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FOREWORD

ASME formed an Ad Hoc Task Group on Post-Construction in 1993 in response to an increased
need for recognlzed and generally accepted engineering standards for the 1nspect10n and malnte—

thlS Task Group, the Board on Pressure Technology Codes and Standards (BPTCS) formed the
Post-Construction Committee (PCC) in 1995. The scope of this committee was to develop and
maintain standards addressing common issues and technologies related to post-construction
activities and to work with other consensus committees in the development of separate, product-
specific codes and standards addressing issues encountered after initial constructionforequip-
ment and piping covered by Pressure Technology Codes and Standards. The BPTCSycovers non-
nuclear boilers, pressure vessels (including heat exchangers), piping and piping components,
pipelines, and storage tanks.

The PCC selects standards to be developed based on identified needs and,the availability of
volunteers. The PCC formed the Subcommittee on Inspection Planning and the Subcommittee
on Flaw Evaluations in 1995. In 1998, a Task Group under the PCC began preparing Guidelines
for Pressure Boundary Bolted Flange Joint Assembly. In 1999, the P€C formed the Subcommittee
on Repair and Testing. In 2002, the Subcommittee on Flaw Evaluation was dissolved and replaced
by the Joint ASME/API Committee on Fitness for Service. Othet topics are under consideration
and may be developed into future guideline documents.

The subcommittees were charged with preparing standards dealing with several aspects of the
in-service inspection and maintenance of pressure equipment and piping. The Inspection Planning
Standard provides guidance on the preparation of a\risk-based inspection plan. Defects that are
identified are then evaluated, when appropriateusing the procedures provided in the Fitness
for Service. Finally, if it is determined that repaits are required, guidance on repair procedures
is provided in the Repair of Pressure Equipment and Piping Standard. These documents are in
various stages of preparation.

None of these documents are Codes:They provide recognized and generally accepted good
practices that may be used in conjunction with Post-Construction Codes, such as API 510, AP1570,
and NB-23, and with jurisdictional requirements.

The first edition of ASME PCC-1, Guidelines for Pressure Boundary Bolted Flange Joint Assembly,
was approved for publication,in 2000. ASME PCC-1-2000 was approved by the American National
Standards Institute (ANSI).as an American National Standard on November 15, 2000.

The first edition of ASME PCC-2, Repair of Pressure Equipment and Piping, was approved for
publication in 2004, This revision was approved by ANSI as an American National Standard on
January 13, 2015:

iv
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PREPARATION OF TECHNICAL INQUIRIES

INTRODUCTION

The ASME Post-Construction Standards Committee will consider written requests for interpre-
tations and revisions of the rules of this Standard and develop new rules if dictated by technologi-

cal - development -The Committee’s activitiesin-this reaard are hmited strictly tointerpbretations
T o) J T

of the rules or to the consideration of revisions to the present rules on the basis of new data‘ox
technology. As a matter of published policy, ASME does not “approve,” “certify,” “rate,” “or
“endorse” any item, construction, proprietary device, or activity, and, accordingly, inguiiries
requiring such consideration will be returned. Moreover, ASME does not act as a constdtant on
specific engineering problems or on the general application or understanding of\the rules. If,
based on the inquiry information submitted, it is the opinion of the Committee-that the inquirer
should seek professional assistance, the inquiry will be returned with the recommendation that
such assistance be obtained.

An inquiry that does not provide the information needed for the Committee’s full understanding
will be returned.

i

REQUIREMENTS

Inquiries shall be limited strictly to interpretations of the rules or to the consideration of
revisions to the present rules on the basis of new data‘or technology. Inquiries shall meet the
following requirements:

(a) Scope. Involve a single rule or closely related(ules in the scope of the standard. An inquiry
letter concerning unrelated subjects will be returned.

(b) Background. State the purpose of the inquiry, which may be either to obtain an interpretation
of rules of this Standard, or to propose consideration of a revision to the present rules. Provide
concisely the information needed for the-Committee’s understanding of the inquiry, being sure
to include reference to the applicable:Part, Article, Edition, Addenda, paragraphs, figures, and
tables. If sketches are provided, they shall be limited to the scope of the inquiry.

(c) Inquiry Structure

(1) Proposed Question(s)\\The inquiry shall be stated in condensed and precise question for-
mat, omitting superfluous\background information, and, where appropriate, composed in such|
a way that “yes” or “no” (perhaps with provisos) would be an acceptable reply. The inquiry
statement should be technically and editorially correct.

(2) Proposed Reply(ies). Provide a proposed reply stating what the inquirer believes that the
standard requires.

If in thesdnquirer’s opinion, a revision to the standard is needed, recommended wording shall
be provided in addition to information justifying the change.

SUBMITTAL

Inquiries shall be submitted in typewritten form; however, legible handwritten i 1nqu1r1es will

1 oA | P s 1 11 | P | 41 1 ]l Pu A | £ 11 | 4l
UC LULISIUTITU. 11 IC)/ olldIll 11 ICIUUCT UIT 1T1d11IT dlItu 11tdIilll 16 dUUITSS Ul UIT 11 l\i Llll ClL, dItu 11 lCl)/ Cl It

be sent by email to SecretaryPCC@asme.org, or by mail to the following address:

Secretary

ASME Post-Construction
Two Park Avenue

New York, NY 10016-5990
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CORRESPONDENCE WITH THE PCC COMMITTEE

General. ASME Standards are developed and maintained with the intent to represent the
consensus of concerned interests. As such, users of this Standard may interact with the Committee

< P S/ pePo v oR&5—ahe— = S g =

spondence should be addressed to:

Secretary, PCC Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

New York, NY 10016-5990

Proposing Revisions. Revisions are made periodically to the Standard to incorporate changes
that appear necessary or desirable, as demonstrated by the experience gained, from the applica-
tion of the Standard. Approved revisions will be published periodically.

The Committee welcomes proposals for revisions to this Standard. Such proposals should be
as specific as possible, citing the paragraph number(s), the proposed wording, and a detailed
description of the reasons for the proposal, including any pertinent documentation.

Interpretations. Upon request, the PCC Committee will render<an interpretation of any require-
ment of the Standard. Interpretations can only be rendered in'response to a written request sent
to the Secretary of the PCC Standards Committee.

The request for interpretation should be clear and, unambiguous. It is further recommended
that the inquirer submit his/her request in the following format:

Subject: Cite the applicable paragraph*number(s) and the topic of the inquiry.

Edition: Cite the applicable editien of the Standard for which the interpretation is
being requested.

Question: Phrase the question &sa request for an interpretation of a specific requirement

suitable for genéral*understanding and use, not as a request for an approval
of a proprietary design or situation. The inquirer may also include any plans
or drawings-that are necessary to explain the question; however, they should
not contain/ proprietary names or information.

Requests that are not ift this format may be rewritten in the appropriate format by the Committee
prior to being answefed, which may inadvertently change the intent of the original request.

ASME procedutes)provide for reconsideration of any interpretation when or if additional
information thatumight affect an interpretation is available. Further, persons aggrieved by an
interpretationsfnay appeal to the cognizant ASME Committee or Subcommittee. ASME does not
“approve,\‘eertify,” “rate,” or “endorse” any item, construction, proprietary device, or activity.

Attending Committee Meetings. The PCC Standards Committee regularly holds meetings that
are open to the public. Persons wishing to attend any meeting should contact the Secretary of
the PCC Standards Committee.

i
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ASME PCC-2-2015
SUMMARY OF CHANGES

Following approval by the ASME Post-Construction Committee and ASME, and after publig
review, ASME PCC-2-2015 was approved by the American National Standards Institute ‘on
January 13, 2015.

ASME PCC-2-2015 includes editorial changes, revisions, and corrections introduced in ASME
PCC-2-2011, as well as the following changes identified by a margin note, (15);

Page Location Change
7 Article 2.1, 4.1.3 Equations in subparas. (a) and (b)
transposed
11-16 Article 2.2 Revised iwits entirety
43 Article 2.9, 2.3 Correttly redesignated, and remaining
paragraphs redesignated
64 Article 2.12, 1 Subparagraph (a) revised
Article 2.12, 2 Subparagraph (c) revised
65 Figure 1 Revised
66—68 Article 2.12,.8.3 Subparagraphs (a) and (c) revised
Article 2.12, 3.4 Subparagraphs (a) and (b), eq. (4), and
illustration in subpara. (c) revised
Atticle 2.12, 4 Subparagraphs (c), (d), (e)(2), (e)(4), and
(f) revised
Article 2.12, 5 Subparagraph (a) revised
Article 2.12, 6 Subparagraph (c) revised
1435153 Article 4.1, 1 Revised in its entirety
Article 4.1, 2.2 Subparagraphs (a) and (b) revised
Article 4.1, 3 Revised in its entirety
Table 1 Revised in its entirety
Article 4.1, 4.1 Revised
Article 4.1, 4.3 Subparagraph (a) revised
154 Article 4.1, 444 Subparagraphs (d) and (e) added

Article 4.1, 4.4.5 Revised

ix
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Page Location Change
Article 4.1, 4.6 (1) Subparagraph (a)(3) revised
(2) Subparagraph (a)(4) added, and
remaining subparagraphs
redesignated
155 Article 4.1, 5.4 Paragraph 5.4.1 and subhead 5.4.2 added
156-159 Article 4.1, 5.5.2 Subparagraph (c) revised
Article 4.1, 6 (1) Subparagraph (c) revised
(2) Subparagraph (e) added
Article 4.1, 7 Updated
160-162 Article 4.1, Mandatory Form revised
Appendix I
163, 164 Article 4.1, Mandatory Subparagraphs (a) and (b)<devised
Appendix 1II, II-1
Article 4.1, Mandatory (1) Subparagraphs, (2)(1)(a), (a)(2)(a),
Appendix 1II, II-3 (a)(2)(b), and((b) revised
(2) Original subpara. (a)(2)(c)
redesignated subpara. (a)(3), original
subpara. (a)(2)(c)(1) redesignated
subpara. (a)(3)(a), and original
subpara. (a)(2)(c)(2) redesignated
subpara. (a)(3)(b)
165 Article 4.1, Mandatory (1) Subparagraphs (c) and (i) revised
Appendix III, III-2 (2) Original second subpara. (f) correctly
redesignated subpara. (g)
166 Article 4.1, Mandatory (1) Subparagraphs (c) and (h) revised
Appendix IV, V-2 (2) Subparagraphs (i)(1) and (i)(2) added
Article 4.1, Mandatory Word “and” added immediately after
Appendix IV, IV-3 equation in subpara. (c)
168, 169 Articlé 4.1, Mandatory Revised in its entirety
Appendix V
170 Article 4.1, Mandatory Revised
Appendix VI, VI-1
Article 4.1, Mandatory Subparagraph (c) revised
Appendix VI, VI-2
171, 372 Article 4.1, Mandatory Revised in its entirety
Appendix VII
175 Article 4.1, Mandatory Subparagraph (b) revised
Appendix VIII, VIII-2
Article 4.1, Mandatory Subparagraphs (c) and (e) revised
Appendix VIII, VIII-3
Article 4.1, Mandatory Caution added
Appendix VIII, VIII-4
175, 176 Article 4.1, Nonmandatory (1) Redesignated from original

Appendix A

Mandatory Appendix IX
(2) Revised in its entirety
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Appendix B
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183 Table 1 Revised in its entirety
184 Article 4.2, 3.6 Revised
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190 Article 4.2, Mandatory Subparagraph'’ (c) revised
Appendix II, 1I-1
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Appendix V, V-3
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Appendix A Appendix VI
207 Article 5.1, 1 Subparagraph (a) revised
Article 5.1, 2 Revised in its entirety
208, 210 Article 5.1, 3.2 Subparagraph (d) added, and remaining
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209 Figure 1 Revised in its entirety
Article 5.1, 3.4.3 Added, and remaining paragraph
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ASME PCC-2-2015

Part 1

REPAIR OF PRESSURE EQUIPMENT AND PIPING

1 $COPE

This Standard provides methods for repair of equip-
men} and piping within the scope of ASME Pressure
Technology Codes and Standards' after they have been
placed in service. These repair methods include relevant
design, fabrication, examination, and testing practices
and may be temporary or permanent, depending on the
circymstances.

The methods provided in this Standard address the
repajr of components when repair is deemed necessary
basefd on appropriate inspection and flaw assessment.
Thede inspection and flaw evaluation methods are not
covered in this Standard, but are covered in other post-
consftruction codes and standards.

Only technical procedures and information @re pro-
videfd; administrative or policy requirements.are outside
of tHe scope of this Standard.

2 ORGANIZATION

This Standard is divided into.five Parts.

(a} Part 1 covers the scOpe, organization, and intent
and fis applicable to allarticles in this Standard. Table 1
provfides guidance foi:the applicability of repair meth-
ods |isted in this/Standard.

(b} Part 2 covers repair methods and techniques that
inclyde the ise of welding, brazing, soldering, or other
methods-involving metal deposit.

(c] Rart’3 covers mechanical repairs, with or without

baoltad clana

PART 1
SCOPE, ORGANIZATION, AND INTENT

(e) Part 5 covers examination and testing |methods
and techniques.

3 INTENT
3.1 General

This Standard provides technical informatign, proce-
dures,.and recommendations for repair methods that
were.determined by consensus to be recognjzed and
generally accepted good engineering practice. Where
equipment repair is subject to jurisdictional rggulation,
jurisdictional approvals may be required.

3.2 Definitions

The words may, shall, and should are used in fhe repair
articles of PCC-2 and they have the following| intent:

may: indicates an action that is permitted) but not
required.

shall: an action that is mandatory. It indicates pn action
that is an essential element of the repair method that
cannot be eliminated.

should: an action that is not mandatory. It indjicates an
action that when performed, is generally consjdered to
be good practice; however, there are some circunstances
when the action is not appropriate or requirgd, so the
word should is used to provide flexibility for the|article to
cover a broad range of circumstances. It is not mpndatory
unless so specified by others in the application of these
articles.

sealant-such-as-beked-clamps-orfixtures-and-includes
all repair methods not covered in Part 2 or Part 4.

(d) Part 4 covers repairs using nonmetallic means,
such as nonmetallic liners and wraps, and bonding (e.g.,
joining by epoxy), including bonding of metallic
components.

! Equipment and piping within the scope of ASME Pressure
Technology Codes and Standards includes piping (including pipe-
lines) and piping components (such as valves), boilers, pressure
vessels (including heat exchangers), and storage tanks.

3.3 Administrative Requirements

For administrative requirements such as inspection,
documentation, and quality control, the user is referred
to an applicable post-construction code and to the juris-
dictional requirements. In the absence of an applicable
post-construction code or jurisdictional requirements,
the owner of the pressure equipment or piping should
establish the administrative requirements. A
post-construction code is one that provides requirements
and guidance for inspection and/or repair of equipment


https://asmenormdoc.com/api2/?name=ASME PCC-2 2015.pdf

ASME PCC-2-2015

Part 1

‘suonelWIl ‘1°¢ 3DIMY ‘T Med 39S (2)
STUOp PUe “STOUS Ty S9[ZZ0u Ju juswoJerds] o) Aldde Aew poylaw siyl (1)
‘S310N
d|qedndde jou = yN
alpudoidde Ajessuss jou = N
suoined |epads salpbal ng ‘pasn aq Aew = Y
uolIpuod siyy 10y pasn Ajjesauas jou si Inq ‘sjqerdadde aq Aew = g
ajeudoidde Ajjessuas = A
(1) @10N VN VN VN VN VN VN VN VN suoljeld))y pue sieday
10} SU11S3] 2InSSald J0 N3l ul fiojjeUIWEXT SAIIINIISIPUON €76
(91) 310N N N N N N N N N juawdinb3 pue Suidid jo Sulysal ssaulysi| pue aInssald  T°G
adig
c A A A A A A A A paung 10} wio4 pakeids :adid 10j|Sululy jeUIdlU| JIjjRIBWIUON €%
: Y A A A Y A A A suonedjddy
NSIY-MOT] :SwalsAg dreflay aysodwo) djjelpwuUoN 7'
: Y Y A A Y A A A suonedjddy
NSIY-ySIH :swalsAs siefday aysodwo) ojeldwuoN  T'f
s A A N A d R A A s1a8ueydx3 1eaH aqgny pue J1aUs jo Jeday pue uoadsu] 1€
o N N N N N N N N SaINpadold |eolway Buljjog jleH pue JoH TT°¢
(S1) @10N VN VN VN VN VN VN VN VN 9)q1ou0) ul sioyduy paseweq 8¢
(71) d10N N N N N N N N N Sulpuag juaujusily Jo Sujusjydiens adid /'€
(€1) “(2) saoN Y E N N Y A A N Jleday dwey) |edlueyss  9°¢
(¢1) A10N N A N S A A N N Bulysiuyay aduely g€
(T1) ®10N A A A A A A VN VN lleday pldM pue uonjeAedx3 me){ '€
(01) ?10N N N N N N N N N s9]oH ppdde] ul speaiyl paseweq €€
(6) @10N VN VN VN VN VN A\ VN VN s8nid azaau4 7'
s A A A A A A A A sjuauodwg) ainssald Jo Juswadelday 1€
: A A N N A A A N sitedalj 8nid PapIam 40 papealyl 1°C
o Y Y N S A A A N SP19M 3nid Suldiojulay[ UM saydled papiam 211l €1°C
: d d N S A A A N Saydied pIdsm 1IN TT°C
T N N N S S S A N uonei0lsay pep) pue ‘AepdrQ piam ‘dnpling plam 11°C
(8) 210N N N N N N N N N sauljadid
10" sjuauodwo) aINssald 19931S uogied ojuQ Sulpjap 92IAI8S-U| 0T°T
(2) @10N A A A S A A A A juswieal] 1epH p|aMisod 01 SeAlewallY 6°C
(9) a10N d d A d A d A A 1e3yaid BUIp|9/\ |eUOlIpRIL 0} SBAlJRUIR)Y 8T
o Y A A A A A A A an99)s g adA]
T N N N N K| [(9) @10N] A [(9) @10N] A [(9) ®10N] A aAd9)s v adA|
Suldid™M0y7s9A33]S Suldlopiiay 19915 JUBWI)UPUT IN4 9°C
(¥7) @10N Yy | N N N A A N lleday xog yeal papldsm  ¥'C
(€) @10N VN VN VN VN VN VN VN VN Sileday p|aM 189S PuUB SUOIRIAYUOD Papealyl Papam-1eds  €°¢C
(2) @10N N N N N A A A N Sujuulyl |eusajul Joy sposly Jiedpy 0} ABBAQ PIOM |BWRIXT  Z°C
(1) 10N A A A A A A A A sjusuodwo) aiMssaud i sajeld Hasu| paplam-ing  1°C
1#Yy10 syIel) syoer) suoljeulwe] sidisllg saSnog  Sunyd  Suluuiyj Sujuulyy 9]} pue JaqupN 321Uy
Jeurpn}iSuo |enuaiajwndi) 11eM 18207  ]1EM |eI3URD

anbiuyda) 1reday jo uoira)ag ayj 10j apino

T 91qeL


https://asmenormdoc.com/api2/?name=ASME PCC-2 2015.pdf

Part 1

ASME PCC-2-2015

"Su13S931 2INSSY
-Jjedal jo spoylaw jsow o} Ajdde Aew 31 ‘Ionamoy {an
*91912U0d U]

A =

*S90BJINS pauap.iey 4d
‘s9joy pnis ul
*sadid Jo suo1129s Sujejosi
*S9)BJISQNS |991S UOGIeD UO Sulp]am 32BN
‘Suipjam Suunbal spoylaw |je 0} 10 uol}dNIIS
“Jjedal pap|a
‘papuawWwWodal S| 9A33]s g 9dAl e 10 ‘palsalie 10 pooISIBpUN 3] ||_YS 129J9p JO asn
*sjulof jedjueYISW pue papjam puessiusuodwod adid ‘sanjea ‘saSue)y Supjes) 03 said
*SSaulYS]) Y ea| 10J Sjulol papealy) pap|am |eas 0} Sd

lid 03 aAnewa)e Ue S| SIyL
pruyd9) Jiedal e jou SI SiyL
lloyoue pagewep Jo leday
‘8ujuajysiens adid

syea] Supped pue 1aysen
*SyoeID |RIpRY

ledas ayy o031 sandde os|y
peaiy} paSewep jo Jeday
1oy pasn s| anbiuyday sy
5 10j 91eudoidde Ajjesauan
02 mau o} Aldde Aew os)y
104 suoisinold anjeulay
P) 9] ‘S1099p |eusaiul 104
de Jjedas xoq yea] papiam
|dde anbjuyoay sedas sy

(“n
(C)9)]
(e
(1)
(9]
((4))
(T
(o1)
©)
®)
(03]
©)
9
)
©

‘(pauod) SIION

(PauoD) anbjuyda) seday Jo U01IR)AS 3y} 1oy SpMY T 9\qeL



https://asmenormdoc.com/api2/?name=ASME PCC-2 2015.pdf

Part 1

after it has been placed in service, and may include the
references to original code of construction. Examples of
post-construction codes include NB-23, API 510,
API 570, and API 653.

3.4 Application

Users of the articles contained in this Standard are
cautioned that these articles have been developed gener-
ically and are recommended for general applications.

ASME PCC-2-2015

3.8 Code References

Reference to specific codes is generally avoided in this
Standard because the equipment or piping could have
been constructed in accordance with a number of differ-
ent codes. Where such a reference is provided, it is gener-
ally the intent to include, by reference, a specific
technical provision.

3.9 Welding

They mafy not necessarily be suitable for all applications.
Precautipnary considerations are provided, but should
not be cgnsidered all inclusive. Sound engineering prac-
tices and judgment should be used to determine the
applicabjlity of a specific method or part of a method
to a spedific application. Each repair should be subject
to an appropriate review by qualified personnel, and
this revigw should consider subsequent deterioration of
the repajred component.

Some Jimitations and considerations are contained in
section 2 of the individual articles.

3.5 Altefnative Use

While this Standard covers repair of equipment within
the scope of ASME Pressure Technology Codes and
Standards, it may be used on equipment constructed in
accordarfce with other Codes and Standards.

3.6 Artitles’ Independence

Indiviglual articles in this Standard may be used inde-
pendentlly of other articles, except when otherwise
noted. However, this Part (Part 1) applies to all articles
in this Sfandard.

3.7 Reppir Life

Many]of the repair techniques in¢luded in this
Standard are considered to be permatent, intended to
remain ih place for the life of the repaired component.
Others npay only be suitable for short-term service, and
should He replaced with a moré permanent repair at
the apprppriate opportunity,Fhe anticipated life of the
repair depends on many-circumstances, and could
include fonsideration of risk. As such, this Standard
does notlassify repair methods as permanent or tempo-
rary. Rather, techimical considerations that affect the
expected life-of the repair are stated in the individual
articles.

Requirements for welding, including qualificdtipn of
welding procedures, welders, and welding operators
should generally follow an applicable code of construc-
tion or an applicable post-construction/code, eXcept
when otherwise specified herein.

3.10 Allowable Stress

Calculations involving -the' allowable stress us¢ the
allowable stress from the-original code of constructipn or
an applicable post-construction code, unless otheqwise
specified in specific ‘articles.

3.11 Examination

When, qualifications of examiners, methods of eami-
nation,extent of examination, and acceptance criteria
are 1ot specified, they should follow the requirements
of\ant applicable code of construction or an applitable
pOst-construction code.

