld, such additional weld metal buildup shall
be subject to the requirements of UW-42. The butt weld
may be partly or entirely in the tapered section or adja-
cent to it. This paragraph also applies when there is a re-
duction in thickness within a spherical shell or cylindrical
shell course and to a taper at a Category A joint within a
formed head. Provisions for tapers at circumferential,
butt welded joints connecting formed heads to main
shells are contained in UW-13.

(2) The centerline of a butt weld attaching a compo-
nent (flange, pipe, etc.) to a thickened neck nozzle that has
a taper transition angle, , less than 71.5 deg shall be lo-
cated a minimum of 1.5¢, from the taper (see Figure
UW-9-2), where t,, is the nominal thickness of the nozzle
wall at the butt weld.

(d) Except when the longitudinal joints are radio-
graphed 4 in. (100 mm) each side of each circumferential
welded intersection, vessels made up of two or more
courses shall have the centers of the welded longitudinal
joints of adjacent courses staggered or separated by a dis-
tance of at least five times the thickness of the thicker
plate.

(e) Lap joints. For lapped joints, the surface overlap
shall be not less than four times the thickness of the inner
plate except as otherwise provided for heads in UW-13.

(f) Welded Joints Subject to Bending Stresses. Except
where specific details are permitted in other paragraphs,
fillet welds shall be added where necessary to reduce

stress concentration. Caorner jaints, with fillet welds nn]y

107


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.1 (ASME BPVC Section 8 Division 1) 2025.pdf

Uw-9

ASME BPVC.VIIL.1-2025

Figure UW-9-1

Butt Welding of Plates of Unequal Thickness

/Taper erfher inside
or outside

Weld

(a)

GENERAL NOTES:

{(b)

(@) ¢ =23y, where ¢ is the required length of taper and y is the offset between the adjacent surfaces of abutting sections.
(b) Length of required taper, £, may include the width of the weld.
(c) Inall cases, £ shall be not less than 3y.

Figure UW-9-2
Butt Welding of Components to Thickened Neck Nozzles

Flange, pipe, cap, or
/ other component
[ A

\
G of butt weld \

Min. 1.5t, ™

Thickened
neck

108


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.1 (ASME BPVC Section 8 Division 1) 2025.pdf

ASME BPVC.VIIL.1-2025

UwW-9 - UW-11

shall not be used unless the plates forming the corner are
properly supported independently of such welds. (See
UW-18.)

(g9) Minimum Weld Sizes. Sizing of fillet and partial pen-
etration welds shall take into consideration the loading
conditions in UG-22 but shall not be less than the mini-
mum sizes specified elsewhere in this Division.

(h) Offset Joints. Shell courses may be joined to one an-
other or to a dished head by butt welds having one plate
offset as shown in Figure UW-9-3. The weld bead may be
deposited on the inside of the vessel only when the weld
is accessible for inspection after the vessel is completed.
The offset shall be smooth and symmetrical and shall
not be machined or otherwise reduced in thickness
through the conical portion of the offset. The thickness
of the shaded area may be less than the required thick-
ness of the offset component when acting solely as a back-
ing strip for the weld joint. There shall be a uniform force
fit with the mating section at the root of the weld.

(1) Definitions

t = nominal thickness of offset shell or head in Figure
UW-9-3,
t1 = nominal thickness of shell or head attached to offset

in Figure UW-9-3.

(2) Should the offset contain a longitudinal joint, the
following shall apply:

(-a) The longitudinal weld within the area of the
offset shall be ground substantially flush with the patent
metal prior to the offsetting operation.

(-b) The longitudinal weld from the edge of the
plate through the offset shall be examined.by Jeither the
magnetic particle or liquid penetrant method after the off-
setting operation. Cracks and crack-like‘defects are unac-
ceptable and shall be repaired or removed.

(3) For joints connecting hemispherical heads to
shells, the following shall applys

(-a) t or t; = ¥ in (0 mm) maximum.

(-b) Maximum difference in thickness between ¢t
or t; = Y5 in. (2.5.mm).

(-c) Use.ef.Figure UW-9-3 for joints connecting

hemisphericaltheads to shells shall be noted in the “Re-
marks” sec¢tion of the Manufacturer’s Data Report.

(4] For joints connecting other dished heads to
shells, the distance between the shell edge that is not off-
sét and the tangent of the head knuckle shall be not less
than 3t.

UW-10 POSTWELD HEAT TREATMENT

Pressure vessels and pressure vessel parts shall be
postweld heat treated as prescribed in UW-40 when post-

weld heat treatment is required in the applicable Part of
Subsection C or Subsection D

UW-11 RADIOGRAPHIC AND ULTRASONIC
EXAMINATION

(a) Full Radiography. The following welded joints shall
be examined radiographically for their full length in the
manner prescribed in UW-51:

(1) all butt welds in the shell and heads of vessels
used to contain lethal substances [see UW-2(a)];

(2) all butt welds in the shell and heads of vessels’in
which the nominal thickness [see (g) below] at the
welded joint exceeds 1%, in. (38 mm), or exceéds the les-
ser thicknesses prescribed in UCS-57, UNF-57, UHA-33,
UCL-35, or UCL-36 for the materials coveéred therein, or
as otherwise prescribed in PHT-57, ULW-51,
ULW-52(d), ULW-54, or ULT-57;

(3) all butt welds in thesshell and heads of unfired
steam boilers having design préssures

(-a) exceeding 50.psi (350 kPa) [see UW-2(c)];
(-b) not exceeding 50 psi (350 kPa) [see UW-2(c)]

but with nominal thickness at the welded joint exceeding
the thickness specified in (2) above;

(4) all butt welds in nozzles, communicating cham-
bers, ete;, with the nominal thickness at the welded joint
that exceeds the thickness in (2) above or attached to the
shéllor heads of vessels under (1)or (3) above that are re-
quired to be fully radiographed; however, except as re-
quired by UHT-57(a), Category B and C butt welds in
nozzles and communicating chambers that neither exceed
NPS 10 (DN 250) nor 1% in. (29 mm) wall thickness do
not require any radiographic examination;

(5) all Category A and D butt welds in the shell and
heads of vessels where the design of the joint or part is
based on a joint efficiency permitted by UW-12(a), in
which case:

(-a) Category A and B welds connecting the shell
or heads of vessels shall be of Type No. (1) or Type No.
(2) of Table UW-12;

(-b) Category B or C butt welds [but not including
those in nozzles and communicating chambers except as
required in (4) above] which intersect the Category A butt
welds in the shell or heads of vessels or connect seamless
vessel shell or heads shall, as a minimum, meet the re-
quirements for spot radiography in accordance with
UW-52. Spot radiographs required by this paragraph shall
not be used to satisfy the spot radiography rules as ap-
plied to any other weld increment.

(6) all butt welds joined by electrogas welding with
any single pass greater than 1% in. (38 mm) and all butt
welds joined by electroslag welding;

(7) all Category A welds in a tubesheet shall be of
Type (1) of Table UW-12;

(8) exemptions from radiographic examination for
certain welds in nozzles and communicating chambers
as described in (2), (4), and (5) above take precedence
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Figure UW-9-3
Butt Welding With One Plate Edge Offset

21/21‘ maximum,

Bevel optional \h‘minimum

Simulated head contour

As desired :

11/,t minimum

Simulated head contour

Avoid sharp break

Depth of offset = t;

(b) Spot Radiography. Except when spot radiography is
required for Category B or C butt welds by (a)(5)(-b)
above, butt-welded joints made in accordance with Type
No. (1) or (2) of Table UW-12 which are not required to
be fully radiographed by (a) above, may be examined by
spot radiography. Spot radiography shall be in accor-
dance with UW-52. If spot radiography is specified for
the entire vessel, radiographic examination is not re-
quired of Category B and C butt welds in nozzles and coms
municating chambers that exceed neither NPS 10
(DN 250) nor 1Y% in. (29 mm) wall thickness.

NOTE: This requirement specifies spot radiography for butt welds of
Type No. (1) or No. (2) that are used in a vessel, but\does not pre-
clude the use of fillet and/or corner welds permitted’by other para-
graphs, such as for nozzle and manhole attachmdents, welded stays,
flat heads, etc., which need not be spot radiégraphed.

(c) No Radiography. Except as-tequired in (a) above,
no radiographic examination of'welded joints is required
when the vessel or vessel part is designed for external
pressure only, or when (the joint design complies with
UW-12(c).

(d) Electrogas welds in ferritic materials with any sin-
gle pass greater than 1% in. (38 mm) and electroslag
welds in ferritic materials shall be ultrasonically exam-
ined threughout their entire length in accordance with
the requirements of Mandatory Appendix 12. This ultra-
sonicéxamination shall be done following the grain refin-
ing)(austenitizing) heat treatment or postweld heat
treatment.

(e) In addition to the requirements in (a) and (b) above,
all welds made by the electron beam or laser beam pro-
cess shall be ultrasonically examined for their entire
length in accordance with the requirements of Mandatory
Appendix 12. Ultrasonic examination may be waived if

the Fnl]nmring conditions are met:

(1) The nominal thickness at the welded joint does
not exceed % in:’ (6 mm).

(2) Eon ferromagnetic materials, the welds are either
examined by the magnetic particle examination technique
in accordance with Mandatory Appendix 6 or examined
by the liquid penetrant examination technique in accor-
dance with Mandatory Appendix 8.

(3) For nonferromagnetic materials, the welds are
examined by the liquid penetrant examination technique
in accordance with Mandatory Appendix 8.

(f) When radiography is required for a welded joint in
accordance with (a) and (b) above, and the weld is made
by the inertia and continuous drive friction welding pro-
cesses, the welded joints shall also be ultrasonically ex-
amined for their entire length in accordance with
Mandatory Appendix 12.

(g) For radiographic and ultrasonic examination of butt
welds, the definition of nominal thickness at the welded
joint under consideration shall be the nominal thickness
of the thinner of the two parts joined. Nominal thickness
is defined in Mandatory Appendix 3, 3-2.

UW-12 JOINT EFFICIENCIES

Table UW-12 gives the joint efficiencies, E, to be used
in the equations of this Division for welded joints. Except
as required by UW-11(a)(5), a joint efficiency depends
only on the type of joint and on the extent of examination
of the joint and does not depend on the extent of exami-
nation of any other joint. The user or the user’s desig-
nated agent [see U-2(a)] shall establish the type of joint
and the extent of examination when the rules of this Divi-
sion do not mandate specific requirements. Rules for de-

termining the applir‘:\hi]ify of the efficiencies are found in
(<]

(25)
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the various paragraphs covering design equations [for ex-
ample, see UG-24 and UG-27]. For further guidance, see
Nonmandatory Appendix L.

(a) A value of E not greater than that given in column
(a) of Table UW-12 shall be used in the design calcula-
tions for fully radiographed butt joints [see UW-11(a)],
except that when the requirements of UW-11(a)(5) are
not met, a value of E not greater than that given in column
(b) of Table UW-12 shall be used.

(b) A value of E not greater than that given in column
(b) of Table UW-12 shall be used in the design calcula-
tions for spot radiographed butt-welded joints [see
UW-11(b)].

(c) A value of E not greater than that given in column
(c) of Table UW-12 shall be used in the design calculations
for welded joints that are neither fully radiographed nor
spot radiographed [see UW-11(c)].

(d) Seamless vessel sections or heads shall be consid-
ered equivalent to welded parts of the same geometry
in which all Category A welds are Type No. 1. For calcula-
tions involving circumferential stress in seamless vessel
sections or for thickness of seamless heads, E = 1.0 when
the spot radiography requirements of UW-11(a)(5)(-b)
are met. E = 0.85 when the spot radiography require-
ments of UW-11(a)(5)(-b) are not met, or when the Cate-
gory A or B welds connecting seamless vessel sections or
heads are Type No. 3, 4, 5, 6, or 8 of Table UW-12.

(e) Welded pipe or tubing shall be treated in the same
manner as seamless, but with allowable tensile stress tak-
en from the welded product values of the stress tables,
and the requirements of (d) applied.

(f) A value of E not greater than 0.80 may-be used in
the equations of this Division for joints¢Completed by
any of the permitted welding processes in.UW-27 that in-
clude the application of pressure, excéptfor electric resis-
tance welding, provided the welding process used is
permitted by the rules in the applicable Parts of Subsec-
tion C for the material being welded. The quality of such
welds used in vessels or parts of vessels shall be proved
as follows: Test specimens shall be representative of the
production welding on‘each vessel. They may be removed
from the shell itself or from a prolongation of the shell in-
cluding the longitudinal joint, or, in the case of vessels not
containing a'longitudinal joint, from a test plate of the
same material and thickness as the vessel and welded
in accordance with the same procedure. One reduced-
section'tension test and two side-bend tests shall be made
in.accordance with, and shall meet the requirements of
Section IX, QW-150 and QW-160.

UW-13 ATTACHMENT DETAILS
(a) Definitions

K = min(K,, K,)
K. = min(S¢ 4/S¢,1)

S: = specified minimum tensile strength at room tem-
perature, ksi (MPa)
St q = actual tensile strength from through-thickness (Z

direction) tension test specimen at room tempera-
ture, ksi (MPa)

S, = specified minimum yield strength at room tem-
perature, ksi (MPa)

Sy, a = actual yield strength from through-thickness.\(Z
direction) tension test specimen at room tempera-
ture, ksi (MPa)

t, = nominal thickness of head

t, = minimum distance from outside surface of flat
head to edge of weld preparatiofy measured as
shown in Figure UW-13.2

t, = nominal thickness of shell

(See UG-27, UG-28, UG-32wUG-34, and other para-
graphs for additional definitions.)

(b) See below.

(1) Ellipsoidals~torispherical, and other types of
formed heads shallbe attached to the shell with a butt
weld, or as illustrated in the applicable Figure UW-13.1,
sketches (a),\(b), (c), and (d). The construction shown in
sketch (e) may also be used for end heads when the thick-
ness_of the shell section of the vessel does not exceed
% 40. (16 mm) [see also (c) below]. Limitations relative
tolthe use of these attachments shall be as given in the
sketches and related notes and in Table UW-12. Figure
UW-13.1, sketches (f), (g), and (h) are examples of attach-
ment methods which are not permissible.

(2) Formed heads, concave or convex to the pressure,
shall have a skirt length not less than that shown in Figure
UW-13.1, using the applicable sketch. Heads that are
fitted inside or over a shell shall have a driving fit before
welding.

(3) A tapered transition having a length not less than
three times the offset between the adjacent surfaces of
abutting sections as shown in Figure UW-13.1, sketches
(i) and (j) shall be provided at joints between formed
heads and shells that differ in thickness by more than
one-fourth the thickness of the thinner section or by more
than % in. (3 mm), whichever is less. When a taper is re-
quired on any formed head thicker than the shell and in-
tended for butt-welded attachment [see Figure UW-13.1,
sketches (k) and (1)], the skirt shall be long enough so that
the required length of taper does not extend beyond the
tangent line. When the transition is formed by removing
material from the thicker section, the minimum thickness
of that section, after the material is removed, shall not be
less than that required by UG-23(c). When the transition
is formed by adding additional weld metal beyond what
would otherwise be the edge of the weld, such additional
weld metal buildup shall be subject to the requirements
of UW-42. The centerline misalignment between shell
and head shall be no greater than one-half the difference
between the actual shell and head thickness, as illustrated

K = min(S /S )
¥ \am 72y e )

T
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[A9"

Maximum Allowable Joint Efficiencies for Welded Joints

Table UW-12

Extent of Radiographic or Ultrasonic
Examination [Note (1)], [Note (2)],

[Note (3)]
Type (a) Full (b) Spot
No. Joint Description Limitations Joint Category [Note (4)] [Note (5)] (c) None
(1) |Butt joints welded from both sides, or from one side only without a permanent | None A B, C and D 1.00 0.85 0.70
backing strip, that are verified as having achiéved full penetration and fusion as
required by UW-35.
(2) |Butt joints welded from one side only with a permanent backing strip that For circumferential butt joints with one plate offset, the A, B, C,and D 0.90 0.80 0.65
achieves full penetration and fusion as required by-UW-35. nominal thickness shall not exceed % in. (16 mm). See
UW-9(h) and Figure UW-9-3.
(3) |Butt joints welded from one side only without a permanent.backing strip that Circumferential butt joints only, not over % in. (16 mm) A, B, and C NA NA 0.60
cannot be verified as having achieved full penetration and fusSion as required by thick and not over 24 in. (600 mm) outside diameter
UW-35.
(4) |Double full fillet lap joint that meets the requirements of UW-35. (a) Longitudinal joints not over ¥ in. (10 mm) thick A NA NA 0.55
(b) Circumferential joints not over % in. (16 mm) thick B and C [Note (6)] | NA NA 0.55
(5) |Single full fillet lap joints with plug welds conforming to UW-17 that meets’the” | (a) Circumferential joints [Note (7)] for attachment of heads | B NA NA 0.50
requirements of UW-35.. not over 24 in. (600 mm) outside diameter to shells not
over '/, in. (13 mm) thick
(b) Lircumferential joints for the attachment to shells of C NA NA 0.50
jackets not over % in. (16 mm) in nominal thickness
where'tlre distance from the center of the plug weld to the
edge df the-plate is not less than 1%/, times the diameter of
the hole for the plug.
(6) |Single full fillet lap joints without plug welds that meets the requirements of (a) For the attachient of heads convex to pressure to shells | A and B NA NA 0.45
UW-35. not over % in. (T6fim) required thickness, only with use
of fillet weld on inside of shell; or
(b) for attachment of headsshaving pressure on either side, to | A and B NA NA 0.45
shells not over 24 in. (600wmm) inside diameter and not
over Y, in. (6 mm) required/thitkness with fillet weld on
outside of head flange only
(7) | Corner joints, full penetration, partial penetration, and/or fillet welded As limited by Figures UW-13.2 and*UW:-16.1 Cand D NA NA NA
[Note (8)]
(8) |Angle joints Design per U-2(g) for Category B and C joints B, C, and D NA NA NA
(9) | Tube-to-tubesheet joints As limited by Figures UW-20.1 and UW-20.2 F NA NA NA

GENERAL NOTE: E = 1.00 for butt joints in compression.

NOTES:
1) Some welding processes require ultrasonic examination in addition to radiographic examination, and other processes require ultrasonic examination in lieu of radiographic examination. See|

UW-11 for some additional requirements and limitations that may apply.
2) Joint efficiency assignment rules of UW-12(d) and UW-12(e) shall be considered and may further reduce the joint efficiencies to be used.in the required thickness calculations.
3) The rules of UW-12(f) may be used in lieu of the rules of this Table at the Manufacturer’s option.
4) See UW-12(a) and UW-51.
5) See UW-12(b) and UW-52.
6) For Type No. 4 Category C joint, limitation not applicable for bolted flange connections.
7) Joints attaching hemispherical heads to shells are excluded.
8) There is no joint efficiency E in the design equations of this Division for Category C and D corner joints. When needed, a value of E not greater than 1.00 may be used.
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Figure UW-13.1
Heads Attached to Shells

For ellipsoidal heads — minimum 2t

. but not less than 1/, in. (13 mm) Minimum 2t
Tangent line >
<—>— For other heads — L
minimum 2t,, + 1/, in. (13 mm) Minimum 1.3z, -~

—> <— Minimum 1.3t4

7N

th

Ny

Minimum 3tp, + 1/5 in. (13 mm)
but not less than 1 in. (25 mm)

~Minimum 3ty + 1/5 in. (13 mm)
but not less than 1 in. (25 mm)

(a) Single Fillet Lap Weld

For elipsoidal heads — minimum 2ty

butnot less than 1/, in. (13 mm) —f=<=—>]
<—>— For ellipsoidal heads 4 minimum 2t Tangent line >
. but not less than }/»n. (13 mm) <> For other heads —
Tangent line = g 1
minimum 2t, + /5 in.
<—>— For other heads,.— Plug weld (13 mm)
L 1
minimum@¢pr+ 1/ in. (13 mm) t, e — Minimum tg
t —> — Minimundtg * a—=—t-—=F-+4--_
| S S
AT T T T T =2 -
- o 85 th
IN N\ S~ f %
T NE d f
L f Not less than d—J—, th
Minimum tg
- Minimum 3d —= >
<—>-|—M|n|mum 4t or 4tp, . .
whichever is less Minimum 3ty + 1/, in. (13 mm) | o
but not less than 1 in. (256 mm)
(b) Double Fillet Lap Weld (c) Single Fillet Lap Weld With Plug Welds
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Figure UW-13.1
Heads Attached to Shells (Cont'd)

< Minimum 3t} but need not
exceed 11/, in. (38 mm) Need-natiexceed 1 in. (25 mm)

Tangent line —» Tangent point /'/Tmh minimum

ts - o

* Minimum tg \< 1 -
. th —»| |<— 1/5in. (13 mm) minimum
[ — A% /I |

f @ | /\ / \ 1.D.

Y b

Taper optional T
> Minimum 2t Butt weld \ w

15 deg - 20 dng S[el\iljtoeral)llet weld

A < N ¥
\th — Minimum 1.3t ts2 }\ W \\‘“ T\Y ?

(d) Single Fillet Lap Weld (e) Intermediate Head [See Notes (2) and (3)]

tS tS tS
@%f / ég%f P f P
th/ th th
(f-1) Not Permissible (f-2) Not Permissible (g) Not Permissible (h) Not Permissible
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Figure UW-13.1
Heads Attached to Shells (Cont'd)

th ~ -
g AN )
5 / 5
c c
c c
= [ =
= £ >3y ," =
Tangent line !
2,
j« <y (ts—tp) TR st
| T
-1 ts [
L 4’_,_\%‘47 ts
(i) [See Notes (4) and (5)] (j) [See Notes (4) and (5)]
th
y—| |=+ Tangént line
f \ I e ‘
£ =3y + ©
¥ b 8 8
|
T <1< Vartn—to) = £
F =
. <o (th—tg)
— ‘ -~ ts — ] tS
(k) [See Notes (5) and (6)] (I) [See Notes (5) and (6)]

GENERAL NOTE: See‘“Pable UW-12 for limitations.

NOTES:

(1) See UW-13(¢)(2).

(2) Butt-weld and fillet weld, if used, shall be designed to take shear at 1%, times the differential pressure than can exist.

(3) tg¢r and t;, may be different.

(4)- Invall cases, the projected length of taper, ¢, shall be not less than 3y.

(5)_Length of required taper, £, may include the width of the weld. The shell plate centerline may be on either side of the head plate centerline.
(6) Inall cases,  shall be not less than 3y when t,, exceeds t,. Minimum length of skirt is 3t, but need not exceed 1%, in. (38 mm) except when

necessary to provide required length of taper. When t, is equal to or less than 1.25¢;, length of skirt shall be sufficient for any required
taper.
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Figure UN-13.2
Attachment of Pressure Parts to Flat Plates to Form a Corner Joint

—| Ip = —| Ip |
b T bl
f Y AN a7 AN\
* % < b * % b
a + bnotless a + b not less a + b not.less
- than 2tg - - than 2tg g - than 2%
(b=0) t,, not less than tg, a notdess than tg, and
(a) t,, not less (b) and tp not less than (c) {pnot less than the
than tg the smaller of tg or smaller of tg or
1/4in. (6 mm) 1/4 in. (6 mm)
¢ Backing strip
g may be used
ts te
+ + k * %\ ts
a
a A AN\ S 2 +\\3
-
a+ bnotless a #.baot less <—b
| than 2t < thian 2t a+bnot less
anot less than tg, and tb=0) , than 2t
tp not less than the
(d) smaller of tg or ) (e-2) anot less than tg
14 in. (6 mm)
ti aj+ap = a
N az -
FENN
al—

This weld metal
may be deposited
before completing
the joint

) a + bnot less
than 2ts b=0
is permissible

B\

g)

by

a + bnotless
than 2t5 (b =0)

aq not less than 0.5ay,
not greater than 2ap

Typical Unstayed Flat Heads, Tubesheets Without a Bolting Flange, and Side Plates
of Rectangular Vessels [See Note (1)]
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Figure UW-13.2
Attachment of Pressure Parts to Flat Plates to Form a Corner Joint (Cont'd)

¥
¥ ¥ c
C C\V ¢ y / LXL
{ b=0 , A A <9
c A I~ NN | NN | ¢
Backing S
E —1 strip ts ts ts 92
may be + 4 a
used a a a 1
a
] - 9.
- f <) b=0
) ~b L This weld ~b a=aj+a
s metal may a4 not less
| | | | } | be deposited | b =08 | | than 0.5a;
before permissible not greater
. . completin than 2ap
(h) (i 0D et (k) 0
Typical Tubesheets With a Bolting Elange
(b=0)
c\( a2 3t a+bz3t
/\ ¢ = mint,, 0256 mm)] c\< ¢ = min[t,, 0.25 in. (6 mm)]
4 v
a a
% & * N %7 E‘
4 L 4_,| ! t
Backing strip :;}:king siﬁp T :<—b s
b d . .
;nfteglr lergir:;ve : may bg used i tp 2 mint, 0.25 in. (6 mm)]
.~ I if joint is not .
welded from ~~
both sides
(m) (n)
Typical Bolted Flange Connections
L Not welded
77 /7 o3

(o) (p)

(q)

Typical Nonpermissible Corner Joints
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Figure UW-13.2
Attachment of Pressure Parts to Flat Plates to Form a Corner Joint (Cont'd)

Construction line
for ay and 6

6 =45 deg min.
Weld preparation

Line of fusion ap Itg
Not Less
? 7. / K Than
Y T 0.6 0.29
ap S~ 0.7 0.23
| N fs 0.8 0.17
0.9 0.09
1.0 0
[ Positive penetration but
A need not exceed /g in. (3 mm)
Z - Direction
2777
(r) Details for One Member Beveled [See Note (2)]
|
a7 B
~
Construction line
6 =45 deg min. for azand 6
Weld’preparation
. / .
Line of fusion Min. Min. Min.
N ap Itg ap Itg ap Itg
! f S fora Not  for a Not for o Not
ap Less Than Less Than Less Than
t K 15 deg 30 deg 45 deg
a 5
(Ref.) 0.6 0.85 0.55 0.29
0.7 0.81 0.47 0.23
0.8 0.74 0.38 0.17
' v 0.9 0.58 0.23 0.09
t 1.0 0 0 0
Positive penetration
7 < 'Direction but need not exceed
/‘ A{ / 1/8 in. (3 mm)
<—>|— b (Ref.)

See sketch (r) above for table with values of K and ay /tg
(s) Details for Both Members Beveled [See Note (2)]

GENERAL NOTES:
(a)
(b)
(9
NOTES:

(1) For unstayed flat heads, see also UG-34.
(2) Interpolation of @ and K is permitted.

t; and t, are as defined in UG-34(b).
Dimension b is produced by the weld preparation and shall be verified after fit up and before welding.

a + b not less than 2tg; ¢ not less than 0.7t or 1.4t,, whichever is less. This note does not apply to sketches (r) and (s)..
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(4) Non-butt-welded bolting flanges shall be attached
to formed heads as illustrated in Mandatory Appendix 1,
Figure 1-6.

(c) See below.

(1) Intermediate heads, without limit to thickness, of
the type shown in Figure UW-13.1, sketch (e) may be used
for all types of vessels provided that the outside diameter
of the head skirt is a close fit inside the overlapping ends
of the adjacent length of cylinder.

(2) The butt weld and fillet weld shall be designed to
take shear based on 1%, times the maximum differential
pressure that can exist. The allowable stress value for
the butt weld shall be 70% of the stress value for the ves-
sel material and that of the fillet 55%. The area of the butt
weld in shear is the width at the root of the weld times the
length of weld. The area of the fillet weld is the minimum
leg dimension times the length of weld. The fillet weld
may be omitted if the construction precludes access to
make the weld, and the vessel is in noncorrosive service.

(d) The requirements for the attachment of welded un-
stayed flat heads to shells are given in UG-34 and in (e)
and (f) hereunder.

(e) When shells, heads, or other pressure parts are
welded to a forged or rolled plate to form a corner joint,
as in Figure UW-13.2, the joint shall meet the following re-
quirements [see also UG-93.4]:

(1) On the cross section through the welded joint, the
line of fusion between the weld metal and the forged or
rolled plate being attached shall be projected on planés
both parallel to and perpendicular to the surface of the
plate being attached, in order to determine the dimen-
sions a and b, respectively (see Figure UW-13.2).

(2) For flange rings of bolted flanged €ontections, as
shown in Figure UW-13.2, sketches (m):and (n), the sum
of a and b shall be not less than threé times the nominal
wall thickness of the abutting pressure part.

(3) For other components, the sum a and b shall be
not less than two times the;nominal wall thickness of
the abutting pressure partsinless the provisions of (f)
are satisfied. Examples of such components are flat heads,
tubesheets with or without a projection having holes for a
bolted connectiod,.and the side plates of a rectangular
vessel.

(4) Other-dimensions at the joint shall be in accor-
dance with*details as shown in Figure UW-13.2.

(5)Joint details that have a dimension through the
joint.less than the thickness of the shell, head or other
pressure part, or that provide attachment eccentric there-
to, are not permissible. See Figure UW-13.2, sketches (o),
(p), and (q).

(f) When a multipass corner weld joint is constructed
in accordance with Figure UW-13.2, sketch (r) or sketch
(s), all rules in the Code pertaining to welded joints shall
apply except that the requirement “a + b not less than
2ts” of (e)(3) shall be replaced with the following

(1) A sample corner weld joint shall be prepared to
qualify the weld procedure, and a sample corner weld
joint shall be prepared to qualify each welder or welding
operator. The Manufacturer shall prepare the sample cor-
ner weld joint with nominal thickness and configuration
matching that to be employed with the following
tolerances:

(-a) The sample thinner plate shall match-the
thickness of the production thinner plate withing'in.
(¥6 mm).

(-b) The sample thicker plate shall be @t least 1.5
times the thickness of the sample thinner plate.

The sample shall be sectionéd;polished, and
etched to clearly delineate the line of fusion. Acceptability
shall be determined by measurements of the line of fusion
for use in the calculations fer'‘Compliance with Figure
UW-13.2, sketch (r) or sketeh (s). The sample shall be free
from slag, cracks, and lackoffusion. A sample corner weld
shall be prepared for@ach P-Number, except that a sam-
ple prepared to qualify a joint made from material with
a given value fonK [see (4)] may be used to qualify a joint
made from material having an equal or higher value for K
but not vice\versa.

(2)(This sample corner weld joint is an addition to
the Welding Procedure Specification Qualification and
the Welder and Welding Operator Performance Qualifica-
tion requirements of Section IX. The following essential
variables apply for both the procedure and performance
qualification, in addition to those of Section IX:

(-a) a change in the nominal size of the electrode
or electrodes used and listed in the PQR;

(-b) a change in the qualified root gap exceeding
+Y,6 in. (+1.5 mm);

(-c) addition or deletion of nonmetallic retainers
or nonfusing metal retainers;

(-d) a change in the SFA specification filler metal
classification or to a weld metal or filler metal composi-
tion not covered in the specifications;

(-e) the addition of welding positions other than
those qualified;

(-f) for fill passes, a change in amperage exceeding
+25 amp, change in voltage exceeding +3 V;

(-g) a change in contact tube to work distance ex-
ceeding '/, in. (6 mm);

(-h) a change from single electrode to multiple
electrodes, or vice versa;

(-i) a change in the electrode spacing;

(-j) a change from manual or semiautomatic to ma-
chine or automatic welding or vice versa.

(3) After production welding, the back side of the
weld shall be subjected to a visual examination to ensure
that complete fusion and penetration have been achieved
in the root, except where visual examination is locally
prevented by an internal member covering the weld.

(4) The following are design, testing, and documenta-
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(-a) K shall be taken as 0.6; higher values for K
may be used if through-thickness tension testing is per-
formed in accordance with SA-770.

(-b) The tension test results described in (-a) shall
be reported on a Material Test Report and shall meet all
the mechanical property requirements of the material
specification, except for the tensile and yield strengths.
The tension test for the tensile and yield strengths may
be performed by the material manufacturer, processor,
or supplier, or under the control of the Manufacturer.
See UG-93(b) and UG-93(c).

(-c) The actual tensile and yield strengths from
this tension test shall be reported on the Manufacturer’s
Data Report.

(5) The maximum value of t; [see Figure UW-13.2,
sketch (r) or sketch (s)] shall be limited to 3 in. (75 mm).

(6) Both members may be beveled as shown in
Figure UW-13.2, sketch (s). When the bevel angle, q, is
large enough to satisfy the (e)(3) requirements, these al-
ternative rules do not apply. When the bevel angle, a, re-
sults in weld fusion dimensions that do not satisfy the
(e)(3) requirement that a + b is not less than 2t, the fol-
lowing shall be satisfied:

(-a) The angle a shall be equal to or greater than
15 deg.

(-b) The dimension a, shall be measured from the
projected surface of the plate being attached as shown in
Figure UW-13.2, sketch (s).

(-¢) The angle § shall be equal to or greater than
15 deg.

(-d) When a, /t, is equal to or exceeds the value
corresponding to the K shown in the table ip~Kigure
UW-13.2, sketch (s), the requirements in (1) and)(2) need
not be satisfied. When a, /t; is less than this value, all
other requirements of (f) shall be satisfied.

(g) When used, the hub of a tubesheetor flat head shall
have minimum dimensions in accordance with Figure
UW-13.3 and shall meet the following requirements:

(1) When the hub is integrally forged with the tube-
sheet or flat head, or is machined from a forging, the
hub shall meet all the mechanical property requirements
of the material specification, measured in the direction
parallel to the axis of the vessel. Proof of this shall be furn-
ished by a tension test specimen (subsize if necessary)
taken in thisdirection and as close to the hub as
practical #°

(2) When the hub is machined from plate, the re-
quirements of Mandatory Appendix 20 shall be met.

(h) When the hub of a lap joint stub end is machined
from plate with the hub length in the through thickness
direction of the plate, the requirements of Mandatory
Appendix 20 shall be met.

(i) In the case of nozzle necks which attach to piping
[see U-1(e)(1)(-a)] of a lesser wall thickness, a tapered
transition from the weld end of the nozzle may be pro-

thickness is less than otherwise required by the rules of
this Division. This tapered transition shall meet the lim-
itations as shown in Figure UW-13.4.

UW-14 OPENINGS IN OR ADJACENT TO WELDS

UW-14.1 Opening in a Welded Joint. Any type of
opening that meets the requirements for reinforcement
given in UG-37 or UG-39 may be located in a welded joint.

UW-14.2 Single Openings in Welded Joints.

UW-14.2.1 Location of Single Openings. Single
openings meeting the requirements-given in
UG-36(c)(3) may be located in head-to-shéll-or Category
B or C butt-welded joints, provided thé weld meets the
radiographic requirements in UW-51-for a length equal
to 3 times the diameter of the opening with the center
of the hole at midlength.

UW-14.2.2 Defects in\Removed Hole. Defects that
are completely removed-in-cutting the hole shall not be
considered in judging the acceptability of the weld.

UW-14.3 Multiplte Openings in Welded Joints. In ad-
dition to meeting the radiographic requirements of
UW-14.2, when multiple openings meeting the require-
ments given in UG-36(c)(3) are in line in a head-to-shell
or Category B or C butt-welded joint, the requirements
of ¥G-53 shall be met or the openings shall be reinforced
in\accordance with UG-37 through UG-42.

UW-14.4 Edge of Openings in Solid Plate. Except
when the adjacent butt weld satisfies the requirement
for radiography in UW-14.2, the edge of openings in solid
plate meeting the requirements of UG-36(c)(3) shall not
be placed closer than Y, in. (13 mm) from the edge of a
Category A, B, or C weld for material 1Y in. (38 mm) thick
or less.

UW-15 WELDED CONNECTIONS

UW-15.1 Attachment of Nozzles, Other Connec-
tions, and Their Reinforcements by Welding. Sufficient
welding shall be provided on either side of the line
through the center of the opening parallel to the longitu-
dinal axis of the shell to develop the strength of the rein-
forcing parts as prescribed in UG-41 through shear or
tension in the weld, whichever is applicable.

UW-15.2 Weld Areas for Strength Calculations.
UW-15.2.1 The strength of groove welds shall be
based on the area subjected to shear or to tension.

UW-15.2.2 The strength of fillet welds shall be
based on the area subjected to shear (computed on the
minimum leg dimension). The inside diameter of a fillet
weld shall be used in figuring its length.

UW-15.3 Exemptions to Weld Strength Calcula-
tions. Strength calculations for nozzle attachment welds

(25)

vided to match the pipihg thickness a]fhnngh that
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UW-15.3

Figure UW-13.3
Typical Pressure Parts With Butt-Welded Hubs

/7 Tension test specimen ‘\‘

v —

J ey

7/

Tension test
/ specimen

eis not less than tg nor
less than the required
thickness for a flat
head or tubesheet

i ;.

(a) (b) (c)

See.Note (1)

GENERAL NOTES:

(a) Refer to Figure UG-34, sketch (b-2) for dimensional requirements.

(b) Not permissible if machined from rolled plate unless in accordance with Mandatory*Appendix 20. See UW-13(g).
(c) Tension test specimen may be located inside or outside the hub.

NOTE:

(1) h is the greater of ¥, in. (19 mm) or 1.5t,, but need not exceed 2 in. (50 mm).

Figure UW-13.4
Nozzle Necks Attached to Piping of Lesser Wall Thickness

1/4 in. (6 mm) min. radius

18.5 deg max.;

1/4 in. min. (6 mm) 14 deg min.

/ radius
18.5 deg max.; th —/Tiis;;i
30d . . ¢
f €g max y 14 deg min. [Note (1)] >, Note (2)
[Note (1)) ! N R S
|
trn | ! See t1 [Note (3)]
1\ ! Note (2) 30 deg max. !
' l |, \ 18.5 deg max.;
R 14 deg min.
t; [Note (3)] 1/4 in. (6 mm) min. radius
(a) (b)
NOTES:

(1) As defined in UG-40. t,, shall not be less than the thickness required by UG-45.
(2) Weld bevel is shown for illustration only.
(3) t; is not less than the greater of

(a) 0.8t,,, where t,, = required thickness of seamless nozzle wall

() minimum wall thickness of connecting nine
= ST P
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Figure UW-13.5
Fabricated Lap Joint Stub Ends for Lethal
Service

Weld No. 1
Weld No. 2

<—J— 3/g in. (10 mm) min.

(a) Figure UW-16.1, sketches (a), (b), (c), (d), (e), (f-1),
(f-2), (f-3), (f-4), (g), (x-1), (y-1), and (z-1) and all the
sketches in Figures UHT-18.1 and UHT-18.2

(b) openings that are exempt from the reinforcement
requirements by UG-36(c)(3)

(c) openings designed in accordance with the rules for
ligaments in UG-53

UW-15.4 Allowable Stress Values for Welds. The al-
lowable stress values used in weld strength calculations
for groove and fillet welds in percentages of stress values
for the vessel material, which are used with UG-41 calcu-
lations, are as follows:

(a) groove-weld tension, 74%

(b) groove-weld shear, 60%

(c) fillet-weld shear, 49%

NOTE: These values are obtained by combining the following factors:
87%,% for combined end and side loading, 80%-for shear strength,
and the applicable joint efficiency factors.

UW-16 MINIMUM REQUIREMENTS FOR
ATTACHMENT. WELDS AT OPENINGS

(a) General

(1) The termsyhozzles, connections, reinforcements,
necks, tubes, fittings, pads, and other similar terms used
in this paragraph define essentially the same type con-
struction ahd)form a Category D weld joint between the
nozzle (or.other term) and the shell, head, etc., as defined
in UW-3(d).

(2) The location and minimum size of attachment
welds for nozzles and other connections shall conform
to the requirements of this paragraph in addition to the
strength calculations required in UW-15.

(b) Symbols. The symbols used in this paragraph and in
Figures UW-16.1 and UW-16.2 are defined as follows:

D, = outside diameter of neck or tube attached by

G = radial clearance between hole in vessel wall
and outside diameter of nozzle neck or tube
ri = minimum inside corner radius, the lesser of
Yt or Y5 in. (3 mm)
Radius = Y% in. (3 mm) minimum blend radius
t = nominal thickness of vessel shell or head,
t1 or t, = not less than the smaller of Y, in. (6 mm) or
0.7t min
t. = not less than the smaller of Y/, in. (6 mm).-or
0.7t min (inside corner welds may be further
limited by a lesser length of projectionof the
nozzle wall beyond the inside face of the ves-
sel wall)
t. = thickness of reinforcing plate, as defined in
UG-40
= the smaller of ¥, in. (19%im) or the thickness
of the thinner of the parts joined by a fillet,
single-bevel, or single] weld
t, = nominal thickness of nozzle wall
t, = dimension offattachment welds (fillet, single-
bevel, og single-]J), measured as shown in
Figure UW-16.1

(c) Necks Attached by a Full Penetration Weld. Necks
abutting a yessél wall shall be attached by a full penetra-
tion groove' weld. See Figure UW-16.1, sketches (a) and
(b) fafexamples. Necks inserted through the vessel wall
may be attached by a full penetration groove weld. See
Figure UW-16.1, sketches (c), (d), and (e). When complete
joint penetration cannot be verified by visual inspection
or other means permitted in this Division, backing strips
or equivalent shall be used with full penetration welds de-
posited from one side.

If additional reinforcement is required, it shall be pro-
vided as integral reinforcement as described in (1) below,
or by the addition of separate reinforcement elements
(plates) attached by welding as described in (2) below.

(1) Integral reinforcement is that reinforcement pro-
vided in the form of extended or thickened necks, thick-
ened shell plates, forging type inserts, or weld buildup
which is an integral part of the shell or nozzle wall and,
where required, is attached by full penetration welds.
See Figure UW-16.1, sketches (a), (b), (c), (d), (e), (f-1),
(f-2), (f-3), (f-4), (g), (x-1), (y-1), and (z-1) for examples
of nozzles with integral reinforcement where the F factor
in Figure UG-37 may be used.

(2) Separate reinforcement elements (plates) may be
added to the outside surface of the shell wall, the inside
surface of the shell wall, or to both surfaces of the shell
wall. When this is done, the nozzle and reinforcement is
no longer considered a nozzle with integral reinforcement
and the F factor in UG-37(a) shall be F = 1.0. Figure
UW-16.1, sketches (a-1), (a-2), and (a-3) depict various
applications of reinforcement elements added to sketch
(a). Any of these applications of reinforcement elements
may be used with necks of the types shown in Figure

\Amlding on inside of vessel shell anly

UW-161 sketches (h) (r‘), (d) and (p) or anv other
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Figure UW-16.1
Some-Acceptable Types of Welded Nozzles and Other Connections to Shells, Heads, etc.
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Figure UW-16.1
Some Acceptable Types of Welded Nozzles and Other Connections to Shells, Heads, etc. (Cont'd)

tn < . 4>| tn
3/4in. (19 mm) »I 30 deg min. le

Rmin.

1/5in. (13 mm)
min. ———>|

r1k Radius
t 1) =~ [

45 deg max. ty + tg 02t
\ but not gteater t
30 deg max. \ than 1/ i (f-3)
6 mm
/ ( ) 3/4 (19'mm)
4 R o
—~ min.
tt‘ = Minimum of 11/, t

(f-2)
For sketches (f-1) through (f-4), L _ %
see Note (1). For sketch (f-3), see Note (2). (f-4)

RN N\ t ~
/ 9 / | N

+ / f f / \\ \

A
$ ! t 74 /\\t

A \\[12 v to |

N AN
(i) (V)] (k)

ty+ip2 11/41‘min.
t1 and ty each shall not be less than
the smaller of 1/4 in. (6 mm)
or 0.7tmin.

Notes follow on last page of this Figure

'

Weld to pad

tn

-

(h)

- tw = 0.Ttmin,

91-MN
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Figure UW-16.1

Some’Acceptable Types of Welded Nozzles and Other Connections to Shells, Heads, etc. (Cont'd)

tw= 0.7t min,

1/2tmin.

IR

R=>3t,
1/2tmin.>\

30 deg min.
tw=0.7t min,
1/2tmin.

mm)

Radius

30 deg min.

1/2tmin. ty=0.7t min,

;3;?’4

tyw= 0.7t min.