3.12 Records

The owner should keep records that documenf the
repair. Specific requirements for documentation arg not
provided in this Standard. The owner should retair} rec-
ords that comply with applicable jurisdictionalfand
post-construction code requirements. Documentation
may include such items as a description of the condjition
that required attention and its cause, repair procequres
that were used, photos prior to and after the r¢pair,
examination procedures and records, heat treatmenf rec-
ords, test records, and the names of the persons/firms
performing the repair and examination and their cqrtifi-
cation. The documentation forms part of the history of
the pressure component and should be retained as|long
as it is relevant.
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PART 2
WELDED REPAIRS

1 DESCRIPTION

1.1 |General Considerations

The repair of pressure components by butt-welded
insefrt plates involves the replacement of pressure
boumpdary material in a pressure component with an
inseft plate attached by full penetration butt welds. This
repajr method is applicable to cylindrical, spherical, and
conifal shells and to flat pressure components. It may
be used for single and double curvature shells. It may
also[be used on other pressure components (such ‘as
formed heads) if the curvature of the replaced section
matdhes the curvature of the original pressure part. It
is ngt limited by the size of the pressure.component,
except where practical considerations preclude the use
of af insert, such as on small diameter pipe or tube. It
may|be used on small diameter pressure components if
specjal care is taken to ensure close fit of the insert
plat¢ and the existing pressure component and that the
repdired pressure component meets the tolerance
requlirements of the appli¢able code of construction.

1.2 [Replacement of Local Areas in Pressure Vessel
Shells orPipe Walls

This repair method is intended to be used to replace
portjonsof pressure-retaining vessel shells or pipe walls
that lhave been damaged by cracks, lacal wall thinning

Article 2.1
Butt-Welded Insert Plates in Pressure Componeénts

2 LIMITATIONS
2.1 Part 1 of This Standard

Part 1 of this\Standard contains additional require-
ments and Jintitations. This Article shall be usgd in con-
junction@with Part 1.

2.2 (Additional Considerations and Limitatiors

When applying this repair method, consideration
shall be given to compatibility of materials, gperating
conditions for the intended life of the componeft, fitting
and welding to minimize the residual stresses) and dis-
tortions, and any limitations on nondestructiye exami-
nation and pressure testing.

2.3 Loadings

This method may be used for equipment qubject to
either internal or external pressure. If the presqure com-
ponent is subject to external pressure, additional consid-
eration shall also be given to any loss of buckling
strength as a result of permanent distortions or misalign-
ment in the repaired component. If the pressurp compo-
nent is subject to cyclic loading, additional consfderation
shall be given to the effect of permanent distoftions on
the fatigue life of the repaired component.

2.4 Corrosion-Resistant Weld Overlay or Cladding

This repair method may also be used in vegsels that
are either clad with corrosion-resistant lining| or weld

from erosion, corrosion, and other damage mechanisms.
The insert plate may contain one or more nozzles/
manways.

1.3 Replacement of Entire Component

Replacement of an entire component, shell plate, or a
complete shell course of a cylindrical shell, or a complete
circular segment of a sphere, or a complete head, or a
section of a pipe is not considered in this repair method.

OV clla)/. Thc + rsert y}atc L}C{dd;l SO W cld ove lay Shall
be compatible with the existing materials and suitable
for the intended service. Consideration shall also be
given to the use of weld details and welding procedures
suitable for the intended service.

2.5 Dissimilar Metals

Use of dissimilar materials (base metal and welds) is
not prohibited, but the materials shall meet the required
minimum mechanical properties for the pressure com-
ponent and shall be carefully evaluated for compatibility
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between the dissimilar materials and the service envi-
ronment, both internal and external. If thermal fatigue
is a possibility, consideration shall be given to the poten-
tial for accelerated fatigue cracking in the dissimilar
metals combination.

3 DESIGN

3.1 Code-of Construction

ASME PCC-2-2015

Fig. 1 Flush Insert in Pipe or Tube

25 deg to
35 deg (Typ.)

The injsert plate thickness, material, and welds shall
meet the| design requirements in the applicable code of
construcfion for the existing pressure component into
which itfis being installed and shall be consistent with
the joint|efficiency or joint quality factors used in the
original [design, except as permitted in para. 3.3. The
allowablp stresses shall be the same as in the applicable
code of ¢onstruction for the existing component.

3.2 Matkrials

Insert plates and welds should be of the same material
as the exjsting pressure component, or of another mate-
rial that Ias at least equal notch toughness and allowable
stress, cgnforms to the requirements of the applicable
code of fonstruction, and is suitable for the intended
service. Where ASME materials are used, the replace-
ment material should have the same ASME P-Number
designatjon as the pressure component material into
which tHe insert is being installed.

3.3 Insdrt Plate Thickness

The inert plate thickness should be not less-than the
nominal|thickness of the material it welds into. If a
thinner insert plate than the nominal thickness of the
material [it welds into must be used, it $hall be evaluated
for the iptended service (such as fatigue due to cyclic
loading)|using the rules in the applicable code of con-
structior| for the pressure compohent, or the applicable
post-conptruction code. See.para. 4.1.5.

3.4 Rectangular and'Square Insert Plates

Rectarjgular and ‘square insert plates shall have cor-
ners roupded tora'radius, except when the entire shell
plate is feplaced. Rectangular and square insert plates
13 mm (% \in.) thick and up to and including 25 mm

(a) Note (1)

25 deg to 35 deg (Typ.)

(b) Note (2) (c) Note (3)

S

(d) Note (4)

NOTES:

(1) Side view of cutout in pipe or tube with edge bevels. (Fig} 1
shows single-grooved joint detail with 25 deg to 35 deg ¢dge
bevel in pipe or tube. Other joint details and edge beveld may
be used, as appropriate for a particular weld joint.)

(2) Plan view of insert with edge bevels. (Fig. 1 shows an indert
with one-sided joint detail.)

(3) Side view of the insert with edge bevels. (Other joint detgils
and edge bevels may be used, as appropriate for a partiqular
weld joint.)

(4) Side view of welded insert in pipe or tube.

3.6 Insert Plate Size

(1 in.) thick should have a 75 mm (3 in.) or a larger
corner radius. Insert plates less than 13 mm (% in.) thick
may have smaller corner radii. Insert plates over 25 mm
(1 in.) thick should have a 150 mm (6 in.) or a larger
corner radius.

3.5 Flush Inserts

Flush inserts in pipe or tube may be round or oblong
cutouts, as shown in Fig. 1, or rectangular cutouts with
rounded corners.

The insert piate sttt be of sufficient size to replace
the entire area of the existing pressure component that
has been assessed as not being fit for continued opera-
tion and to ensure that all welds are in sound material.

3.6.1 Minimum Size of Insert Plates. The minimum
diameter, or length and width dimensions of nonpost-
weld heat-treated, butt-welded carbon and low alloy
steel insert plates shall be the lesser of 12f or 380 mm
(15 in.) (where t is the thickness of the parent material).
See para. 3.8.
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3.7 Structural Stability at Cutouts

Consideration should be given to structural stability
and possible distortion of the unsupported plate edges
of large openings (cutouts) in the vessel shell. An assess-
ment should be made for the need of temporary sup-
ports around the unsupported edges of such openings
during removal of the shell section to be replaced with
an insert plate. The assessment shall consider all loading
conditions that may occur on the vessel and the compao-

Part 2 — Article 2.1

be repaired. Thicker pipe or tube inserts may be used,
provided they meet the requirements of para. 4.1.5.

4.1.3 Forming Strains in Carbon and Low Alloy
Steels. Carbon steel and low alloy steel insert plates
should be heat treated (stress relieved, normalized, or
quenched and tempered, if appropriate) subsequently
when the resulting extreme fiber elongation during cold
forming is more than 5%, as determined by the following

Fr\rmn]nc-

nent during the repair, including structural stability of
vesspls during PWHT.

3.8 [Insert Plates With Nozzles

ThHe nozzle/manway reinforcement in insert plates
withl nozzles shall meet the design requirements and
weld details of the applicable code of construction for the
prespure component. The minimum diameter of insert
plat¢ with a nozzle shall be the larger of the following;:

(af for all nozzle/manway assemblies, the diameter
of the nozzle/manway penetration plus the width
needed for nozzle reinforcement and any edge bevels

(b} for nonpostweld heat-treated carbon and low
alloy steel nozzle/manway assemblies, the diameter of
the ipsert plate needed to maintain a minimum distance
of 130 mm (6 in.) between the nozzle attachment weld
and the nearest edge of the insert plate butt weld. How-
ever) the diameter of the insert plate for nozzles having
an dutside diameter 300 mm (12 in.) or smaller need
not be larger than 2 times the outside diameter of the
nozgle. (See also Figs. 2 and 3.)

4 FABRICATION
4.1 [Cutting and Forming

4{1.1 Edge Bevels. Edge bevels in the insert plate
and |in the pressure componeht may be prepared by
therfnal cutting, arc gouging, machining, or grinding.
The method should be‘appropriate for the material and
welding process(es) used.

All edges prepared for welding shall be examined to
the jequiremefits of the applicable code of construction
or ppst-constrdction code for the pressure component
being repaired. All unacceptable indications shall be
repajréd-to the requirements of the applicable code of

(a) For single curvature shells (cylinders)

. . 50¢ R
Percent extreme fiber elongation = AR/ Y%
f

(b) For double curvature (heads and spherichl shells),

. . 75t Ry
Percent extreme fiber elorngation = ® 1-5t|, %
f

R
where
Rf = final centerline radius, mm (in.)
R, = origifial centerline radius, mm (in.){ (Radius
equals infinity for flat plate.)
t = plate thickness, mm (in.)
As“an alternative, the rules of the original code of

¢onstruction may be used.

4.1.4 Forming Strains in Other Materialg. Cold-
forming strains (e.g., from bending) in materfals other
than carbon and low alloy steel shall not exceed the
limitations in the applicable code of constructjon with-
out a subsequent heat treatment.

4.1.5 Alignment at Edges of Insert Plate. The align-
ment at edges of the insert plate butt weld shall be such
that the maximum offset is within the limitatigns of the
applicable code of construction for the pressurg compo-
nent. If the insert plate thickness exceeds thege limita-
tions, the edge(s) of the insert plate shall have h tapered
transition having a length not less than 3 times fthe offset
between the adjacent surfaces of abutting secfions.

4.2 Welding

4.2.1 Welded Joints. The weld between the insert
plate and the existing pressure component shall be a full
penetration butt weld. Where possible, double-welded

construction or post-construction code.

4.1.2 Forming. Forming the insert plate to the
desired shape may be accomplished by any process that
does not impair the properties of the plate material. It
may be rolled or pressed to the proper curvature such
that it conforms to the curvature of the vessel shell after
it has been installed and welded into the vessel shell,
pipe, or tube. For pipe or tube inserts, the insert may
also be cut from another piece of pipe or tube of the
same diameter and thickness as the pipe or tube to

1 PP 1 1311 1
DUttt JUIITES 510Ut Ue UuscuU.

4.2.2 Strength of Welded Joints. The welded joints
(weld metal and heat-affected zones) shall meet the min-
imum strength' and toughness requirements and other
requirements in the current edition of the applicable
code of construction for the pressure component.

! Matching strength filler metal as noted in the AWS 5.X filler
metal specifications should be used for welding pressure compo-
nents. Use of as-deposited weld metal with substantially greater
strength is not recommended.

(15)


https://asmenormdoc.com/api2/?name=ASME PCC-2 2015.pdf

Part 2 — Article 2.1

ASME PCC-2-2015

Eig 3 Int i L »
g

Fig

2 Flush Insert Plate (With or Without

Nozzlg/Manway) With Its Butt Weld Intersecting

—

e

NOTES:
(1) Existin
weld i
(2) Thirty
(3) Full RT|
100 m|
(4) Insert
weld.
(5) For no
nozzle
the tog
insert

Existing Butt Weld in Shells or Heads

Note (1)

— Note (4)

Note (3)

Note (3)

T

g butt weld in vessel shell or head.((Fig." 2 shows butt
a cylindrical shell.)

leg minimum angle.

or UT, or MT or PT both sides of existing butt weld,

blate butt weld. FullRT\or UT, or MT or PT both sides of

hpostweld heatltreated carbon and low alloy steel
manway assemblies, 150 mm (6 in.) minimum between
of the nozzle fillet weld and the nearest edge of the
blate buttiweld (see para. 3.8).

With Shell Butt Weld in Vessel Shells and Hea

Note(1)\

f

Note (2)
¥

;— Not

Note (4)

e«

f

Note (2)

(2

M (4 in.) min. each side ofjintersection with insert plate.

@)

G

(@

NOTES:
(1) Existing butt weld in vessel shell or head. (Fig. 3 shows Hutt

weld in a cylindrical shell.)

~

each side of intersecting insert plate butt weld.

(3) Insert plate butt weld.
Cut existing shell butt weld to 150 mm (6 in.) minimum d

each side of intersecting insert plate butt weld and bevel
edges (or arc gouge edges) to the desired edge bevels. R

after completion of insert plate butt weld. Full RT or UT, o

or PT both sides of new weld.
For nonpostweld heat treated carbon and low alloy steel
nozzle/manway assemblies, 150 mm (6 in.) minimum be

=

ersecting“Doghouse” Type lnsert Pl
Butt Weld (With or Without Nozzle/Manway)

ate

e (3)

Length of cut in shell butt weld, 150 mm (6 in.) minimunj on

=}

bweld
r MT

ween

the toe of the nozzle fillet weld and the nearest edge of the

insert pl:\fn butt weld (see para.-3 g)
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4.2.3 Qualification of Welding Procedures and
Welders. Welding procedures, welders, and welding
operators shall be qualified in accordance with the
requirements of the applicable code of construction or
the applicable post-construction code. Welding proce-
dure qualifications shall include impact tests as required
by the applicable code of construction for the pressure
component. Vessel (production) impact tests are not
required.

Part 2 — Article 2.1

4.3 Weld Spacing Between Nonintersecting Adjacent
Butt Welds in Carbon Steel and Low Alloy Steel
Pressure Components

4.3.1 Minimum Spacing Between Nonpostweld
Heat-Treated Butt Welds. Nonpostweld heat-treated
butt welds around the periphery of insert plates shall
be spaced no closer to existing nonpostweld heat-treated

butt welds or reinforcing plate attachment welds than
(a) < 135 0-ma—e—ia)

for |
t—O¥ 7 AR roo- o

42.4 Welding Materials. Welding materials and
processes shall be as currently permitted by the applica-
ble ¢ode of construction or post-construction code for
the pressure component. Welding of carbon and low
alloy steels with low hydrogen electrodes and processes
is refommended.

4.p.5 Welds in Damaged Areas. All welds between
the ihsert plate and the existing shell should be in sound
matgrial. In some cases, the welds may be in a damaged
area provided any damage is considered in the design
of tHe repair, and the damage has been evaluated and
is dcceptable by the rules of the applicable
postfconstruction code.

412.6 Cleaning of Areas to Be Welded. Oil, grease,
paint, scale, and other foreign material shall be removed
fron} the area adjacent to the weld and a sufficient dis-
tancp away from the weld to avoid contamination.

412.7 Fit-Up of Insert Plates. Fit-up of insert plates
is important to the integrity of the repair. The aweld
detafls and welding procedures shall be such as to\facili-
tate full penetration and to minimize distortionrand flat
spotp due to weld shrinkage and the risk ©f weld crack-
ing flue to the restraint provided by the surrounding
mat¢rial.

4{2.8 One-Sided Welds. Forflush inserts in pipe or
tube| or other pressure components that do not allow
two{sided welding, gas turigsten arc welding, or another
welding process that pfoyides an acceptable weld on
the ppposite side should be used for the initial pass
joinihg the insert-tethe pipe wall. Subsequent passes
may|be completed-by gas tungsten arc or another weld-
ing process. Short Circuit Mode of Gas Metal Arc is not
recommengded for these types of welds.

contour, or flush if warranted by the service conditions.
The weld toe regions shall blend smoothly with the base
material. The reduction of thickness due to grinding
shall not exceed 0.8 mm (%; in.) or 10% of the nominal
thickness of the adjoining surface, whichever is less. In
no case shall the final thickness be less than the required
thickness.

2 Grinding welds to a smooth contour reduces stress concentra-
tions at weld discontinuities.

(b) for t,>13 mm (% in.), the greater'of|250 mm
(10 in.) and 8t,,

where
t, = thickness of the thicker.of the two adjgcent butt
welds, mm (in.)

4.3.2 Alternative Spacing Between Nonpostweld
Heat-Treated Butt Welds: > The spacing betweer] adjacent
nonpostweld heat-treated carbon and low alloy steel
butt welds may bereduced to the lesser of 8t,, of 200 mm
(8 in.) for t,, <40m (1% in.), provided both bitt welds
are ground smooth, 100% RT or UT examined and
100% MT_o01"PT examined after completion of welding
in areasswhere the spacing between the adjagent butt
weldsis less than that specified in para. 4.3{1. As an
alternative, the root pass and the weld, after half of the
groove is filled, may be either 100% MT or PT gxamined
in place of the 100% RT or UT examination requirement
above. The butt welds with thicknesses less thqn 13 mm
(% in.) need only be MT or PT examined. See para. 5.1.

4.3.3 Spacing Betwen Stress-Relieved Butt|Welds.
The spacing between the adjacent butt weldq shall be
not less than 2t, if the first butt weld has be¢n stress-
relieved before making the second butt weld.

4.4 Intersecting Butt Welds in Carbon and Low Alloy
Steel Pressure Components

4.4.1 General Considerations. Intersecting insert
plate and existing butt welds should be avoided where
possible. Where it is impractical for the insert|plates to
avoid an existing nonstress-relieved butt weld, the insert
plate butt weld should be placed such that it jntersects
the existing butt weld at an angle not less than 30 deg,
as shown in Fig. 2. Alternatively, the insert plate may

4{2:9-Weld Contour. The accessible surfaces ofinsert  pe sized such that it intersects the existing buﬂt weld at
plat a eg angle, as shown in Fig. 3.

4.4.2 Examination. Unless 100% RT or UT examina-
tion is required by the applicable code of construction,
the insert plate butt weld and 100 mm (4 in.) of the
existing butt weld, on both sides of the intersection,
shall be 100% MT or PT examined after completion of
both welds, as shown in Fig. 2. In case of the “doghouse”
type insert plate butt weld shown in Fig. 3, this examina-
tion shall be performed on the full length of the new
weld along the existing shell butt joint. See para. 5.1.
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4.5 Postweld Heat Treatment

4.5.1 General Considerations. The butt welds
between the insert plate and the existing pressure com-
ponent and the weld between the nozzle/manway and
the insert plate shall be postweld heat treated (PWHT)
when required by the original code of construction or
the applicable post-construction code, or for process rea-
sons, except as permitted by the applicable

post-con struction code Prnpnr pronanfin‘nq should bhe

ASME PCC-2-2015

5.4 Additional Examination Requirements for Carbon
and Low Alloy Steels

5.4.1 Rectangular and Square Insert Plates. For
rectangular or square insert plates, the welds around
the rounded corners, as a minimum, shall be either spot
RT or UT examined. As an alternative, the root pass,
the weld after half of the groove is filled, and the com-
pleted weld shall be either MT or PT examined.

taken dfiring the PWHT to avoid distortion of the
welded gssembly.
4.5.2| Repairs. Repairs to pressure equipment that

require HWHT based on service conditions shall be post-
weld hedt treated, unless other means (e.g., engineering
evaluatign) are provided to ensure that the as-welded
joints willl be suitable for the service conditions, or as
permittefl by the applicable post-construction code.

4.5.3| PWHT. For the repaired pressure parts that
require PWHT (either Code-mandated or dependent
upon seryvice conditions), the PWHT shall be performed
in accordance with the applicable code of construction,
unless the owner requires a more stringent PWHT (e.g.,
higher PWHT temperature or longer hold time).

5 EXAJ'IINATION OF WELDS
5.1 Insdrt Plate Welds

All insert plate welds to the existing pressure compo-
nent in pressure vessels shall be examined by radio-
graphic (RT) or ultrasonic (UT) examination methoeds to
the extenpt required by the applicable code of,construc-
tion or Host-construction code for the pressure‘compo-
nent. Where UT is used, examination of ‘the root pass
by eitherfmagnetic particle (MT) or liquid-penetrant (PT)
methods| is recommended. The prdacedures, personnel
qualificafions, and acceptance criteria shall be in accor-
dance wjith the applicable code Jof construction or the
applicable post-constructioncode.

5.2 Finished Welded_ Surfaces

Unlesqg 100% RT-0rUT examination is required, all
finished elded,Surfaces shall be examined by magnetic
particlel (MT)or liquid-penetrant (PT) methods.
Examinaftion by the MT or PT methods is recommended
for the g : :
backgouge of double groove “welds. No crack like indi-
cations, incomplete fusion, or incomplete penetration
are permissible.

5.3 Piping

For piping, all nondestructive examination require-
ments shall be in accordance with the current require-
ments in the applicable code of construction or
post-construction code.
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5.4.2 Closely Spaced and Intersecting Welds. | See
paras. 4.3 and 4.4 for additional examination“require-
ments for closely spaced welds and interseating welds.

6 PRESSURE TESTING

6.1 General Considerations

If the vessel or pipe can be\isolated for pressure|test-
ing, and if it is practical to"do so, all insert plate welds
should be pressure tested as required in the appligable
post-construction céde. Alternatively, nondestruftive
examination may.Be performed in place of pressure|test-
ing if permitted by the applicable post-constructioncode
at the locatien of the pressure equipment, when confami-
nation of: the pressure-retaining item by liquids is possi-
ble or when pressure testing is not practical.

6.2 Notch Toughness Considerations

(a) Consideration should be given to the effect of ser-
vice deterioration and embrittlement from prior sefvice
conditions on notch toughness characteristics of the
pressure component before pressure testing. The petson-
nel shall maintain a safe distance from the pressure fom-
ponent when the pressure is increased for the first fime.

(b) Additional safety precautions shall be tak¢n in
case of a pneumatic test to reduce the risk of byittle
fracture.

(c) Consideration should also be given to any hagards
that might be associated with the test medium (toXicity,
flammability, explosiveness, etc.).

6.3 Leak Test

A separate leak test (visual, bubble-forming solutjions,
sniffer, etc.) may be desirable to check for leaks bpfore
pressurlzmg the component to the maximum test

bres-
a al safe
pressure that is substantlally less than the maximum
test pressure by pressurizing the component to a desired
pressure and reducing the pressure to the leak test pres-
sure before performing the leak test.

6.4 Vessels and Piping With Insulation or Coating

All testing and inspections should be performed prior
to application of insulation or coatings.
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Article 2.2
External Weld Buildup to Repair Internal Thinning

1 DESCRIPTION

Fig. 1 Weld Buildup Profile

1.1 [Introduction

This Article addresses the repair of pressure compo-
nentp (piping or pressure vessels) degraded by wall thin-
ning| due to flow-accelerated corrosion (FAC), erosion—
corrdsion (EC) and other internal thinning mechanisms
by bhildup of weld metal on the exterior of the degraded
pipe| or pressure vessel section. This Article does not
addgess the repair of cracked components.

1.2 [Restoration of Wall Thickness

Wihen appropriate, applying a weld buildup repair to
the exterior of a thinning pressure component (pipe/
prespure vessel) can provide the necessary structural
reinforcement and can eliminate the need for either total
replacement of the component or an internal weld repair.
Spedifically, a weld buildup procedure can be used to
strugturally restore steel (carbon, low alloy, or austenitic
stair)less steel materials suitable for welded construc-
tion) components to the appropriate wall thickness with<
out fesorting to replacement efforts. In some cases,.it'is
possjible to perform a repair while the componentis in
opetlation. The use of a weld buildup as a permanent
repdir shall include consideration of(the'thinning
mechanism.

2 LIMITATIONS
Additional Requirements

Pdrt 1 of this Standard\contains additional require-
men}s and limitations. This Article shall be used in con-
junction with Part 1

2.2

Alweld buildup shall not be used for structural rein-
forcpmentiwhen there is indication of any form of
cracking.