(q)

(m) (n)
[See Note (2)] is I{IO)t @1
ee Note
tw= 0.7t min " ‘
| |
U ) T = |
A te Ll |
g ¥ I '
t 2 S |
1/mein. J ‘
T t; = min. [0.7t,,0.71] \
(p-1) ‘
(p-2) \
e i
J/ X\
X
te g *
1/21‘ ; L
min. atfin, ¢
/] I r tw= 0.7t min, -—
ty=0.7t mi
| ‘ min. /< t t$ < X[ Weld to shell
1 1/21‘min ” f/ .
i ty=0.7t min. ’ tw= 0.7t min.
}V Lty = 0.7t min. N
o ~—
(r) (s)

Notes follow on last page of this Figure
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Outside D, Outside D, Outside

Figure UW-16.1
Some Acceptable Types of Welded Nozzles and Other Connections to Shells, Heads, etc. (Cont'd)

tn—bl |<—
tcﬁ
t, but not less than
1/4in.(6mm)¢ y f
1 AT
1V, ( tn-
/16 in. t, but not o
(1.5 mm) less than /16 in. (1.5 mm)-

recess g in. recess  gection A-A
(6 mm)

(t) (u)

Typi€al Tube Connections

(When used for other than squaré/round, or oval headers, round off corners)

G|~ G»I« G»|« G»|«

D, Outside

\
|
11/4tmin
[ |y | & &
/ 1/ 4tmin / Watmin /\ | /)\

1 f <
—

(v-1) (v-2) (w-1) (w-2)
[See Note (3)] [See Note (3)] [See Note (3)] [See Note (3)]

Notes follow on.last page of this Figure.
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Figure UW-16.1
SomesAcceptable Types of Welded Nozzles and Other Connections to Shells, Heads, etc. (Cont'd)

Either method of attachment is satisfactory

5]
> VN ( ‘
:
e 15
(x-1) (x-2) {y<1) (y-2) (z-1) (z-2)
[See Notes (1) and (4)] [See Neates (1) and (4)] [See Notes (1) and (4)]
t+ to > 14t min ty or tongtless than the smaller of 1/4in. (6 mm) or 0.7tmin

[ NPS 3 (DN 80) max.

-

I2tmin

; o A

%

5 N
¥ > |¢ t,, [Se6TUW-16(f)(4)]
A AN
ty=0.7tmin te
(aa) (bb)
[See Note (4)] [See Note (4)]

NOTES:
1) Sketches (a), (b), (c), (d), (e), (f-1) through (f-4), (g), (x-1), (y-1), and (z-1) are examples of nozzles with integral reinforcement.
2) Where the term Radius appears, provide a % in. (3 mm) minimum blend radius.
3) For sketches (v-1) through (w-2):
(a) For applications where there are no external loads, G = % in. (3 mm) max.
(b)With external loads
G = 0.005 for D, < 1 in. (25 mm); G = 0.010 for 1 in. (25 mm) < D, < 4 in. (100 mm); G = 0.015 for 4 in. (100 mm) < D, < 6% in. (170 mm)
4) For NPS 3 (DN 80) and smaller, see exemptions in UW-16(f)(2).

SZ0Z-T'IIIA DAL ANSY
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integral reinforcement types listed in (1) above. The rein-
forcement plates shall be attached by welds at the outer
edge of the plate, and at the nozzle neck periphery or in-
ner edge of the plate if no nozzle neck is adjacent to the
plate.

(-a) The weld at the outer edge of the reinforce-
ment plate shall be a continuous fillet weld with a mini-
mum throat dimension of Yt .

(-b) The weld at the inner edge of the reinforce-
ment plate which does not abut a nozzle neck shall be a
continuous fillet weld with a minimum throat dimension
Yot min [see Figure UW-16.1, sketches (a-2) and (a-3)].

(-¢) The weld at the inner edge of the reinforce-
ment plate when the reinforcement plate is full penetra-
tion welded to the nozzle neck shall be a continuous
fillet weld with a minimum throat dimension of t. [see
Figure UW-16.1, sketches (a-1) and (a-3)].

(-d) The weld at the inner edge of the reinforce-
ment plate when the reinforcement plate is not full pene-
tration welded to the nozzle neck shall be a continuous
fillet weld with a minimum throat dimension of t,, = 0.7-
tmin [See Figure UW-16.1, sketch (h)].

(d) Neck Attached by Fillet or Partial Penetration Welds

(1) Necks inserted into or through the vessel wall
may be attached by fillet or partial penetration welds,
one on each face of the vessel wall. The welds may be
any desired combination of fillet, single-bevel, and
single-] welds. The dimensions t; and t, in each weld
shall be not less than the smaller of /, in. (6 mm) or 0.7-
tmin, and their sum shall be not less than 1%t;,. See
Figure UW-16.1, sketches (i), (j), (k), and (1).

If additional reinforcement is required, it may be
provided in the form of extended or thickened necks,
thickened shell plates, forgings, and/or separate rein-
forcement elements (plates) attached by, welding. Weld
requirements shall be the same as given,in(c)(2) above,
except as follows. The welds attaching.the'neck to the ves-
sel wall or to the reinforcement plate shall consist of one
of the following:

(-a) a single-bevel or-single-] weld in the shell
plate, and a single-bevel orsingle-] weld in each reinforce-
ment plate. The dimensien t,, of each weld shall be not
less than 0.7¢,,;,. Séé\Figure UW-16.1, sketches (q) and
(r).

(-b) a full penetration groove weld in each rein-
forcement plate, and a fillet, single-bevel, or single-] weld
with a weld dimension t,, not less than 0.7t,,;, in the
shell plate. See Figure UW-16.1, sketch (s).

(2) Nozzle necks, flared necks, and studding outlet
type flanges may be attached by fillet welds or partial
penetration welds between the outside diameter or the
attachment and the outside surface of the shell and at
the inside of the opening in the shell. The throat dimen-
sion of the outer attachment weld shall not be less than
Yot min. The dimension t,, of the weld at the inside of
the shell cutout shall not be less than 0.7¢,,;,. See Figure

outlet-type flanges may also be attached by full-
penetration welds as shown in Figure UW-16.1, sketch
(p-2).

(e) Necks and Tubes Up to and Including NPS 6 (DN 150)
Attached From One Side Only. Necks and tubes not exceed-
ing NPS 6 (DN 150) may be attached from one side only
on either the outside or inside surface of the vessel.

(1) The depth of the welding groove or the throat of
the fillet weld shall be at least equal to 11/4tmin. The radial
clearance between the vessel hole and the nozzle outside
diameter at the unwelded side shall not exceed thé toler-
ances given in Figure UW-16.1, sketches (v<1); (v-2),
(w-1), and (w-2). When welded from thesoutside only,
the neck or tube shall extend to be at least flush to the in-
side surface of the vessel wall. Such attachments shall sat-
isfy the rules for reinforcement of epenings, except that
no material in the nozzle neckishall be counted as
reinforcement.

(2) As an alternative to.(I) above, when the neck or
tube is attached from theyottside only, a welding groove
shall be cut into the,surface to a depth of not less than
t, on the longitudinal axis of the opening. It is recom-
mended that a reeéss Y4 in. (1.5 mm) deep be provided
at the bottom of the groove, in which to center the nozzle.
The dimension t,, of the attachment weld shall be not less
than t,@or less than Y, in. (6 mm). See Figure UW-16.1,
sketches (t) and (u).

(f)/ Standard Fittings: ASME/ANSI or Manufacturer’s
Standard. The attachment of standard fittings shall meet
the following requirements; see (g) for the attachment
of bolting pads:

(1) Except as provided in (2) through (6) below, fit-
tings shall be attached by

(-a) two fillet or partial penetration welds, one on
each face of the vessel wall; and the minimum weld di-
mensions shall be as shown in Figure UW-16.1, sketches
(x), (), (2), and (aa); or

(-b) full penetration groove weld [see (c)]

(2) Fittings not exceeding NPS 3 (DN 80) shown on
Figure UW-16.1, sketches (x), (y), (z), (aa), and (bb)
may be attached by welds that are exempt from size re-
quirements with the following limitations:

(-a) UW-15.1 and UW-15.2 requirements shall be
satisfied for UG-22 loadings.

(-b) For partial penetration welds or fillet welds,
t, or t, shall not be less than the smaller of s, in.
(2.5 mm) or 0.7t y.

(3) See below.

(-a) Fittings not exceeding NPS 3 (DN 80), as
shown in Figure UW-16.2, may be attached to vessels that
are not subject to rapid fluctuations in pressure by a fillet
weld deposited from the outside only without additional
reinforcement other than is inherent in the fitting and
its attachment to the vessel wall provided all of the fol-
lowing conditions are met

(-1) maximum vessel wall thickness of 3 in.

UW-161 sketches (m) M) (o) and (pn-1) Studding-
T AY PEARY PEERY PEd r 7 O
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UW-16

Table UW-16.1
Minimum Thickness Requirements for

Fittings

NPS (DN) in. mm
s (6) 0.11 2.7
Y, (8) 0.11 2.7
¥ (10) 0.11 2.7
Y2 (15) 0.14 3.6
¥, (20) 0.16 4.2
1 (25) 0.22 5.5
1Y, (32) 0.30 7.5
1Y, (40) 0.30 7.5
2 (50) 0.31 7.9
2%, (65) 0.37 9.5
3 (80) 0.38 9.5

GENERAL NOTE: For fittings 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 hav-
ing an equivalent outside diameter larger than the fitting’s outside
diameter.

(-2) the maximum size of the opening in the ves-
sel is limited to the outside diameter of the attached pipe
plus %, in. (19 mm), but not greater than one-half of the
vessel inside diameter;

(-3) the attachment weld throat shall be the
greater of the following:

(+a) the minimum nozzle neck thickness\re-
quired by UG-45 for the same nominal size connection; or

(+b) that necessary to satisfy thérequire-
ments of UW-18 for the applicable loadings,ef/ UG-22.

(-4) the typical fitting dimension % as shown in
Figure UW-16.2, sketch (p) shall be sufficient to accom-
modate a weld leg which will provide'a weld throat di-
mension as required in (-3) aboveé.

(-5) The openings shall meet the requirements
provided in UG-36(c)(3)(-e)@nd UG-36(c)(3)(-d).

(-6) In lieu of the thickness requirements in
UG-45, the minimum ‘wall thickness for fittings shall not
be less than that shewn in Table UW-16.1 plus the thick-
ness added for-cerrosion allowance.

(-b) If the opening does not meet the require-
ments of\(-a)(-5) or exceeds the requirements of
(-a)(-2) above or (5)(-d) below in any direction, or is
greaten than one-half the vessel inside diameter, the part
of the vessel affected shall be subjected to a proof test as
required in UG-36(a)(2), or the opening shall be rein-
forced in accordance with UG-37 and the nozzle or other
connection attached, using a suitable detail in Figure
UW-16.1, if welded. In satisfying the rules for reinforce-
ment of openings, no material in the nozzle neck shall
be counted as reinforcement.

(4) Fittings not exceeding NPS 3 (DN 80) may be at-
tached by a fillet groove weld from the outside only as
shown in Figure UW-16.1, sketch (bb). The groove weld
t. shall not be less than the thickness of Schedule 160
pipe (ASME B36.10M) for the nearest equivalent pipe
size. [For fittings smaller than NPS %, (DN 15), use Sched-
ule 160 taken from Table 8 of ASME B16.11.]

(5) Flange-type fittings not exceeding NPS 2 (DN-50),
with some acceptable types such as those shown in-Figdre
UW-16.2, may be attached without additional reinforce-
ment other than that in the fitting and its attachment to
the vessel wall. The construction satisfies the require-
ments of this Division without further calctlation or proof
test as permitted in UG-36(c)(3) provided all of the fol-
lowing conditions are met:

(-a) Maximum vessel wall thickness shall not ex-
ceed ¥ in. (10 mm).

(-b) Maximum design pressure shall not exceed
350 psi (2.5 MPa).

(-¢) Minimumfillet leg tyis %5 in. (2.45 mm).

(-d) The finished opening, defined as the hole in
the vessel wallj.shall not exceed the outside diameter of
the nominal\pipe size plus ¥, in. (19 mm).

(6).Fittings conforming to Figure UW-16.2, sketch
(k) notexceeding NPS 3 (DN 80) may be attached by a sin-
gle-fillet weld on the inside of the vessel only, provided
thé criteria of Figure UW-16.1, sketch (w) and (e)(1)
are met.

(g) Bolting Pads: Manufacturer’s Standard. The attach-
ment of standard bolting pads shall meet the following
requirements:

(1) Except as provided for in (2) and (3), bolting pads
shall be attached by a full penetration groove weld or by
two fillet or partial penetration welds, one on each face of
the vessel wall. The minimum weld dimensions shall be as
shown in Figure UW-16.1, sketches (p), (x), (y), (z), and
(aa).

(2) Bolting pads as shown in Figure UW-16.3,
sketches (a) and (b) may be attached to vessels by a fillet
weld deposited from the outside only with the following
limitations:

(-a) The maximum vessel wall thickness is ¥; in.
(10 mm), and the bolting pad outside the diameter is
not greater than 4%, in. (120 mm).
(-b) The maximum size of the opening in the ves-
sel is limited to the following:
(-1) 4%, in. (120 mm) for bolting pads that are
installed through wall; see Figure UW-16.3, sketch (a)
(-2) Y, in. (6 mm) less than the bolting pad dia-
meter for those that are attached to the outside of the ves-
sel; see Figure UW-16.3, sketch (b)
(-c) The attachment weld throat shall be the great-
est of the following:
(-1) the minimum nozzle neck thickness re-
quired by UG-45 for the same nominal size connection

129
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Figure UW-16.2
Some Acceptable Types of Small Standard Fittings

GENERAL NOTE: See UW-16(f) for limitations.

130



https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.1 (ASME BPVC Section 8 Division 1) 2025.pdf

ASME BPVC.VIIL.1-2025

UW-16 - UW-17

Figure UW-16.3
Some Acceptable Types of Small Bolting Pads

®

—

3/gin. (10 mm) max.

t; (typical)

—

t,, (typical)

v

[See UW-16(g)(2)(-b)(-1)]
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[See UW-16(g)(2)(-b)(-2)
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|

I

|

|

I

| A
|

1

|

|

| [See UW-16(g)(2)(-a)]
|

I

Maximum Opening

GENERAL NOTE: See UW-16(g)(2) for limitations.

(-3) that necessary to satisfy the requirements
of UW-18 for the applicable loadings of UG-22

(-d) The typical bolting pad dimension, t5 as
shown in Figure UW-16.3, sketch (a), shall be sufficient
to accommodate a weld leg that will provide a weld throat
dimension.

(-e) In satisfying the rules for reinforcement of
openings, no material in the bolting pad shall be counted
as reinforcement.

(3) If the opening exceeds the requiréments of
(2)(-b) above, or is greater than one-halfthe vessel inside
diameter, the part of the vessel affectéd'shall be subjected
to a proof test as required in UG-36(a)(2), or the opening
shall be reinforced in accordance‘with UG-37 and the noz-
zle or other connection attachéd, using a suitable detail in
Figure UW-16.1, if welded:

(h) The minimum throat dimensions of fillet welds de-
fined in Figure UW-16:1 shall be maintained around the
circumference of(the attachment, except as provided
below.

(1) Fox nozzles attached to shells as shown in Figure
UW-16,sketches (a) through (e), the fillet weld leg di-
mensions that meets the minimum throat dimensions
shall be calculated for the equivalent thickness nozzle at-
tached perpendicular to the surface of a flat head with
thickness equal to the shell thickness.

(2) The fillet weld leg dimensions along the shell and
nozzle need not exceed the calculated fillet weld leg
dimension.

(3) For radial nozzles when the outside diameter of
the nozzle approaches tangency with the shell, the fillet
weld shall be smoothly transitioned into the full-

(4)For nonradial and tangential nozzles where the
angle-between the nozzle and shell is too large or too
small to make a fillet weld or when the nozzle approaches
tangency with the shell, the fillet weld shall be smoothly
transitioned into the full-penetration weld.

UW-17 PLUG WELDS

(a) Plug welds may be used in lap joints, in reinforce-
ments around openings and in nonpressure structural at-
tachments. They shall be properly spaced to carry their
proportion of the load, but shall not be considered to take
more than 30% of the total load to be transmitted.

(b) Plug weld holes shall have a diameter not less than
t+ 1/4 in. (6 mm) and not more than 2t + 1/4 in. (6 mm),
where t is the thickness in inches of the plate or attached
part in which the hole is made.

(c) Plug weld holes shall be completely filled with weld
metal when the thickness of the plate, or attached part, in
which the weld is made is %4 in. (8 mm) or less; for thick-
er plates or attached parts the holes shall be filled to a
depth of at least half the plate thickness or %; of the hole
diameter, whichever is larger, but in no case less than
16 in. (8 mm).

penetration weld
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(d) The allowable working load on a plug weld in either
shear or tension shall be computed by the following
formula:

(U.S. Customary Units)

(51 Units)

the bottom diameter of the hole in which the weld
is made

total allowable working load on the plug weld
maximum allowable stress value for the material in
which the weld is made (see UG-23)

UW-18 FILLET WELDS

(a) Fillet welds may be employed as strength welds for
pressure parts within the limitations given elsewhere in
this Division. Particular care shall be taken in the layout
of joints in which fillet welds are to be used in order to
assure complete fusion at the root of the fillet.

(b) Corner or tee joints may be made with fillet welds
provided the plates are properly supported indepen-
dently of such welds, except that independent supports
are not required for joints used for the purposes enumer-
ated in UG-55.

(c) Figures UW-13.1 and UW-13.2 show several con-
struction details that are not permissible.

(d) Unless the sizing basis is given elsewhere\in this Di-
vision, the maximum allowable load on fillet\welds shall
equal the product of the weld area (based-on minimum
leg dimension), the maximum allowable’stress value in
tension of the material being welded, and a joint effi-
ciency of 55%.

UW-19 WELDED STAYED CONSTRUCTION

(a) Welded-in staybolts shall meet the following
requirements:

(1) the arrangement shall substantially conform to
one of those illustrated in Figure UW-19.1;

(2) therrequired thickness of the plate shall not ex-
ceed 1'% (n;(38 mm), except for Figure UW-19.1, sketches
(), (g); and (h). For plate thicknesses greater than ¥, in.
(19(mm), the staybolt pitch shall not exceed the smaller of
20 jn. (500 mm) or the limits established in UG-47(f).

(3) the provisions of UG-47 and UG-49 shall be fol-
lowed; and

(4) the required area of the staybolt shall be deter-
mined in accordance with the requirements in UG-50.

(b) Welded stays, substantially as shown in Figure
UW-19.2, may be used to stay jacketed pressure vessels

(1) the pressure does not exceed 300 psi (2 MPa);

(2) the required thickness of the plate does not ex-
ceed Y, in. (13 mm);

(3) the size of the fillet welds is not less than the plate
thickness;

(4) the inside welds are properly inspected before
the closing plates are attached;

(5) the allowable load on the fillet welds is computed
in accordance with UW-18(d);

(6) the maximum diameter or width of the hole in.the
plate does not exceed 1%, in. (32 mm);

(7) the welders are qualified under the rules of Sec-
tion IX;

(8) the maximum spacing of stays is determined by
the formula in UG-47(a), using C =.2:1\if either plate is
not over ;¢ in. (11 mm) thick, C,= 2.2 if both plates are
over 7/ in. (11 mm) thick.

(c) Welded stayed construgtion, as shown in Figure
UW-19.2 or consisting oflandimpled or embossed plate
welded to another like plate or to a plain plate, may be
used, provided

(1) the welded.attachment is made by fillet welds
around holes or\slots as shown in Figure UW-19.2 or if
the thicknéss of the plate having the hole or slot is
Y, in. (12:mm) or less, and the hole is 1 in. (25 mm) or less
in diameéter, the holes may be completely filled with weld
metal. The allowable load on the weld shall equal the pro-
duct’of the thickness of the plate having the hole or slot,
the circumference or perimeter of the hole or slot, the al-
lowable stress value in tension of the weaker of the mate-
rials being joined and a joint efficiency of 55%.

(2) the maximum allowable working pressure of the
dimpled or embossed components is established in accor-
dance with the requirements of UG-101. The joint effi-
ciency, E, used in UG-101 to calculate the MAWP of the
dimpled panel shall be taken as 0.80. This proof test
may be carried out on a representative panel. If a repre-
sentative panel is used, it shall be rectangular in shape
and at least 5 pitches in each direction, but not less than
24 in. (600 mm) in either direction. The representative
panel shall utilize the same weld details as will be used
in the final construction.

(3) the plain plate, if used, shall meet the require-
ments for braced and stayed surfaces.

(d) The welds need not be radiographed, nor need they
be postweld heat treated unless the vessel or vessel part
in which they occur is required to be postweld heat
treated.

UW-20 TUBE-TO-TUBESHEET JOINT STRENGTH

UW-20.1 Scope. These rules provide a basis for es-
tablishing tube-to-tubesheet joint strength.

UW-20.1.1 General.
(a) Tubes used in the construction of heat exchangers
or similar apparatus may be considered to act as stays,

prnvidpd :
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Figure UW-19.1
Typical Forms of Welded Staybolts
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Legend:

t = nominal thickness of the thinner stayed plate

Figure UW-19.2
Use of Plug and Slot Welds for Staying Plates
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tubesheets in which they are engaged. Tube-to-tubesheet
joints shall be capable of transferring the applied tube
loads. The design of tube-to-tubesheet joints depends
on the type of joint, degree of examination, and shear load
tests, if performed.

(b) Tube-to-tubesheet joints, except as exempted in (c)
and (d) below, shall have their strength determined by
either UW-20.3 or UW-20.4.

(c) Back-face welded joints, such as shown in Division
2, Figure 4.18.2(d) are not covered.

(d) Determination of tube-to-tubesheet joint strength is
not mandatory for U-tube construction.

(e) Some combinations of tube and tubesheet materi-
als, when welded, result in welded joints having lower
ductility than required in the material specifications. Ap-
propriate tube-to-tubesheet joint geometry, welding
method, and/or heat treatment shall be used with these
materials to minimize this effect.

(f) In the selection of joint type, consideration shall be
given to the mean metal temperature of the joint at oper-
ating temperatures and differential thermal expansion of
the tube and tubesheet that may affect the joint integrity.
The following provisions apply for establishing maximum
operating temperature for tube-to-tubesheet joints:

(1) Tube-to-tubesheet joints where the maximum al-
lowable axial load is controlled by the weld shall be lim-
ited to the maximum temperature for which there are
allowable stresses for the tube or tubesheet material in
Section II, Part D, Subpart 1, Table 1A or Table 1B.
Tube-to-tubesheet joints in this category are any of the
following:

(-a) Those with or without expansion having full
strength welds or partial strength welds designed in ac-
cordance with UW-20.3.