Cracking

u nside
surface

flushed from the system prior to repair include hydro-
gen, hydrogen cyanide, oxygen, alkaline/caustjc materi-
als, butadiene, acetylenic compounds, H,S, chlqrine, and
acids. In some cases, cleaning procedures may pe neces-
sary to prepare a pressure component system for repair.

2.4 Operation in Creep Temperature Range

Buildup repairs of components that are opprated at
or near the creep temperature range should| only be
qualified through an engineered design appfroach as
described in section 3 of this Article.

2.5 Blocked-in Liquid-Filled Components

Blocked-in liquid-filled components should not be
repaired due to the potential for pressure incrg¢ase from

2.3 Evaluation of Medium

In all cases, the user shall evaluate the flammability,
volatility, and potential reactions of the medium within
the pressure component prior to application of any weld-
ing process. In no case should welding be performed
without a thorough understanding of the medium con-
tained within the pressure component. This should also
include an evaluation of the medium for potential reac-
tions with the base material due to the heat from weld-
ing. Examples of process media that should be properly
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thermal expansion.

3 DESIGN

Figure 1 depicts the weld buildup dimensions referred
to in this section.
3.1 Buildup Design

The weld buildup shall meet the requirements of
paras. 3.1.1 through 3.2.2.2.

(15)
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3.1.1 Weld Metal

3.1.1.1 Chemistry. The nominal chemistry of the
deposited weld metal shall match the base material.

3.1.1.2 Tensile Strength. The tensile strength of
the deposited weld metal shall be at least equal to or
exceed the tensile strength of the base metal to which
the weld buildup is applied.

3.1
metals (to those spec1f1ed above) may be used with
appropriate design calculations and fitness for service
evaluatigns.

3.1.2| Buildup Geometry General Requirements

3.1.
buildup
evaluatid

.1 Postrepair Examination. The design of the
shall not hinder postrepair examinations and
Nns Or any preservice examinations.

3.1.2.2 Extension Beyond Base Metal. The weld
shall extpnd, at full thickness, a minimum distance, B,
in each direction beyond the affected base metal (unless

otherwisg justified by a fitness for service assessment).
3
B = Z Rtnom
where
R [ outer radius of the component, or 1/2D
thom = nominal wall thickness of the component

3.1.2.3 Edge Taper. The edges of the weld build-

ups shall be tapered to the existing pressure component

surface §t a maximum angle, «, of 45 deg.

3.1.2.4 Life of Repair. The thickness'shall be suffi-
cient to maintain the predicted life of(the repair.

3.1.2.5 Corner Radius. All corners of the buildup
shall havie a radius, 7, not less thanthe buildup thickness.

3.1.
ance tha
to these

P.6 Corrosion Allowance. Any corrosion allow-

is determined-to\be necessary shall be added
Himensions. The'predicted maximum degrada-
tion of the built-up pressure component, and the
buildup,|over theddesign life of the restoration shall be
analyzed.

3.1.2 : additi X
ups shall not be spaced any Closer than Y4/ Rpom between
the toe of each buildup.

3.1.2.8 Thickness. The thickness of the completed
buildup, dimension w in Fig. 1, shall not exceed the
nominal thickness of the pressure component.

3.1.2.9 Other Configurations. Configurations not
meeting the requirements of paras. 3.1.1 and 3.1.2 shall
be evaluated based on engineering analysis
(para. 3.1.3.2) or testing (para. 3.1.3.3).
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3.1.3 Buildup Qualification Requirements. The
design of the weld buildup shall meet one of the
following;:

(a) guidelines for prequalified design in para. 3.1.3.1

(b) guidelines for engineered design in para. 3.1.3.2

(c) guidelines for proof (burst) test in para. 3.1.3.3

3.1.3.1 Prequalified Design. Application of weld
buildups on stralght plplng sections and associated
sidered

bngi-

a prequalzfzed design and shall be exempt frompah
neered design qualification or a proof test qualifichtion
if all of the following conditions are met;

(a) All of the requirements of paras.-371.1 and
are met.

3.1.2
(b) The maximum design témperature doeg not
exceed 340°C (650°F).

(c) The specified nominalsthickness of the exipting
base metal is at least Schedule 40 or Standard Wall,
whichever is less.

(d) The maximum-angle of the taper does not eXceed
30 deg (« in Figh\D).

(e) The finished buildup is circular, oval, full cir
ferential, orrectangular in shape.

(f) Foreachrepair, the maximum dimension (L, lgngth
along-axis) compensated by a circular, oval, or rectangu-
lax buildup does not exceed the lesser of one-half the
nominal outside diameter of the pressure component or
200 mm (8 in.).

(¢) Rectangular buildups are aligned parallel with or
perpendicular to the axis of the pressure compohent,
and corners are rounded with radii not less than the
buildup thickness.

(h) Oval buildups shall have end radii not less [than
%/Rtqom and the axis of the buildup shall be aligned

fum-

parallel with or perpendicular to the axis of the
component.
(i) The minimum thickness of the buildup shdll be

code of construction, the effect of the weld buildup shall
be reconciled with the original analysis or qualified in
accordance with para. 3.1.3.2.

3.1.3.2 Engineered Design. The weld buildup may
be qualified by an engineered design. The allowable stress
values of the base metal shall apply to the design of the
weld metal and the following factors shall be considered
in the design:
(a) the effects of three-dimensional shrinkage
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(b) the effects of flexibility, stress concentration, and
section properties

(c) stress concentrations from the pressure component
internal surface configuration

(d) the effects of differing thermal expansion coeffi-
cients between the base and the weld metal

(e) the effects of differing thermal mass of the buildup
repair

(f) the potential for creep degradation for service tem-

Part 2 — Article 2.2

the weld buildup. A plug of the same base material
and of uniform thickness, u, not exceeding the smallest
average thickness on which the buildups will be perma-
nently applied, shall be full-penetration welded around
the opening and flush with the outside surface of the
pressure component. Alternatively, an equivalent vol-
ume of base metal may be removed from the inside
surface of the mock-up by machining or grinding, with-
out the need for welding in a closure plug.

perafures above 340°C (650°F)

3.1.3.3 Proof Test Qualification. As an alternative
to the prequalified design or engineered design, a proof
test qualification may be performed through a satisfactory
burs}t test mock-up. The details of the mock-up configu-
ratign and considerations are in para. 3.2.

3.2 [Burst Test Procedures

3|2.1 Proof Test Qualification Requirements. As an
alternative to the engineered design approach, a burst test
of a|mock-up buildup may be performed to qualify a
weld buildup design.

3.2.1.1 General Requirements. A satisfactory
mock-up burst test may be used to qualify the weld
buildlup design for application in the same orientation
on the same type of item, and the same location on
fittir)gs, when the following conditions are met:

(af The base metal is of the same P-No. and Group
numpber as the mock-up base material tested.

(b) The specified minimum tensile strength<of the
item| does not exceed that of the mock-up base'material
testqd.

(c] The average thickness of the buildup’area(s) is at
least| the thickness of the mock-up plug, u, in Fig. 1.

(d) The overlap on the full thickness of base metal,
s|at least that of the mock-up.

(e] The transition angle at the outer edges of the over-
lay, v, is not greater than.that of the mock-up.

(f) The buildup surfaces similar to or smoother than
that [tested.

(¢} The maximum axial dimension/diameter ratio,
L/D,|is not mote-than that tested.

(h) The miaximum circumferential dimension/
dianmpeter:ratio, C/D, is not more than that tested.

(i)| The nominal diameter is not less than one-half or

=

B/

3.2.1.3 Buildup Thickness. Buildup séetjon thick-
ness (deposit + base metal), represented-by~the dimen-
sion u and w in Fig. 1, for the thinned area of the mock-
up shall be not greater than 87.5% of the nonjinal wall
thickness. This is intended to_provide a conservative
thickness for the qualification,'of’/the buildup flesign.

3.2.1.4 Burst Pressure: , To qualify a repgir design
for general applications(onh pressure componefts in the
same orientation or ‘af)the same location on|fittings),
burst pressure shalltbe not less than:

2t Syt
P==5
where
1= outside diameter of the pressure component,
mm (in.)
P = minimum acceptable burst pressiire, MPa
(psi)
Sat = reported actual tensile strength, MPh (psi), of

the base material tested
minimum specified thickness (e
manufacturing tolerance) of base
tested, mm (in.)

3.2.1.5 Flexibility Analysis. If flexibility]
was required by the original code of construgtion, the
effect of the weld buildup shall be reconciled|with the
original analysis or qualified in accordapce with
para. 3.1.3.2.

3.2.2 Burst Testing Method

WARNING: Hydrostatic burst testing has the potentipl to cause
loss of life and damage to property. All tests shall be tEloroughly
evaluated for safety and control of debris from cogmponent
failure.

kcluding
material

analysis

3.2.2.1 Pump Selection. The pump staffion used

more than 2 times the diameter of mock-up tested.

(j) The nominal thickness/diameter ratio, /D, is not
less than one-half or more than 3 times the t/D ratio
tested.

3.2.1.2 Simulation of Thin Area. To simulate the
area of wall-thinning for pressure testing, a rounded-
corner segment of the base material of the mock-up shall
be removed to represent the maximum size ratio (axial
dimension of L and circumferential dimension of C) and
location of thinning or pitting to be compensated for by
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for burst testing should be capable of exceeding the
maximum calculated burst pressure. The pump should
be capable of providing a minimum of 25% overpressure
to allow for burst pressure variations from wall thickness
tolerances, weld reinforcement, etc. In most cases, the
actual burst pressure will exceed the calculated value
by a small margin.

3.2.2.2 Burst Test Fittings and Gages. All fittings,
hoses, and gages shall be rated for a working pressure
equal to or greater than the pump rating. Fittings


https://asmenormdoc.com/api2/?name=ASME PCC-2 2015.pdf

Part 2 — Article 2.2

attached to the pressure component mock-up should be
threaded into the end bells of the mock-up and then
seal welded to prevent leakage. Gages shall be rated for
working pressures at or above the pump pressure rating
and shall be calibrated to a pressure standard, traceable
to the National Institute of Standards and Technology
(NIST), or equivalent, by a reputable laboratory. The
expected burst pressure of the component being tested
shall fall within one-fourth to two-thirds of the gage

ASME PCC-2-2015

of oil or grease. This procedure will also help in removing
traces of moisture. Surface contaminants may lead to
porosity and other welding defects, which may
adversely affect the welding quality. A clean surface will
also assist in permitting more accurate nondestructive
examination assessment of the pressure component wall
degradation.

4.2.3 Leakage Repair. All leakage shall be repaired

pricrtoperforming the weld builduprepairIf sufficient
r r te] r

rating, sp as to be in the most accurate portion of the
gage mepsurement range.

4 FABRICATION

This section describes application methods and
techniqules for applying weld buildups on degraded or
thinning|steel pressure components. This section should
be considered as general requirements for weld building
and shal| be used in conjunction with the requirements
of the agplicable code of construction or postconstruc-
tion code.

4.1 Prenepair Inspection Requirements

4.1.1| Evaluation of Base Material. The material
beneath the surface to be weld built up shall be evaluated
to establlish the average wall thickness and the extent
and configuration of thinning to be reinforced by the
weld bufldup. Consideration should also be given to
the caus¢ and rate of deterioration. (If the cause of the
thinning|is not known or understood, then a materials
engineer[should be consulted to approve the repair.tech-
niques and procedures to ensure that the repair,will
not causp an unacceptable change in the deterioration
mechanism.)

4.1.2 |Volumetric Examination. Theuser shall deter-
mine that cracking has not occurred prior to commenc-
ing the[repair. The area of tlie,existing pressure
compongnt, to which the weld(buiildup is to be applied,
should be volumetrically examined prior to performing
the weld| buildup.

4.1.3| Surface Exdmination. The entire surface, to
which the weld builduip is to be applied, shall be exam-
ined using appfopriate NDE technique(s) to verify sur-
face quality @rior to welding. Acceptance criteria shall
be in accrdance with the applicable code of construction

r
material is available, peening may be used to, cloge off
the leakage and permit seal welding. Another option
is application of a series of overlapping' weld Heads
immediately adjacent to the leakage. Once suffifient
material is available, peen to close off the leakagd and
perform final seal welding.

4.2.4 Special Considerations. Seal welded repairs
conducted on-line, or to syStems containing hazarflous
materials, may requirespecial considerations thaft are
outside the scope of this Article.

4.3 Weld Buildup{Placement

at is
wall
sure
able

4.3.1 Mapping of Degraded Area. The area th
determined to be degraded below the allowable
thickness'should be clearly mapped-out on the pre
compenent surface, using a scribe or other suif
marking technique.

4.4 Electrode Size and Filler

4.4.1 Weld Metal Requirements. The required peld

metal shall conform to para. 3.1.1.

4.4.2 Wall Thickness Determination. Prior to iitia-
tion of welding, the remaining wall thickness shdll be
determined to ensure that the proper electrode size is
used to prevent burn-through of the pressure compo-
nent wall.

4.4.3 Minimizing Penetration. Itisnecessary tomin-
imize penetration during the first layer, thus smjaller
diameter electrodes should be used. If in doubt gbout
the accuracy of the wall thickness, such as in the|case
of pitting, the smallest possible electrode should be
selected.

4.4.4 Electrode Size. The electrode size shoul

exceed-the vomaiﬁing base - material wall thicknes A

not

or pOSt—COl’IStI'UCthII code.

4.2 Prerepair Surface Preparation

4.2.1 General. Thesurface tobebuilt up shallbe free
from rust, scale, paint, coatings, or other contaminants.
Grinding or wire brushing may be necessary to remove
surface oxides or protective coatings.

4.2.2 Solvent Cleaning. Immediately prior to weld-
ing, the final weld surface should be thoroughly cleaned
using a solvent, such as acetone, to remove any traces
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4.4.5 Burn-Through. The potential for burn-through
and consequences thereof, shall be evaluated.

4.5 Welding Process and Techniques

4.5.1 Welding Procedure Qualification. Buildup
welding shall be performed using a qualified groove
welding procedure, in accordance with ASME BPVC
Section IX, or as required by the applicable code of
construction or post-construction code.
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4.5.2 Welder Qualification. Welders performing
buildup welds shall be qualified in accordance with
ASME BPVC Section IX, or as required by the applicable
code of construction or post-construction code.

4.5.3 Welding Processes. Typical welding processes
for these repairs include, but are not limited to, SMAW
and GTAW.

4.5.4 Wall Thickness Considerations. Pressure com-

Part 2 — Article 2.2

(a) provide an outer gage for the welder.

(b) improve the heat-affected zone quality by elimi-
nating the potential for a final, untempered weld pass
on the base metal surface for carbon and low alloy steel
materials. After completion of the perimeter weld pass,
the first layer may be welded in accordance with the
qualified weld procedure.

4.5.9.3 Subsequent Welding Passes. Subsequent

pongnts with wall thickness less than the diameter of
the ¢lectrode should be depressurized before welding.

415.5 Depressurization. Consideration should be
given to depressurizing the system before welding.
Altefnatively, appropriate in-service welding techniques
(e.g.} as provided in API RP 2201) should be used.

4
fornj

5.6 Heat Treatment. Heat treatment shall be per-
ed in accordance with the applicable code of con-
strugtion, post-construction code, or engineering design.
Heaf treatments shall only be applied to equipment that
is rgpaired while not in service. In some cases, heat
treaffment may be required to meet service conditions or
process and may not be required by code of construction

(e.g.} for H,S cracking).
5.7 Temper Bead Technique. Temper bead tech-
niques, as permitted in the applicable post-construction

codds, may be used on carbon steel or low alloy steel
to ayoid the need for high temperature heat treatments.
Avoid use of temper bead methods where process-or
servjce conditions mandate use of heat treatment.(e.g.,
H,S| HCN, HF).

.5.8 Bead Overlap. A bead overlap jof approxi-
matgly 50% should be maintained to redtice the potential
for Hurn-through and to assist in obtaining proper bead
placgment. In some cases, wastage.may have progressed
to the point where there is risk ‘of burning through the
component when depositing,the first layer(s). To prevent
burr}-through in such situations, the first bead should
be deposited where the\rémaining thickness is greater,
then| subsequent béads should be overlapped to step
acrops the thinngr area.

4
inp

5.9 Welding Techniques. The techniques specified
hras,.4:5.9.1 through 4.5.9.4 may be used.

(4.529.1 Considerations Prior to Welding. Once the

Wcldius passes may be \.Ullll)}t’ttb‘l T o oTTe fashion;
however, care should be taken with the weld) passes at
the edges of the buildup to maintain the edge|angle, or
taper, to equal or less than that qualified./An edlge angle
of 30 deg is recommended and meets/one of the provi-
sions for a prequalified design. Fhe taper anglefis impor-
tant as it minimizes the stress) intensifying effect of the

buildup due to the changes in surface geomeffry.

4.5.9.4 Edge Taper-Angle. The maximum allow-

able edge taper angle:is 45 deg.

5 EXAMINATION

The-inspections specified in paras. 5.1 thrpugh 5.4
apply.to weld buildup repairs.

5.1 Surface Examination

The completed weld buildup shall be examinjed using
the liquid penetrant or magnetic particle|method
and shall satisfy the surface examination accepfance cri-
teria of the applicable code of construftion or
post-construction code.

5.2 Buildup Thickness

Adequate wall thickness of weld buildup and relevant
existing base metal shall be verified by ultrasopic thick-
ness measurement.

5.3 Volumetric Examination

When volumetric examination is required by the
applicable code of construction or post-congtruction
code, the full volume of the finished buildup, gxcluding
the tapered edges, but including the volumg¢ of base
metal required for the design life of the buildup, shall
be examined by either the ultrasonic or radjographic

area to be repaired has been mapped and the pressure
component surface cleaned, welding may be initiated
on the first layer. Welding parameters should provide
as low of a heat input as possible while maintaining
fusion. This not only reduces the potential for burn-
through but also reduces the width of the finished heat-
affected zone.

4.5.9.2 Initial Welding Pass. The first weld
pass(es) should follow the outer perimeter of the weld
buildup location to
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method. The repair shall satisfy the acceptance criteria
for girth welds of the applicable code of construction or
post-construction code, if there are no acceptance criteria
for structural buildups, butters, or cladding.

5.4 Surface Finish

Grinding and machining of the as-welded buildup
surface may be used to improve the surface finish for
such examinations, provided the buildup thickness is
not reduced below design requirements.
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6 TESTING
6.1 Pressure Testing

If the pressure component can be isolated for pressure
testing, all repair locations shall be pressure tested if
required by the applicable post-construction code. Spe-
cial safety precautions shall be taken when performing
pneumatic testing to minimize the risk of brittle fracture.

6.2 Volumetric Examination in Place of Pressure
Testi

ASME PCC-2-2015

API 570, Piping Inspection Code: Inspection, Repair,
Alteration, and Rerating of In-Service Piping Systems

API RP 2201, Safe Hot Tapping Practices in the
Petroleum & Petrochemical Industries

Publisher: American Petroleum Institute (API), 1220
L Street, NW, Washington, DC 20005 (www.api.org)

ASME Boiler and Pressure Vessel Code, Section IX —

lation and Coating

All tesfing and examinations shall be performed prior
to applidation of insulation or coatings.

7 REFHRENCES

API 510,|Pressure Vessel Inspection Code: Maintenance
Inspection, Rating, Repair, and Alteration

vvelding, brazing, and rusimg UJualilications

Publisher: The American Society of Mechanical
Engineers (ASME), Two Park Avenue, New York,
NY 10016-5990; Order Department:'22 Law Dyive,
P.O.Box 2900, Fairfield, _™NJ 07007-R900
(www.asme.org)

National Board Inspection Lode, NB-23

Publisher: National Board-of Boiler and Pressure Vfessel
Inspectors (NBBI),” 1055 Crupper Avepnue,
Columbus, OH/43229 (www.nationalboard.org)
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Article 2.3
Seal-Welded Threaded Connections and
Seal Weld Repairs

1 DESCRIPTION

1.1 [Introduction

ere piping systems, pressure vessels, and process
equipment are assembled by threaded connections, the
mechanical seal of standard tapered pipe threads may
be stifficient for many industrial applications. However,
some systems handling fluids at high temperatures or
high| pressures; fluids that are flammable, toxic, or reac-
tive)| or fluids requiring very low leak rates, may not
rely [solely on threaded joints for leak tightness.

1.2 [Seal Welds

Whhen the convenience of a threaded connection is
desited, and the reliable seal of a welded connection is
reqyired, a seal-welded threaded joint is sometimes
used. Seal welds are applied after the threads are
enggged. The mechanical strength of the joint is pro-
videfd by the threads, while the seal weld provides leak
tightness.

1.3 [How Seal Welds Are Used

Selal welds are used in two different ways. Some are
instdlled in new construction, as part of the original
design. Other seal welds are used after construction, as
a maintenance procedure to seal threaded connections
that have leaked. Finally, older-plants may have threaded
conrfections that were permitted in past specifications
but feed to be upgraded-today by seal welding as part
of af integrity management program.

2
2.1

P4rt. 170f this Standard contains additional require-
ments and limitations. This Article shall be 11sed in con-

LIMITATIONS
Additional Requirements

the existing system, the ability to isolate the cqnnection
while the plant is still running, persofinel exposure to
the system contents, and the cofisequendges of an
unscheduled plant shutdown. Alsg, without attention
to the details and QA /QC reqliirtements in this Article,
seal-welded threaded connections are prone toj cracking
and leakage. Upon careful'€yaluation of these cpnsidera-
tions, it may be concludedithat a more approprigte action
is to replace the compenent(s) containing the [threaded
connections.

2.4 Potential{Contaminants

For repair of leaking threaded connections, the origi-
nal thread sealant compound, thread lubricant{and pro-
cess fltid contamination can make seal welding difficult
and result in cracking of welds.

2.5 Welding and Material Considerations

For all seal welds, careful evaluation of thie joint is
needed. Some threaded connections are made ¢f materi-
als that are difficult to weld, such as cast iron. Jpints may
require high preheat, stainless or chrome-moly welding
fillers, or other special welding requirements, pased on
the materials of construction and service.

2.6 Removal of Coatings

It is essential that coatings, including zinc galyanizing,
be removed from the weld zone before welding. Recoat-
ing the joint area, after welding and testing are jomplete,
shall be considered.

2.7 Welding Effect on Adjacent Components

In seal welding of threaded connections, fonsider-
ation shall be given to the possible damaging leffects of
welding on adjacent components, such as soff seats in
threaded valves.

junction with Part 1.

2.2 Special Considerations Outside of Scope

Seal-welded repairs conducted on-line, or to systems
containing hazardous materials, may require special
considerations that are outside the scope of this Article.

2.3 Consideration of Hazards

Before seal welding an existing threaded connection,
consideration should be given to the potential hazard of

17

3 DESIGN
3.1 Applicable Codes

For repair of original seal welds, consult the original
code of construction, or applicable post-construction
code. The requirements specified in paras. 3.1(a) and
3.1(b) are from the ASME BPVC Section I, ASME B31.1,
and ASME B31.3, but may be successfully used on any
seal-welded joint repair.
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(a) The seal weld shall only be used to provide the
hermetic seal, not the mechanical strength to the joint.

(b) All of the remaining exposed threads (if any) shall
be completely covered with weld metal.

3.2 Application to Existing Joints

For repair of leaking threaded connections that are
not originally seal welded, it may not be possible to
meet the conditions of para. 3.1(a) or 3.1(b). Seal welds

ASME PCC-2-2015

(a) remove as much old thread sealing joint com-
pound as possible. A wire brush, grinder, or torch may
be needed.

(b) expect the likelihood of porosity in the first pass,
caused by burning joint compound or trapped fluid.

(c) grind outany porosity or other defects and reweld.
Repeat as necessary until weld is leak tight.

applied ¢ver existing threaded joints may be Iess reliable
than new construction, so the user must evaluate the
safety arfd reliability of each application individually.

3.3 Joinf Reassembly

If the [joint is disassembled, it shall be reassembled
withouf| the use of any tape, lubricants, or joint
compound.
3.4 Two|Pass Welds

The uge of two pass welds over all exposed threads

shall be donsidered. Two pass welds increase the reliabil-
ity of th¢ joint.

4 FABJICATION
4.1 Cle

Remoye the system from service, and drain the pro-
cess fluid. Make the system safe for hot work. This may
be done[by purging with steam, nitrogen, or other
inert gas

ning

4.2 Clegning of Joints

Prior tp seal welding, joints shall be cleaned to rémove
all surfage contamination.
4.3 Weldling Qualifications

Welde}s and welding procedures_shall be qualified
per ASME BPVC Section IX, or othet applicable code of
construcfion or post-construction code.

4.4 Fatigue Considerations

For connections subject to vibration or fatigue, consid-
eration ghall be given to removal by grinding of all
exposed [threads prior to seal welding.

4.5 Prior Seab Welded Joints
For rW"q

(a) if installing replacement pipe or fittings, do not
use thread sealant compound or lubricant

(b) for repair without disassembly, the integrity of the
old seal weld should be inspected visually to determine
if it should be completely removed

4.6 Welding Existing Connections Without
Disassembly

For seal welding original threaded connections with-
out disassembly,

18

5 EXAMINATION

5.1 Techniques and Methodology

Visual examination (VT) is the most common exami-
nation technique used for thread sedl welds. Magnetic
particle examination (MT) or liquid.penetrant examina-
tion (PT) may be required by the applicable code, or
may be used to provide greaterassurance of leak tight-
ness. The methodology shall-be in accordance with the
applicable code of construction or post-constru¢tion
code.

6 TESTING

6.1 Initial"Service Testing

Eor 'most applications, an initial service leak test, in
which the joints are examined for leakage wher the
System is returned to service, is sufficient. Wher¢ the
possibility of leakage during an initial service leak test
is unacceptable, additional NDE, or a hydrostatjc or
pneumatic leak test should be performed prior to plac-
ing the system in service.

6.2 Leak Testing

If greater assurance of leak tightness is required prior
to service, a preservice leak test may be used. Opfions
include bubble testing, pneumatic testing, and hydro-
static testing.

NOTE: The user is cautioned to consider any hazards that pight
be associated with the test medium (e.g., toxicity, flammapility,
reactivity, explosibility), pressure level of fluid, and coin¢ident
stress level/temperature of the components.

ASME Boiler and Pressure Vessel Code, 2004 Edition,
Section I — Power Boilers; Section IX — Welding,
Brazing, and Fusing Qualifications

ASME B31.1, Power Piping

ASME B31.3, Process Piping

Publisher: The American Society of Mechanical
Engineers (ASME), Two Park Avenue, New York,
NY 10016-5990; Order Department: 22 Law Drive, P.O.
Box 2900, Fairfield, NJ 07007-2900 (www.asme.org)
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Article 2.4
Welded Leak Box Repair

DESCRIPTION

2 LIMITATIONS

A welded leak box consists of an enclosure used
al off or reinforce a component. An example of a
box is illustrated in Fig. 1.

Leak boxes are commonly used to seal repair-
ng components or reinforce damaged components.

Leak repair boxes can have a variety of shapes
cylindrical, rectangular, with either flat or formed
s), often following the contour of the pipe or compo-
being repaired. Leak repair boxes can also be used
close components such as flanges and valves or
gs, branches, nozzles, or vents and drains.

Leak repair boxes are typically custom-made by
ing split pipe, pipe caps, or plates.

The annular space between the leak repair box
the repaired component can be left empty, or filled
hed with epoxy, sealant, fiber, refractory materials,
her compounds.

leaks) or structural (designed to reinforce and ho
ther a damaged component). \O

Fig. 1 Examp

gygrow during the planned life of the repais
M

A leak box can be nonstructural (designed to con—$ crack growth during the planned life is accept,

2’of a Welded Leak Box Repair of a Tee
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2.1 General

N

Part 1 of this Standard, “Scope, Qr%niza
Intent,” contains additional requirements an
tions. This Article shall be use@ﬁ conjunct

Part 1. QQ

2.2 Crack Repair

Article 2.4

ion, and
d limita-
ion with

5 at pack-

Normally, leak box%‘%used to contain leakp
ings, and at ﬂang gasketed joints, or t¢ contain

leaks (or potentl ks) due to local thinning.
leak box may,n (@prevent the propagation of 3
the pipe OQ ponent, leak repair boxes shg
used w acks are present, unless

(a) the

pro tion have been eliminated so that the g
b) a fitness-for-service assessment shows

that the crack will not propagate across the le
box closure weld

Since the

crack in
11 not be

conditions that led to the crack formation and

rack will

that the

hble, and
pk repair
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(c) the crack is circumferential and the repair is a
structural leak box, where the leak box and its welds
are designed for the case of full circumferential break
of the pipe, or separation of the cracked component

(d) the leak box fully encapsulates a cracked vent
or drain

2.3 Qualifications

Installation, welding and sealant injection, where nec-

ASME PCC-2-2015

(b) because the leak repair box can be at a lower tem-
perature than the component, condensation of leakage
gases can create corrosive effects.

(c) the box can modify the temperature of the compo-
nent and lead to higher corrosion rate, or cause dew
point corrosion.

(d) temperature of encapsulated bolting can increase
and bolting can yield, as a result of the contact with the
process fluid or the insulating effect of the box.

essary, shall be performed by personnel qualified under
conditiofs representative of the field application.

2.4 Safgty

Persorynel shall be aware of hazards in welding on
degradedl components, and shall take the necessary pre-
cautions|to avoid unacceptable risks.

(1) A hazard review should be undertaken prior to
starting the work to address all credible problems that
could arjse.

(b) If the component is leaking or has the potential
to leak diiring installation, and if the contents are hazard-
ous, additional precautions should be taken and they
should He addressed during the prejob hazard review
meeting [(e.g., need for fresh air suit, etc.).

3 DES

3.1 Matprials

Materfals for the leak box shall be listed in the con=
structior] or post-construction code, and be compatible
with the fluid, pressure, and temperature, with duecon-
for the stagnant condition created(by"a leak
of fluid ipto the box. Generally, the material of construc-
tion of the leak box should be similar to\the repaired
compongnt and weldable to the existing pressure bound-
ary. The[leak box design and constrlction, including
material pelection, shall be done-considering the deterio-
ration mpde that led to the need-for the repair. The leak
box shall|be suitable for resistirg this deterioration mode
for the life of the repaif,

3.2 Deslgn Life

The dgsigndlife‘of the repair shall be based on the
remainir|g stréhgth of the repaired component, the corro-
sion resiptafice, and mechanical properties of the leak

(e) the development of operating and residual strpsses
due to constrained differential expansion.

3.4 Temperature and Toughness

tem-
ness
n or

The leak box materials shall satisfy theminimum
perature and, where applicable, minimum tough
requirements of the applicable code of constructi
post-construction code.

3.5 Design Conditions

Leak repair boxestanid attachment welds shalll be
designed for design ¢onditions and anticipated transient
loads imposed enithe repaired pipe or component], fol-
lowing the de€sigh requirements of the constructign or
post-constrtiction code.

3.6 Qualification

In cases where there are no applicable design require-
ments, the principles of the applicable code of congdtruc-
tion or post-construction code shall be folloywed.
Components of the leak repair box that are fabrigated
by machining standard fittings (such as cutting-ofit an
opening in standard pipe caps to make end pieces) shall
be qualified by analysis or testing, as provided in the
applicable code of construction or post-constru¢tion
code, and be reinforced if necessary.

The leak repair box shall not be welded to the kniickle
region of end caps or formed heads unless the d¢sign
is qualified by analysis or proof testing, including|con-
sideration of fatigue cycling.

3.7 Corrosion Allowance
The design of the leak box shall include the appligable

corrosion allowance, consistent with the service angl the
design life of the repair.

3.8 Design Loads

The-design—-of-the-weldedleak-bex+forne

rmal

box and welds.

3.3 Failure Modes

The box design shall consider the potential introduc-
tion of new failure modes in the boxed component. For
example,

(1) external parts of the repaired component, now
enclosed by the box, such as flange bolts, can signifi-
cantly degrade, crack, or corrode if in contact with the
leaking fluid.

20

et

operating conditions shall consider

(a) the coincident maximum and minimum pressures
and temperatures of the system, unless means are pro-
vided to limit the pressure in the leak repair box. Design-
ing the box for a lower range of design and operating
temperatures than the component may be acceptable if
justified by heat transfer analysis.

The weld joint efficiency factor assigned in designing
the leak box shall be consistent with the type and extent
of weld examinations.


https://asmenormdoc.com/api2/?name=ASME PCC-2 2015.pdf

ASME PCC-2-2015

(b) the load imposed by the weight of the leak repair
box, including the entrapped leaking fluid and annular
space material.

(c) the effects of expansion, including differential
expansion or contraction, and the effect on the flexibility
of the pipe or component. On insulated lines and compo-
nents the leak box may also be insulated to minimize
differential expansion.

Part 2 — Article 2.4

3.13 Sealant Seepage

If using sealant injection, the possibility and conse-
quence of sealant seeping into the damaged component
shall be considered.

3.14 Joints

Leak boxes over expansion joints, slip joints, ball joints,
etc., are special cases that shall require analysis of the
loads in the pipe system, anchors, and component noz-

3.9 [Transient Loads

TH
tran

(a
tion
resu

e design of the welded leak box for anticipated
ient loads shall consider
thrust loads, in case of full circumferential separa-
pf the pipe or component. Design for the axial thrust
ting from full circumferential separation may be
waiyed, provided the calculated remaining strength of
the ¢legraded component at the end of the design life
(including expected continuing degradation in service)
is dgtermined to be sufficient. Additional restraints may
be aflded to the pipe or component to reduce the loads
on the leak box.

(b} wind, earthquake, or fluid transients (fluid ham-
mer |or liquid slug), as applicable.

(c] other applicable design conditions.

3.10 Vents and Drains

(a] When repairing a leaking component, the leak box
assembly should be designed with vents and drainsfo
permhit venting the leak while assembling the box{ then
draifing the annulus as necessary.

(b} The vent or drain should include a threaded cap,
a flapge, or a valve that will be opened during welding
to pfeclude internal pressure buildup,, and closed after
welding, inspection, and testing. Thissame vent or drain
may|be used to vent or drain the leak repair box in the
futufe.

(c] If leak sealant matefialis to be injected into the
leak|repair box, these yent and drain connections may
be uked, or separate injections may be provided.

Sound Metat

e leak box shall be sufficiently long to extend to a
sourfd afea of the repaired component. The component
to b¢ repaired shall be examined to ensure that there is

3.11
TH

zles with the box installed, with due considegation for
thermal-induced movements in operating and shut-
down conditions.

4 FABRICATION
4.1 Preparation

The component to whichthe box will be welded shall
be free of loose corrosion‘deposits, dirt, paint, irfsulation,
mastics, and other ‘coatings in the vicinity of|the box-
to-component welds.

4.2 Leak Box'Installation

(a) If the leak box is too large to be lifted
lifting“devices may be necessary.

(b) “During installation, care shall be taken fo as not
tordamage the box, especially the weld bevels.

(c) Forsmallleaks, theleak box may be placel directly
over the leak. Larger or higher pressure installations
may require the leak box be assembled on the component
to the side of the leak and then slid and welded over
the leak.

by hand,

4.3 Welding

The weld procedure and welder shall be quplified to
perform the repair under the applicable cod¢ of con-
struction or post-construction code.

4.4 In-Service Welding

The leak repair box may be installed and welded to
the component when out of service or, with the pecessary
safety procedures, in service. For welding ir} service,
the weld procedure qualification shall properly address
preheat temperature, weld cooling rate, the risk of burn-
through, and the effect of the welding tempetature on
the strength of the metal under service condifions.

sufficient wall thickness at the weld Jocations to avoid
burn-through during welding of the box to the
component.

3.12 Sealant Pressure

If using sealant injection, the possibility of inward
collapse of the repaired component due to the annulus
pressure of the injected sealant shall be considered.

Consideration should be given to off-gassing of seal-
ant compounds as they cure.
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4.5 Leaking Component

If the component is leaking prior to repair, consider-
ation should be given to stopping the leak prior to weld-
ing the leak box.

4.6 Heat Treatment

Preweld and postweld heat treatment shall conform to
the applicable code of construction or post-construction
code, unless deviations are justified by a fitness for ser-
vice analysis. Based on the service conditions, the need


https://asmenormdoc.com/api2/?name=ASME PCC-2 2015.pdf

Part 2 — Article 2.4

for preweld and postweld heat treatment beyond the
requirements of the applicable code of construction or
post-construction code should be considered.

5 EXAMINATION
5.1 Qualifications

Nondestructive examination (NDE) personnel, exami-
nation procedures, and acceptance criteria shall be in

ASME PCC-2-2015

5.4 Evaluation

Results of examinations should be evaluated follow-
ing the criteria of the applicable code of construction or
post-construction code.

6 TESTING

6.1 Test Pressure

accordar|ce with the applicable code of construction or
post-conptruction code, except as noted in paras. 5.2 and
5.3, and |be consistent with the joint efficiency or joint
quality fpctors used in design.

5.2 NDE Exemptions

NDE ¢onfirmation of full penetration of welds may
be omitted if justified for the service conditions, such
as in casp of

(a) low-calculated stresses for normal and anticipated
transienft loads; for example, below half the design
allowablp stress at operating temperature

(b) wHere there is a low risk of crevice corrosion at
the box-fo-component weld joint

5.3 Surface Examination

Welds|that cannot be examined by radiographic or
ultrasonfc methods because of weld geometry should
be examjned by liquid penetrant or magnetic particle
method$, and the joint efficiency factor assigned in
design ¢f the leak box shall be consistent with the
method pnd extent of examination.

The designer shall determine the type of pressu]re or
leak test to be conducted after installation, on'thé pasis
of risk (likelihood and consequence) of failure of the
repaired component when pressurizing the anrfulus
between the box and the component{

6.2 Test Method

The test may consist of qne\of the following:

(a) an in-service leak test"(if the consequence ¢f an
in-service leak out of the box is acceptable)
(b) a hydrostatic test'if there is no risk of overheating

the test water abové flashing temperature at atmospheric
pressure

(c) a pneumatic pressure test

(d) a $ensitive leak test (such as air with bubble
tion, oPhelium leak test)

olu-

6.3 External Pressure

The potential for external pressure collapse of the
carrier pipe during the test should be considergd in
specifying the test pressure.

22
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Article 2.5
Welded Lip Seals

(In the course of preparation.)
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Article 2.6
Full Encirclement Steel Reinforcing Sleeves
for Piping

1 DESCRIPTION

This Article applies to the design and installation of
full-encifclement welded steel sleeves for piping or pipe-
lines. Th sleeves can be designed for nonpressure con-
taining [reinforcement or for pressure containing
reinforcgment. Full encirclement reinforcement sleeves
have prgven effective in the repair of a wide variety of
internal pnd external defects.

1.1 Full|Encirclement Steel Sleeve

Full erjcirclement steel sleeves consist of a cylindrical
shell plaged around the pipe section to be repaired and
welded dlong the two longitudinal seams, as illustrated
in Figs. 1 and 2. There are two types of sleeves, herein
referred [to as “Type A” and “Type B.” Sleeves can be
made frgm pipe or rolled plate material.

1.1.1| Type A Sleeve. Type A sleeve ends are not
welded ¢ircumferentially to the carrier pipe, as shown
in Fig. 1.|The Type A sleeve is not capable of containing
internal jpressure but functions as reinforcement ‘for a
defectivq area. It is only used for the repair of. defects
that are hot leaking and that are not expected_to grow
during service, or when the damage mechanism and
growth flate are fully understood.

1.1.2 |Type B Sleeve. Type B sleeve ends are welded
circumfefentially to the carrier pipé, as shown in Fig. 2.
A Type Blsleeve is capable of centaining internal pressure
because [the ends are fillet\welded to the carrier pipe.
Type B sleeves can be uSed to repair leaking defects or
defects that may everitually leak and to strengthen pipe

2.3 Leaking Defects

For Type B sleeves with leaking defects, specialfcon-
siderations shall be taken to isolate thelleak pripr to
welding.

2.4 Cyclic Operation

If a sleeve repair is applied to a system subjected
to frequent pressure cycles)a fatigue evaluation of the
component should be, irfaccordance with para. 3.8.

When a Type B sleéve is subject to cyclic throughtwall
thermal gradient$/a fatigue evaluation of the sleevie-to-
pipe fillet welds,should be conducted to establish the
service life of the repair, in accordance with para.|3.8.

2.5 Circumferential Defects

Tyipe A sleeves may not be appropriate for the r¢pair
of circumferentially oriented defects because they| will
not resist axial loads on the pipe.

2.6 Undersleeve Corrosion

For Type A sleeves, measures shall be taken to prgvent
corrosion due to the migration of moisture through the
unwelded ends into the space between the pipe[ and
sleeve. Such measures may include the use of a seplant
or coating suitable for the operating environment

2.7 Weld Reinforcement

The presence of a girth weld or longitudinal $eam
weld having a prominent weld reinforcement may inter-
fere with achieving a tight fit-up of the sleeve. If it is
necessary to remove the weld reinforcement by grinding
to achieve a good fit, the weld shall be examined bly RT
or UT prior to grinding or the pressure shall be rediiced.
This examination is particularly important when th¢ line
is in service. Alternatively, sleeves may be fabrigated

2.1 Additional Requirements

Part 1 of this Standard contains additional require-
ments and limitations. This Article shall be used in con-
junction with Part 1.

2.2 Regulations

The piping and pipeline regulations regarding repair
and piping and pipeline design code restrictions regard-
ing repair shall be followed.

with a circumferential bulge to bridge the weld, as
shown in Fig. 3. The weld root gap shall be uniform
along length, including bulge.

2.8 Sleeve Size Requirements

Areas that do not meet Fitness For Service (FFS) crite-
ria should be fully covered by the repair sleeve. For
Type B sleeves, the end fillet welds shall only be made
in areas where sufficient wall thickness exists to prevent
burn-through.
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Fig. 1 Type A Sleeve

Longitudinal weld seam

Carrier pipe
Fillet welds
y
| | Gap
s
No Backing Strip Backing Strip Backing Strip Overlapping
and With No Side Strip
Relief Groove Relief Groove
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Fig. 2 Type B Sleeve

End fillet weld

Sleeve

End fillet weld

Longitudinal weld seam
(butt weld only.
Overlapping side strip
not allowed.)

Carrier pipe

-
)

No Backing Strip Backing'Strip Backing Strip Overlapping
and With No Side Strip
Relief Groove Relief Groove (Not Allowed)

Fig. 3 Welded Split Sleeve for Use
Over a Girth Weld

-
AL

Bulge in Sleeve to
Fit Over Existing
Circumferential Weld
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2.9 Welding

Welds shall be installed by qualified welders in accor-
dance with qualified procedures reflecting actual field
conditions.

2.10 Weld Filler Metal

If a hardenable filler material is used between the
sleeve and carrier pipe, it shall be compatible with the
intended application. The material shall be suitable for

Part 2 — Article 2.6

(a) A complete fillet weld if the sleeve thickness is
less than or equal to 1.4 times the nominal carrier pipe
wall thickness, as shown in Fig. 4.

(b) If a Type B sleeve is thicker than 1.4 times the
nominal carrier pipe wall thickness, the circumferential
ends of the Type B sleeve should be chamfered at approx-
imately 45 deg, down to 1.4 times the carrier pipe nomi-
nal wall thickness plus the gap spacing, as shown in
Fig. 5.

the sprvice temperature and, for Type B sleeves, compati-
ble With the fluid. Filler material may be applied prior
to slpeve installation or pumped in between the sleeve
and [carrier pipe annulus after the sleeve is in place.

3 DESIGN
3.1 [Type A Sleeves

Tyjpe A sleeves shall be fabricated or manufactured
from| steel meeting the material specifications of the
construction code, and should have a thickness equal
to af least two-thirds the thickness of the carrier pipe.
The|carrier pipe longitudinal stresses shall meet the
requfirements of the applicable construction code.

3.2

Tyjpe B pressure containing sleeves shall have a wall
thickness equal to or greater than the wall thickness

reql.{red for the maximum allowable design pressure or,

Type B Sleeves

if required by the engineering design, the full equivalent
stregth of the pipe being repaired. For tight-fitting
sleeyes, the engineering design shall be based on the
nomjinal wall thickness of the carrier pipe. Adongitudi-
nal veld joint efficiency factor of 0.8 shall;be applied
wheh calculating the required thickness-unless the weld
is 100% examined by ultrasonic examination, in which
case|a joint efficiency factor of 1.0 may be applied. If the
Typg¢ B sleeve is intended to provide axial reinforcement,
such as at a defective girth'weld, it shall be designed
to carry axial and bending/loads acting at the sleeve
location.
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The pressuresdesign calculations of the applicable con-
strugtion codéshall apply for calculating the required
sleeye thickness. Sleeve material and allowable design
stregs shall comply with the applicable construction code

Pressure Design

The toe of the weld on the carrier pipe shall
transition from the carrier pipe to weld in ordef to mini-
mize the level of stress intensifications The [included
angle between the weld toe and the, cafrier gipe shall
not create a sharp notch, and defects’such as jundercut
are not allowed.

bmoothly

3.6 External Pressure

External pressure loading of the pipe withih Type B
sleeves should be considered by the engineerinjg design.
Fitting the sleeve.as tightly as possible to engure load
transfer from, tHe) pipe to the sleeve should minimize
the annulus-volume. If this is not possible, thg annulus
volume showuld be filled with hardenable fillery material
(see pdra.*2.9) or the pressure should be balgnced by
hot4tapping the pipe under the sleeve. A venf| or drain
may be provided in the design. If the annulup is to be
left unfilled, it should be verified that the stagnant fluid
between the sleeve and the carrier pipe will 1ot cause
corrosion.

3.7 External Damage

If external damage is repaired with a Type A pr Type B
sleeve, the damage shall be filled with a hardenhble filler
material with compressive strength adequate tp transfer
the load to the sleeve. The use of a hardenable material
should be applied to fill voids or cavitieq present
between the Type B sleeve and the carrier pifle.

3.8 Cyclic Operation

(a) If the system is subjected to greater than 00 pres-
sure cycles, where the change in pressure, durirlg a cycle,
exceeds 20% of the design pressure, then a|detailed
fatigue analysis of the component, consideripg fit-up
of the sleeve to the inner pipe, shall be perfprmed in
accordance with API RP 579/ASME FFS-1.

(b) If a Type B sleeve is subjected to changes in tem-

requirements—Corrosionm atfowarces applied stratt-bein
accordance with the engineering design.
3.4 Sleeve Dimensions

Types A and B sleeves shall be at least 100 mm (4 in.)
long and extend beyond the defect by at least 50 mm
(2 in.).

3.5 Type B Sleeve Fillet Welds

The fillet weld leg size for circumferential end welds
for a Type B sleeve shall be as follows:
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petature—where—thedifferenceinmeanmetal-tempera-
ture between the sleeve and inner pipe is less than 100°F
and the number of cycles is less than 200, then a fatigue
analysis is not required, otherwise a detailed fatigue
evaluation of the component, considering fit-up of the
sleeve to the inner pipe, shall be performed in accor-
dance with API RP 579/ASME FFS-1.