(-b) Those welded and expanded joints specified
in Table UW-20.1, joint types f, g, and h, where the max-
imum allowable axial load is determined in accordance
with UW-20.4 and is controlled by the weld (f,. = fr(n))-

(-c) Those welded-only or welded and expanded
joints specified in Table,UW-20.1, joint types a, b, and e,
where the maximum allowable load is determined in ac-
cordance with UW-20.4.

(2) Tube=to-tubesheet joints made by brazing speci-
fied in Table.lWW-20.1, joint types c and d, shall be limited
to temperatures in conformance with the requirements of
Part¥UB:

(3) Tube-to-tubesheet joints where the maximum al-
lowable axial load is determined in accordance with
UW-20.4 considering friction only as specified in Table
UW-20.1, joint types i, j, and k, or is controlled by friction
in a welded and expanded joint as specified in Table
UW-20.1, joint types f, g, h (when f,.. = f. f f, fr) shall

be limited to temperatures as determined by the follow-
ing:
(=]

(-a) The operating temperature of the tube-to-
tubesheet joint shall be within the tube and tubesheet
time-independent properties of Section II, Part D, Subpart
1, Table 1A or Table 1B.

(-b) The maximum operating temperature is
based on the interface pressure that exists between the
tube and tubesheet and may be determined by either
method below.

(-1) The maximum operating temperature<is
limited such that the interface pressure due to expanding
the tube at joint fabrication plus the interface pressure
due to differential thermal expansion, (P, #P7), does
not exceed 58% of the smaller of the tube-or tubesheet
yield strength (see UG-23) at the operating temperature.
When P7 < 0, where due to differential thermal expansion
the tube expands less than the tubesheet, the maximum
operating temperature is limited such that factor fr re-
mains of sufficient magnitude for the design loads. The in-
terface pressure due to expanding the tube at fabrication
or the interface pressufe due to differential thermal
expansion may be determined analytically or
experimentally.

(-2)- The maximum operating temperature may
be determined by shear load tests described in
UW-20423"Two sets of specimens shall be tested. The
first Set shall be tested at the proposed operating tem-
perature. The second set shall be tested at room tempera-
ture after heat soaking at the proposed operating
temperature for 24 hr. The proposed operating tempera-
ture is acceptable if the provisions of UW-20.4.5 are
satisfied.

(g) The Manufacturer shall prepare written procedures
for joints that are expanded (whether welded and ex-
panded or expanded only) for joint strength (see Non-
mandatory Appendix HH). The Manufacturer shall
establish the variables that affect joint repeatability in
these procedures. The procedures shall provide detailed
descriptions or sketches of enhancements, such as
grooves, serrations, threads, and coarse machining pro-
files. The Manufacturer shall make these written proce-
dures available to the Authorized Inspector.

UW-20.1.2 Definitions.

brazed-only joint: a tube-to-tubesheet joint that is made
by brazing the end of the tube to the tubesheet.
Brazed-only joints are subject to rules and service restric-
tions of Part UB.

expanded joint: a tube-to-tubesheet joint produced by ap-
plying an expanding force inside the portion of the tube to
be engaged in the tubesheet in a manner that produces a
determinable allowable axial joint load. The expanding
force shall be set to values necessary to effect sufficient
residual interface pressure between the tube and hole

for ioint strength
7 (=]
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Table UW-20.1

Efficiencies, f,
fr.Test
Joint Type Description [Note (1)] Notes [Note (2)] fr.No Test

a Welded only, total weld size (0.7a + a,) 2 t 4) 1.00
b Welded only, total weld size (0.7a5 + agz) <t 4) 0.70
c Brazed, examined (5) 1.00 0.80
d Brazed, not fully examined (6) 0.50 0.40.
e Welded, total weld size (0.7as + ay) 2 t, and expanded 3) 1.00 0.80
f Welded, total weld size (0.7as + ay) < t, and expanded, enhanced with two (3) (7) (8) (9) (10) 0.95 0.75

or more grooves
g Welded, total weld size (0.7as + a4) < t, and expanded, enhanced with 3) (7 (8) (9) (10) 0.85 0.65

single groove
h Welded, total weld size (0.7ay + ag4) < t, and expanded, not enhanced 3) (7 8 0.70. 0.50
i Expanded, enhanced with two or more grooves (7) (8) (9) (10) 090 0.70
j Expanded, enhanced with single groove (7) (8) (9) (10) 0.80 0.65
k Expanded, not enhanced (7) (8) 0.60 0.50

GENERAL NOTE: The joint efficiencies listed in this table apply only to allowable loads and do not indicate’the degree of joint leak tightness.

NOTES:

&

(2)
3

4)
(%)
(6)

(7
(8)

)

(10

For joint types involving more than one fastening method, the sequence used in the joint deseription does not necessarily indicate the
order in which the operations are performed.

The use of the f, s factor requires qualification in accordance with UW-20.4.3 and UW-20.4.4.

The value of f; o test applies only to material combinations as provided for underSection IX. For material combinations not provided for
under Section IX, f, shall be determined by test in accordance with UW-20.4.3 and UW-20.4.4.

fr.no test is not permitted for welded only joint types in accordance with YW-20.4.3, refer to UW-20.4.2.

A value of 1.00 for f, (st or 0.80 for f, ,, test can be applied only to joifitsiin which visual examination assures that the brazing filler
metal has penetrated the entire joint [see UB-14(a)] and the depth of-p€netration is not less than 3 times the nominal thickness of the
tube wall.

A value of 0.50 for f; tes¢ Or 0.40 for f, o test shall be used for jointsin which visual examination will not provide proof that the brazing
filler metal has penetrated the entire joint [see UB-14(b)].

Ifd,/(d, - 2t) is less than 1.05 or greater than 1.410, f,shall be determined by test in accordance with UW-20.4.3 and UW-20.4.4.

If the nominal pitch (center-to-center distance of adjacenttube holes) is less than d, + 2t, f, shall be determined by test in accordance
with UW-20.4.3 and UW-20.4.4.

The Manufacturer may use other means to enhan¢e’the strength of expanded joints, provided, however, that the joints are tested in ac-
cordance with UW-20.4.3 and UW-20.4.4.

For explosive and hydraulic expansion, grooves shall be a minimum of 1.1 [(d, - t)t]®° wide. For explosively or hydraulically expanded
joints with single grooves meeting this requirement, f, for joint type f may be used in lieu of that for joint type g, and f,. for joint type i may

be used in lieu of that for joint type j, as applicable.

full strength weld: a full strength tube-to-tubesheet weld
is one in which the design-strength is equal to or greater
than the axial tube strength, F,. When the weld in a tube-
to-tubesheet joint meets the requirements of UW-20.3.2,
it is a full-strength-weld, and the joint does not require
qualification by-shear load testing. Such a weld also pro-
vides tubetjoint leak tightness.

partialstrength weld: a partial strength weld is one in
which-the design strength is based on the mechanical
and'thermal axial tube loads (in either direction) that
are determined from the actual design conditions. The
maximum allowable axial load of this weld may be deter-
mined in accordance with UW-20.3 or UW-20.4. When
the weld meets the requirements of UW-20.3, the joint
does not require qualification by shear load testing. Such
a weld also provides tube joint leak tightness.

seal weld: a tube-to-tubesheet seal weld is one used to
supplement an expanded tube joint to ensure leak tight-
ness. Its size has not been determined based on axial tube
loading.

tube hole enhancement: a groove or other modification of
the tube hole surface that increases the allowable axial
joint load

welded-and-expanded joint: a tube-to-tubesheet joint that
is made by both welding and expanding.

welded-only joint: a tube-to-tubesheet joint that is made
by welding the end of the tube to the tubesheet.
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(25)

UW-20.2 Nomenclature.

ac

fr,test

fr,no test

fre

fr

fw
fy

length of the combined weld(s) measured
parallel to the longitudinal axis of the tube
at its outside diameter. For fillet only welds,
a. = ay. For groove only welds, a. = ag,.
These dimensions are illustrated in Figures
UW-20.1 and UW-20.2.

fillet weld leg. For unequal leg fillets, a shall
be the size of the smaller of the two legs.
depth of groove weld. Depth can be achieved
by chamfer or nonchamfer groove.
minimum required length of the weld(s) un-
der consideration

tube cross-sectional area

nominal tube inside diameter

nominal tube outside diameter

modulus of elasticity for tubesheet material
at T

modulus of elasticity for tube material at T
design strength, but not greater than F,
ratio of the design strength to the tube
strength

factor for the length of the expanded portion
of the tube

fillet weld strength, but not greater than F,
ratio of the fillet weld strength to the design
strength

groove weld strength, but not greater than F,
ratio of the groove weld strength to the de-
sign strength

factor to define the efficiency of joint, sét
equal to the value of f; test OF fr no test
factor to define efficiency of joint established
by shear load test. Equal to the:value calcu-
lated from results of test in aceordance with
UW-20.4.4 or as tabulated ir» Table UW-20.1,
whichever is less, except*as permitted in
UW-20.4.3.11.

factor to define efficiency of joint without
shear load test in' accordance with Table
UW-20.1

factor for the'overall efficiency of welded and
expandedyjoints. Larger of the efficiency of
the welded alone and net efficiency of the
welded and expanded joint

axial tube strength

factor to account for the increase or decrease
of tube joint strength due to radial differen-
tial thermal expansion at the tube-to-
tubesheet joint. Acceptable values of fr may
range from O to greater than 1. When the fr
value is negative, it shall be set to 0.

weld strength factor

factor for differences in the mechanical prop-
erties of tubesheet and tube materials

l

Lmax
Ltest
Ll,test

LZ,test

r

St

St

tube load factor

1.0 for loads due to pressure-induced axial
forces

1.0 for loads due to thermally induced or
pressure plus thermally induced axial forces
on welded-only joints where the thickness
through the weld throat (0.7a; + ag) is less
than the nominal tube wall thickness t

2.0 for loads due to thermally induced or
pressure plus thermally induced axial forces
on all other tube-to-tubesheet joints

length of the expanded portion of the tube
maximum allowable axial load-ineither di-
rection on the tube-to-tubesheet joint

axial load at which failure\of'the test speci-
mens occur

lowest axial load at Which failure occurs at
operating temperature

lowest axial load' at which failure of heat-
soaked specimen tested at room tempera-
ture occurs

tube expanding pressure

interface pressure between the tube and
tubesheet that remains after expanding the
tube at fabrication. This pressure may be es-
tablished analytically or experimentally.
interface pressure between the tube and
tubesheet due to differential thermal growth.
This pressure may be established analyti-
cally or experimentally.

mean tube radius

tube outside radius

allowable stress for the tube material at de-
sign temperature. For a welded tube or pipe,
use the allowable stress for the equivalent
seamless product. When the allowable stress
for the equivalent seamless product is not
available, divide the allowable stress of the
welded product by 0.85.

tensile strength for the tube material from
the material test report

allowable stress of the material to which the
tube is welded. See UW-20.5(d).

tensile strength for tube material at operat-
ing temperature taken from Section II, Part
D, Subpart 1, Table U

tensile strength for tube material at room
temperature taken from Section II, Part D,
Subpart 1, Table U

allowable stress in weld

yield strength for tubesheet material at tube-
sheet design temperature, T (see UG-23)
yield strength for tubesheet material at am-
bient temperature, T, (see UG-23)

yield strength for tube material at tubesheet
design temperature, T (see UG-23)
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Sy,t,a = yield strength for tube material at ambient
temperature, T, (see UG-23)
T = tubesheet design temperature
t = nominal tube wall thickness
T, = ambient temperature
a = mean coefficient of thermal expansion of
tubesheet material at T
a, = mean coefficient of thermal expansion of
tube material at T
UW-20.3 Joint Strength by Calculation.
UW-20.3.1 Scope. These rules provide a basis for

establishing weld sizes and allowable joint loads by calcu-
lation for full strength and partial strength tube-to-
tubesheet welds. These rules apply to welded only joints
and welded and expanded joints in which the strength of
the expansion is not considered. These rules cover the
welds shown in Figure UW-20.1

UW-20.3.2 Full Strength Welds. Full-strength
welds shown in Figure UW-20.1 shall conform to the fol-
lowing requirements:

(a) The size of a full-strength weld shall be determined
in accordance with UW-20.3.4.

(b) The maximum allowable axial load in either direc-
tion on a tube-to-tubesheet joint with a full-strength weld
shall be L., = kF,.

UW-20.3.3 Partial Strength Welds. Partial-
strength welds shown in Figure UW-20.1 shall conform
to the following requirements:

(a) The size of a partial-strength weld shall be deter-
mined in accordance UW-20.3.4.

(b) The maximum allowable axial load in eitler direc-
tion on a tube-to-tubesheet joint with a paytial-strength
weld shall be L, ,x = k(Ff + F), but not.greater than kF,.

UW-20.3.4 Weld Size Design Equations.

(a) The size of tube-to-tubesheet.strength welds shown
in Figure UW-20.1 shall conferm to the following
requirements:

(1) For fillet welds shown in sketch (a)
(-a) calculate thé minimum required length of the
fillet weld leg

(-b)-for full strength welds, ar 2 max(a,, 1.4t)
(<¢) for partial strength welds, as > a,
(2) For groove welds shown in sketch (b)
(-a) calculate the minimum required length of the
groove weld leg

(-b) for full strength welds, a, 2 max(a,, t)
(-c) for partial strength welds, a, 2 a,
(3) For combined groove and fillet welds shown in

(-a) calculate the minimum required length of the
combined weld legs

(-b) for full strength welds, a,. =2 max[a,, 1.2t]
(-¢) for partial strength welds, a. = a,

(-d) calculate a; and ay

(4) For combined grooyve‘and fillet welds shown in
sketch (d), where ay is not€qual to a

(-a) choose gz 7and calculate the minimum re-
quired length of the fillet weld leg

(-b) for full strength welds, a. =2 max[(a, + ag),
(14t - 0.4a,4)]

(-c) for partial strength welds, a. 2 (a, + ag)

(-d) calculate ay

(5) For inset fillet welds shown in sketch (e)

(-a) calculate the minimum required length of the
fillet weld leg

(-b) full strength welds are not possible with this
configuration

(-c) for partial strength welds, t 2ar2a,.Ifa, > t,
joint load cannot be calculated in accordance with this
section. See UW-20.4.

(6) For combined groove and inset fillet welds shown
in sketch (f)

(-a) choose ay and calculate the minimum re-
quired length of the groove weld leg

(-b) for full strength welds, a. 2 max[(a, + ay),
(t +0.3ap)]

sketch () where g.=g
A i 7 9
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Figure UW-20.1

Tube-to-Tubesheet Joints Acceptable to Determine Joint Strength by Calculation

Clad material
(if present)
typical

4>‘

ar -

Face-Fillet Weld
(a)

de —> ‘4—

|
B e s B O
d,

R

Combination Face-Fillet and Groove
where: a,= a; + a5 and a; = a
(c)

g

Inset Fillet Weld
where: a; = t

(e)

Chamfer of groove
to achieve a
typical

g
_ 3

ag—>
Groove Weld
(b)
ac—> l<—
|
af — S50 [« |
I
i
{ | :
N v
]
S e e
1 4 d,

Combination Face-Fillet and Groove

where: a,= a;+ a

Fill in excess of

ais optional
ar \_¢\‘

g and a; # ag

(d)

l«—— a.= ag + ar(with fillet weld ap)

Y

ac= ay (if no fillet weld)

Combination Inset Fillet and Groove

where:

a.=ag+ arandas =t
(f)
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Figure UW-20.2
Some Acceptable Types of Tube-to-Tubesheet Welds
af—| |-—
™ I‘_ ac=ay ~—ay
l ] l ]
J . g0
(a) [Note (1)1 (b) [Note (1)]
af R |t— af—> |t—
Chamfer or groove
™ 49 ™% x toJachieve a,
typical - —
e T~ / \
Lo l 0
\ / ~—=
] E ]

(c) [Note (1)] (d) [Note (1)]

af —e| [—0

|-— 8

|<—ac= af

| !
D 2 S N R

(g) [Notes (2, 3)]

N\

(h) [Notes (2, 3)] (i) [Notes (2, 3)]

NOTES:

(1) Sketches (a) through (d) show some acceptable weld geometries where thickness through the weld throat may be sized = ¢.

(2) Sketches (e) through (i) show some acceptable weld geometries where thickness through the weld throat is less than t.

(3) For these geometries where weld length cannot be established by dimensions prior to weld, dimension a. shall be verified during WPS
qualification per Section, IX, QW-193 and design strength shall be calculated in accordance with UW-20.4.
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(b) Weld strength factors used in (a) above shall be cal-
culated using the following equations:

where

fa = 1.0 for full strength welds

F4/F, for partial strength welds

min[0.55mas(d, + 0.67ag)S,, F.] for face fillet
welds as shown in Figure UW-20.1, sketches (a),
(c), and (d)

min[0.55nas(d, - 0.67af)S,,, F.] for inset fillet
welds as shown in Figure UW-20.1, sketches (e)

Fy

and (f)
Fy, = min[0.85ma,(d, + 0.67a,)S,,, F]
F, = mt(d, - t)S
Sy = min(S, S;)

UW-20.4 Joint Strength by Factors.

UW-20.4.1 Scope. These rules provide a basis for
establishing allowable joint loads using strength factors.
Some acceptable geometries and combinations of brazed,
welded, and mechanical joints are described in Table
UW-20.1. Some acceptable types of welded joints are illu-
strated in Figure UW-20.2.

(a) Geometries, including variations in tube{pitch, fas-
tening methods, and combinations of fastenihg methods
not described or shown may be used provided qualifica-
tion tests have been conducted and applied in compliance
with the procedures set forth in~UW-20.4.3 and
UW-20.4.4

(b) Materials for welded or brazed tube-to-tubesheet
joints that do not meet the ,requirements of UW-5 or
UB-5, but in all other respéects meet the requirements of
this Division, may be(used if qualification tests of the
tube-to-tubesheet joint have been conducted and applied
in compliance with the procedures set forth in UW-20.4.3
and UW-20.4%-

UW-20.4.2 Maximum Axial Loads.

(a) The maximum allowable axial load in either direc-
tio on tube-to-tubesheet joints shall be determined in ac-
cordance with the following:

(1) For joint types a, b, ¢, d, and e

(2) For joint types f, g, and h

(3) For joint types i, j, and k

where
A, = n(d, - t)t
fe = min[(l/d,), 1.0] for tube joints made with ex-

panded tubes in tube holes without enhancement
1.0 for tube joints made with expanded tubes ‘in
tube holes with enhancement

fre = max[(fefrfyfT)’ fr(h)]
freny = 0.70 when established by shear load test per
UW-20.4.4
= 0.50 without shear load test
fy = min[(S, /S, ), 1.0] for expanded joints. When f,,
< 0.60, qualification of join® by shear load test is
required
fr=

(b) P,, P+ may be established experimentally or analy-
tically. The followihg equations may be used to calculate
P, and Py:

UW-20.4.3 Shear Load Test.
UW-20.4.3.1 Flaws in the specimen may affect
results. If any test specimen develops flaws, the retest
provisions of UW-20.4.3.11 below shall govern.

UW-20.4.3.2 If any test specimen fails because
of mechanical reasons, such as failure of testing equip-
ment or improper specimen preparation, it may be dis-
carded, and another specimen taken from the same heat.

UW-20.4.3.3 The shear load test subjects a full-
size specimen of the tube joint under examination to a
measured load sufficient to cause failure. In general, the
testing equipment and methods are given in ASTM E8. Ad-
ditional fixtures for shear load testing of tube-to-
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Figure UW-20.3
Typical Test Fixtures for Expanded or Welded Tube-to-Tubesheet Joints

(25)
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UW-20.4.3.4 The test block simulating the tube-
sheet may be circular, square, or rectangular in shape, es-
sentially in general conformity with the tube pitch
geometry. The test assembly shall consist of an array of
tubes such that the tube to be tested is in the geometric
center of the array and surrounded by at least one row
of adjacent tubes. The test block shall extend a distance
of at least one tubesheet ligament beyond the edge of
the peripheral tubes in the assembly.

UW-20.4.3.5 All tubes in the test block array
shall be from the same heat and shall be installed using
identical procedures.

(a) The finished thickness of the test block may be less
but not greater than the tubesheet it represents. For ex-
panded joints, made with or without welding, the ex-
panded area of the tubes in the test block may be less
but not greater than that for the production joint to be
qualified.

(b) The length of the tube used for testing the tube joint
need only be sufficient to suit the test apparatus. The
length of the tubes adjacent to the tube joint to be tested
shall not be less than the thickness of the test block to be
qualified.

UW-20.4.3.6 The procedure used to prepare the
tube-to-tubesheet joints in the test specimens shall be the
same as used for production.

UW-20.4.3.7 The tube-to-tubesheet joint speci-
mens shall be loaded until mechanical failure of the, joint
or tube occurs. The essential requirement is that the(load
be transmitted axially.

UW-20.4.3.8 Any speed of testing.may be used,
provided load readings can be determined accurately.

UW-20.4.3.9 The reading\from the testing de-
vice shall be such that the appliedload required to pro-
duce mechanical failure of the tube-to-tubesheet joint
can be determined.

UW-20.4.3.10.~\-For determining f, i.s: for joint
types listed in Table UW-20.1, a minimum of three speci-
mens shall constitute a test. The value of f, 1.5t shall be
calculated in-accordance with UW-20.4.4 using the lowest
value of L{st. In no case shall the value of f, ;.s; using a
threeSpecimen test exceed the value of f, s given in
Table\UW-20.1. If the value of f, st so determined is less
than the value for f;, s given in Table UW-20.1, retest-
ing may be performed in accordance with UW-20.4.3.11,
or a new three specimen test may be performed using a
new joint configuration or fabrication procedure. All pre-
vious test data shall be rejected. To use a value of f; (est
greater than the value given in Table UW-20.1, a nine-

specimen test shall be performed in accordance with
UW-204311

UW-20.4.3.11 For joint types not listed in Table
UW-20.1, to increase the value of f, s for joint types
listed in Table UW-20.1, or to retest joint types listed in
Table UW-20.1, the tests to determine f, ;.s: shall con-
form to the following:

(a) A minimum of nine specimens from a single tube
shall be tested. Additional tests of specimens from the
same tube are permitted, provided all test data are used
in the determination of f, (.. If a change in the joint de-
sign or its manufacturing procedure is necessary to.meet
the desired characteristics, complete testing of theé.modi-
fied joint shall be performed.