3.9 Restraint of Pipe Bulging

Local wall thinning or damage defects, such as dents,
weaken the carrier pipe and typically bulge outward
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Fig. 4 Type B Sleeve Fillet Weld Size for Sleeve Thickness Less Than or Equal to 1.4 Times the
Carrier Pipe Thickness

Type B sleeve

G Gap

Carrier pipe

G=gap

o

T, = Type B sleeve wall thickness

= carrier pipe wall thickness

Fig. 5 [Type B Sleeve Fillet Weld Size for Sleeve Thickness Greater Than 1.4 Timés-the Carrier Pipe Thickness

|

} Ts>1.4Tp Type B sleeve

14T,

G Gap

Carrier pipe

‘4—1.4Tp+ G

-d—t\i

G £ gap

T, = carrier pipe wall thickness

Ts = Type B sleeve wall thickness

prior to flailure under increasing pressure. The effective-  the design and application of both Type A and Tyjpe B

ness of r¢pair sleeves relies gn their capability to restrain ~ sleeves.

the outwfard bulging of apipe defect prior to its failure.

The design shall consider.if it is necessary . 4 FABRICATION
(a) to yise a hardenable filler material (epoxy or equiv-

alent) unjder the §leeve to fill the voids when the defect 4.1 Installation

is externpl For installation of a Type A or Type B sleeve, the gntire

(D) to pediice the line pressure at time of installation  circumference of the carrier pipe in the area to be coyjered
bizrthaclaauvachallbhao claqmad ooy ] T o able

Dy tHE-SHeCy E-orar D E-CrEanCa oo C IR aract]

3.10 Type A Sleeve Filler Material fill material is to be used, the filler shall be applied to

For Type A sleeves, it is necessary to achieve intimate  all indentations, pits, voids, and depressions. The sleeve
contact between the pipe and the sleeve at the location  shall be fitted tightly around the carrier pipe. Mechanical
of the defect being repaired and an appropriate filler  clamping by means of hydraulic equipment, draw bolts,
material should be used to ensure that the sleeve pro-  or other devices may be used to ensure fit. A “no gap”
vides the desired pressure load reinforcement. fit should generally be achieved; however, a radial gap
of up to 2.5 mm (%, in.) maximum may be allowed.
For sleeves with welded ends, weld size and welder

Differential thermal expansion between the carrier  technique adjustments, such as buttering passes, may
pipe and the reinforcing sleeve shall be considered in  be required if the gap is excessive.

3.11 Differential Thermal Expansion
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4.2 Filler Materials

If a filler material is used between the pipe and sleeve,
care shall be exercised to ensure that it does not extrude
into the weld areas. Burning of the filler material during
welding will compromise the quality of the weld. Excess
filler material shall be removed prior to welding. Pump-
ing filler material into the annulus after the sleeve has
been welded in place eliminates this problem, provided
the gqnnular gaps are large enough to allow the filler to

Part 2 — Article 2.6

(b) the risk of forming an unacceptably hard heat-
affected zone due to base metal chemistry of the sleeve
and pipe materials

(c) possible burn-through of the pipe

4.7 Weld Procedure

The weld procedure, including preheat and postweld
heat treatment requirements, and welder, or welding
operators, shall be qualified under the applicable code

flow] into all voids.

4.3

Fdr a leaking defect, the defect area shall be isolated
priof to welding. For lines with flammable contents, the
sleeye shall be purged with nitrogen or other inert gas
to pevent the formation of a combustible mixture under
the 4leeve.

Leaking Defects

4.4 |Welds

If |circumferential fillet end welds are made, the
sleeye’s longitudinal seams shall be butt welded to full
pengtration, as shown in Fig. 2. Provision for venting
durihg the final closure weld shall be made. The welding
procedures for the circumferential fillet welds shall be
suitdble for the materials and conditions of weld-cooling
severity at the installed location in the piping or pipe-
lined, in accordance with the code of construction or
posttconstruction code. A low hydrogen welding tech<
nique should be used. For longitudinal welds without
ing strips, see para. 4.5. If the circumferential'welds

ver, burn<through shall be considered. Recom-
ed pressiire during sleeve installation for piping or
pipelines is‘between 50% to 80% of operating pressure.

4.6 (In-Service Welding

of construction or post-construction code.

5 EXAMINATION

5.1 Visual Examination

All sleeve fit-ups shall be inspected prior to
Welds shall be visually examined.

welding.

5.2 Type A Sleeves

For Type A sleevesfthe weld root area shall b¢ visually
examined during, welding to verify proper pepetration
and fusion. The longitudinal welds shall be liqyiid pene-
trant, magnetic particle, or ultrasonically examined after
completionn.

5.3 Type B Sleeves

Eor' Type B sleeves, the carrier pipe base matgrial shall
be ultrasonically examined for thickness, crdcks, and
possible lamination in the area where the circumferential
welds are to be applied. Sufficient wall thickness shall
exist to prevent burn-through. If a backing stfip is not
used under the longitudinal weld, the area|under it
shall also be ultrasonically examined prior to[welding.
Longitudinal seams shall be inspected after completion.
The weld root area shall be examined during| welding
to verify proper penetration and fusion. The cjrcumfer-
ential fillet welds should be magnetic particle|or liquid
penetrant examined after welding. Where delayed weld
cracking is a concern, nondestructive examinatjon of the
circumferential fillet weld should be performedl not less
than 24 hr after welding has been completed.| Alterna-
tively, a welding procedure qualified under high cooling
rate, higher carbon equivalent (CE), and testjng com-
pleted after 48 hr of welding per API 1104, Appendix B,
20th Edition, should be considered.

5.4 In-Process Examination

The ovwmnermavreauirefull “in-brocess’ sy
J 1

1 exami-

All of the aspects for in-service welding of Type B
sleeve circumferential and full penetration longitudinal
seams are not addressed by this document. PCC, AP,
ASME, and other industry information pertaining to in-
service welding shall be considered when planning in-
service welding. At a minimum, qualification of the
welding process shall take into account

(a) the potential for hydrogen-induced cracking in the
heat-affected zone as a result of accelerated cooling rate
and of hydrogen in the weld environment
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r
nation, as described in para. 344.7 of ASME B31.3, of
the sleeve weld installation. When “in-process” exami-
nation is performed, the results shall be documented.
Examinations shall be performed by personnel meeting
the qualification requirements specified by the applica-
ble code of construction or post-construction code.

5.5 NDE Examination

NDE examination methods shall be in accordance
with ASME BPVC Section V and acceptance criteria in
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accordance with the applicable code of construction or
post-construction code.

6 TESTING

A Leak Test should be performed on Type B sleeves
in accordance with para. 6(a) or (b), as required by the
owner.

ASME PCC-2-2015

AGA, American Gas Association, 6th Symposium on
Line Research Defect Repair Procedures, J. F. Kiefner
October 29, 1979

Publisher: American Gas Association (AGA),
400 North Capitol Street, NW, Washington, DC 20001
(www.aga.org)

API RP 579, Fitness-for-Service

API RP 2201, Safe Hot Tapping Practices in the
Petroleum and Petrochemical Industries

(a) PepformrahydrotestofatypeBsleevebypressur
izing th¢ annulus between the sleeve and the carrier
pipe, in fccordance with the applicable construction or
post-cofstruction code. The test pressure shall be
selected jsuch that the inner pipe will not collapse due
to exterrfal pressure.

(b) Petform a Sensitive Leak Test as described in para.
345.8 off ASME B31.3 or other recognized national
standard.
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Article 2.7
Fillet Welded Patches With Reinforcing Plug Welds

1 DESCRIPTION

(c) This repair method shall not be used for lethal

(af This repair method describes the selection criteria,
application limitations, design, fabrication, examina-
tion) and testing of fillet welded surface patches with
reinforcing plug welds to pressure-retaining compo-
nentp. Similar fillet welded surface patch repair methods
withiout reinforcing plug welds are provided in another
Artigle of this Standard.

(b} This repair method consists of fitting a repair plate
to closely match the original component’s exterior or
intefior surface. The repair plate is sized to cover the
areap exhibiting damage, both at the time of repair and
that [anticipated for the repair’s design life.

(c) The repair method is typically applied to
prespure-retaining shells that have suffered local wall
thinfing (including through-wall) due to erosion, corro-
sion| and other local damage mechanisms.

(d) This repair method is applicable to cylindrical,
sphdrical, flat, and conical shells as well as other pressure
components.

(e] This repair method is generally suitable for seryice
temperatures above the nil-ductility temperature of the
matgrials of construction up to a maximum design tem-
perajture of 345°C (650°F). Use of this repairymethod for
lowdr temperatures requires evaluation‘of notch tough-
ness| nonductile fracture and other applicable low tem-
perafture effects. Use of this repair/method for higher
temperatures requires evaluatien of thermal fatigue,
creep, and other applicable-high temperature effects.

(f) Figure 1 shows adypical application on a vessel
withl a nearby structural” discontinuity (in this case a
nozgle). The plan view-on top shows two of many possi-
ble rppair patch-configurations, which are generally rec-
tilinpar in shWape with rounded corners. The bottom
sectional view’shows the curvature matching aspect of
each| repairplate.

service applications or where the damage fagchanism,
the extent of damage, or likely future damage cannot
be characterized. This repair method‘may bg¢ used in
certain cases on areas with local|crack-like flaws
provided

(1) the growth has stopped/ been arrested, or can
be accurately predicted for all propagation mgdes, and

(2) the effect of the flaw is evaluated using detailed
analyses.

3 DESIGN

3.1 General

(@)>The design approach for this repair njethod is
based in part on standard pressure componeft design
calculations, such as those in the ASME BV Code,
Section VIII, Division 1. The application lirhitations
imposed in section 2 apply to the governing |oad case
resulting from internal pressure where the fesultant
stress is membrane stress. However, if the component
to be repaired is subject to bending, torsion, wihd loads,
or to fatigue, the design shall include evaluatiof of these
conditions using appropriate methods of analyfsis. In all
cases, an engineering analysis shall be perforined.

(b) In general, the patch material and welding filler
metal should be the same or very similar (e.g., Fomposi-
tional, physical, and mechanical properties) o that of
the pressure component’s original constructioh. Repair
material selection shall consider, as a minimun), charac-
teristics such as chemistry, weldability, physicgl proper-
ties (e.g., coefficient of thermal expansion), mgchanical
properties (e.g., strength, ductility, notch toyghness),
and compatibility with the process medium.

(c) The thickness of the patch plate is depepdent on
material mechanical properties and the calculated

2 LIMITATIONS

(a) Part 1 of this Standard, “Scope, Organization, and
Intent” contains additional requirements and limita-
tions. This Article shall be used in conjunction with
Part 1.

(b) This repair method is not limited by the compo-
nent size. However, a sleeve type repair may be more
suitable for those applications where axisymmetric
behavior is important.
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attachment weld sizes.

(d) The size (length and width) of the patch plate is
governed by the requirement that all attachment welds
be located on sound base metal completely encom-
passing the damaged area(s) (see Fig. 1). The repair plate
shall also be large enough to encompass any additional
area(s) anticipated to experience similar or related dam-
age during the life of the repair. The patch plate, includ-
ing reinforcing plug welds, should overlap sound base
metal by at least 25 mm (1 in.).
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Fig. 1 Typical Shell Repair Near Discontinuity
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(e) This repair method is generally used on the out-
side surface of components subject to internal pressure.
For applications under external pressure, a separate
analysis to evaluate buckling and other instability con-
siderations shall be performed.

(f) Inassessing the applicability and service life of this
repair method, consideration shall be given to material
compatibility, future operating conditions, thermal and
shrinkage effects of welding, the introduction of crevices

Part 2 — Article 2.7

(2) Longitudinal Load. Unit forces in longitudinal
direction:

and |structural discontinuities, thermal transients and
temperature differentials between the patch plate and
the fomponent, and other application limits such as
ination and testing constraints. If the damage to
be patched is, or is expected to be, through-wall, the
effedts of fluids (e.g., entrapment, concentration, corro-
sionf etc.) that may accumulate between the vessel and
the patch plate shall be assessed. If this repair method
is to pe implemented during component operation, addi-
tiongl precautions may need to be taken for personnel
safety.

(g) The design may consider the combined strength
of the patch plate and the underlying shell, taking into
account the strength of the fillet weld and plug weld
, including joint efficiency. Consideration may also
iven to excess thickness available adjacent to the
ged shell using applicable code area replacement
rule§ for nozzles. No credit shall be taken for material
requfired for future corrosion allowance.

3.2 [Internal Pressure Loads

(a) For cylindrical components subject.to’internal
prespure loads, applied forces on the repair patch shall
be determined as follows:

Fip
O O O
< o —>
4—0 O |—
~— (‘\/L}
€ © (@]
© o
<
(@] (o]
Fep <-— N
4—0 _»FC’
o)
<« © L
.

i

Fip
_ PD,
Fip = —— @
where
Frp = longitudinal force due to internal pressure,

N/mm (Ib/in.)
(b) If other loads are applicable (such as |pending,
torsion, wind, etc.), they shall be determined and added

to the pressure load such that

Fc = Fecp+ Feo

1) Circumferential Load. Wnit forces in hoop  and
dire¢tion:
Fer P Fer FL = Fip = Fio
where
Fc = total circumferential force from 4ll loads,
N/mm (Ib/in.)
Fco = circumferential force due to other applicable
loads, N/mm (Ib/in.)
F; = total longitudinal force from all loadp, N/mm
(Ib/in.)
Fro = Iongitudinal force due to other applicable
loads, N/mm (Ib/in.)
PD,,
Fep = — 1) . . .
(c) Appropriate alternative force calculations for
spherical, torispherical, or ellipsoidal pressure compo-
where nents shall be used when applicable.
D,, = diameter at mid-wall of component, mm (in.) . L .
Fcp = circumferential force due to internal pressure, 3.3 Structural Discontinuity Evaluation
N/mm (Ib/in.) (a) For stresses near a nozzle or other structural dis-
P = internal design pressure, kPa (psi) continuity to be insignificant, the minimum distance
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between the fillet welded patch plate and the existing
discontinuity should be

Linin = 2(R,t)"? ®3)

where
Lmin = plate setback distance (see Fig. 1), mm (in.)
R, = radius at mid-wall of component, mm (in.)

t

wall thickness of component, mm (in.)

ASME PCC-2-2015

exceed the thickness of the repair plate or the original
component thickness.

3.5 Allowable Loads on Plug Welds

(a) Plug/slot welds may be designed to take up to
30% of the patch plate load. The allowable working load
on a circular plug weld in either shear or tension shall
be determined by

The fal;:cor of 2 applies the setback distance (R,t)"/?
to both the existing nozzle (or other similar structural
discontinjuity) and the patch plate.

This groximity limit also applies to the distance
between| adjacent fillet welded patch plates, in those
applications where more than one is employed on a
given component.

(b) In those applications where the patch plate is to
attach to| existing nozzle reinforcement pads, the patch
plate mafy be contoured to match the reinforcement pad
perimetdr and welded thereto with a full penetration
joint.

(c) In those applications where the damaged shell is
within Lf;, of a nozzle or other structural discontinuity,
the patcl plate should be designed as a reinforcement
pad extepding 360 deg around the nozzle/opening, and
welded fhereto with a full penetration joint. Alterna-
tively, additional detailed analysis shall be performed
to evalugte local stresses.

3.4 Allovable Load on Perimeter Fillet Weld

(a) The perimeter weld shall be sized such that-the
allowablp load on the weld exceeds the longitudifal and
circumfefrential loads.

s,
T

FA = ZUmir\ESﬂ

(4)

(SI Units)
Fp = 0.63 S, (d - 6)° (5)
(U.S. Customary Units)
Fp = 0.63 S, (d =1\/4)>

And the allowable working lead on a slot weld [shall

be determined by
(SI Units)
F, =08 S,[(W-6) (L - 6) - 0.86 R?] (6)
(U.S. Custoinary Units)
F.= 0.8 S,[(W-1/4) (L - 1/4) - 0.86 R?]

where
the bottom diameter of the hole in which the
weld is made, mm (in.)

Fp = total allowable working load on the plug
weld, N (Ib)

F; = total allowable working load on the|slot
weld, N (Ib)

L = the bottom length of the slot in which the eld
is made, mm (in.)

R = the radius of the slot ends in which the weld
is made (R = W/2), mm (in.)

W = the bottom width of the slot in which the weld

is made, mm (in.)

(b) Plug welds are required in all cases to minimize
stress at the root of the perimeter fillet welds and addlress

where load path eccentricity considerations in the perireter
E + weldyoint efficiency factor (0.55) welds. Plug weld holes should have a diameter nof less

F4 # allewable force on fillet welds, N/mm than T + 6 mm (Y% in.) and not more than 2T + 6l mm
(b/in); Er> Feand Er (-in)—Plug welds shall be set backfrom-the-edge of

S, = allowable base metal stress, MPa (psi)' the patch plate by not less than 2T nor more than 4T.
Wmin = minimum weld leg dimension, mm (in.) Plug welds should be spaced to carry their proportion
NOTE: The maximum design fillet weld size shall not exceed the of the load, but their pitch (center-to-center spacing)

thickness of the thinner material being joined nor 40 mm (1.5 in.).

(b) Alternatively, the perimeter weld edge prepara-
tion may be beveled to increase the weld’s effective
throat thickness. In no case shall the effective throat

! Compatible weld metal shall be of equal or greater strength.
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should not be less than 3d.

(c) Plug weld holes should be completely filled with
weld metal when the thickness of the patch plate (T) is
8 mm (%; in.) or less; for patch plates where T > 8 mm
(%6 in.), the holes should be filled to a depth of at least
YT or 5/16 of the hole diameter, whichever is larger, but
in no case less than 8 mm (% in.).
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(d) For plug welds smaller than 19 mm (%; in.) diame-
ter, slotted or obround plug welds may be used to mini-
mize weld quality difficulties arising from accessibility
and electrode manipulation constraints. Slot welds
should have a width not less than T + 6 mm (¥ in.) nor
greater than 2T + 6 mm (% in.), and a length not more
than 3T + 6 mm (% in.). The long axis of slot welds shall
be oriented perpendicular to the adjacent fillet welded
edge. Set-back and spacing shall meet the requirements

Part 2 — Article 2.7

plug/slot weld size is less than the plate thickness, the
weld prep edges shall be examined by magnetic particle
(MT) or liquid penetrant (PT) methods to check for lami-
nations. Laminations shall be dispositioned as specified
in (a) above.

(c) The patch plate may be formed to the required
shape by any process that will not unduly impair the
mechanical properties of the patch plate material. Where
required due to repair plate size or access/interference

no event

of pfira. 3.5(b). considerations, split sections may be used whpn joined
] L. by full penetration welds.
3.6 |Cold Forming Limits (d) Parts to be fillet welded shall be-fibas fightly as
(af Carbon and low alloy steel patch plates fabricated = practical to the surface to be welded and in
by cpld forming shall not exceed 5% extreme fiber elon-  shall be separated by more than-5.nfm (% in.). If the

gatign. The extreme fiber elongation shall be determined
as fdllows:
1) For double curvature

E(l - ﬁ—f) < 5% @)

Ry o
whefe
Ry = final centerline radius of patch plate, mm (in.)
RJ = original centerline radius of patch plate (equals
infinity for flat plate), mm (in.)
T| = thickness of the patch plate, mm (in.)

2) For single curvature

ﬂ(l - Bz) < 5%

(b} Patches cold formed beyond these limjtsimay be
used provided they receive appropriate-postforming
stregs relief prior to installation.

4
(a

ABRICATION

Plate edges may be Cut‘to shape and size by
mechanical means such as machining, shearing, grind-
ing, jor by thermal means/such as flame or arc cutting.
If th¢rmal means areised, a minimum of 1.5 mm (%4 in.)
additional materialshall be removed by grinding or
machining. If 4he Tepair plate is greater than 25 mm
(1 in}) thick,and the fillet weld size is less than the plate
thickness,“the weld prep edges shall be examined by
magheticparticle (MT) or liquid penetrant (PT) methods

to checkforlaminations—Laminations-shall be-causefor

separation at the faying edge/of-the plate if 1.5 mm
(V46 in.) or greater, the size 6f'the perimeter fillet weld
shall be increased by the@mount of the separption.

(e) Welding procedutes, ' welders, and welding opera-
tors shall be qualified/in accordance with thp current
requirements of the'applicable code of constrjiction or
post-construction code. If not otherwise specified,
ASME BPV-€6ade, Section IX may be used for grocedure
and performance qualification. Guidance fot preheat
and/on\postweld heat treatment, and for i-service
welding, as applicable, shall be taken from the alelicable
code of construction or post-construction code.

(f) Field repair activities should conform t
lowing sequence:

(1) Paint, scale, rust, liquids, and othet foreign
material shall be removed from the weld zone and an
area not less than 40 mm (1% in.) on either side of the
weldment.

(2) In those areas that will be covered by
patch plate, existing shell seam or girth weld
ground flush with the vessel or pipe O.D. ang
examined by the MT or PT method.

(3) The new patch plate may be placed in
using any suitable method.

(4) Any seams within the patch itself, should be
made first. The perimeter fillet weld may ther| be com-
pleted. Clamps or wedges may be used to ensufe proper
joint alignment and fit-up.

(g) Exposed metal surfaces shall be recoated), if appli-
cable, after completion of all examination and testing.

(h) To preclude gas pressure buildup betyeen the
patch plate and the pressure component boundlary, pro-

the fol-

the new
shall be
shall be

position

rejection unless repaired or found acceptable by
fitness-for-service analysis in accordance with
API 579-1/ASME FFS-1.

(b) Plug or slot weld holes may be fabricated by
punching, drilling, machining, or flame/arc cutting. The
ends of slot welds, if used, shall have a radius, R, equal
to one-half the slot’s width, W. If thermal means are
used, a minimum of 1.5 mm (% in.) additional material
shall be removed by grinding or machining. If the repair
plate is greater than 25 mm (1 in.) thick, and the
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visions for venting during the final closure weld oz, if
applicable, postweld heat treatment, may be necessary.
If the patch plate is designed for through-wall defects
but applied to the pressure boundary before being
breached, the vent should be sealed after completion of
welding and, if applicable, postweld heat treatment.

5 EXAMINATION

(a) Patch plate attachment welds shall be examined
in accordance with the applicable code of construction
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or post-construction code by either the MT or PT meth-
ods. If not otherwise specified by the applicable code
of construction or post-construction code, NDE shall be
performed using procedures written and qualified in
accordance with ASME BPVC Section V.

(b) If lifting lugs are used and left in place, their
attachment welds shall be examined by MT or PT meth-
ods. At all locations where temporary lifting lugs,
welded clamps, and /or wedges are removed after patch

ASME PCC-2-2015

applicable post-construction code. Special safety precau-
tions should be taken when pneumatic leak testing is
performed.

(c) If permitted by the applicable post-construction
code, nondestructive examination may be performed as
an alternative to leak testing. Also, an initial service
inspection may be performed of all weld joints after the
pressure component has returned to normal operating
pressure and temperature.

plate insfallation, the removal areas shall be examined

(d) If postweld heat treatment is required, the exami-
nation shall be performed after application of PWHT.

(e) The examination acceptance criteria of the applica-
ble codeof construction or post-construction code shall

apply.

6 TESTING

(a) Tegting shall be performed in accordance with the
applicable post-construction code.

(b) ThHe pressure component and installed patch
plate(s) should be leak tested in accordance with the

(d) Testing and mspections should be performed prior
to reapplication of coating, insulation, or jacketing, as
applicable.

7 REFERENCES

API 579-1/ ASME FFS-1, Fitness-for-Service, June 5,{2007
Publisher: American Petroleum Institute (API),
1220 L Street NW, Washington, DC 2p005
(www.api.org)

ASME Boiler and Préssure Vessel Code, Section
Nondestructive, Examination

ASME Boiler and{Pressure Vessel Code, Section |VIII,
Division ¥>Rules for Construction of Pregsure
Vessels

ASME Boiler and Pressure Vessel Code, Sectio
Welding, Brazing, and Fusing Qualifications

Publisher: The American Society of Mechanical
Engineers (ASME), Two Park Avenue, New York,
NY 10016-5990; Order Department: 22 Law Drive| P.O.
Box 2900, Fairfield, NJ 07007-2900 (www.asme.qrg)

vV —
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Article 2.8
Alternatives to Traditional Welding Preheat

1 DESCRIPTION

2.3 Inappropriate Cases

Preheating involves heating pieces to be welded to
somp temperature above their ambient temperatures
priof to and during welding. Construction and postcon-
strugtion codes often require preheat. However, under
certgdin conditions it may be possible to use other alterna-
tived to preheat. Whether preheat is required or not,
preheat can provide any combination of the following
bendfits:

(a} reduce shrinkage stresses in the weld and adjacent
base| metal, especially in highly restrained joints

(b} provide a slower rate of cooling through the criti-
cal tpmperature range, preventing excessive hardening
and feduced ductility of both the weld and heat-affected
zond (HAZ)

(c] provide a slower rate of cooling through the 400°F
range, allowing more time for hydrogen that may be
present to diffuse away from the weld and adjacent base
met3l to avoid hydrogen cracking

Considerations such as the presence of nearby coat-
ings|or other components can make preheat required by
the driginal construction code inadvisable or impractical
to apgply. However, if welding heat inputs neaf.the maxi-
murh allowed by the qualified procedures are used, heat
thatis transferred to the mass of the,assembly may be
balapced by the welding heat inpiity resulting in the
affedted metal being heated up/to-er beyond the mini-
mum preheat requirement, therefore permitting relaxed
application of preheat fromexternal means. This Article
condiders application of alteérnate preheat strategies or
alternatives to traditienally specified preheat that might

Reducing preheat may not be appropriate|in many
cases. Such situations include materials with|elevated
carbon content or carbon equivalent, high hardenability,
and/or geometries with high restraint.

2.4 Limited Access

Limited access may prevernt the use of techpiques or
welding processes necessary for satisfactory [perform-
ance of welding with“lewer preheat.

2.5 Welding

All welding shall be in accordance with an applicable
constructien or post-construction code, including weld-
ing procedures.

3 _ DESIGN

The following strategies and consideration$ may be
permissible alternatives to the original code of fonstruc-
tion or post-construction code preheat requirgments:

(a) groove geometry

(b) welding process

(c) welding consumables

(d) evaluation of carbon equivalent

(e) evaluation of cracking parameter (Pcm)

(f) controlled deposition (temper bead) welding

3.1 Groove Geometry

Groove geometry and volume of weld metal should
be minimized to reduce residual stresses, but ot to the
extent that the ability to weld is compromised |or crack-
ing results.

be p¢rmitted by careful selection and control of the weld- o .

ing rocess, constimables, and technique such as by weld . (a) Mmlrruze r.e51duz.al stresses on weld and HAZ' It

bead sequencing, is difficult to avoid reglc.lqal s.tresses When we ding. As
the molten puddle solidifies, it reduces in size|and thus
creates residual stresses as shown in Fig. 1.

2  LIMITATIONS (b) Thin, wide bead shapes with minimal thickness
OI' CTOSS beLtiUIl dI'c ITOIe prone 10 (_]."d(.kiIlg ITOI reduced

2.1 General

Part 1 of this Standard, “Scope, Organization, and
Intent,” contains additional requirements and limita-
tions. This Article shall be used in conjunction with
Part 1.

2.2 Prohibited Reduction

Reduction in preheat may also be prohibited by user
requirements, service conditions, or construction codes.
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preheating than more rounded or conical shapes.
Welded joints with greater transverse shrinkage, as
shown in Fig. 2, are more susceptible to cracking. Welds
that exhibit wider groove angles and greater weld vol-
ume normally also exhibit higher levels of residual
stress.

3.2 Welding Process

Welding processes that minimize dilution and are
“low hydrogen” in application should be considered.
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Fig. 1 Typical Residual Stresses in a Weld

Fig. 2 Effect of Weld Area on Transverse Shrinkage
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Table 1 Comparison of Specification and Actual Weld Metal Properties

Specification Requirements, ksi

Typical As-Welded, ksi

Typical Stress Relieved, ksi

Filler Metal Ultimate Yield Ultimate Yield Ultimate Yield
E6013 62 50 74 64

E6018 67 55 68 57
E7018 72 60 87 79 83 [Note (1)] 74 [Note (1)]
E7018-A1 70 [Note (1)] 57 [Note (1)] 90 71 84 [Note (1)] 70 [Note (1)]
E8018-B2 80 [Note (2)] 68 [Note (2)] 118 103 95 [Note (1)] 79 [Note (1)]
E90 B3 Q0 [ann (’)\] Z [Nr\fn (’)\] 144 127 101 [ann (1\] 8 [I\I te (]_)]
E9015-B9 90 [Note (3)] 77 [Note (3)] 210 120 [Note (4)] 100-{Note (4)]
ER7(S-2 70 58 74 60 . N
ER7(S-6 72 60 94 [Note (5)] 75 [Note (5)] 85 [Notes (1), (5)] 71 [Notds (1), (5)]
ER8(S-D2 80 68 110 79 100 [Note (2)] 86 [Npte (2)]
ER7(S-A1 80 [Note (6)] 68 [Note (6)] 92 79 90 [Note (2)] 72 [Npte (2)]
ER9(S-B3 90 [Note (2)] 78 [Note (2)] 104 [Note 2)} 93 [Npte (2)]
NOTEp:

(1) Skress relieved @ 621°C (1,150°F) for 1 h.

(2) Stress relieved @ 690°C (1,275°F) for 1 h.

(3) Skress relieved @ 746°C (1,375°F) for 1 h.

(4) Skress relieved @ 760°C (1,400°F) for 1 h.

(5) QTAW process.

(6) SGMo DIN 8575, Wks. No. 1.5424.

(af GMAW and GTAW are particularly well suited to
conttol dilution and do not typically introduce hydrogen
into [the weld deposit. These processes should be candi-
datep where reduced preheat is desirable.

(b} SMAW, FCAW, or SAW may also be used where
incrgased deposition and lower shrinkage is important.
Cargq shall be observed during qualification of\welding
procedures to evaluate heat input and avoid\parameters
that|would create excessive penetration;-dilution, or
shrifkage.
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Welding consumables should tolerate accelerated
cooling rates (e.g., resist. hot cracking during cooling),
be “low hydrogen” by+design (H4 or H5 are optimum),
and |exhibit good weldability.

The use of welding consumables that provide equiva-
lent [but not owvermatching properties (lower strength,
minjmized ¢atbon ferritics, nonferrous, etc.) should be
deredito avoid mismatch in strength levels between
eld-metal, heat-affected zones, and base metals.
Most-commercial-weld-metal-isformulatedto-comp
sate for dilution and/or postweld heat treatments under
a variety of conditions. Therefore, most weld metals
exhibit strengths much higher than their specification
minimums. This can be very important when designing
and implementing repair welding. A comparison of typi-
cal weld metal strengths for selected consumables is
shown in Table 1. Where this approach is used, actual
properties of the weld metal should be verified from
either certified material test reports or representative
test coupons.

Welding Consumables

3.4, Carbon Equivalent

Carbon equivalent (CE) may be used as a means for
determining the actual necessity for preheat| and the
level required.

Where (Wt. %):

CE =C+ Mn +Si)/6 + (Cr + Mo + V)/5 + (Ni + Cu)/15
CE < 0.45%; preheat is normally optional

0.45% < CE < 0.60%; preheat 200°F to 400°F

CE > 0.60%; preheat 400°F to 700°F

where CE > 0.5, delaying final NDE for at lepst 24 hr
should be considered to identify any delayed fracking.

3.5 Cracking Parameter (Pcm)

Where carbon content is equal to or less than (.17 wt.%
or where high-strength steels are involved, the Ito &
Bessyo Cracking Parameter (Pcm) can be uged. This
approach provides a more accurate prediction for when

elre e cheatts tdtory, and

prenca Wit C

at what recommended temperature.
Where [Pcm in wt. %]:

Si
Pcm—C+%+

Mn + Cu + Cr
20

Ni

Ni Mo vV
60 15 T 10

V+5B2

Pem < 0.15%; preheat is normally optional
0.15% < Pem < 0.26% to 0.28%; preheat 200°F to 400°F

Pcm > 0.26% to 0.28%; preheat 400°F to 700°F
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Fig. 3 Typical Back Stepping Weld Sequence

‘I
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Fig. 4 Difference Between Oscillated Stringer Beads
(Left) and Wide Weave Beads (Right)

3.6 Con

(a) Usp of controlled deposition (temper bead) proce-
dures cap be useful to generate fine grain heat affected
zones afhd improve notch toughness. This method
should He considered when either elevated preheat or
code-required postweld heat treatment cannot be used.
Rules fof qualification of procedures are included in
API 510) 7.2.3; ASME BPVC Section IX, QW-290; and
ANSI NB-23.

(b) Where similar composition weld metal is used,
this method will NOT lower residual stresses. An evalua-
tion to donsider the effect of welding residual stresses
should Be conducted where this method is to be used.

rolled Deposition Welding

4 FABRICATION

In ord¢r to use alternative preheating strategies, fabri-
cation tefhniques should be carefully controlled-te-avoid
the problems that preheat would be employed to miti-
gate. Welding processes and consumables_that are less
likely to[introduce hydrogen can be chosen over other
options.[Certain techniques can minimize or reduce
residual [stresses. Careful monitering” should be done
to ensur¢ that alternatives aresemployed properly. The
following describe or are important for successful imple-

mentatign of these techniguies.

4.1 Cle

Contaminants (dirt, grease, moisture, etc.) should
always be remeved prior to application of any welding.

nliness

4.2 Welding Technique

I I

4.3 Peening

Peening can be an effective technique for minimjzing
shrinkage and distortion. It is mWot normally used or
permitted on the root and final passes of a weld{ For
peening to be effective, the'metal should be defoymed
and yield. Creating dimples’in the surface with a ng¢edle
gun, etc., is NOT equivalent to peening.

4.4 Minimizing-Cracking

Crater and\weld bead cracking can be minimiz¢d or
eliminated\by implementing proper workmanfship
techniques:

(@) Weld beads with round cross sections versus
wideé beads should be deposited as shown in Fig
minimize cracking.

(b) Abrupt start/stops should be avoided.[Use
up/down slope techniques with either process manipu-
lation and bead shaping or via electronic means jwith
the welding power source.

(c) Sufficient material should be deposited to 4void
cracking from shrinkage and normal construction ihflu-
ences. A good rule of thumb to avoid cracking from
insufficient weld metal deposited (and required in thany
construction codes) is a minimum of 10 mm (% in.) or
25% of the weld groove thickness.

thin,
5 to

4.5 Preheat Methods

Preheating may be conducted with flame (air-fuel or
oxy-fuel), electrical resistance, or electrical indu¢tion
methods in both the shop and field. Regardless of the
method, heating should be uniform and through thick-
ness unless otherwise specified.

The technique used during welding has a significant
effect on shrinkage, resulting residual stresses, control-
ling heat input, and avoiding cracking issues.

(a) Short versus long beads typically minimize longi-
tudinal shrinkage. Back stepping (Fig. 3) or special
sequencing to reduce residual stresses may need to be
employed.

(b) Control or minimize heat input. Stringer beads
with minor oscillation versus wide weave beads should
be used (see Fig. 4).
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4.6 Preheat Monitoring

A variety of devices are available for measuring and
monitoring temperatures. The component or piece being
welded should be preheated to allow the heat to soak
into the material. Where possible, this should be moni-
tored and validated. Monitoring the surface temperature
a predetermined distance away from the weld edge is
normally adequate for most applications. It is never
acceptable to make or take readings that would result
in contamination of the weld groove.
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Fig. 5 Effect of Weld Bead Cross Section on Cracking
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(a) Temperature Indicating Crayons. These crayons or
pencil-like devices are designed to melt at specific tem-
peratures. This method can be used as a simple and
economical way of determining that a minimum temper-
ature has been achieved; i.e., the crayon melts. One limi-
tation is that the temperature of the component above
the melting temperature of the crayon is unknown.
Where excessive temperature is a concern, multiple cray-
ons with different temperatures should be employed.

ASME PCC-2-2015

7 REFERENCES

ANSI/NB-23-2007, National Board Inspection Code

Publisher: American National Standards Institute
(ANSI), 25 West 43rd Street, New York, NY 10036
(www.ansi.org)

API 510-2006, Pressure Vessel Inspection Code:
Maintenance Inspection, Rating, Repair, and
Alteration

(b) Eldctrical/Electronic Temperature Monitoring. For
preheat dnd welding operations, instantaneous devices
such as cpntact pyrometers or direct-reading thermocou-
ples with analog or digital readout can be used. All
devices ghall be calibrated or have some means of veri-
fying their ability to measure the desired temperature
range. Because of their ability to provide continuous
monitorihg and data storage, thermocouples using chart
recorder$ or data acquisition systems should be used
over instantaneous measuring devices for both preheat
and PWHT operations.

5 EXAMINATION

(a) A purface examination should be performed to
ensure that use of a preheat alternative did not result
in or promote cracking or other unacceptable condition.

(b) Volumetric examination of the final weld, where
required| should be performed in accordance with an
applicable construction or post-construction code.

(c) Welds in high strength low alloy (HSLA) steels-or
steels hqving a CE above 0.5% are prone tp-delayed
cracking| A waiting period of 24 hr to 48 hr'to detect
delayed [cracking before final examination should be
required

(d) T
include,
examine
performg

e examination should be.documented and
ps a minimum: type of éxamination, what was
, who performed the examination, when it was
d, and results of the/examination.

6 TESTING

Testing sliall be performed in accordance with an
applicalle\¢ode of construction or post-construction

Publisher: American Petroleum Institute,(API),
1220 L Street NW, Washington, DG, 2p005
(www.api.org)

ASM Handbook Volume 6: Welding, Brazing,
Soldering, Ninth Edition

Publisher: ASM International (ASM), 9639 Kingman
Road, Materials Park, ~ OH 44073-DP002
(www.asminternational.org)

ASME Boiler and Pressure/Vessel Code, 2007 Edition,
Code Cases: N-373, N-594, N-606, N-638, N1644,
and 2321

ASME B31.1-2007f Power Piping

ASME B31.3:2006, Process Piping

Publishers:The American Society of Mechanical
Engineers (ASME), Two Park Avenue, New York,
NY.10016-5990; Order Department: 22 Law Drive| P.O.
Boex 2900, Fairfield, NJ 07007-2900 (www.asme.qrg)

AWS D1.1/D1.1M-2006, Structural Welding Clode,
Appendix XI

Publisher: American Welding Society (AWS), 8669
36 Street, No. 130, Miami, FL 33166 (www.aws.

Blodgett, O. W., Design of Welded Structures, The ]
F. Lincoln Arc Welding Foundation, Cleveland,

Cary, H. B., Modern Welding Technology, Se
Edition, Prentice Hall, New York, NY

Ito, Y., and Bessyo, K., Weldability Formula of High
Strength Steels Related to Heat Affected Zone
Cracking, Journal of Japanese Welding Society, 1968

Newell, Jr.,, W. E,, Euroweld Ltd., Certified Material Test
Reports

Newell, Jr., W. E,, Understanding and Using Cafbon
Equivalent Formulas, Welding Journal, September|1995
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Article 2.9
Alternatives to Postweld Heat Treatment

1 DESCRIPTION

hvdrngpn embrittlement or at temperatures in the creep

1.1

This Article addresses alternatives to postweld heat
treament for repair welds. Under certain service condi-
tiong, PWHT of a repair weld in accordance with the
codd of construction can be inadvisable or impractical.
An gxample of such a condition would be a penetration
or embedment surrounded by reinforced concrete or
liquid media that could be damaged or create an unsafe
condition by application of PWHT temperatures. In
addjiftion, inspection of pressure vessels, tanks, and pip-
ing fhich have been in service can reveal defects or
dampge that require weld repair but not redesign of the
item| containing the defect. The original construction
codg¢ or owner can require postweld heat treatment
(PWHT).

1.2

(a] Postweld heat treatment is applied to ferritic welds
and pvelded components to reduce high levels of residual
stress, provide tempering to reduce hardness, and to
diffyse hydrogen.

(b} Time and temperatures for PWHT are”specified
with| respect to individual types of material and are
seleqted to be performed below the lower (critical) trans-
formjation temperature of the material:

(c) Alternatives to postweld heat treatment can
involve application of elevated\preheat and/or imple-
mentation of specific welding téchniques, bead sequenc-
ing, land increased contrel\of the welding process.

General Considerations

Factors Affecting Selection

2 LIMITATIONS
241

P4rt 1 ofi\this Standard, “Scope, Organization, and
Intent,” .contains additional requirements and limita-
tiong. (Fhis Article shall be used in conjunction with

Post-Construction Code

range or if the alternative is being considered for
“on-stream” repairs or “hot tapping” on piping|systems.
Testing may be in accordance with owner criteria, the
code of construction or post-constrti¢tion codé.

2.4 Resistance to Service Conditions

If resistance to hydrogen ox sulfide or stress|cracking
is a service requirement, testevidence shall be developed
appropriate to the riskinvolved to show that a maximum
hardness in weld metal and heat-affected bas¢ metal is
not exceeded whehn qualifying a specific Welding
Procedure Specification (WPS). Maximum hardness
shall be asdequired by the owner, the code of fonstruc-
tion, or pest-construction code.

2.5 ¢Residual Stress Reduction

If reduction of residual stresses in weldments is
required for successful operation in services qubject to
stress corrosion cracking (e.g., where amines,|caustics,
or carbonates are involved), then alternativeq to post-
weld heat treatment shall be evaluated and defermined
to be acceptable for the intended service priof to use.

2.6 Altering Material Properties

Some steels are susceptible to metallurgicgl change
such that loss of notch toughness can occur in|the weld
heat-affected zone and in the base metal. Wgld metal
can also experience a loss of toughness and/ oy strength
when subjected to PWHT. In other steels, intefgranular
cracking (often called reheat or stress relief fracking)
can occur in the weld heat-affected zone during PWHT
while excessive postweld heat treatment (tempperature
and hold times) can also cause loss of strength in the
weld and/or base metal.

3 DESIGN
3.1 Dissimilar Metal Welds

Part™t:

2.2 Methods

Only methods that are recognized in an applicable
code of construction or post-construction code, quali-
fied, or as justified through performance of a risk assess-
ment evaluation, shall be used.

2.3 Suitability Tests

Tests to demonstrate suitability of the repair proce-
dure may be needed if service conditions are subject to
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Welding involving dissimilar materials shall be sepa-
rately evaluated unless specifically addressed by the
applicable post-construction code. Guidance in this area
is provided in Method 5, NBIC, of ANSI/NB-23.

3.2 Procedures

Requirements for implementing alternatives to post-
weld heat treatment should be outlined in specific docu-
mented instructions that are accompanied by a qualified
Welding Procedure Specification.
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Table 1 Summary of Postweld Heat Treatment Requirements and Potential Alternatives

Code

Location

API 510

ASME BPVC Section |

ASME BPVC Section [1I-NB/NC/ND/NE/NF/NG/NH

ASME BPVC Section VIII, Division 1

Paragraph 7.3.2
PW-39, PW-40

Although the Subsections of ASME BPVC Section Ill have rules for PWHT and alter-

natives (e.g., NB-4622), nuclear components and systems are unique in that

they have their own specific post-construction code for qualification, repair, and

examination; ASME BPVC Section XI (see below)
UCS-56, UHT-56, UHA-32, UHA-105, UNF-56, UCL-34, ULW-26, ULT-56

ASME B

VC Section VIII, Division 2

AF-402, AF-420, AF-550, AF-630, AF-753, AF-754, AF-820, AT-115,
Appendix 26 (26-200)

ASME BPVC Section VIII, Division 3 KF-400, KF-630, KF-830

ASME BPVC Section IX QW-290

ASME BPVC Section XI IWA-4600

ASME BB1.1 Paragraph 132.3, Tables 132 and 132.1
ASME BB1.3 Paragraph 331.2.2, Table 331.1.1

AWS D11 Paragraphs 5.8.2 and 5.8.3

AWS D1p.8 Paragraph 6 and Table 4

AWS D19.10 Paragraph 13.2

NBIC; NB-23 Part 3

4 FABIIICATION
4.1 App

Many|codes of construction or post-construction
codes pgrmit use of elevated preheat as an alternative
to perfofming postweld heat treatment. Examples of
alternat]ves can be found in API 510, ASME BPVC
Section| I (PW-39), ASME BPVC Section VIIIL
ASME BB1.1 (Table 132), and ANSI/NB-23. Criteria are
expressefl as a function of base metal specification; type,
grade, and thickness. Table 1 lists a variety ©f,PWHT
methods|and alternates from potential applicable codes.
The tablg is not all-inclusive and shouldbe used as a
guide fof selecting an alternative to postweld heat treat
for worl] that is to be conducted with.a specific code of
construcfion or post-construction code.

ication of Elevated Preheat

4.2 Alternative Welding Methods

4.2.1| Temper Bead Welding. Tempering of weld
depositsmay be accomplished by implementing special
weld sequences dnd techniques. Controlled deposition
techniqules such\as temper bead welding, for example,
are offerpd iUmany construction or post-construction
codes aslan( alternative to postweld heat treatment

4.3 Requiring)Additional Methods

Application of alternative methods may requird that
reliable preheat maintenance techniques, low hydrpgen
welding’ consumables, and optimum materials stqrage
practices be implemented.

5 EXAMINATION

Examination shall be in accordance with the applica-
ble code of construction or post-construction codd.

6 TESTING

Testing shall be in accordance with the applicablejcode
of construction or post-construction code.

7 REFERENCES

ANSI/NB-23-2007, National Board Inspection Code
Publisher: American National Standards Inst{tute
(ANSI), 25 West 43rd Street, New York, NY 10036
(www.ansi.org)

API 510, Pressure Vessel Inspection Code: Mainterfance
Inspection, Rating, Repair, and Alteration;

4.2.2 Satisfying Properties. The method used shall
produce weldments that satisfy mechanical and corro-
sion properties in accordance with the applicable code
of construction or post-construction code.

4.2.3 Absence of Code Rules. When no code of
construction or post-construction code is specified, the
rules in API510, 7.2.3; ASME BPVC Section IX, QW-290;
or ANSI/NB-23, Part 3, may be used as rules for con-
trolled deposition welding techniques.
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Publisher: American Petroleum Institute (API),
1220 L Street, NW, Washington, DC 20005
(www.api.org)

ASME Boiler and Pressure Vessel Code, 2007 Edition,
Section I — Rules for Construction of Power Boilers

ASME Boiler and Pressure Vessel Code, 2007 Edition,
Section III, Rules for Construction of Nuclear Facility
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Article 2.10
In-Service Welding Onto Carbon Steel Pressure Components
or Pipelines

1 DESCRIPTION

This Article addresses the requirements and precau-
tions asspciated with welding onto pressure components
or pipelines while the system is still in operation.
In-servige pressure components or pipelines include
pressurelequipment and piping and are defined as sys-
tems in yhich the contents may or may not be pressur-
ized and|/or flowing but affect the way the weld cools.
This Art{cle is intended to be used in conjunction with
Part 2 of this Standard or another applicable code of
construction or post-construction code.

There [are two primary concerns when performing
in-servicp welding. The first concern is “burn-through,”
also refefred to as “blowout.” A burn-through occurs
when the¢ unmelted base material under the weld pool
loses the] ability to contain the contents of the pressure
compongnts or pipeline allowing the contents to be
expelled| Welding onto pressure components or pipe-
lines with thin walls [e.g., 4.8 mm (0.188 in.) or less] is
possible fas long as precautions are taken. Such precau-
tions indude controlling the heat input or penetration
of the w¢lding process and using smaller diameter elec-
trodes [elg., 2.4 mm (0.094 in.)] when the wall‘thickness
is less thgn 6.4 mm (0.250 in.). Safety aspects and contin-
gency planning aspects for an(oc¢currence of
burn-thrpugh should be planned fot in accordance with
companly practices, industry Standards (e.g., API
Recommended Practice 2201), ér post-construction code.