(b) In determining the value of f, s¢, theomean value
of Lcs: shall be determined and the standard deviation,
sigma, about the mean shall be calculated. The value of
fr test shall be calculated using the.value of L. corre-
sponding to -2sigma , using the applicable equation in
UW-20.4.4. In no case shall £, \e5: exceed 1.0.

UW-20.4.3.12 , Once shear load tests have been
successfully completed for a tube-to-tubesheet joint de-
sign, the Manufacturer that produced the test specimen
may use the calculated f, s for any production tube-to-
tubesheet joint design that the Manufacturer produces
having the same geometry, material nominal composition,
specified/ultimate tensile strength, and fabrication proce-
dure used for the shear load test specimen. The fabrica-
tiefprocedure shall contain or reference the test
qualification information required by HH-5.2 and/or Sec-
tion IX, QW-202.6, as applicable.

UW-20.4.4 Acceptance Standards for Joint Effi-
ciency Factor Determined by Test.
UW-20.4.4.1 The value of f, \.s: determined by
testing shall be calculated as follows:

(a) For joint types a, b, ¢, d, and e

(b) For joint types f, g, h, i, j, and k

UW-20.4.4.2 The value of f, i.s: shall be used
for f, in the equation for L ..

UW-20.4.5 Acceptance Standards for Proposed
Operating Temperatures Determined by Test. The pro-
posed operating conditions shall be acceptable if both of
the following conditions are satisfied:
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UW-20.5 - UW-26

UW-20.5 Clad Tubesheets.

(a) Tube-to-tubesheet welds in the cladding of either
integral or weld metal overlay clad tubesheets may be
considered strength welds (full or partial), provided the
welds meet the design requirements of UW-20. In addi-
tion, when the strength welds are to be made in the clad
material of integral clad tubesheets, the integral clad ma-
terial to be used for tubesheets shall meet the require-
ments in (1) and (2) for any combination of clad and
base materials. The shear strength test and ultrasonic ex-
amination specified in (1) and (2) are not required for
weld metal overlay clad tubesheets.

(1) Integral clad material shall be shear strength
tested in accordance with SA-263. One shear test shall
be made on each integral clad plate or forging and the re-
sults shall be reported on the material test report.

(2) Integral clad material shall be ultrasonically ex-
amined for bond integrity in accordance with SA-578, in-
cluding Supplementary Requirement S1, and shall meet
the acceptance criteria given in SA-263 for Quality Level
Class 1.

(b) When the design calculations for clad tubesheets
are based on the total thickness including the cladding,
the clad material shall meet any additional requirements
specified in Part UCL.

(c) When tubesheets are constructed using linings, or
integral cladding that does not meet the requirements
of (a)(1) and (a)(2), the strength of the tube-to-tubesheet
joint shall not be dependent upon the connection betweén
the tubes and the lining or integral cladding, as applicable.

(d) When the tubes are strength welded (full or partial)
to integral or weld metal overlay clad tubesheéts, S, shall
be the allowable stress value of the integral\cladding or
the wrought material whose chemistry. most closely ap-
proximates that of the weld metal overlay cladding. The
thickness of the integral or weld metal clad overlay mate-
rial shall be sufficient to preventany of the strength weld
from extending into the base material.

UW-21 ASME B16.5-SOCKET AND SLIP-ON
FLANGE WELDS

(a) ASME B16.5:socket weld flanges shall be welded
using an externdl fillet weld. See Figure UW-21, sketch
4).

(b) ASME B16.5 slip-on flanges shall be welded using an
integnaland an external weld. See Figure UW-21, sketches
(D), (2), and (3).

(c) Nomenclature

nominal thickness of the shell or nozzle
the lesser of 1.4t,, or the thickness of the hub

ty
Xmin =

(d) When ASME B16.5 slip-on flanges are shown to
comply with all the requirements provided in Mandatory
Appendix 2 of this Division, the weld sizes in Mandatory
Appendix 2 may be used as an alternative to the require-

FABRICATION
UW-26 GENERAL

(a) The rules in the following paragraphs apply specifi-
cally to the fabrication of pressure vessels and vessel
parts that are fabricated by welding and shall be used
in conjunction with the general requirements for Fabricas
tion in Subsection A, and with the specific requirements
for Fabrication in Subsections C and D.

(b) Each Manufacturer or parts Manufacturef shall be
responsible for the quality of the welding done by its
own organization and shall conduct tests-net only of the
welding procedure to determine its suitability to ensure
welds that will meet the required (tests, but also of the
welders and welding operators to~determine their ability
to apply the procedure propetly:

The Manufacturer’s Quality Control System shall in-
clude a requirement forteomplete and exclusive adminis-
trative and technical.supervision and control of all
welders and welding operators, whether direct employ-
ees or those engaged by contract for their services.

(c) No production welding shall be undertaken until
after the-welding procedures which are to be used have
been qualified. Only welders and welding operators who
are‘dualified in accordance with Section IX shall be used
in{production.

(d) The Manufacturer (Certificate Holder) may engage
individuals by contract or agreement for their services
as welders®® at the shop location shown on the Certificate
of Authorization and at field sites (if allowed by the Cer-
tificate of Authorization) for the construction of pressure
vessels or vessel parts, provided all of the following con-
ditions are met:

(1) All Code construction shall be the responsibility
of the Manufacturer.

(2) All welding shall be performed in accordance
with the Manufacturer’s Welding Procedure Specifica-
tions in accordance with the requirements of Section IX.

(3) All welders shall be qualified by the Manufacturer
in accordance with the requirements of Section IX.

(4) The Manufacturer’s Quality Control System shall
include as a minimum:

(-a) evidence of the Manufacturer’s authority to
assign and remove welders without involvement of any
other organization;

(-b) arequirement for assignment of welder iden-
tification symbols;

(-c) evidence that this program has been accepted
by the Manufacturer’s Authorized Inspection Agency
which provides the inspection service.

(5) The Manufacturer shall be responsible for Code
compliance of the vessel or part, including Certification
Mark stamping and providing Data Report Forms prop-

(25)
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Figure UW-21
Typical Details for Slip-On and Socket Welded Flange Attachment Welds

/

Xmin

/2 /2

X,

s Xmin *»| min 7 7 »| -~ min
Wg% E 2 Xmin Xmin &
T |
|« »| »| '« | »”« 1.5 mm (V/ggiiir.) T
approximate I,
L \The minimum weld ./A gap‘before
dimension shall be welding
the lesser of t, or
4 in. (6 mm).
(1 (2) (3) {4)

UW-27 WELDING PROCESSES

The welding processes that may be used in the con-
struction of vessels under this Part of this Division are
limited to those listed in Section IX, Article II with the fol-
lowing additional restrictions:

(a) Other than pressure inherent to the welding pro-
cesses, no mechanical pressure or blows shall be applied
except as permitted for peening in UW-39.

(b) Arc stud welding and resistance stud welding may
be used only for non-pressure-bearing attachments hav-
ing a load- or non-load-carrying function, except for mate-
rial listed in Table UHT-23, provided that, in the case-ef
ferrous materials, the heat treatment requiremefnts of
UCS-56 are complied with and the requirements of
UW-28(b) and UW-29(a) are met prior to start of produc-
tion welding. Studs shall be limited to 1 in. (25 mm) dia-
meter maximum for round studs and an equivalent
cross-sectional area for studs with othier’shapes.

(c) The electroslag welding progess may be used for
butt welds only in ferritic steelszand austenitic stainless
steels of types listed in UW-5{d), provided the require-
ments of UW-11(a)(6) and\UW-11(d) are satisfied. [See
UW-5(e).]

(d) The electrogas.\welding process may be used for
butt welds only in'ferritic steels and austenitic stainless
steels of typestlisted in UW-5(d), provided the require-
ments of UW~11(a)(6) are satisfied. When a single pass
is greatef than 1% in. (38 mm) in ferritic materials, the
joint shall be given a grain refining (austenitizing) heat
treatment. [See UW-5(e).]

(¢) Welding processes accepted under Section IX Code
Cases shall not be used unless those Code Cases are expli-
citly accepted by this Division.

UW-28 QUALIFICATION OF WELDING
PROCEDURE

(a) Each welding procedure used in joining pressure
parts to pressure parts or joining pressure parts to load-
carrying nonpressure parts, such as all permanent or tem-
porary clips and lugs to pressure parts, shall be recorded
in detailby the Manufacturer and qualified in accordance
with the rules of Section IX.

(b) Tube-to-tubesheet welding shall be qualified in ac-
cordance with Section IX, QW-193 or QW-202.6.

(c) The procedure used in welding non-pressure-
bearing attachments which have essentially no load-
carrying function (such as extended heat transfer sur-
faces, insulation support pins, etc.), to pressure parts shall
meet the following requirements.

(1) When the welding process is manual, machine, or
semiautomatic, procedure qualification is required in ac-
cordance with Section IX.

(2) When the welding is any automatic welding pro-
cess performed in accordance with a Welding Procedure
Specification (in compliance with Section IX as far as ap-
plicable), procedure qualification testing is not required.

(d) Welding of all test coupons shall be conducted by
the Manufacturer. Testing of all test coupons shall be
the responsibility of the Manufacturer. Alternatively,
AWS Standard Welding Procedure Specifications that
have been accepted by Section IX may be used provided
they meet all other requirements of this Division. Qualifi-
cation of a welding procedure by one Manufacturer shall
not qualify that procedure for any other Manufacturer ex-
cept as otherwise provided in Section IX, QG-106.

Welding procedures qualified in accordance with the
simultaneous procedure qualification rules of Section IX,
QG-106.4 are permitted by this Division.

(25)
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UW-29 - UW-32

UW-29 TESTS OF WELDERS AND WELDING
OPERATORS

(a) The welders and welding operators used in welding
pressure parts and in joining load-carrying nonpressure
parts (attachments) to pressure parts shall be qualified
in accordance with Section IX.

(1) The qualification test for welding operators of
machine welding equipment shall be performed on a sep-
arate test plate prior to the start of welding or on the first
workpiece.

(2) When stud welding is used to attach load-
carrying studs, a production stud weld test of each welder
or welding operator shall be performed on a separate test
plate or tube prior to the start of welding on each work
shift. This weld test shall consist of five studs, welded
and tested by the bend or torque stud weld testing proce-
dure described in Section IX.

(b) The welders and welding operators used in welding
non-pressure-bearing attachments, which have essen-
tially no load-carrying function (such as extended heat
transfer surfaces, insulation support pins, etc.), to pres-
sure parts shall comply with the following:

(1) When the welding process is manual, machine, or
semiautomatic, qualification in accordance with Section
IX is required.

(2) When welding is done by any automatic welding
process, performance qualification testing is not required.

(3) When stud welding is used, a production stud
weld test, appropriate to the end use application require-
ments, shall be specified by the Manufacturer and carried
out on a separate test plate or tube at the start of each
shift.

(c) Each welder and welding operator shall be assigned
an identifying number, letter, or symbolby the manufac-
turer which shall be used to identify\the work of that
welder or welding operator in accordance with UW-37(f).

(d) The Manufacturer shall maintain a record of the
welders and welding operators 'showing the date and re-
sult of tests and the identification mark assigned to each.
These records shall be-maintained in accordance with
Section IX.

(e) Welding of dll test coupons shall be conducted by
the Manufact@rer. Testing of all test coupons shall be
the respounsibility of the Manufacturer. A performance
qualificatien test conducted by one Manufacturer shall
not qualify a welder or welding operator to do work for
any other Manufacturer except as provided in Section
1X,-QG-106.

UW-30 LOWEST PERMISSIBLE TEMPERATURES
FOR WELDING

It is recommended that no welding of any kind be done
when the temperature of the base metal is lower than 0°F
(-20°C). At temperatures between 32°F (0°C) and 0°F
(-20°C), the surface of all areas within 3 in. (75 mm) of

to a temperature at least warm to the hand [estimated to
be above 60°F (15°C)] before welding is started. It is rec-
ommended also that no welding be done when surfaces
are wet or covered with ice, when snow is falling on the
surfaces to be welded, or during periods of high wind, un-
less the welders or welding operators and the work are
properly protected.

UW-31 CUTTING, FITTING, AND ALIGNMENT

(a) When plates are shaped by oxygen or are.cutting,
the edges to be welded shall be uniform ahd smooth
and shall be freed of all loose scale and slag @gcumulations
before welding (see UG-76 and UCS-5):

(b) Plates that are being welded shall be fitted, aligned,
and retained in position during the welding operation.

(c) Bars, jacks, clamps, tackwelds, or other appropriate
means may be used to hold the edges of parts in align-
ment. Tack welds used to.s€cure alignment shall either
be removed completely-when they have served their pur-
pose, or their stoppinig-and starting ends shall be properly
prepared by grinding or other suitable means so that they
may be satisfactorily incorporated into the final weld.
Tack welds), whether removed or left in place, shall be
made using a fillet weld or butt weld procedure qualified
in accordance with Section IX. Tack welds to be left in
plae¢ shall be made by welders qualified in accordance
with Section IX, and shall be examined visually for defects,
and if found to be defective shall be removed.

Provided that the work is done under the provisions of
U-2(b), it is not necessary that a subcontractor making
such tack welds for a vessel or parts manufacturer be a
holder of a Code Certificate of Authorization. The require-
ments of UW-26(d) do not apply to such tack welds.

(d) The edges of butt joints shall be held during welding
so that the tolerances of UW-33 are not exceeded in the
completed joint. When fitted girth joints have deviations
exceeding the permitted tolerances, the head or shell ring,
whichever is out-of-true, shall be reformed until the er-
rors are within the limits specified. Where fillet welds
are used, the lapped plates shall fit closely and be kept
in contact during welding.

(e) When joining two parts by the inertia and continu-
ous drive friction welding processes, one of the two parts
must be held in a fixed position and the other part ro-
tated. The two faces to be joined must be essentially sym-
metrical with respect to the axis of rotation. Some of the
basic types of applicable joints are solid round to solid
round, tube to tube, solid round to tube, solid round to
plate, and tube to plate.

UW-32 CLEANING OF SURFACES TO BE WELDED

(a) The surfaces to be welded shall be clean and free of
scale, rust, oil, grease, slag, detrimental oxides, and other
deleterious foreign material. The method and extent of
cleaning should be determined based on the material to
be welded and the contaminants to be removed. When

the point where a weld is to be started should be heated
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surface, all slag shall be removed by a roughing tool, chi-
sel, chipping hammer, or other suitable means so as to
prevent inclusion of impurities in the weld metal.

(b) Cast surfaces to be welded shall be machined,
chipped, or ground to remove foundry scale and to expose
sound metal.

(c) The requirements in (a) and (b) above are not in-
tended to apply to any process of welding by which prop-
er fusion and penetration are otherwise obtained and by
which the weld remains free from defects.

UW-33 ALIGNMENT TOLERANCE

(a) Alignment of sections at edges to be butt welded
shall be such that the maximum offset is not greater than
the applicable amount for the welded joint category (see
UW-3) under consideration, as listed in Table UW-33. The
section thickness t is the nominal thickness of the thinner
section at the joint.

(b) Any offset within the allowable tolerance provided
above shall be faired at a three to one taper over the
width of the finished weld, or if necessary, by adding ad-
ditional weld metal beyond what would otherwise be the
edge of the weld. Such additional weld metal buildup shall
be subject to the requirements of UW-42.

UW-34 SPIN-HOLES

Spin-holes are permitted within heads or segments
thereof to facilitate forming. Spin-holes not exceeding
the size limitations of UG-36(c)(3)(-a) may be closed with
a full-penetration weld using either a welded plug or-weld
metal. The weld and plug shall be no thinner than the
head material adjacent to the spin-hole.

Table UW-33
Maximum Allowable Offset in"Welded Joints

U.S. Customary Units

Joint Category

Section Thickness, in. A B,C,and D
Up to Yy, incl. Yt Yut
Over Y, to %, incl. Y in. at
Over ¥, to 1Y, incl. Yg in. %16 in.
Over 1% to 2, incl! Yg in. Yt
Over 2 Lesser of 1/16t or Lesser of 1/8t or
¥ in. ¥, in.
SI Units
Joint Category
Section Thickness, mm A B,C,and D
Up to 13, incl. at at
Over 13 to 19, incl. 3 mm at
Over 19 to 38, incl. 3 mm 5 mm
Over 38 to 51, incl. 3 mm Yt
Over 51 Lesser of Y6t or Lesser of Ygt or
10 mm 19 mm

These welds shall be examined in accordance with the
specific NDE requirements of a Category D butt weld.
These welds shall not be considered in establishing the
joint efficiency of any part of the head or of the head-to-
shell weld.

UW-35 COMPLETED GROOVE AND FILLET
WELDS

(a) Groove-welded butt, angle, and corner joints shall
achieve complete joint penetration and complete fusion.
Fillet welds shall achieve complete fusion into-the base
metal including the root of the joint but net‘necessarily
beyond.

(b) As-welded surfaces are permitted” However, the
welded surface shall be sufficiently‘free from coarse rip-
ples, grooves, overlaps, and abruptiridges and valleys that
could impair proper interpretation of any required non-
destructive examinations.

If an indication on aradiograph is suspected to be due
to the surface condition“ef the weld, the radiograph shall
be compared to’the actual weld surface to aid in
interpretation.

(c) A reduction in base metal thickness due to the weld-
ing process, including undercut, is acceptable provided
the remdining base metal thickness is not

(1) less than the design thickness at any point
(2) reduced by more than the lesser of Y5 in. (0.8
mm) or 10% of the nominal thickness*’

(d) Weld metal may be added as reinforcement to the
face and root surface of the weld to ensure the weld sur-
face does not fall below the base metal*® surface.

(e) When a single-welded groove weld is made by using
a backing strip that remains in place (Type No. 2 of Table
UW 12), reinforcement requirements apply only to the
weld face. The weld reinforcement thickness on each face
shall not exceed the values shown in Table UW-35-1.

UW-36 FILLET WELDS

DELETED

UW-37 MISCELLANEOUS WELDING
REQUIREMENTS

(a) The reverse side of double-welded joints shall be
prepared by chipping, grinding, or melting out, so as to se-
cure sound metal at the base of weld metal first deposited,
before applying weld metal from the reverse side.

(b) The requirements in (a) above are not intended to
apply to any process of welding by which proper fusion

and penetration are otherwise obtained and by which
the base of the weld remains free from defects

(23)

(25)

(25)
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Table UW-35-1
Maximum Reinforcement for Welded Joints

U.S. Customary Units

Maximum Reinforcement, in.

Material Nominal Category B and C Other
Thickness, in. Butt Welds Welds
Less than %5, Y2 a2
%32 to %16, incl. s e
Over %6 to %y, incl. a2 %2
Over %, to 1, incl. e ¥z
Over 1 to 2, incl. Yy Ys
Over 2 to 3, incl. 1/4 5/32
Over 3 to 4, incl. 1/4 7/32
Over 4 to 5, incl. Ya A
Over 5 S/16 S/16
SI Units
Maximum Reinforcement, mm
Material Nominal Category B and C Other
Thickness, mm Butt Welds Welds
Less than 2.4 2.5 0.8
2.4 to 4.8, incl. 3 1.5
Over 4.8 to 13, incl. 4 2.5
Over 13 to 25, incl. 5 2.5
Over 25 to 51, incl. 6 3
Over 51 to 76, incl. 6 4
Over 76 to 102, incl. 6 5.5
Over 102 to 127, incl. 6 6
Over 127 8 8

(c) If the welding is stopped for any reason, extfa‘care
shall be taken in restarting to get the required/penetra-
tion and fusion. For submerged arc welding, chipping
out a groove in the crater is recommended:

(d) Where single-welded joints ake.uised, particular
care shall be taken in aligning and separating the compo-
nents to be joined so that there will be complete penetra-
tion and fusion at the bottom of'the joint for its full length.

(e) In welding plug welds;a fillet around the bottom of
the hole shall be deposited first.

(f) Welder and Welding Operator Identification

(1) Each weélder and welding operator shall stamp
the identifying-number, letter, or symbol assigned by
the Manufacturer, on or adjacent to and at intervals of
not moreythan 3 ft (1 m) along the welds which they make
in stéel plates Y, in. (6 mm) and over in thickness and in
nonferrous plates %, in. (13 mm) and over in thickness; or
arecord shall be kept by the Manufacturer of welders and
welding operators employed on each joint which shall be
available to the Inspector. For identifying welds on ves-
sels in which the wall thickness is less than Y, in.
(6 mm) for steel material and less than %, in. (13 mm)
for nonferrous material, suitable stencil or other surface
markings shall be used; or a record shall be kept by the
Manufacturer of welders and welding operators em-

plnynd aon each joint which shall be available to the

Inspector; or a stamp may be used provided the vessel
part is not deformed and the following additional require-
ments are met:

(-a) for ferrous materials:

(-1) the materials shall be limited to P-No. 1 Gr.
Nos. 1 and 2;

(-2) the minimum nominal plate thickness shall
be 316 in. (5 mm), or the minimum nominal pipe wall
thickness shall be 0.154 in. (3.91 mm);

(-3) the minimum design metal temperature
shall be no colder than -20°F (-29°C);

(-b) for nonferrous materials:

(-1) the materials shall be lintitéd to aluminum
as follows: SB-209 Alloys 3003, 5083,"5454, and 6061;
SB-241 Alloys 3003, 5083, 5086,.5454, 6061, and 6063;
and SB-247 Alloys 3003, 5083,"and 6061;

(-2) the minimum nominal plate thickness shall
be 0.249 in. (6.32 mm),‘efthe minimum nominal pipe
thickness shall be 0.133in. (3.37 mm).

(2) When a multiple number of permanent nonpres-
sure part loadjbearing attachment welds, nonload-
bearing welds\such as stud welds, or special welds such
as tube-to-tubesheet welds are made on a vessel, the
Manufacturer need not identify the welder or welding op-
erator_that welded each individual joint provided:

(-a) the Manufacturer’s Quality Control System in-
cludes a procedure that will identify the welders or weld-
ing operators that made such welds on each vessel so that
the Inspector can verify that the welders or welding op-
erators were all properly qualified;

(-b) the welds in each category are all of the same
type and configuration and are welded with the same
Welding Procedure Specification.