The sefcond concern is hydrdgen cracking. Hydrogen
cracking|occurs when tensile stresses are acting on the
weld, hyldrogen is presént in the weld and, when the
weld solidifies, thexxesultant weld microstructure is
crack sugceptibléidf-any of the three conditions is elimi-
nated or feduced\below a threshold level, then hydrogen
cracking|will-not occur. Tensile stresses can always be

assumedtduie-to-the-shrinkage-of the-weld-upon-cooling

ability of the pressure components or pipeline eonfents
to pull heat from the weld region. The charnce-of devel-
oping a crack-susceptible microstructure/dan be reduced
by using welding procedures that overcome the copling
effect of the pressure components (or) pipeline confents
or by altering the pressure components or pip¢line
operating conditions duringifi-service welding. Such
welding procedures include'using sufficiently highlheat
input levels or by using”specific weld deposition
sequences. The most ¢ommon in-service welding prac-
tices used to reduce hydrogen cracking concerns ificor-
porate both adow-hydrogen welding process and a
welding proeedure that reduces the susceptibility of
forming a.ctack-susceptible microstructure. The uge of
preheat is'another technique that is commonly used to
redugeedthe susceptibility of forming a crack-susceptible
microstructure but it may be difficult to apply to
in-service welding applications because of the abiljty of
the pressure components or pipeline contents to|cool
the pipe wall especially for thin-walled applications| The
cooling effect of the pressure components or pipeline
contents can interfere with achieving the proper|pre-
heating temperature.

Successful application of in-service welding pfoce-
dures requires a balance between the probability of
burn-through and reducing the probability of hydrpgen
cracking. For example, when welding onto a pipeline
less than 6.4 mm (0.250 in.) thick it may be necegsary
to reduce the welding heat input to lower the probability
of burn-through; however, the lower welding heat input
could result in a weld microstructure that is susceptible
to hydrogen cracking. When the maximum reqyired
welding heat input to eliminate the probabilify of
burn-through is lower than the minimum required|heat
input to protect against hydrogen cracking then alt¢rna-
tive precautions need to be taken (e.g., welding pfoce-

A BpOR-cooI RS

Hydrogen, typically, cannot be eliminated but can be
reduced by using proper low hydrogen welding pro-
cesses such as shielded metal arc welding with EXX18
or EXX15 type electrodes. Crack-susceptible microstruc-
tures typically have high microstructure hardness and
are controlled by the carbon equivalence of the material
and the rate at which the weld cools.

The likelihood of developing microstructures suscep-
tible to hydrogen cracking can be high because in-service
welds tend to have accelerated cooling rates due to the
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dure that included a temper bead deposition sequence).

2 LIMITATIONS

2.1 Additional Requirements

Part 1 of this Standard, “Scope, Organization, and
Intent,” contains additional requirements and limita-
tions. This Article shall be used in conjunction with
Part 1.
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2.2 Piping and Pipeline Modifications

This Article is limited to application of in-service
welding. Though this Article covers in-service welding
aspects, not all aspects of pressure components or pipe-
line modifications that are performed to modify or
expand a piping system (e.g., the hot-tapping procedure
that may follow the in-service weld) are covered by this
Article. This Article should be used in conjunction with

Part 2 — Article 2.10

3 DESIGN
3.1 In-Service Fillet Weld Procedure

An in-service fillet weld procedure is defined as a
procedure that is used to join additional material onto
the in-service pressure components or pipeline to rein-
force a damaged area (e.g., full encirclement sleeves and
patch plate repairs) or to facilitate a modification (e.g.,
proprietary full enc1rc1ement hot-tap f1tt1ng) The fillet

another applicable code of construction or postconstruc- ekt daed 4 h licabl
K X . wercsrarmroe uc0151 recHraccordance-withrana plicable
tion|code that deals with the specifics of the pressure 44 of construction or post-construction ,codé.
components or pipeline modification (e.g., for hot tap-
ping), refer to API Recommended Practice 2201). 3.2 In-Service Attachment Weld Procedure
2.3 |Pressure Components or Pipeline Material An in-service atta?hment weld procedure.l d?ﬁned
. ) o ' ' . as a procedure that is used to,make a modification to
This Article shall be limited to in-service Weldlng Ont.O existing pressure Components or plpehne and usually
all cprbon steel pressure components or pipelines. This  includes a groove weld jojnt. The attachment Weld shall
Artigle excludes welding onto stainless steels, alloyed  pe designed under one 6fthe following two driteria:

steels (e.g., Cr-Mo), or nonferrous materials.

2.4

Bdfore performing any in-service welding, the owner
shal] evaluate the effect that in-service welding could
havd on the contents of the pressure components or
pipgline system (e.g., combustion, explosion, and
incr¢ased susceptibility to corrosion or embrittlement).
In-s¢rvice welding should only be performed on pres-
surelcomponents or pipelines where the evaluation indi-
categ that there is not a significant risk associated witly
potential metallurgical degradation or chemical reaction
fronf the in-service welding process and not a significant
risk jof chemical reaction in the process fluid as-a result
of pptential contact with high metal temperatures.

Pressure Components or Pipeline Contents

2.5

An adjustment in the pressure during in-service weld-
ing 1nay not be required from a welding perspective but
may|be necessary to increase the safety of the welder if
a burn-through does occur. ‘Safety aspects and contin-
gen¢y planning aspécts for an occurrence of a
burr}-through shouldbe planned for in accordance with
comjpany practiees, industry standards (e.g., API
Recgmmended Practice 2201), or post-construction code.

Operating Pressure

2.6 |[Operating Flow

Af adjustment in flow durmg in-service Weldlng may

burn- through r1sk (e ., reduce ﬂow) An ad]ustment in
flow should be addressed prior to in-service welding.

2.7 Postweld Heat Treatment (PWHT)

PWHT is difficult to perform while the pressure com-
ponents or pipeline system remains in service. If PWHT
is required, the owner shall address all additional con-
cerns to assure the welding and subsequent PWHT will
be completed in a safe manner. If this cannot be achieved,
then an alternative repair method shall be evaluated.
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(a) 1f the attachmentprovides adequate reinfprcement
in accordance with\an applicable code of construction
or post—construction code, no further reinforgement is
required.

(b) If the\attachment does not provide adeqiiate rein-
forcementin accordance with an applicable code of con-
struction or post-construction code, additional
rejinforcement is required.

3.3 In-Service Weld Metal Buildup Procedur

Anin-service weld metal buildup procedure is defined
as a procedure that is used to deposit weld mjetal onto
the surface of the pressure components or pipeline to
reinforce a thinned area (e.g., metal loss due to forrosion
or erosion). The weld metal buildup shall be designed
in accordance with an applicable code of construction
or post-construction code.

4 FABRICATION
4.1 Welding Procedure Qualification: Welding

When approved by the welding engineer o1 welding
inspector, a welding procedure qualified to thg applica-
ble new construction code or post-constructfion code
may be used for in-service welding applicatiops. How-
ever, the welding procedures that are to be [used for
welding onto in-service pressure components of pipeline
shall address the probabrhty of burn-through anpd hydro-

» engineer
or weldmg 1nspect0r, the weldmg procedure shall be
qualified using the set-up outlined in Mandatory
Appendix I and the testing in para. 4.2. The essential
variables for the welding procedure qualification shall
be in accordance with an applicable code of construction
or post-construction code and should include the
in-service welding essential variables listed in
para. 4.1.1.

WARNING: Materials that have high carbon equivalent values
(e.g., > 0.45) or experience severe weld cooling rates (i.e., high
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cooling potential) may require special precautions. Such precau-
tions may include but are not limited to temper bead welding
sequence or applying a preheat step prior to in-service welding.

4.1.1 In-Service Welding Essential Variables. The
in-service welding essential variables are specific
requirements for in-service welding that should be used
in addition to the essential variables from an applicable
code of construction or post-construction code.

ASME PCC-2-2015

applicable code of construction or post-construction
code, shall require requalification.

4.1.1.6 Heat Input. The heat input range is deter-
mined by the weld procedure qualification and is the
range that will produce a weld that will not burn through
and has a low likelihood of producing a crack-
susceptible microstructure. A change in the heat input
range shall require requalification. The heat input

rable

4.1 A-1—Weld T‘,pe rserviee—wetds—shat-be shonld be calcnlated in accordance with QW-409 1(3) or
grouped|into one of the following three types and quali- ~ (P) in ASME BPV Code Section IX, or another appli
fied sepgrately: code of construction or post-construction code:

(a) in-pervice fillet weld
(b) in-pervice attachment weld
(c) in-pervice weld metal buildup

4.1.1.2 Cooling Potential. The rate at which a weld
cools, or|cooling potential, is an essential variable [e.g.,
cooling time from 800°C to 500°C (1,472°F to 932°F) (sec)
or coolir|g rate at 556°C (1,000°F) (°/sec)]. An increase
in the cogling potential of the in-service pressure compo-
nent or gipeline greater than the cooling potential used
during the qualification of the welding procedure
requires [requalification. The cooling potential may be
determirfed by direct measurement, calculation, com-

puter mgdels, or a combination of these methods.

NOTE: In the procedure qualification, wall thickness is not an
essential vlriable but is directly related to the cooling potential of
the pressufe components or pipeline, which is an essential variable.

4.1.
ing proc
equivale
fied sep4
or pipe
full-enci

1.3 Carbon Equivalence. The in-service weld-
pdure should be grouped according to carbon
hce of the material. Carbon equivalence is@peci-
rately for the in-service pressure components
ine and the second base material (e.g.,
clement sleeve or attachment.naterial). An
welding procedure qualified on a specific car-
alent material may also be\adequate for lower
uivalent materials assuming the cooling poten-
e same. A procedure gualified on lower carbon
t material can be'used in a repair application
er carbon eqdivalent material provided that
ihg potential ¢f the repair application is less than
ing potential-of the qualified procedure and there
ease in hydrogen cracking susceptibility. The
uivalent should be calculated using the follow-
la>with the elements expressed in weight per-

(a) Anincrease in the heat input over thé range speci-
fied in the in-service procedure qualification or spedified
in the in-service welding procedure shall be evalyated
for burn-through risk. The probability of burn-thrpugh
should be evaluated experimentally, by computer simu-
lation, or a combination of thésé methods.

(b) A decrease in the heatinput below the range speci-
fied in the in-service procedure qualification or spedified
in the in-service welding procedure shall require requali-
fication to determine the probability of hydrogen cfack-
ing susceptibility. Hydrogen cracking susceptibility
should be evaluated using the test outlined in parq. 4.2.

4.14.7 Welding Current. A change in the range of
welding, current used in the procedure qualificati¢n or
spécified in the welding procedure shall require
requalification.

4.1.1.8 Postweld Bakeout. A reduction of the[tem-
perature or time of the application of a postweld bakeout
shall require requalification. When specified, the fnini-
mum soaking temperature and time shall be specified.
Any potential effect the postweld bakeout has on the
pressure components or pipeline contents shalll be
evaluated.

4.1.1.9 Preheat. A reduction of the temperature
or time of application of a preheat requirement [shall
require requalification. When specified, the minifnum
soaking temperature and time shall be specified.|Any
potential effect the preheat requirement has on the pres-
sure components or pipeline contents shall be evalupted.

4.1.1.10 Hydrogen Bakeout. A change in the ftem-
perature or time of application of the hydrogen baleout
procedure shall require requalification. Any potgntial
effect the hydrogen bakeout requirement has on the pres-

cent amounts:

CE=C+@+CI‘+MO+V+NI+CU

6 5 15

4.1.1.4 Welding Process. A change in the welding
process shall require requalification.

4.1.1.5 Welding Consumable. An increase in the
diffusible hydrogen level of the welding consumable or
a change in the electrode type as defined by
Table QW-432 in ASME BPV Code Section IX, or another
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sure components or pipeline contents shall be evaluated.

4.1.1.11 Surface Bead Placement. Any change in
weld bead position or deposition sequence of the
in-service welding procedure shall require
requalification.

4.2 Weld Procedure Qualification: Testing

Welding procedures that are to be used to weld onto
in-service pressure components or pipelines shall
address the probability of burn-through and hydrogen
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Table 1 Type and Number of Test Specimens Required for an In-Service
Welding Procedure Qualification

Wall In-Service Tests

Thickness Weld Type Face Bend Side Bend Nick-Break Metallography Hardness

<12.7 mm Fillet 4 e 4 2 2

(0.500 in.) Attachment 4 - 4 2 2

Weld metal buildup 4 ce - 2 2

>12. 7 Fitet e — 4 2 2

(0.5p0 in.) Attachment 4 - 4 2 2

Weld metal buildup 2 2 - 2 2

cracking susceptibility. The probability of burn-through  in the welding procedure or othef applicabl¢ process
shoyld be evaluated experimentally, by computer simu-  control document
latiopn, or a combination of these methods. Hydrogen
cracking susceptibility should be evaluated by destruc-
tive pnd nondestructive testing. When approved by the
welding engineer or welding inspector, a welding proce-
durd qualified to the applicable new construction code
or post-construction code may be used for in-service
welding applications. When required by the welding
engiheer or welding inspector, the welding procedure
shall be qualified using the set-up outlined in Mandatory
Appendix I and testing in para. 4.2. The essential vari- 4.2.1.3 Nick-Break Test. Nick-break tesfl samples
ables for the welding procedure qualification shall be in $hall be removed and machined using nontherrhal meth-
accopdance with an applicable code of construction or ods, and shall be tested according to AW$ B4.0 or
postfconstruction code and should include the in-service another equivalent document. Visual inspectipn of the

4.2.1.2 Hardness Test.  The hardness test samples
shall be tested in accordance with ASTM E384 or another
equivalent document. A minimum of five Vickers hard-
ness indents, usifig a 10-kg load, shall be mafle in the
coarse-grained heat affected zone of the weld toe in
accordance'with Fig. 1. The macro-section tes{ samples
may be Gsed for the hardness test samples [after the
metallographic analysis has been completed.

welding essential variables listed in para. 4.1.1. nick-break test sample fracture surfaces shall show

4)2.1 Destructive Test Methods. In-service welding (a) complete fusion. |
procedure test samples shall be taken from the(rocedure (b) no smgle pore exceeds 1.6 mm (0.063 iry) in size,
qualffication weld coupon as specified in paga. 4.2.2. The ~ and the combined area of all pores does not exceed 2%
procedure shall be qualified by successful completion of of the exposed fracture surface area.

lests specified in paras. 4.2.1.1 through 4.2.1.4. The (c) no slag inclusion exceeds 0.8 mm (0.031 in.) in
ber of tests for each in-seryice welding procedure depth and 3.2 mm (0.125 in.) or one-half the| nominal
is given in Table 1. Two procedure qualification weld pipe wall thickness in length, whichever one i$ smaller.
ons should be fabricated if there is not enough The distance between adjacent slag inclusions|shall not
mat¢rial available for alLef the test samples in one proce-  be less than 12.7 mm (0.500 in.).
qualification. The'destructive test specimens shall (d) fisheyes, as defined in AWS A3.0, should not be
achined in acgbtdance with AWS B4.0 or other  cause for rejection.

4.2.1.4 Face or Side Bend Test. The bend test sam-
.2.1.1 Macro-Section Test. The macro-section test ples shall be machined using nonthermal methods, and
ples shall'be removed and machined using nonther-  shall be tested accordlng to AWS B4.0 or anothgr equiva-

mal methods. The macro-section test sample should be lent document The bend test sarnples shouldl be bent
in adcordance A ipment. For
ument to give a clear representatlon of the weld region. face bends, the bend test sample shall be placed with
Visual examination of the macro-section test samples  the face of the weld opposite the mandrel (Fig. 2). The
shall show weld reinforcement should be removed prior to bending.

(a) complete fusion The remaining weld should not exceed 1.6 mm

(b) no cracks (0.063 in.). The bend test sample shall be bent until the

(c) no undercut exceeding 0.8 mm (0.031 in.) or 10%  curvature of the bend test specimen is approximately
of the simulated in-service pressure components or pipe-

line wall thickness, whichever is smaller 1 i ) . .
. . . The simulated in-service pressure components or pipeline nick-
(d) for fillet welding procedures only, the fillet weld break test sample for a fillet or attachment welding procedure can
leg lengths are at least equal to the leg length specified  be used for the face bend test sample.
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a U-shape (Fig. 3). Visual inspection of the bend test
specimens shall show

(a) no cracks or other weld flaws exceeding 3.2 mm
(0.125 in.) or one-half the nominal pipe wall thickness,
whichever is smaller, in length are present in the weld
or fusion zone

(b) cracks that originate from the edge of the bend
test specimen that are less than 6.4 mm (0.250 in.) in
length in any direction should not be cause for rejection

ASME PCC-2-2015

5.2 Examination Time

When hydrogen cracking is a concern, in-service
welds should be examined 24 hr to 72 hr after welding
has been completed.

6 TESTING

Testing should be completed in accordance with an
applicable code of construction or post-construction

unless af obvious weld flaw is present

4.2.2 Sample Location. The locations of the
in-servick welding procedure test samples for a fillet
weld shpuld be taken from equally spaced intervals
around the procedure qualification weld coupon as
shown inp Fig. 4. The locations of the in-service welding
procedute test samples for an attachment weld should be
taken frgm equal spaced intervals around the procedure
qualificafion weld coupon with samples taken from both
the crotch and saddle portions of the weld as shown in
Fig. 5. THe locations of the in-service welding procedure
test samples for a weld buildup weld coupon should be
taken as[shown in Fig. 6.

4.3 Wel

Welde
pressure
ability t

ler Performance Qualification

s that are to perform in-service welding onto
components or pipelines shall demonstrate the

deposit welds that produce microstructures
that are [not crack susceptible and/or avoid burning
through [the pressure component or pipeline. This may
be dempnstrated by successfully depositing ah
in-servicp weld or by qualifying a welder using:the set-
up detajled in Mandatory Appendix I and testing
requirenfents outlined in para. 4.2.

5 EXAMINATION

5.1 NDE Method

The in}service weld, made'in the field, shall be exam-
ined aftgr welding has-Been completed. The method of
examination shall be.int accordance with an applicable
code of donstruction' or post-construction code with the
additionfl ability to locate weld flaws including hydro-

gen crackingsince it is a major concern for in-service
Weldlng under the service conditions (e g

operating
T o]

code. If hydrotesting of a hot-tapping component jafter
installation is contemplated, the user is advised\to|con-
sider the temperature of the operating component in
order to avoid having the test fluid flash)to steam|
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ring,

temperature). The acceptance criteria for the NDE exam-
ination shall be in accordance with an applicable code
of construction or post-construction code. If welding
was done to repair a service induced defect, the NDE
method that was used to detect the defect shall be used
to verify removal of the defect.

When NDE procedures are applied after in-service
welding, special procedures may be necessary where the
components are operating at temperatures significantly
above ambient.
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Fig. 1 Heat-Affected Zone Hardness {ndent Locations

B mm

]

GENERAL NOTES:

(@) Indents are spaced 0.2 mm (0.008 in.) from fusion line and 0.6 mm (0.024 in.) apart. Initial indent is located 0.6 mm (0.024 in.) from
weld toe.

(b) The figure is not to scale.
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Fig. 2 Mandrel Location Relative to the Weld Toe When Doing Face Bend Test for a Typical In-Service
Fillet Weld

| |
: : N < 1.6 mm (0.063 in.)

&
/ \ .
ol
O

(@ The ddshed portion of the completed weld needs to be removed prior to testing. @Q/

(b) The figdure is not to scale.

Fig. 3 Examples of In-Service Welding Procedure Qualific %ace Bend Test Samples
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Fig. 4 Test Sample Locations for In-Service Fillet Welding Procedure Qualification Assuming Equal Spacing
Around the Circumference to Obtain All the Required Test Specimens

FB

/NB

MS

NB

FB \MS

X

Fillet weld
GENERAL NOTES:

(@ NB = nick-break test sample; FB = face bend test sample; MS = metallographic test sample
(b) Not to scale.

-

g. 5 Test Sample Locations for In-Service Attachment-Welding Procedure Qualification Assuming|Equal
Spacing Around the Circumference to Obtain All the Required Test Specimens

Attachment weld

GENERAL NOTES:

(@ NB = nick-break test sample; FB = face bend test sample; MS = metallographic test sample
(b) Not to scale.
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Fig. 6 Test Sample Locations for In-Service Weld Metal Buildup Welding Procedure Qualification

GENERAL NOTES:

(@) SB = pide bend test @ le; FB = face bend test sample; MS = metallographic test sample.

(b) The figure is noé/

?‘
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Part 2 — Article 2.10, Mandatory Appendix |

Article 2.10, Mandatory Appendix |
In-Service Welding Procedure/Welder Performance
Qualification Setup

e intent of producing a simulated in-service weld-
rocedure qualification is to make welds that will
ore likely to produce hydrogen cracking during
ualification than in the field. This can be done by
ng welds on higher carbon equivalent carbon steel,
ing a higher cooling potential, or by incorporating
variables to have a more conservatively qualified
dure.
e simulated in-service setup used for the in-service
dure qualification can be any applicable joint con-
ation, but it is imperative that the in-service proce-
qualification weld coupon be more susceptible to
hydgogen cracking. It is good practice to simulate the
actugl field weld that will be made using the in-service
welding procedure. It is common for the in-service pro-
ductfon qualification weld to be made using a higher
carbpn equivalent carbon steel pipe with water backing
becajuse water has been shown to cool welds faster than
any jpther cooling medium. It is important to note that
using water as the cooling medium may make the weld-
ing procedure overly conservative to the point of making
it impossible to successfully qualify the weld-coupon.
The in-service procedure qualification ¢oupon should
havq sufficient length to remove all of thefequired test
specjmens. More than one assembly may be used if all
the required specimens cannot be femoved from a single
assembly. The cooling medium should be circulated
throfigh the test assembly pfior to welding. The simu-
lated in-service setup should be prepared as follows:

(a) The simulated in-service setup for 'an”in-service
fillet weld should be prepared in a manrier dimilar to
Fig. I-1 or an alternative position that would[simulate
the in-service welding application,” The sleevie should
have a close fit to the carrier pipe unless a special design
sleeve fitting is to be qualified. The sleeve longitudinal
groove welds should bewwelded prior to the in-service
fillet welds to improye fit-up [see Note to Fig| I-1].

(b) The simulate@>in-service setup for an in-service
attachment weld.should be prepared in a manner similar
to Fig. I-2 or ah alternative position that would|simulate
the in-service welding application. The ta¢k welds
should be/ground to assure complete fusion glong the
entire {ength of the weld. No test samples shall be taken
from-the tack locations.

(¢) The simulated in-service setup for an in-service
weld metal buildup weld should be prepared jn a man-
ner similar to Fig. I-1 but without using the sl¢eve. The
weld will be deposited directly onto the pipe wall. It is
common to mechanically remove a specified amount
of wall to simulate corrosion loss. The probability of
burn-through shall be evaluated before welld metal
buildup is performed using the qualified progedure in
the field.

After completion of the procedure qualificatjon weld,
the cooling medium shall continue until the entire
assembly has achieved a uniform equjflibrium
temperature.
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Fig. -2 Procedure and Welder Qualification Test Assembly for an In-Service Attachment Weld
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Article 2.11
Weld Buildup, Weld Overlay, and Clad Restoration

1 DESCRIPTION

1.1 Intr¢duction

This Article addresses the repair and restoration by
weld buildup or weld overlay of carbon steel base metal,
low alloy steel base metal, and corrosion resistant clad-
ding or weld overlay on internal surfaces of pressure
vessels and piping that have experienced wall thinning.