(3) Permanent identification of welders or welding
operators making tack welds that become part of the final
pressure weld is not required provided the Manufac-
turer’s Quality Control System includes a procedure to
permit the Inspector to verify that such tack welds were
made by qualified welders or welding operators.

(g) The welded joint between two members joined by
the inertia and continuous drive friction welding pro-
cesses shall be a full penetration weld. Visual examination
of the as-welded flash roll of each weld shall be made as
an in-process check. The weld upset shall meet the speci-
fied amount within £10%. The flash shall be removed to
sound metal.

(h) Capacitor discharge welding may be used for weld-
ing temporary attachments and permanent nonstructural
attachments without postweld heat treatment, provided
the following requirements are met:

(1) A Welding Procedure Specification shall be pre-
pared in accordance with Section IX, insofar as possible
describing the capacitor discharge equipment, the combi-
nation of materials to be joined, and the technique of ap-
plication. Qualification of the welding procedure is not
required.

(7) The energy output shall be limited to 125 W-sec
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UW-38 REPAIR OF WELD DEFECTS

Defects, such as cracks, pinholes, and incomplete fu-
sion, detected visually or by the hydrostatic or pneumatic
test or by the examinations prescribed in UW-11 shall be
removed by mechanical means or by thermal gouging
processes, after which the joint shall be rewelded (see
UW-40.5).

UW-39 PEENING

(a) Weld metal and heat-affected zones may be peened
by manual, electric, or pneumatic means when it is
deemed necessary or helpful to control distortion, to re-
lieve residual stresses, or to improve the quality of the
weld. Peening shall not be used on the initial (root) layer
of weld metal nor on the final (face) layer unless the weld
is subsequently postweld heat treated. In no case, how-
ever, is peening to be performed in lieu of any postweld
heat treatment required by these rules.

(b) Controlled shot peening and other similar methods
which are intended only to enhance surface properties of
the vessel or vessel parts shall be performed after any
nondestructive examinations and pressure tests required
by these rules.

UW-40 PROCEDURES FOR POSTWELD HEAT
TREATMENT

UW-40.1 Introduction. Postweld heat treatment
(PWHT) shall be performed following one of the proce-
dures described in UW-40.3 in accordance with the re-
quirements of the applicable Parts in Subsections C and
D. For additional detailed recommendations regarding
implementation and performance of these procedures, re-
fer to Welding Research Council (WRC) Bulletin452, June
2000, “Recommended Practices for LocalyHeating of
Welds in Pressure Vessels.”

UW-40.2 Definition.

soak band: the volume of metal-that is required to be held
at or above the minimum PWHT holding temperatures
listed in the applicable Part‘of Subsection C. As a mini-
mum, the soak band shall-contain the weld, heat-affected
zone, and a portion ‘ef base metal adjacent to the weld
subject to heat treatment. The minimum width of the soak
band shall be the lésser of the width of the weld plus 1t or
2 in. (50 mm),on each side or end of the weld, where t =
nominal thickness (see UW-40.6).

UW-40.3 Treatment Procedures.
UW-40.3.1 Heating the Entire Vessel in an En-
closed Furnace. The preferred PWHT procedure is to
heat the entire vessel in an enclosed furnace.

UW-40.3.2 Heating Oversized Vessels or Parts.
When heating a vessel or part in separate sections, the fol-
lowing requirements shall be met:

(a) The portion outside of the furnace shall be pro-

(b) The cross section where the vessel projects from
the furnace shall not intersect a nozzle or other structural
discontinuity.

(c) There shall be an overlap of at least 5 ft (1.5 m) of
the vessel sections receiving PWHT.

UW-40.3.3 Heating of Shell Sections or Portions
of Vessels. Longitudinal joints or complicated welded de-
tails within vessel portions or shell sections may be sub¢
jected to a PWHT separately before joining them to make
the completed vessel. Welds joining these sections ifi‘the
completed vessel shall receive PWHT in accordance’with
UW-40.3.4 through UW-40.3.8 when required by this
Division.

UW-40.3.4 Heating the Vessel Internally. Vessels
may be heated internally by any suitable means that will
ensure adequate temperature centrol and uniformity.
Temperature indicating andfecording devices shall be
used to monitor and controlthe heat treatment to main-
tain a uniform temperature-distribution in the vessel wall.

(a) Before heating, the'vessel should be fully enclosed
with insulating material, or the intended permanent insu-
lation may be installed if it is suitable for the required
temperature.

(b) The internal pressure in the vessel should be mini-
mized while heating, but shall not exceed 50% of the max-
imum«allowable working pressure for the highest metal
temperature expected during the PWHT.

(c) The heating method shall avoid direct flame impin-
gement on the vessel.

UW-40.3.5 Heating a Circumferential Band. Cir-
cumferential weld joints not previously subjected to
PWHT, nozzles or other welded attachments that require
PWHT added to a new vessel, or areas within new vessels
or components receiving welded repairs may be sub-
jected to a local PWHT as follows:

(a) The joints shall be heated by any suitable means
that will ensure adequate temperature control and
uniformity.

(b) The soak band shall extend around the full circum-
ference with a uniform width that includes the elements
requiring PWHT.

(c) The portion outside the soak band shall be pro-
tected from harmful thermal gradients throughout the
heating and cooling cycle.

(d) The circumferential soak band shall be heated to
the specified temperature and held for the required time.

UW-40.3.5.1 Alternate Method 1. The circum-
ferential soak band may have a varied width in areas
away from the nozzle or attachment weld requiring
PWHT, provided the entire soak band is heated to the spe-
cified temperature and held for the required time.

UW-40.3.5.2 Alternate Method 2. The circum-
ferential soak band may have a constant width around

the entire vessel or component where both the following
canditions are met:

tected from harmful thermal gradipnfc
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(a) The required soak band away from the nozzle or
welded attachment requiring PWHT is heated to a lower
temperature than the required temperature.

(b) The required soak band away from the nozzle or
welded attachment requiring PWHT and areas outside
of the soak band are protected from harmful thermal gra-
dients throughout the heating and cooling cycle.

UW-40.3.6 Heating Circumferential Joints of Pipe
or Tubing.

(a) Circumferential joints in pipe or tubing shall be
treated within a soak band that extends around the entire
circumference.

(b) The portion outside the soak band shall be pro-
tected from harmful thermal gradients.

(c) The designer shall consider the effect of thermal re-
straint for a circumferential joint in the pipe or tube that
is close to the vessel shell. Options include the following:

(1) providing an adequate distance between the cir-
cumferential joint and the vessel shell to prevent harmful
thermal gradients at the nozzle attachment

(2) heating a full circumferential band around the
shell, including the nozzle

UW-40.3.7 Heating Local Area Around Nozzles or
Welded Attachments. When applying PWHT to nozzles
or welded attachments located in larger radius sections
of a double curvature head or a spherical shell or head;
a circular soak band may be applied as follows:

(a) The soak band shall include the nozzle or welded
attachment.

(b) The soak band shall be heated uniformily to the spe-
cified temperature and held for the required time.

(c) The portion of the vessel outside‘of the soak band
shall be protected from harmful thermal gradients.

UW-40.3.8 Heating of Qther Configurations. Lo-
cal area heating of other configurations, such as “spots”
or “bull’s-eye” local heatidg not addressed in UW-40.3.1
through UW-40.3.7, is ' permitted under the following
conditions:

(a) The PWHT. procedure shall be based on documen-
ted experience/or evaluation of sufficiently similar
conditionst

(b) The*PWHT procedure shall address all the
following:

(1) the effects of thermal gradients within the heated
area

(2) all significant structural discontinuities, such as
nozzles, attachments, and head-to-shell junctures

(3) any mechanical loads which may be present dur-
ing PWHT
(4) protection from harmful thermal gradients in the

portions of the vessel or component outside the soak
band

UW-40.4 Application of Heat Treatment.
UW-40.4.1 Holding Temperatures and Heating
and Cooling Rates. The minimum holding temperatures
and the rates of heating and cooling to be used when
PWHT is required for vessels and components are given
in UCS-56, UHT-56, UNF-56, and UHA-32.

UW-40.4.2 Thermocouple Placement. When mul®
tiple pressure vessels or vessel parts are to be heated)in
one furnace charge, thermocouples shall be placediwhere
potential temperature variations are anticipated‘to indi-
cate the true*® temperature for all compenents being
heated.

UW-40.4.3 PWHT of Dissimitar-Materials. Some
PWHT holding temperatures may, have harmful effects
on the properties of dissimilar‘materials.

(a) When pressure parts of.different P-Numbers are
joined by welding, engineefing judgment shall be applied
to the selection of the-helding temperature and holding
time to ensure the resulting material properties are suit-
able for the intended service.

(b) As an alternative, a welding procedure qualified in
accordance ‘with the buttering rules of Section IX,
QW-283"may be used.

UW=40.5 Sequencing of PWHT. When PWHT is re-
quirved, it shall be applied prior to the final pressure test
and after any welded repairs except as otherwise per-
mitted by UCS-56.7. A preliminary pressure test may be
performed prior to applying PWHT to reveal any leaks
that may require repairs.

UW-40.6 Nominal Thickness for Determining PWHT
Requirements. The term “nominal thickness“ as used in
Tables UCS-56-1 through UCS-56-12, UHA-32-1 through
UHA-32-7, and UHT-56 is the thickness of the welded
joint as defined in (a) through (c) below.

(a) When pressure vessels or parts are simultaneously
subjected to PWHT, the nominal thickness is the greatest
value defined in UW-40.6.1 through UW-40.6.7 for all
weld types in any vessel or part that has not been post-
weld heat treated.

(b) The thickness of the head, shell, nozzle neck, or
other parts as used in UW-40.6.1 through UW-40.6.7 shall
be the wall thickness of the part at the welded joint under
consideration.

(c) For plate material, at the Manufacturer’s option, the
thickness shown on the Material Test Report or certificate
of compliance before forming may be used in lieu of mea-
suring the actual thickness at the welded joint.

UW-40.6.1 Butt Joints. When a full-penetration
butt joint connects parts of the same thickness, the nom-
inal thickness is the total depth of the weld exclusive of
any permitted weld reinforcement.

UW-40.6.2 Groove Welds. For single- or double-
sided groove welds, the nominal thickness is the total
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UW-40.6.3 Fillet Welds. For fillet welds, the nom-
inal thickness is the theoretical throat.

UW-40.6.4 Fillet and Groove Welds. If a fillet weld
is used in combination with a groove weld, the nominal
thickness is the greater of the groove depth or the theore-
tical throat.

UW-40.6.5 Stud Welds. The nominal thickness
shall be the diameter of the stud.

UW-40.6.6 Welds of Unequal Thickness. When a
welded joint connects parts of unequal thicknesses, the
nominal thickness shall be the following:

(a) the thinner of the two members in a butt joint, in-
cluding head-to-shell connections

(b) the greater of the shell thickness or the theoretical
fillet weld throat in connections to intermediate heads
of the type shown in Figure UW-13.1, sketch (e)

(c) the thickness of the shell in connections to tube-
sheets, flat heads, covers, flanges (except for welded parts
depicted in Mandatory Appendix 2, Figure 2-4, sketch (7),
where the thickness of the weld shall govern), or similar
constructions

(d) in Figures UW-16.1 and UW-16.2, the greater of the
weld thickness across the nozzle neck, shell, head, rein-
forcing pad, or attachment fillet weld

(e) the thickness of the nozzle neck at the joint connect-
ing a nozzle to a flange

(f) the thickness of the weld at the point of attachment
when a nonpressure part is welded to a pressure part

(g) the thickness of the tube in tube-to-tubesheét
connections

(h) the thickness of the weld metal overlay when‘weld
metal overlay is the only welding applied

UW-40.6.7 Repair Welds. For repairsythe nominal
thickness is the depth of the repair weld,

UW-41 SECTIONING OF WELDED JOINTS

Welded joints may be examined by sectioning when
agreed to by user and Manufacturer, but this examination
shall not be considered a‘substitute for spot radiographic
examination. This typge of examination has no effect on the
joint factors in Table UW-12. The method of closing the
hole by welding,is subject to acceptance by the Inspector.
Some acceptable methods are given in Nonmandatory
Appendix-K.

UW-42 SURFACE WELD METAL BUILDUP

(a) Construction in which deposits of weld metal are
applied to the surface of base metal for the purpose of re-
storing the thickness of the base metal for strength con-
sideration; or modifying the configuration of weld joints
in order to provide the tapered transition requirements
of UW-9(c) and UW-33(b) shall be performed in accor-

(b) Procedure Qualification. A groove welding proce-
dure qualification in accordance with provisions of Sec-
tion IX shall be performed for the thickness of weld
metal deposited, prior to production welding.

(c) Examination Requirements

(1) All weld metal buildup shall be examined over the
full surface of the deposit by either magnetic particle ex-
amination to the requirements of Mandatory Appendix 64
or by liquid penetrant examination to the requirementsef
Mandatory Appendix 8.

(2) When such surface weld metal buildup issused in
welded joints which require full or spot radiographic ex-
amination, the weld metal buildup shall be included in the
examination.

INSPECTION AND TESTS
UW-46 GENERAL

The rules in the following paragraphs apply specifically
to the inspection and testing of pressure vessels and ves-
sel parts that arefabricated by welding and shall be used
in conjunction with the general requirements for Inspec-
tion and Tests'in Subsection A, and with the specific re-
quirements for Inspection and Tests in Subsections C
and D{JFor tests on reinforcing plates, see UG-37(g).]

UW-47 CHECK OF WELDING PROCEDURE

The Inspector shall verify that the welding procedure
employed in the construction of a vessel has been quali-
fied under the provisions of Section IX. The Manufacturer
shall submit evidence to the Inspector that the require-
ments have been met.

UW-48 CHECK OF WELDER AND WELDING
OPERATOR QUALIFICATIONS

(a) The Manufacturer shall certify that the welding on a
vessel has been done only by welders and welding opera-
tors who have been qualified under the requirements of
Section IX and the Inspector shall verify that only quali-
fied welders and welding operators have been used.

(b) The Manufacturer shall make available to the In-
spector the record of the qualification tests of each welder
and welding operator. The Inspector shall have the right
at any time to call for and witness tests of the welding
procedure or of the ability of any welder and welding
operator.

UW-49 CHECK OF POSTWELD HEAT
TREATMENT PRACTICE

The Inspector shall verify that all postweld heat treat-
ment has been correctly performed and that the tempera-

(25)

(25)

(25)

dance with the rules in (h) and (r‘)
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UW-50 NONDESTRUCTIVE EXAMINATION OF
WELDS ON VESSELS TO BE
PNEUMATICALLY TESTED

(a) On welded pressure vessels to be pneumatically
tested in accordance with UG-100, the following shall be
examined before the pneumatic test is performed, for
the purpose of detecting cracks. Examination shall be by
the magnetic particle or liquid penetrant method when
the material is ferromagnetic or by the liquid penetrant
method when the material is nonferromagnetic.

(1) the full length of all welds around openings, ac-
cessible to surface NDE

(2) the full length of all attachment welds having a
throat thickness greater than Y, in. (6 mm), including
welds attaching nonpressure parts to pressure parts, ac-
cessible to surface NDE

(3) any area where welds having a throat thickness
exceeding Y, in. (6 mm) have been removed

(b) The weld joint examination requirements given in
(a) may be waived when the maximum allowable working
pressure of the vessel is no greater than 500 psi (3.5 MPa)
and the following applicable requirement is met:

(1) For Part UCS materials, the governing thickness
as defined in UCS-66(a) shall be limited to a maximum
governing thickness of %, in. (13 mm) for materials as-
signed to Curve A, and 1 in. (25 mm) for materials as-
signed to Curve B, C, or D in Figure UCS-66 (Figure
UCS-66M).

(2) For austenitic chromium-nickel stainless steels
304, 304L, 316, 316L, 321, and 347 in Part UHA, the. max-
imum nominal material thickness shall be ¥, in.,(19mm).

(3) For aluminum, aluminum alloy 3000-séries, alu-
minum alloy 5000 series, and aluminum<lley 6061-T6
in Part UNF, the maximum nominal material thickness
shall be 1 in. (25 mm).

UW-51 RADIOGRAPHIC EXAMINATION OF
WELDED JOINTS

(a) All welded joints to-be'radiographed shall be exam-
ined in accordance with Section V, Article 2, except as spe-
cified below.

(1) A complete-set of radiographic images and radio-
graph review forms, as described in Section V, Article 2,
for each vessel or vessel part shall be retained by the
Manufactirer, as follows:

(a) radiographic images until the radiograph re-
view form has been accepted by the Inspector. Deteriora-
tion of radiographic film is not a violation of the
requirement for the maintenance of the records.

(-b) radiograph review forms as required by Man-
datory Appendix 10, 10-13.

(2) Demonstration of acceptable density on radio-
graphic films and the ability to see the prescribed image
quality indicator (IQI) image and the specified hole or
the designated wire of a wire 1QI shall be considered sat-

(3) The requirements of Section V, Article 2, T-274.2,
are to be used only as a guide for film-based radiography.

(4) As an alternative to the radiographic examination
requirements above, all welds in which the thinner of the
members joined is %, in. (6 mm) thick and greater may be
examined using the ultrasonic (UT) method specified by
UW-53(b) or UW-53(c).

(b) Indications revealed by radiography within a weld
that exceed the following criteria are unacceptable and
therefore are defects:

(1) any indication characterized as a crack.or zone of
incomplete fusion or penetration;
(2) any other elongated indicationlen the radiograph
which has length greater than:
(-a) Y, in. (6 mm) for t aip-to %, in. (19 mm)
(-b) st for t from 3 in. (19 mm) to 2Y, in.
(57 mm)
(-c) %, in. (19 mm) for t over 2Y, in. (57 mm)

where

t = the thickness.of the weld excluding any allowable re-
inforcement. For a butt weld joining two members
having-different thicknesses at the weld, t is the thin-
nefr _of these two thicknesses. If a full penetration
weld includes a fillet weld, the thickness of the throat
of the fillet shall be included in ¢.

(3) any group of aligned indications that have an ag-
gregate length greater than t in a length of 12¢, except
when the distance between the successive imperfections
exceeds 6L where L is the length of the longest imperfec-
tion in the group;

(4) rounded indications in excess of that specified by
the acceptance standards given in Mandatory Appendix 4.

If an indication on a radiograph is suspected to be due
to the surface condition of the weld, the radiograph shall
be compared to the actual weld surface to aid in
interpretation.

Defects shall be repaired as provided in UW-38, and the
repaired area shall be reexamined. In lieu of reexamina-
tion by radiography, the repaired weld may be ultrasoni-
cally examined in accordance with Mandatory Appendix
12 at the Manufacturer’s option. For material thicknesses
in excess of 1 in. (25 mm), the concurrence of the user
shall be obtained. This ultrasonic examination shall be
noted under “Remarks” on the Manufacturer’s Data Re-
port Form.

UW-52 SPOT EXAMINATION OF WELDED JOINTS

NOTE: Spot radiographing of a welded joint is recognized as an effec-
tive inspection tool. The spot radiography rules are also considered
to be an aid to quality control. Spot radiographs made directly after a
welder or an operator has completed a unit of weld proves that the
work is or is not being done in accordance with a satisfactory proce-
dure. If the work is unsatisfactory, corrective steps can then be taken
to improve the welding in the subsequent units, which unquestion-

(25)

isfactorv evidence of rnmplianr‘p with Section V_Article 2

151

ably will improve the weld guality
4 'y T =4


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.1 (ASME BPVC Section 8 Division 1) 2025.pdf

UW-52 - UW-53

ASME BPVC.VIIL.1-2025

Spot radiography in accordance with these rules will not ensure a
fabrication product of predetermined quality level throughout. It
must be realized that an accepted vessel under these spot radiogra-
phy rules may still contain defects which might be disclosed on
further examination. If all radiographically disclosed weld defects
must be eliminated from a vessel, then 100% radiography must be
employed.

(a) Butt-welded joints that are to be spot radiographed
shall be examined locally as provided herein.

(b) Minimum Extent of Spot Radiographic Examination

(1) One spot shall be examined on each vessel for
each 50 ft (15 m) increment of weld or fraction thereof
for which a joint efficiency from column (b) of Table
UW-12 is selected. However, for identical vessels or parts,
each with less than 50 ft (15 m) of weld for which a joint
efficiency from column (b) of Table UW-12 is selected,
50 ft (15 m) increments of weld may be represented by
one spot examination.

(2) For each increment of weld to be examined, a suf-
ficient number of spot radiographs shall be taken to ex-
amine the welding of each welder or welding operator.
Under conditions where two or more welders or welding
operators make weld layers in a joint, or on the two sides
of a double-welded butt joint, one spot may represent the
work of all welders or welding operators.

(3) Each spot examination shall be made as soon as
practicable after completion of the increment of weld to
be examined. The location of the spot shall be chosen
by the Inspector after completion of the increment of
welding to be examined, except that when the Inspector
has been notified in advance and cannot be present ér
otherwise make the selection, the Manufacturer may se-
lect the spots.

(4) Radiographs required at specific locations*to sat-
isfy the rules of other paragraphs, such assUW-9(d),
UW-11(a)(5)(-b), and UW-14.2, shall not be used to satis-
fy the requirements for spot radiography

(c) Standards for Spot Radiographic'Examination. Spot
examination by radiography shall;be made in accordance
with the technique prescribed‘in UW-51(a). The mini-
mum length of spot radiograph shall be 6 in. (150 mm).
Spot radiographs may\be retained or be discarded by
the Manufacturer aftérlacceptance of the vessel by the In-
spector. The acceptability of welds examined by spot
radiography shall be judged by the following standards:

(1) Welds\in which indications are characterized as
cracks orzones of incomplete fusion or penetration shall
be unacceptable.

(2) Welds having indications characterized as slag in-
clusions or cavities are unacceptable when the indication
length exceeds %st, where t is defined as shown in
UW-51(b)(2). For all thicknesses, indications less than
Y, in. (6 mm) are acceptable, and indications greater than
%, in. (19 mm) are unacceptable. Multiple aligned indica-
tions meeting these acceptance criteria are acceptable
when the sum of their longest dimensions indications

does not exceed t within a ]nhgfh of 6t (nr prnpnrtinna”y

for radiographs shorter than 6t), and when the longest
length L for each indication is separated by a distance
not less than 3L from adjacent indications.

(3) Rounded indications are not a factor in the ac-
ceptability of welds not required to be fully radiographed.

(d) Evaluation and Retests

(1) When a spot, radiographed as required in (b)(1)
or (b)(2) above, is acceptable in accordance with (c)(1)
and (c)(2) above, the entire weld increment represented
by this radiograph is acceptable.

(2) When a spot, radiographed as required in((b)(1)
or (b)(2) above, has been examined and the radiograph
discloses welding which does not comply with’/the mini-
mum quality requirements of (c)(1) er, (¢)(2) above,
two additional spots shall be radiographically examined
in the same weld increment at locations away from the
original spot. The locations of thesé.additional spots shall
be determined by the Inspector<or fabricator as provided
for the original spot examination in (b)(3) above.

(-a) If the two additional spots examined show
welding which meets the'minimum quality requirements
of (c)(1) and (c)(2).above, the entire weld increment rep-
resented by the ‘three radiographs is acceptable provided
the defects disclosed by the first of the three radiographs
are removed-dnd the area repaired by welding. The weld
repaired/area shall be radiographically examined in ac-
cordance with the foregoing requirements of UW-52.

(-b) If either of the two additional spots examined
shows welding which does not comply with the minimum
quality requirements of (c)(1) or (c)(2) above, the entire
increment of weld represented shall be rejected. The en-
tire rejected weld shall be removed and the joint shall be
rewelded or, at the fabricator’s option, the entire incre-
ment of weld represented shall be completely radio-
graphed and only defects need be corrected.

(-c) Repair welding shall be performed using a
qualified procedure and in a manner acceptable to the In-
spector. The rewelded joint, or the weld repaired areas,
shall be spot radiographically examined at one location
in accordance with the foregoing requirements of UW-52.

UW-53 ULTRASONIC EXAMINATION OF WELDED
JOINTS

(a) Ultrasonic examination of welded joints whose joint
efficiency is not determined by ultrasonic examinations
may be performed and evaluated in accordance with Man-
datory Appendix 12.

(b) Ultrasonic examination of welds per UW-51(a)(4)
shall be performed and evaluated in accordance with
the requirements of Section VIII, Division 2, 7.5.5.

(c) Phased array manual raster ultrasonic examina-
tions may be used to establish the joint efficiency of the
final closure seam of a pressure vessel whose construc-
tion, geometric configuration, or accessibility prohibits
obtaining interpretable radiographs in accordance with
UW-51(a) and the ultrasonic examination requirements

of (h) when all of the Fn”nvving conditions are met:
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(1) The absence of suitable radiographic or ultraso-
nic examination equipment shall not be considered ac-
ceptable justification for using these provisions.

(2) The examination shall be performed in accor-
dance with a written procedure conforming to the re-
quirements of Section V, Article 4, Mandatory
Appendices IV and V, applying phased array manual ras-
ter ultrasonic examination techniques with a linear array.

(3) The examination procedure shall be qualified as
set forth in Section V, Article 1, T-150(d) and Section V,
Article 4, Mandatory Appendix IX.

(4) Contractor qualification records of certified per-
sonnel shall be reviewed and approved by the Manufac-
turer and maintained by their employer.

(5) Only qualified UT personnel trained in the use of
the equipment who have either participated in the proce-
dure qualification or have successfully passed a perfor-
mance demonstration as set forth in Section V, Article 1,
T-150(a) shall conduct production scans.

(6) The examination shall employ a scanner having
data acquisition, encoding, and analysis abilities.

(7) An initial straight beam material examination for
reflectors that could interfere with the angle beam exam-
ination shall be performed manually (see Section V,
Article 4, T-472).

(8) For material thickness greater than 8 in. (200
mm), the area to be examined shall include the volume
of the weld plus 2 in. (50 mm) on each side of the weld.

(9) For material thickness 8 in. (200 mm) or less, the
area to be examined shall include the volume of the weld
plus the lesser of 1 in. (25 mm) or t on each side of the
weld. Alternatively, the area to be examined may-be re-
duced to include the actual heat-affected zon€ (HAZ) plus
Y, in. (6 mm) of base material beyond thée/héat-affected
zone on each side of the weld, provided.the following re-
quirements are met:

(-a) The extent of the weld\HAZ is measured and
documented during the weld qualification process.

(-b) The ultrasonic transducer positioning is con-
trolled using a reference miark (paint or low-stress stamp
adjacent to the weld) orother means that ensure that the
actual HAZ plus an-additional %, in. (6 mm) of base metal
is examined.

(10) Calibration of the examination system shall be
performed in accordance with the applicable require-
ments of Section V, Article 4, T-460.

(11) Flaw sizing shall be in accordance with Section
VIII, Division 2, 7.5.5.2.

(12) Flaw evaluation and acceptance shall be in ac-
cordance with Section VIII, Division 2, 7.5.5.3.

A maximum weld joint efficiency of E = 1.0 may be as-
signed to final closure seams that are found to be‘accept-
able following these examination rules. An entry shall be
included in the “Remarks” section of the Mahufacturer’s
Data Report that states “Ultrasonic examination of the
vessel closure seam was performed under the rules of (c).

UW-54 QUALIFICATION OFP NONDESTRUCTIVE
EXAMINATION PERSONNEL

Personnel performing hondestructive examinations in
accordance with UW-51,"UW-52, or UW-53 shall be qual-
ified and certified in\accordance with the requirements of
Section V, Article~1, T-120(e), T-120(f), T-120(g),
T-120(i), T-120(j), or T-120(k), as applicable.

UW-55_ ,DIFFUSION WELDING EXAMINATION

Kiquid penetrant examination shall be performed on
the)plate edges of the diffusion-welded plate pack in ac-
cordance with Mandatory Appendix 8.

(a) When machining of the plate edges is performed,
the examination shall be performed after machining.

(b) Diffusion-welded joints shall be exempt from liquid
penetrant examination in areas where channels are open
to the surface of the diffusion-welded plate pack. This ex-
clusion also includes a border around the open channel
area smaller than 5 times the channel height.

MARKING AND REPORTS
UW-60 GENERAL

The provisions for marking and reports, UG-115
through UG-120, shall apply without supplement to
welded pressure vessels.
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PART UF
REQUIREMENTS FOR PRESSURE VESSELS FABRICATED BY
FORGING

GENERAL
UF-1 SCOPE

The rules in Part UF are applicable to forged pressure
vessels without longitudinal joints, including their com-
ponent parts that are fabricated of carbon and low alloy
steels or of high alloy steels within the limitations of Part
UHA. These rules shall be used in conjunction with the ap-
plicable requirements in Subsection A, and with the spe-
cific requirements in Subsections C and D.

MATERIALS
UF-5 GENERAL

(a) Materials used in the construction of forged pres-
sure vessels shall comply with the requirements for mate-
rials given in UG-4 through UG-14, except as specifically
limited or extended in (b) and (c) below, and in UF-6.

(b) The heat analysis of forgings to be fabricated by
welding shall not exceed carbon 0.35%. However, when
the welding involves only minor nonpressure/attach-
ments as limited in UF-32, seal welding of thréaded con-
nections as permitted in UF-43, or repairs as\limited by
UF-37, the carbon content shall not exceed‘0:50% by heat
analysis. When by heat analysis the carbon analysis ex-
ceeds 0.50% no welding is permitted:

(c) SA-372 materials that are‘subjected to liquid
quench and temper heat treatmeént and that have a speci-
fied minimum tensile strefigth exceeding 95 ksi (655
MPa) may be subjected.to_accelerated cooling or may be
quenched and tempéred to attain their specified mini-
mum properties provided

(1) after heat treatment, inspection for injurious de-
fects shall be.performed according to UF-31(b)(1);

(2) teénsile strength shall not be greater than
20,0007psi (140 MPa) above their specified minimum ten-
sile(strength.

(d) For vessels constructed of SA-372 Grade ], Class
110; Grade L; Grade N, Class 100 or 120; or Grade P, Class
100 or 120 material, transverse impact tests shall be
made at the minimum allowable temperature in accor-
dance with Part UHT, except in no case shall the test tem-
perature be higher than -20°F (-29°C). Certification is

required. An ultrasonic examination shall be made in ac-
cordance with UF-55

UF-6 FORGINGS

All materials subject to stress due to presguré’shall con-
form to one of the specifications given in Section II and
limited to those listed in Tables UCS:28"and UHA-23 for
forgings or to plates, and seamless\pipe and tube when
such material is further processedby a forging operation.

UF-7 FORGED STEEL‘ROLLS USED FOR
CORRUGATING PAPER MACHINERY

Materials and rules of construction to be applied in the
manufacture ofiforged steel corrugating and pressure
rolls used in-machinery for producing corrugated paper
are covered‘in Section II, Part A, SA-649.

DESIGN
UF-12 GENERAL

The rules in the following paragraphs apply specifically
to vessels or main sections of vessels that are forged from
ingots, slabs, billets, plate, pipe, or tubes, and shall be
used to supplement the requirements for design which
are applicable, as given in UG-16 through UG-55, and
those given in UCS-16 through UCS-67, and UHA-20
through UHA-34. Sections of vessels may be joined by
any method permitted in the several parts of this Division
except as limited in UF-5(b) and UF-5(c).

Vessels constructed of SA-372 forging material must be
of streamlined design, and stress raisers, such as abrupt
changes in section, shall be minimized. Openings in ves-
sels constructed of liquid quenched and tempered materi-
als, other than austenitic steel, shall be reinforced in
accordance with UG-37; UG-36(c)(3) shall not apply.

The nominal wall thickness of the cylindrical shell of
vessels constructed of SA-372 Grade J, Class 110 shall
not exceed 2 in. (50 mm).

UF-13 HEAD DESIGN

(a) The minimum required thickness of forged heads
shall be computed using the equations of UG-32. When
heads are made separate from the body forging they
may be attached by any method permitted in the several
parts of this Division except as limited in UF-5(b) and
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(b) The juncture of a forged conical head with the body
shall be a knuckle, the inside radius of which shall be not
less than 6% of the internal diameter of the vessel. The
thickness at the knuckle shall be not less than that of
the cylinder and shall be faired into that of the head at
the base of the cone.

(c) Except for the 3t requirements in UG-32(i) the de-
sign of the head shall comply with the applicable provi-
sions of UG-32, UG-33, UG-34, and 1-6.

UF-25 CORROSION ALLOWANCE

Provision shall be made for corrosion in accordance
with the requirements in UG-25.

FABRICATION
UF-26 GENERAL

The rules in the following paragraphs supplement the
applicable requirements for fabrication given in UG-75
through UG-84 and UCS-79. For high alloy steel forged
vessels, the applicable paragraphs of Part UHA shall also

apply.
UF-27 TOLERANCES ON BODY FORGINGS

(a) The inner surface of the body shall be true-to-round
to the degree that the maximum difference between any
two diameters at 90 deg to each other, determined for
any critical cross section, does not exceed 1% of the mean
diameter at that section. Chip marks and minor deptes=
sions in the inner surface may be filled by welding to‘'meet
these tolerances when the welding is done as petmitted in
UF-32.

(b) If out-of-roundness exceeds the limitdn (a) and the
condition cannot be corrected, the forging shall be re-
jected except that if the out-of-roundness does not exceed
3%, the forging may be certified.fof“a lower pressure in
the formula:

and in which

where

D4, D, = the inside diameters maximum and minimum,
respectively, as measured for the critical sec-
tion, and for one additional section in each di-
rection therefrom at a distance not exceeding
0.2D,. The average of the three readings for

D1 and D, respectively, shall be inserted in
the formula

E = modulus of elasticity of material at design
temperature
P = maximum allowable working pressure for forg-
ing meeting the requirements of (a)
R, = average inside radius at critical section
= 1/4 (D1 + D7)
R, = average radius to middle of shell wall at critical
section
= Yo (D1 + D3) + /2
S = design stress value, psi (kPa), at metal service
temperature
S, = bending stress at metal service temperature
t = the average (mean) thickness
NOTES:

(1) Use P’ =P when S}, is less than)0:25S.
(2) In all measurements, correetfor corrosion allowance if
specified.

UF-28 METHODS(OF FORMING FORGED HEADS

Forged heads shall be made either by closing in exten-
sions of the body ef such shape and dimensions as may be
required to produce the final form desired, or by separate
forgings [see UF-13(a)].

UF-29. TOLERANCE ON FORGED HEADS

Forged heads shall be as true as it is practicable to
make them to the shape shown on the design drawings.
Any deviations therefrom shall merge smoothly into the
general shape of the head and shall not evidence a de-
crease of strength for the sections as required by the
equations for design.

UF-30 LOCALIZED THIN AREAS

Forgings are permitted to have small areas thinner
than required if the adjacent areas surrounding each have
sufficient thickness to provide the necessary reinforce-
ment according to the rules for reinforcement in UG-40.

UF-31 HEAT TREATMENT

(a) Normalized or Annealed Material

(1) After all forging is completed, each vessel or
forged part fabricated without welding shall be heat treat-
ed in accordance with the applicable material specifica-
tion. When defects are repaired by welding, subsequent
heat treatment may be necessary in accordance with
UF-37(Db).

(2) Vessels fabricated by welding of forged parts re-
quiring heat treatment shall be heat treated in accordance
with the applicable material specification as follows:

(-a) after all welding is completed; or

(-b) prior to welding, followed by postweld heat
treatment of the finished weld in accordance with UW-40;

(-c) when the welding involves only minor non-
pressure attachments to vessels having carbon content
exceeding 0.35% but not exceeding 0.50% by ladle anal-
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In the case of austenitic steels, the heat treatment proce-
dures followed shall be in accordance with UHA-32.

(b) Liquid Quenched SA-372. Vessels fabricated from
SA-372 forging material to be liquid quenched and tem-
pered shall be subjected to this heat treatment in accor-
dance with the applicable material specifications after
the completion of all forging, welding of nonpressure at-
tachments as permitted by UF-32, and repair welding as
limited by UF-37. Seal welding of threaded connections,
as permitted in UF-43, may be performed either before
or after this heat treatment.

(1) After final heat treatment, such vessels shall be
examined for the presence of cracks on the outside sur-
face of the shell portion and on the inside surface where
practicable. This examination shall be made by liquid pen-
etrant when the material is nonferromagnetic and by lig-
uid penetrant or magnetic particle examination when the
material is ferromagnetic.

(2) After final heat treatment, liquid quenched and
tempered vessels, except as provided in (3) below, shall
be subjected to Brinell hardness tests in at least three dif-
ferent locations representing approximately the center
and each end of the heat-treated shell. The tests shall
meet the following requirements:

(-a) The distance between adjacent test locations
shall be not more than 5 ft (1.5 m).

(-b) A minimum of four hardness readings shall be
taken at each location.

(-c) The average of the four readings (HB,y.)(at
each location shall be calculated and the range of alkaver-
age values shall not exceed 40 Brinell scale.

(-d) The specified minimum and maxitnum tensile
strengths of SA-372 forging shall be convérted to Brinell
hardness values as HB i, and HB ,, ., L€Spectively, in ac-
cordance with ASME SA-370. HB, . values shall be not
less than 90% of HB i, and not-more than HB ., .

Other hardness testing methods, except superficial
or micro hardness, may be.used and converted to Brinell
numbers in accordance with ASME SA-370. Reheat treat-
ment is permitted ifthehardness test results do not meet
the above requirements

(3) For vessels which are integrally forged, having an
overall lengthi less than 5 ft (1.5 m) and a nominal thick-
ness not'‘exceeding Y, in. (13 mm), the requirements of
(2) above may be modified by taking a minimum of two
hardness readings at each end of the vessel. These four
hardness readings shall satisfy the requirements of (2)
above as if the four hardnesses were applicable to one
section.

(c) Non-Heat-Treated Material. Postweld heat treat-
ment of vessels fabricated by welding of forged parts

not requiring heat treatment shall meet with the require-
ments of UCS-56

UF-32 WELDING FOR FABRICATION

(a) All welding used in connection with the fabrication
of forged vessels or components shall comply with the ap-
plicable requirements of Parts UW, UCS, and UHA and
UF-5(b) except as modified in (b) and (c) below. Proce-
dure qualification in accordance with Section IX shall be
performed with the heat treatment condition of the base
metal and weld metal as in UF-31 as contemplated for the
actual work.

(b) When the carbon content of the material -ekceeds
0.35% by ladle analysis, the vessel or part shall'be fabri-
cated without welding of any kind, except for.repairs [see
UF-37(b)], for seal welding of threaded cohnections as
permitted in UF-43, and for minor nohpressure attach-
ments. Minor nonpressure attachmeénts shall be joined
by fillet welds of not over Y, in. (6 mm) throat dimen-
sions. Such welding shall be allowed under the following
conditions:

(1) The suitability, of the electrode and procedure
shall be established'by making a groove weld specimen
as shown in Section‘IX, Figure QW-461.2 in material of
the same analysis ‘and of thickness in conformance with
Section IX,QW=451. The specimen before welding shall
be in the,same condition of heat treatment as the work
it repTesents, and after welding the specimen shall be
subjected to heat treatment equivalent to that contem-
plated for the work. Tensile and bend tests, as shown in
Section IX, Figures QW-462.1(a) through QW-462.1(e)
and Figures QW-462.2 and QW-462.3(a), shall be made.
These tests shall meet the requirements of Section IX,
QW-150 and QW-160. The radius of the mandrel used
in the guided bend test shall be as follows:

Specimen Radius of Mandrel, B Radius of Die, D
Thickness [Note (1)] [Note (1)]

¥ in. (10 mm) 1Y%, in. (38 mm) 1Y, in. (42 mm)

t 3Vt 4Yt + Y6 in. (1.5 mm)

NOTE:

(1) Corresponds to dimensions B and D in Section IX, Figure
QW-466.1, and other dimensions to be in proportion.

Any cutting and gouging processes used in the repair
work shall be included as part of the procedure
qualification.

(2) Welders shall be qualified for fillet welding speci-
fied by making and testing a specimen in accordance with
Section IX, QW-180 and Figure QW-462.4(b). Welders
shall be qualified for repair welding by making a test plate
in accordance with Section IX, Figure QW-461.3 from
which the bend tests outlined in Section IX, QW-452 shall
be made. The electrode used in making these tests shall
be of the same classification number as that specified in
the procedure. The material for these tests can be carbon
steel plate or pipe provided the test specimens are pre-
heated, welded and postheated in accordance with the

(25)
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(3) The finished weld shall be postweld heat treated
or given a further heat treatment as required by the appli-
cable material specification. The types of welding per-
mitted in (b) shall be performed prior to final heat
treatment except for seal welding of threaded openings
which may be performed either before or after final heat
treatment.

(4) The finished welds shall be examined after post-
weld heat treatment by liquid penetrant when the mate-
rial is nonferromagnetic and by liquid penetrant or
magnetic particle examination using the prod method
when the material is ferromagnetic.

(c) The following requirements shall be used to qualify
welding procedure and welder performance for seal
welding of threaded connections in seamless forged pres-
sure vessels of SA-372 Grades A, B, C, D, E, F, G, H, and ]
materials:

(1) The suitability of the welding procedure, includ-
ing electrode, and the welder performance shall be estab-
lished by making a seal weld in the welding position to be
used for the actual work and in a full-size prototype of the
vessel neck, including at least some portion of the inte-
grally forged head, conforming to the requirements of
UF-43 and the same geometry, thickness, vessel material
type, threaded-plug material type, and heat treatment as
that for the production vessel it represents.

(2) The seal weld in the prototype at the threaded
connection of the neck and plug shall be cross sectioned
to provide four macro-test specimens taken 90 deg apart.

(3) One face of each cross section shall be smoothed
and etched with suitable etchant (see Section IX, QW+<470)
to give a clear definition of the weld metal and-heat-
affected zone. Visual examination of the crdoSs*sections
of the weld metal and heat-affected zone shall show com-
plete fusion and freedom from cracks.

(4) All production welding shall'\be done in accor-
dance with the procedure qualifiecation of (1) above, in-
cluding the preheat and the electrode of the same
classification as that specified in the procedure, and with
welders qualified using that-procedure.

(5) Seal welding ofthreaded connections may be per-
formed either before or after final heat treatment.

(6) The finished weld shall be examined by liquid
penetrant or mdgnetic particle examination using the
prod method.

(d) Welding of SA-372 Grades N and P is prohibited.

UE-37 REPAIR OF DEFECTS IN MATERIAL

(a) Surface defects, such as chip marks, blemishes, or
other irregularities, shall be removed by grinding or ma-
chining and the surface exposed shall be blended
smoothly into the adjacent area where sufficient wall
thickness permits thin areas in compliance with the re-
quirements of UF-30.

(b) Thinning to remove imperfections beyond those
permitted in UF-30 may be repaired by welding only after

sound metal as shown by acid etch or any other suitable
method of examination. The welding shall be as outlined
below.

(1) Material Having Carbon Content of 0.35% or Less
(by Ladle Analysis)

(-a) The welding procedure and welders shall be
qualified in accordance with Section IX.

(-b) Postweld heat treatment after welding shall
be governed as follows.

(-1) All welding shall be postweld heatitreated if
UCS-56 requires postweld heat treatment; for all thick-
nesses of material of the analysis being uséd.

(-2) Fillet welds need not be postweld heat
treated unless required by (-1) above or unless the fillet
welds exceed the limits given-in{UCS-56.

(-3) Repair welding shall be postweld heat
treated when required.by” (-1) above or if it exceeds
6 in.” (4 000 mm?) at-any spot or if the maximum depth
exceeds Y, in. (6 mn).

(-c) Repair welding shall be radiographed if the
maximum depth exceeds ¥ in. (10 mm). Repair welds
%, in. (10 mm) and under in depth which exceed 6 in.?
(4 000,mm?) at any spot and those made in materials re-
quifing postweld heat treatment shall be examined by
radiographing, magnetic particle or liquid penetrant ex-
amination, or any alternative method suitable for reveal-
ing cracks.

(-d) For liquid quenched and tempered steels,
other than austenitic steels, welding repairs shall be in ac-
cordance with (3).

(2) Material Having Carbon Content Over 0.35% (by
Ladle Analysis)

(-a) Welding repairs shall conform with UF-32(b)
except that if the maximum weld depth exceeds Y, in.
(6 mm), radiography, in addition to magnetic particle or
liquid penetrant examination, shall be used.

(-b) For liquid quenched and tempered steels,
other than austenitic steel, welding repair shall be in ac-
cordance with (3) below.

(3) Welding repairs of materials which are to be or
have been liquid quenched and tempered, regardless of
depth or area of repairs, shall have the repaired area
radiographed and examined by magnetic particle or liq-
uid penetrant examination.

(4) Repair welding of SA-372 Grades N and P is
prohibited.

UF-38 REPAIR OF WELD DEFECTS

The repair of welds of forgings having carbon content
not exceeding 0.35% by ladle analysis shall follow the re-
quirements of UW-38. Welding of SA-372 Grades N and P

acceptance by the Incpprfnr Defects shall be removed to
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UF-43 ATTACHMENT OF THREADED NOZZLES
TO INTEGRALLY FORGED NECKS AND
THICKENED HEADS ON VESSELS

Threaded openings, over NPS 3 (DN 80), but not ex-
ceeding the smaller of one-half of the vessel diameter or
NPS 8 (DN 200), may be used in the heads of vessels hav-
ing integrally forged heads and necks that are so shaped
and thickened as to provide a center opening, which shall
meet the rules governing openings and reinforcements
contained elsewhere in the Code. Length of thread shall
be calculated for the opening design, but shall not be less
than shown in Table UG-43. Threaded connections em-
ploying straight threads shall provide for mechanical
seating of the assembly by a shoulder or similar means.
When seal welding is employed in the installation of a
threaded nozzle, the work shall be performed and in-
spected in the shop of the vessel manufacturer. Seal weld-
ing shall comply with UF-32.

INSPECTION AND TESTS
UF-45 GENERAL

The rules in the following paragraphs apply specifically
to the inspection and testing of forged vessels and their
component parts. These rules shall be used to supplement
the applicable requirements for inspection and tests giv-
en throughout this Part and in UG-90 through UG-102.
All forged vessels shall be examined as manufacture pro-
ceeds, to assure freedom from loose scale, gouges or
grooves, and cracks or seams that are visible. After fabri*
cation has passed the machining stage, the vessel body
shall be measured at suitable intervals along ifs length
to get a record of variations in wall thickness, and the noz-
zles for connecting piping and other impoxtant details
shall be checked for conformity to the design dimensions.

UF-46 ACCEPTANCE BY INSPECTOR

Surfaces which are not to bésmachined shall be care-
fully inspected for visible defects such as seams, laps, or
folds. On surfaces to be, machined the inspection shall
be made after machining. Regions from which defective
material has been(removed shall be inspected after re-
moval and again after any necessary repair.

UF-47 _PARTS FORGING

(a) When welding is used in the fabrication of parts
forgings completed elsewhere, the parts forging manufac-
turer shall furnish a Nonmandatory Appendix W, Form
U:2 Partial Data Report.

(b) All parts forgings completed elsewhere shall be
marked with the manufacturer’s name and the forging
identification, including material designation. Should
identifying marks be obliterated in the fabrication pro-
cess, and for small parts, other means of identification

reports of chemical and mechanical properties of the ma-
terial and certification that each forging conforms to all
requirements of Part UF.

(c) Parts forgings furnished as material for which parts
Data Reports are not required need not be inspected at
the plant of the forging manufacturer, but the manufac-
turer shall furnish a report of the extent and location of
any repairs together with certification that they were
made in accordance with all other requirementscof
UF-37 and UF-38. If desired, welding repairs of such forg-
ings may be made, inspected, and tested at the shop_of the
pressure vessel manufacturer.

UF-52 CHECK OF HEAT TREATMENT AND
POSTWELD HEAT TREATMENT

The Inspector shall check the’ provisions made for heat
treatment to ensure that the heat treatment is carried out
in accordance with provi$ions of UF-31 and UF-32. The
Inspector shall also verify that postweld heat treatment
is done after repair*welding when required under the
rules of UF-37.

UF-53 -TEST SPECIMENS

WHhen test specimens are to be taken under the applica-
bl€ specification, the Inspector shall be allowed to witness
the'selection, place the identifying stamping on them, and
witness the testing of these specimens.

UF-54 TESTS AND RETESTS

Tests and retests shall be made in accordance with the
requirements of the material specification.

UF-55 ULTRASONIC EXAMINATION

(a) For vessels constructed of SA-372 Grade ], Class
110; or Grades N and P, Classes 100 and 120 material,
the completed vessel after heat treatment shall be exam-
ined ultrasonically in accordance with SA-388. The refer-
ence specimen shall have the same nominal thickness,
composition, and heat treatment as the vessel it repre-
sents. Angle beam examination shall be calibrated with
a notch of a depth equal to 5% of the nominal section
thickness, a length of approximately 1 in. (25 mm), and
a width not greater than twice its depth.

(b) A vessel is unacceptable if examination results show
one or more imperfections which produce indications ex-
ceeding in amplitude the indication from the calibrated
notch. Round bottom surface imperfections, such as pits,
scores, and conditioned areas, producing indications ex-
ceeding the amplitude of the calibrated notch shall be ac-
ceptable if the thickness below the indication is not less

than the design wall thickness of the vessel, and its sides
are faired to a ratio of not less than three to one

(25)

shall bhe used _The Fnrgihg manufacturer shall furnish

158


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.1 (ASME BPVC Section 8 Division 1) 2025.pdf

ASME BPVC.VIIL.1-2025

UF-115

MARKING AND REPORTS

UF-115 GENERAL

The rules of UG-115 through UG-120 shall apply to
forged vessels as far as practicable. Vessels constructed
of liquid quenched and tempered material, other than
austenitic steels, shall be marked on the thickened head,
unless a nameplate is used.

159


https://asmenormdoc.com/api2/?name=ASME BPVC.VIII.1 (ASME BPVC Section 8 Division 1) 2025.pdf

UB-1 - UB-5

ASME BPVC.VIIL.1-2025

(25)

PART UB
REQUIREMENTS FOR PRESSURE VESSELS FABRICATED BY
BRAZING

GENERAL
UB-1 SCOPE

(a) The rules in Part UB are applicable to pressure ves-
sels and parts thereof that are fabricated by brazing and
shall be used in conjunction with the general require-
ments in Subsection A, and with the specific requirements
in Subsections C and D.

(b) Definition. The term brazing as used in Part UB is
defined as a group of welding processes that produce coa-
lescence of materials by heating them to the brazing tem-
perature in the presence of a filler metal having liquidus
above 840°F (450°C) and below the solidus of the base
metal. The filler metal is distributed between the closely
fitted surfaces of the joint by capillary attraction.

(c) Specific brazing processes which are permitted for
use under this Division are classified by method of heat-
ing as follows:

(1) torch brazing

(2) furnace brazing

(3) induction brazing

(4) electrical resistance brazing

(5) dip brazing — salt and flux bath

UB-2 ELEVATED TEMPERATURE

Operating temperature is dependent on thedbrazing fil-
ler metal as well as on the base metals peing joined. The
maximum allowable operating temperatures for the braz-
ing filler metals are shown in Tablé\UB-2.

UB-3 SERVICE RESTRICTIONS

Brazed vessels shall notbe used for services as follows:
(a) lethal serviceslas defined in UW-2(a)

(b) unfired steamiboilers [see U-1(g)(1)]

(c) direct firing [see UW-2(d)]

MATERIALS
UB-5 GENERAL

(a) Materials used in the construction of pressure ves-
sels and parts thereof by brazing shall conform to the spe-
cifications in Section II and shall be limited to those
materials for which allowable stress values have been as-
signed in the tables referenced by UG-23.

(b) Combinations of dissimilar metals may be joined by
brazing provided they meet the qualification require-
ments of Section IX, and the additional requirements of
UB-12 when applicable.

Table UB-2
Maximum Design Temperatures for Brazing Filler Metal

Column 1 Temperature,

°F (°C), Below Which
Section IX Tests Only Are

Filler Metal

Column 2 Temperature Range,
°F (°C), Requiring Section IX

Classification Required and Additional Tests
BCuP 300 (150) 300-350 (150-180)
BAg 400 (200) 400-500 (200-260)
BCuZn 400 (200) 400-500 (200-260)
BCu 400 (200) 400-650 (200-340)
BAISi 300 (150) 300-350 (150-180)
BNi 1,200 (650) 1,200-1,500 (650-815)
BAu 800 (430) 800-900 (430-480)
BMg 250 (120) 250-275 (120-135)

GENERAL NOTE:

Temperatures based on AWS recommendations.
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UB-6 - UB-15

UB-6 BRAZING FILLER METALS

The selection of the brazing filler metal for a specific
application shall depend upon its suitability for the base
metals being joined and the intended service. Satisfactory
qualification of the brazing procedure under Section IX
and when necessary based on design temperature, with
the additional requirements of this Section, is considered
proof of the suitability of the filler metal. Brazing with
brazing filler metals other than those listed in Section IJ,
Part C, SFA-5.8 shall be separately qualified for both pro-
cedure and performance qualification in accordance with
Section IX and when necessary with the additional re-
quirements of this Section.

UB-7 FLUXES AND ATMOSPHERES

Suitable fluxes or atmospheres or combinations of
fluxes and atmospheres shall be used to prevent oxidation
of the brazing filler metal and the surfaces to be joined.
Satisfactory qualification of the brazing procedure under
Section IX and when necessary based on design tempera-
ture, with the additional requirements of this Section, is
considered proof of the suitability of the flux and/or
atmosphere.

DESIGN
UB-9 GENERAL

The rules in the following paragraphs apply spec¢ifically
to pressure vessels and parts thereof that are fabricated
by brazing and shall be used in conjunction’with the gen-
eral requirements for Design in Subsection A, and the spe-
cific requirements for Design in Subséctions C and D.

UB-10 STRENGTH OF BRAZED JOINTS

It is the responsibility of the Manufacturer to determine
from suitable tests or from experience that the specific
brazing filler metalselected can produce a joint which
will have adequate_strength at design temperature. The
strength of the brazed joint shall not be less than the
strength of the base metal, or the weaker of two base me-
tals in thesease of dissimilar metal joints.

UB-11 QUALIFICATION OF BRAZED JOINTS FOR
DESIGN TEMPERATURES UP TO THE
MAXIMUM SHOWN IN COLUMN 1 OF
TABLE UB-2

Satisfactory qualification of the brazing procedure in
accordance with Section IX, Part QB is considered evi-
dence of the adequacy of the base materials, the brazing
filler metal, the flux and/or atmosphere, and other vari-

UB-12 QUALIFICATION OF BRAZED JOINTS FOR
DESIGN TEMPERATURES IN THE RANGE
SHOWN IN COLUMN 2 OF TABLE UB-2

For design temperatures in the range shown in Column
2 of Table UB-2, tests in addition to those in UB-11 are re-
quired. These tests shall be considered a part of the qual-
ification procedure. For such design temperatures, two
tension tests on production type joints are required,
one at the design temperature, T, and one at‘1;05T.
Neither of these production type joints shall fail in the
braze metal.

UB-13 CORROSION

(a) Provision shall be made for coxrdsion in accordance
with the requirements in UG-25:

(b) Corrosion of the brazing filler metal and galvanic ac-
tion between the brazing, filer metal and the base metals
shall be considered in_selecting the brazing filler metal.

(c) The plate thicknéss in excess of that computed for a
seamless vessel taking into account the applicable load-
ings in UG-22 may be taken as allowance for corrosion
in vessels that have longitudinal joints of double-strap
butt joint censtruction. Additional corrosion allowance
shall be.provided when needed, particularly on the inner
buttstraps.

(d) The rules in this Part are not intended to apply to
brazing used for the attachment of linings of corrosion re-
sistant material that are not counted on to carry load.

UB-14 JOINT EFFICIENCY FACTORS

(a) The joint efficiency factor to be used in the appro-
priate design equations of pressure vessels and parts
thereof shall be 1.0 for joints in which visual examination
assures that the brazing filler metal has penetrated the
entire joint [see Figure UB-14, sketch (a)].

(b) The joint efficiency factor to be used in the appro-
priate design equations of pressure vessels and parts
thereof shall be 0.5 for joints in which visual examination
will not provide proof that the brazing filler metal has pe-
netrated the entire joint. [see Figure UB-14, sketch (b);
UB-15(b) and UB-15(c).]

(c) The appropriate joint efficiency factor to be used in
design equations for seamless flat heads and seamless
formed heads, excluding seamless hemispherical heads,
is 1.0. The appropriate joint efficiency factor to be used
in design equations for circumferential stress in seamless
cylindrical or conical shells is 1.0.

UB-15 APPLICATION OF BRAZING FILLER
METAL

(a) The design shall provide for the application of the
brazing filler metal as part of the design of the joint.
Where practicable, the brazing filler metal shall be ap-
plied in such a manner that it will flow into the joint or
be distributed across the joint and produce visible evi-

ables of the prnr‘ndnrn
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Figure UB-14
Examples of Filler Metal Application

—

1T

Brazing filler

metal preplaced

in form of c

(a) powder plus a
binder \b

(b) ring

(c) clad sheet

(d) shim stock

(a) [See Note (1)]

NOTES:
(1) A 1.0 factor may be used in design.
(2) A 0.5 factor may be used in design.

)

Brazing filler
metal ring
preplaced here

.

)
Vs )
/(,—/
Brazing filler metal

preplaced or manually
applied here

— Brazing filler metal
manually applied
here

L2

N4

(b) [See Note (2)]

(b) Manual Application. The manual application of the
brazing filler metal by face feeding to a joint should he
from the one side only. Visual observation of the othier
side of the joint will then show if the required penefration
of the joint by the filler metal has been obtained,/If the
side opposite to the filler metal application cannot be vi-
sually examined, as is the case with socket\type joints in
pipe and tubing (blind joint), a joint efficiency factor of
0.5 shall be used in design of this joint as provided in
UB-14(b).

(c) Preplaced Brazing Filler.Metal. The brazing filler
metal may be preplaced in the form of slugs, powder,
rings, strip, cladding, spraying or other means. After braz-
ing, the brazing filler metal should be visible on both sides
of the joint. If the brazing filler metal is preplaced within a
blind joint in such a“manner that it penetrates the major
portion of thejoint during brazing and appears at the visi-
ble side of thé joint, a joint efficiency factor of 1.0 may be
used in the design of the joint. If the brazing filler metal is
preplaced on the outside or near the outside of a blind
joint, and the other side cannot be inspected to ascertain
complete penetration, then a joint efficiency factor of 0.5
shall be used in the design of the joint as provided in
UB-14(b). Figure UB-14 illustrates a few examples of this
rule.

UB-16 PERMISSIBLE TYPES OF JOINTS

(a) Some permissible types of brazed joints are shown
in Figure UB-16. For any type of joint, the strength of the
brazed section shall exceed that of the base metal portion
of the test specimen in the qualification tension tests pro-
vided for in Section IX, QB-150. Lap joints shall have a suf-
ficient overlap to provide a higher strength in the brazed
joint than in the base metal.

(b) The nominal thickness of base material used with
lap joints tested using the test fixture shown in Section
IX, Figure QB-462.1(e) shall not exceed Y, in. (13 mm).
There is no thickness limitation when specimens are
tested without the test fixture shown in Section IX, Figure
QB-462.1(e).

UB-17 JOINT CLEARANCE

The joint clearance shall be kept sufficiently small so
that the filler metal will be distributed by capillary attrac-
tion. Since the strength of a brazed joint tends to decrease
as the joint clearance used is increased, the clearances for
the assembly of joints in pressure vessels or parts thereof
shall be within the tolerances set up by the joint design
and as used for the corresponding qualification speci-
mens made in accordance with Section IX and UB-12
where applicable.
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Figure UB-16
Some Acceptable Types of Brazed Joints

(d) Scarf Joint

£ I
——:lLapl(—— . 5 lﬁ 3

(a) Simple Lap Joint (e) Butt Lap Joint

! | ¢ ; T §

(b) Straight Butt Joint " (f) Rabbet Joint

; z | ;

—J

(c) Tee Joint (g) Strapped-Butt Joint

GENERAL NOTE: Other equivalent geometries yielding substantially equal results are also acceptable.

NOTE: For guidance, see Table UB-17 which gives recommended the same assembly, the welding shall precede the brazing

joint clearances at brazing temperature for various types of brazing unless, it is'determined that the heat of welding will not
filler metal. Bram.ng a.llloys v.v11¥ exhibit .ma.lx1mum unit strength if adversely affect the braze previously made.
clearances are maintained within these limits.

UB-18 JOINT BRAZING PROCEDURE UB"19  OPENINGS

(a) Openings for nozzles and other connections shall be
far enough away from any main brazed joint so that the
joint and the opening reinforcement plates do not inter-
fere with one another.

(b) Openings for pipe connections in vessels having
brazed joints may be made by inserting pipe couplings,
not exceeding NPS 3 (DN 80), or similar devices in the
shell or heads and securing them by welding, without ne-
cessitating the application of the restrictive stamping pro-
visions of UG-116, provided the welding is performed by
welders who have been qualified under the provisions of

A joint brazing procedure shall be developed for eagh
different type of joint of a brazed assembly. A recom=
mended form for recording the brazing procedure is
shown in Section IX, Form QB-482. If more than one joint
occurs in a brazed assembly, the brazing sequence shall
be specified on the drawing or in instructions accompany-
ing the drawing. If welding and brazing are to be done on

Section IX for the welding position and type of joint used.

Table UB-17 Such attachments shall conform to the rules for welded
Recommended Joint Clearances at Brazing connections in UW-15 and UW-16.
Temperature
UB-20 NOZZLES
Brazing Filler Metal Clearance, in. (mm) [Note (1)]
BAISi 0.006-0.010 (0.15-0.25) for laps less than (a) Nozzles may be integral or attached to the vessel by
or equal to Y, in. (6 mm) any of the methods provided for in UG-43.
0.010-0.025 (0.25-0.64) for laps greater (b) For nozzle fittings having a bolting flange and an in-
than 7, in. (6 mm) tegral flange for brazing, the thickness of the flange at-
BCuP 0.001-0.005 (0.02-0.13) tached to the pressure vessel shall not be less than the
BAg 0.002-0.005 (0.05-0.13) thickness of the neck of the fitting.
BCuZn 0.002-0.005 (0.05-0.13)
BC 0.000-0.002 (0.05-0.13) [Note (2
- 00010005 om0tz ) UB-21 BRAZED CONNECTIONS
Connections, such as saddle type fittings and fittings in-
NOTES: . . .
. serted into openings formed by outward flanging of the
(1) In the case of round or tubular members, clearance on the radius . K i
is intended. vessel wall, in sizes not exceeding NPS 3 (DN 80), may
(2) For maximum strength, use the smallest possible clearance. be attached to pressure vessels by lap joints of brazed
construction. Sufficient hr:\?i‘ng shall be prnvidnd on
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either side of the line through the center of the opening
parallel to the longitudinal axis of the shell to develop
the strength of the reinforcement as prescribed in
UG-41 through shear in the brazing.

UB-22 LOW TEMPERATURE OPERATION

Impact tests shall be made of the brazed joints in pres-
sure vessels and parts thereof fabricated from materials
for which impact tests are required in Subsection C. The
tests shall be made in accordance with UG-84 except that
terms referring to welding shall be interpreted as refer-
ring to brazing.

FABRICATION
UB-30 GENERAL

(a) The rules in the following paragraphs apply specifi-
cally to the fabrication of pressure vessels and parts
thereof that are fabricated by brazing and shall be used
in conjunction with the requirements for Fabrication in
Subsection A, and with the specific requirements for Fab-
rication in Subsections C and D.

(b) Each manufacturer or contractor shall be responsi-
ble for the quality of the brazing done by its own organi-
zation and shall conduct tests not only of the brazing
procedure to determine its suitability to ensure brazes
which will meet the required tests, but also of the brazers
and brazing operators to determine their ability to apply
the procedure properly.

(c) No production work shall be undertaken until both
the brazing procedure and the brazers or brazing-epera-
tors have been qualified.

(d) The Manufacturer (Certificate Holder)\may engage
individuals by contract or agreement for‘their services
as brazers at the shop location shown.en the Certificate
of Authorization and at field sites (if‘allowed by the Cer-
tificate of Authorization) for the construction of pressure
vessels or vessel parts, provided-all the following condi-
tions are met:

(1) All Code construction shall be the responsibility
of the Manufacturer.

(2) All brazing\shall be performed in accordance with
the Manufacturer’s Brazing Procedure Specifications
which have been qualified by the Manufacturer in accor-
dance with'the requirements of Section IX.

(3) All'brazers shall be qualified by the Manufacturer
in accordance with the requirements of Section IX.

(4) The Manufacturer’s Quality Control System shall
imclude as a minimum:

(-a) a requirement for complete and exclusive ad-
ministrative and technical supervision of all brazers by
the Manufacturer;

(-b) evidence of the Manufacturer’s authority to
assign and remove brazers without the involvement of

any other nrgani7afinn .

(-c) a requirement for assignment of brazer iden-
tification symbols;

(-d) evidence that this program has been accepted
by the Manufacturer’s Authorized Inspection Agency
which provides the inspection service.

(5) The Manufacturer shall be responsible for Code
compliance of the vessel or part, including Certification
Mark stamping and providing completed Data Report
Forms.

UB-31 QUALIFICATION OF BRAZING
PROCEDURE

(a) Each procedure of brazing that is to b&followed in
construction shall be recorded in detail\by the Manufac-
turer. Each brazing procedure shall be-qualified in accor-
dance with Section IX and when né¢essary determined by
design temperature, with the additional requirements of
this Section.

(b) The procedure used-in brazing pressure parts and
in joining load-carryingtnonpressure parts, such as all
permanent or temporary clips and lugs, to pressure parts
shall be qualified. inaccordance with Section IX.

(c) The procedure used in brazing nonpressure-
bearing attachments which have essentially no load-
carrying)function (such as extended heat transfer sur-
facesg{insulation support pins, etc.) to pressure parts shall
meéet the following requirements:

(1) When the brazing process is manual, machine, or
semiautomatic, procedure qualification is required in ac-
cordance with Section IX.

(2) When the brazing is any automatic brazing pro-
cess performed in accordance with a Brazing Proc