1.2 Sco

Repai
replacen
weld ove

pe

s to weld overlay or cladding can involve
ent of the entire thickness of the cladding or
rlay, or a partial thickness of the weld overlay.

1.3 Danjaged Base Metal

In carlpon steel or low alloy steel applications, weld
overlay dqr weld buildup can be used to rebuild areas that
are worn from erosion, corrosion, or flow-accelerated
corrosiop (FAC), or which have been ground out to
remove fefects such as cracks. The original pressure
boundarf integrity of the base metal can be restored.

1.4 Danjaged Weld Overlay and Cladding

Corropion resistant weld overlay can bé used to
replace damaged areas that originally had similar over-
lay, or that originally had corrosion resistant cladding
over carlpon steel or low alloy steel material. Corrosion
resistant| weld overlay can also be“used to back-clad
seams that have been repaired-on’ clad material with
carbon sfeel or low alloy steel'base metal.

1.5 Defiphitions

1.5.1 |Weld Overlay- For the purpose of this Article,
weld ovdrlay refeérs to the application of corrosion resis-
tant weld metal-on carbon steel or low alloy base metal.

1.5.2 |Weld Buildup. Weld buildup refers specifically

1.5.4 Back Cladding. Back c addjng_np_fens_ti the
application of corrosion resistant weld metal on ajearbon

steel or low alloy steel weld in clad material thaf has
been repaired.

1.5.5 Effective Depth. The depth pelow the finished
weld surface at which weld metal(chemical analykis is
performed. For the purpose of tHis Article, the effective
depth is as defined in ASME BPVC Section IX,
QW-462.5(a).

2 LIMITATIONS

2.1 Additional\Requirements

Part 1 of\this Standard, “Scope, Organization,| and
Intent,” ‘¢ontains additional requirements and lignita-
tions. (This Article shall be used in conjunction |with
Part 1.

2.2 Base Metal Condition

This Article shall apply to wall thinning and doep not
specifically address other types of surface defects See
Article 3.4, “Flaw Excavation and Weld Repair” for pther
types of surface defects. The remaining base metal thick-
ness shall be adequate to accommodate weld buildup.

3 DESIGN

3.1 Cause of Damage

Prior to repair welding, determination should be
made of the causes of the damage to the weld ovérlay,
cladding, or base metal. The use of weld overlay or weld
buildup as a permanent repair should include consjider-
ation of the thinning mechanism and its preverftion.
Consideration should be given to replacement of all or
part of the weld overlay in case there is damage tp the

to the application of carbon steel or Iow alloy weld
metal, applied for the purpose of restoring base metal
thickness.

1.5.3 Clad Restoration. Clad restoration refers to
the application of corrosion resistant weld metal on car-
bon steel or low alloy base metal, for the purpose of
restoring the original corrosion resistant weld overlay
or cladding. The original cladding could have been
applied by methods such as roll bonding or explosion
bonding.
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cladding or weld overlay (corrosion, embrittlement and
cracking, etc.).

3.2 Number of Weld Layers

Weld overlay or back cladding may be deposited in
one or more layers. More than one layer is required
where temper-bead techniques are used. The number
of weld layers in production shall not be less than the
number of layers deposited for weld overlay procedure
qualification tests.
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3.3 Weld Thickness

The total depth of overlay or back cladding shall be
3 mm (% in.) or greater in thickness, unless otherwise
specified. In all cases, the weld overlay thickness and
the base metal thickness shall at least equal the minimum
thickness of the undamaged metal.

3.4 Multiple-Layer Welding

If multiple-layer overlay or back cladding is required

Part 2 — Article 2.11

4.2 Welding Procedure Qualification

Welding procedures, welders, and welding operators
shall be qualified in accordance with the current require-
ments of the applicable code of construction or postcon-
struction code. If not otherwise specified,
ASME BPVC Section IX may be used for procedure and
performance qualifications. Typically, semiautomatic
welding processes such as GMAW are used to maximize
productivity and to minimize heat input. For larger areas

to mpet the specified chemistry, and subsequent machin-
ing pr grinding is necessary to satisfy dimensional
reqyirements, the final machined or ground overlay
thichness shall not be less than the qualified thickness.
Examples include machining of gasket grooves in
flanges and tubesheets or grinding of heat exchanger
shel] inside diameter to permit insertion of tube bundle.

3.5 [Base Metal Restoration

Whhen the strength of the original base metal is to be
restpred by weld buildup, the weld metal tensile
strerjgth should equal or exceed that of the base metal.
Congideration should also be given to compatibility of
the yeld metal with the base metal and suitability for
the intended service.

3.6 [Corrosion Protection

Whhere weld overlay is applied for corrosion protec-
tionf such as stainless steel overlay on carbon steel or
low plloy base metal, appropriate weld chemistry (such
as Type 309 followed by Type 308 filler metal) should
be specified.

3.7

All design calculations should be in accordance with
the griginal code of construction. If overlay or cladding
is in¢luded in the thickness calculations, the calculations
shall be in accordance with the original code of construc-
tion| or, when none existsy.they may be based on
ASME BPVC Section VI, ‘Bivision 1, UCL-23.

Design Calculations

3.8 [Other Considerations

318.1 Differential Thermal Expansion. Consider-
atiof should/be.given to differential thermal expansion
between the\base metal and weld overlay.

3

corr

8.2 Galvanic Corrosion. The possibility of galvanic

sion-should be considered in the base metal at the

to be welded, machine approaches using weldihg equip-
ment mounted on tracks for better contrel‘arnd produc-
tivity rates may be appropriate.

4.3 Weld Overlay

4.3.1 Heat Input. Application of the first overlay
pass in thin shells shall be stuch that penetrafion, and
thus the potential for burn-through, is minirpized. In
general, heat input sial{*be minimized to prevent burn-
through and distortion.

4.3.2 Weld Overlay Thickness. Weld overlay thick-
ness shall be‘verified by actual measuremept of the
exposededge at weld joint preparations or repair cavi-
ties. Questions regarding overlay thickness should be
resolved by thickness measurements. Consultation with
atlNDE specialist may be necessary.

4.4 Back Cladding

4.4.1 Weld Groove Preparation. (Typical weld joint

details for back cladding are shown in Fig. 1.
Prior to back cladding butt joints, the weld

the backing material shall be filled approxima
with, but not more than 1.5 mm (4 in.) below
overlay fusion line or the clad bond line adjac
weld groove prior to back cladding. Care shall
to avoid cross-contaminating the cladding and backing
material weld metal. Any suspected areas pf cross-
contamination shall be etched with either a nijitric acid
or copper sulfate solution to confirm the location of the
clad/substrate interface.

4.4.2 Strip Back. Prior to back cladding b
cladding shall be stripped back a minimum
(4 in.) from the edge of the plate, pipe, or fit

Proove in
ely flush
the weld
bnt to the
be taken

itt joints,
of 6 mm
ring.

4.5 Special Considerations for Low Alloy Sterls

edge of high alloy or nonferrous weld overlay.

4 FABRICATION
4.1 Surface Preparation

Surfaces to be welded shall be free of rust, scale, paint,
coatings, and other contaminants, and shall have a
smooth contour. If surfaces are to be prepared by blast-
ing, media should be free of silica that would interfere
with subsequent welding operations.
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4.5.1 Dehydrogenation Heat Treatment. Prior to any
repairs being performed, consideration should be given
to the need for a dehydrogenation heat treatment of
vessels or parts that have been exposed to products
or processes containing hydrogen to avoid hydrogen
cracking during repairs. Dehydrogenation heat treat-
ment may be performed as outlined within API RP 934.

4.5.2 Embrittlement. Some materials may have been
exposed to service conditions that cause embrittlement
of these materials. Consideration should be given to the
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Fig. 1 Weld Seam With Back Cladding

emm (1, in) 5 |<«—

(Typ.)

/’
45 deg\

Alloy cladding

Weld groove to be
approximately flush

o /

\

Alloy weld metal

back cladding _\

%

prior sefvice conditions and the potential*‘damage in
material$ resulting from these service conditions. This
may reqire special welding procedures and techniques
to mininjize the risk of cracking during welded repairs.
For exanjple, the use of welding-procedures that provide
controllefd deposition and low-welding heat input reduce
the risk [of cracking in embtiftled base metals during
welding [repairs.

4.5.3| Intermedijate-PWHT. After performing weld
repairs td low allOy steel base metal, but before applica-
tion of weld owerlay (if applicable), a dehydrogenation
heat treafmentior an intermediate PWHT should be con-
sidered, lespecially if the base metal is 2Y,Cr or higher

(a) Weld Joint Preparation

\ Carbon or low alloy

steel base metal

1.5.mm (1/46 in.) max.

r

7N

(b) Finished Weld-Seam With Back Clad

4.7 Heat Treatment

med
tion,
n. As
y the
tion
y be
bead

4.7.1 General. Heat treatment shall be perfor
in accordance with the applicable code of construg
post-construction code, or owner-user specificatios
an alternative to heat treatment, and if allowed b}
applicable code of construction or post-constru
code and approved by the owner, consideration m
given to the use of alternatives such as temper
welding procedures.

iven
ents
pairs

4.7.2 Prior PWHT. Consideration should be g
to the effect of any prior postweld heat treatn]
(PWHT) and any additional PWHT for welded re

alloy, or heavy wall (greater than 38 mm or 1% in. thick).

4.5.4 Hardness and Toughness. Consideration
should be given to the maximum hardness and tough-
ness needed in weld metal and in base metal
heat-affected zones for the intended service.

4.6 Surface Profile

Finished surfaces should be free of undercut, notches,
sharp ridges, and abrupt surface changes. Grinding may
be required to eliminate irregularities or pits.
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on cladding and on strength and toughness of the base

metal and welded joints.

4.7.3 Low Alloy Steels. In case of repairs to the
cladding or weld overlay on low alloy steels (e.g.,
Cr-Mo), the repaired area may be subjected to final
PWHT any time after the deposition of 5 mm (%6 in.)
of the first layer of the corrosion resistant weld deposit
(unless another depth is qualified). Final PWHT may
be performed either before or after the deposition of
additional layers of overlay since only the first layer
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of weld deposit will cause a HAZ in the base metal.
Subsequent layers of welding would not be expected to
create a new HAZ in the base metal.

5 EXAMINATION
5.1 General

5.1.1 Nondestructive Examination Before Welding.
Consideration should be given to the need for nonde-
struftive examination of surfaces to be welded. An
appjopriate method such as magnetic particle or liquid
pengtrant may be utilized to ensure that all defects have
removed before the welding. Any unacceptable
indifations that are discovered shall be removed in
accordance with Article 3.4, “Flaw Excavation and Weld
Repair,” of this Standard prior to application of weld
overfay. The acceptance criteria shall be in accordance
with the applicable code of construction or
postfonstruction code.

1.2 Nondestructive Examination After Welding.
Consideration should be given to the need for nonde-
strugtive examination of surfaces repaired by welding.
Surface examination methods such as magnetic particle,
liquid penetrant, ultrasonic, or surface eddy current may
be utilized in accordance with the applicable code of
construction or post-construction code. Welds on base
metgl over 9.5 mm (% in.) thick should be examined by
volumetric examination methods such as radiographie
or ultrasonic testing. The acceptance criteria shall besin
accopdance with the applicable code of construction or
posttconstruction code.

5.2

After removal of any damaged stainless steel weld
overjay, and prior to applying new weld metal, carbon
steel surfaces should be examined with copper sulfate
solufion to verify complete (removal of stainless steel.
(See|ASTM A380 for copper)sulfate testing.)

Copper Sulfate Solution Testing

5.3 [Liquid Penetrant.Examination of Weld Overlay

and Back Cladding

5]3.1 Multiple-Layer Welds. For multiple-layer weld
overjay or back cladding, liquid penetrant examination
shotyild beiperformed on the first layer of the weld
overjay:

Part 2 — Article 2.11

with ASME BPVC Section V, and acceptance criteria
may be in accordance with Appendix 8 of
ASME BPVC Section VIII, Division 1. Defective areas
shall be repaired and re-examined.

6 TESTING
6.1 Chemical Analysis

I . Ihe chemicgl compo-
sition at the “effective depth” of the overlay or back
cladding should be included in welding procedyire quali-
fication tests.

”

6.1.2 Production Welding. Alternatively, the chemi-
cal composition at the “effective depth” of the gverlay or
back cladding shall be reportéd for production|welding,
when specified by the gwmer. The acceptancp criteria
for production overlay, and back cladding shall be in
accordance with the<owner’s specification gxcept as
noted in this Staridard.

6.1.3 Extent of Chemistry and Ferrite Testing

(a) The number of samples for chemical anplysis for
all types.of weld overlay and back cladding, and number
of fefrite measurements for austenitic stainjess steel
déposits shall be as specified by the owngr. When
required, test samples should be removed, qr in situ
tests should be conducted, prior to final PWHT](if appli-
cable) at locations selected by the field inspectof. Testing
after PWHT is not required unless otherwise [specified
by the owner.

(1) For machine weld overlay, one samp
from each girth weld and component (such
tubesheet, connection, etc.), and each back-cladl seam is
recommended. For manual weld overlay, twq samples
or tests from each girth weld and equipment component
(such as head, tubesheet, connection, etc.), gnd each
back-clad seam are recommended.

(2) Forback-clad seams < 600 mm (24 in.) in diame-
ter, one sample for each 24 diametral-inch| or part
thereof, is recommended. The 24 diametral-ifich mea-
surement is cumulative for all back-clad seamg 600 mm
(24 in.) diameter and smaller employing the samne weld-
ing procedure, process, and filler metal.

e or test
as head,

EXAMPLE: One 20 in. manway and three 8 in.|nozzles =
44 diametral-inches; or one 500 mm manway and thr¢e 200 mm

5.3.2 Finished Surfaces. The final surface of weld
overlays, back cladding, and welds joining attachments
to weld overlays or integral cladding should be liquid
penetrant examined to an appropriate extent.

5.3.3 Examination and Acceptance Standards.
Examination and acceptance standards shall be in accor-
dance with the applicable code of construction or post-
construction code. If no standard is specified by the
applicable code of construction or post-construction
code, the examination may be conducted in accordance
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nozzles = 1 100 mm diameter measurement. Therefore, two tests
are required.

(b) For repetitive manual, semi-automatic, and auto-
matic weld overlay operations on components > 600 mm
(24 in.) diameter, two tests per welder per week may be
substituted for the requirements of (a)(1) above. How-
ever, there shall be no change in welding procedure,
filler metal classification, batch number of submerged
arc or electroslag flux, or welding position.
Authorization shall be at the discretion of the owner.
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6.2 Chemical Composition of Austenitic Stainless
Steel Weld Deposits

The chemical analysis shall be within the range speci-
fied in the original code of construction, or in
ASME BPVC Section II, Part C.

6.3 Ferrite Testing of Austenitic Stainless Steel Weld
Deposits

Suggested requirements for austenitic stainless steel

ASME PCC-2-2015

after pickling or detergent cleaning, using distilled or
de-ionized water. If mechanical surface preparation is
required, new emery paper or grinding wheels, and
nonferritic buffing wheels and brushes should be used.
(2) Suggested composition of the test solution is as
follows:
(a) 90% by volume potassium ferricyanide
(4% solution)
(b) 10% by volume solution consisting of 1 part

ferrite nyimbers are as follows:

(a) The ferrite content of the deposited weld overlay
or back fladding at the effective depth (as defined in
section 1| of this Article) should be as follows:

(1) For Type 304, 304L, 316, 316L, and 317L, the
FN rangg should be 4 to 10.
(2) For Type 347, the FN range should be 3 to 10.

(b) Thp ferrite content should be determined by one
of the following:

(1) The actual, as-deposited chemical composition

and the WRC-1992 Constitution Diagram
(2) Magnetic instrument as listed in
AWS A412/A4.2M.
6.4 Calipration of Magnetic Ferrite Testing Gages
(a) M4gnetic gages should be calibrated and certified
per AWY A4.2/A4.2M. An annual calibration certifica-

tion shotild be available to the inspector. Prior to use in
productipn, instrument calibration should be verified
on at least two standards (calibration test blocks) with
a minimpim ferrite spread of 5 FN. At least one of these
standards should have a EN of 4 to 10.
(b) These standards should be one of the following:

(1) primary or secondary weld metal standards
describedl in AWS A4.2/A4.2M

(2) samples with certified chemicalyanalyses refer-
enced tol the WRC-1992 (EN) Diagtam or the DeLong
(FN) Diggram

(3) g$amples with ferrite contént measured by metal-
lographif techniques

6.5 Ferrjcyanide Testing of Ni-Cu (Alloy 400) and
Cu-Ni Alloys
(a) Fefricyanide’ testing should be performed on all
nickel-doppetfAlloy 400 (Monel), 67Ni-30Cu] and
copper-tpiekel/(70Cu-30Ni, 90Cu-10Ni) alloy overlays
and back-cladding

concentrated hydrochloric acid (36% to 38% by, weight
HCl) and 9 parts distilled water

(3) Fresh test solution should be preparedimmedi-
ately before application.

(4) The testing solution’s reaction should be
checked on samples of nickel-copper or copper—nfickel
and carbon steel. A blue color should appear immedi-
ately on carbon steel. No colof'should appear on nitkel—-
copper or copper—nickel within 10 min. If color |[does
appear, the solution is-toe acidic, and new solytion
should be formulated:

(5) Solution should be applied to the tested sufface
by spraying (using.an atomizer) or drop-by-drop (ysing
an eyedropper)” Appearance of a definite blue ¢olor
within 2 miih.indicates the presence of free iron. A [light
blue tint‘should be considered insignificant.

(6)Questions regarding determination of iron{con-
tent'\based on the degree of blueness should be resqlved
by spot chemical analysis. The iron content shouldl not
exceed 6%.

6.6 Hydrostatic Testing

The inspector should be consulted to establish the
need for hydrostatic testing of equipment after repairs
are complete. Pressure testing is generally not nepded
for weld buildup and restoration type repairs, Hut if
specified, should be in accordance with the code of|con-
struction or post-construction code.

7 REFERENCES

ANSI/NB-23-2007, National Board Inspection Code
Publisher: American National Standards Institute
(ANSI), 25 West 43rd Street, New York, NY 10036
(www.ansi.org)

API RP 582, Welding Guidelines for the Chemica
and Gas Industries

, Oil

(b) Ferricyanide tests should be performed on 100%
of finished nickel-copper or copper-nickel overlays and
back cladding deposits. The results should not indicate
the presence of free iron.

The suggested test procedure is as follows:

(1) The surface to be examined should be prepared
by a method that does not cause contamination by free
iron. A solvent or detergent solution should remove oil,
grease, and dirt. A pickling solution may be used to
remove oxides. The surface should be thoroughly rinsed
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API RP 934, Materials and Fabrication Requirements for
2%,Cr-1Mo and 3Cr-1Mo Steel Heavy Wall Pressure
Vessels for High Temperature, High Pressure
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Article 2.12
Fillet Welded Patches

can

1 DESCRIPTION future damage cannot be characterized This repair
(a) Thijs repair method describes the selection criteria, methoc'l may be used In certain cases on areas wiglocal

applicat]on limitations, design, fabrication, examina- crack-like flaws, provided

tion, and| testing of fillet welded surface patches to pres- (1) the growth has stopped, been arrested, o

sure retajning components. Similar fillet welded surface be accurately predicted for all propagation modeg

patch repair methods with reinforcing plug welds are
provided in Article 2.7 of this Standard.

(b) Thijs repair method consists of fitting a repair plate
to closely match the original component’s exterior or
interior $urface. The repair plate is sized to cover the
areas exlpibiting damage, both at the time of repair and
that antifipated for the repair’s design life.

(c) The repair method is typically applied to pressure
retaining shells that have suffered local wall thinning
(includirlg through-wall) due to erosion, corrosion, and
other lodal damage mechanisms.

(d) This repair method is applicable to cylindrical,
spherical, flat, and conical shells as well as other pressure
compongnts.

(e) This repair method is generally suitable for service
temperafures above the nil-ductility temperature of the
material$ of construction up to a maximum design tem-
peratureof 345°C (650°F). Use of this repair method for
lower temperatures requires evaluation of notchtough-
ness, nonductile fracture and other applicable Tow tem-
perature| effects. Use of this repair method for higher
temperafures requires evaluation of(thermal fatigue,
creep, arld other applicable high temperature effects.

(f) Figure 1 shows a typical application on a vessel
with a rjearby structural discentinuity (in this case a
nozzle). The plan view on tgpshows two of many possi-
ble repaif patch configurations, which are generally rec-
tilinear In shape withfounded corners. The bottom
sectionall view showssthe curvature matching aspect of
each reppir plate:

2 LIMITATIONS

(2) the effect of the flaw is evaluated using detpiled
analyses

3 DESIGN

3.1 General

(a) The design approach for this repair method is
based in part'on standard pressure component d¢sign
calculatiens, such as those in the ASME BPV (Jode,
Section, VIII, Division 1. The application limitations
imposed in section 2 apply to the governing load|case
resulting from internal pressure where the resuftant
stress is membrane stress. However, if the compgnent
to be repaired is subject to bending, torsion, wind lpads,
or to fatigue, the design shall include evaluation of these
conditions using appropriate methods of analysis. [n all
cases, an engineering analysis shall be performed

(b) In general, the patch material and welding ffiller
metal should be the same or very similar (e.g., composi-
tional, physical, and mechanical properties) to that of
the pressure component’s original construction. R¢pair
material selection shall consider, as a minimum, chhrac-
teristics such as chemistry, weldability, physical proper-
ties (such as coefficient of thermal expansjon),
mechanical properties (such as strength, ductility, jotch
toughness), and compatibility with the process medium.
t on

ted

(c) The thickness of the patch plate is depende
material mechanical properties and the calcu
attachment weld sizes.

(d) The size (length and width) of the patch pldte is

(a) Part 1 of this Standard, “Scope, Organization, and
Intent,” contains additional requirements and limita-
tions. This Article shall be used in conjunction with
Part 1.

(b) This repair method is not limited by the compo-
nent size. However, a sleeve type repair may be more
suitable for those applications where axisymmetric
behavior is important.

(c) This repair method shall not be used where the
damage mechanism, the extent of damage, or likely
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governed by the requirement that all attachment welds
be located on sound base metal completely encom-
passing the damaged area(s) (see Fig. 1). The repair plate
shall also be large enough to encompass any additional
area(s) anticipated to experience similar or related dam-
age during the life of the repair. The patch plate should
overlap sound base metal by at least 25 mm (1 in.).

(e) This repair method is generally used on the out-
side surface of components subject to internal pressure.
For applications under external pressure, a separate
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Fig. 1 Typical Shell Repair Near Discontinuity
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analysis to evaluate buckling and other instability con-
siderations shall be performed.

(f) In assessing the applicability and service life of this
repair method, consideration shall be given to material
compatibility, future operating conditions, thermal and
shrinkage effects of welding, the introduction of crevices
and structural discontinuities, thermal transients and
temperature differentials between the patch plate and
the companent. and other applim’rinn limits suich as

ASME PCC-2-2015

(2) Longitudinal Load. Unit forces in longitudinal

direction:
Fip

INEAN

examination and testing constraints. If the damage to
be patchled is, or is expected to be, through-wall, the
effects of fluids (e.g., entrapment, concentration, corro-
sion, etc)) that may accumulate between the vessel and
the patcly plate shall be assessed. If this repair method
is to be ithplemented during component operation, addi-
tional precautions may need to be taken for personnel
safety.

(g) The design may consider the combined strength
of the pdtch plate (considering also the strength of the
fillet welld joints, including joint efficiency) and the
underlyihg shell. Consideration may also be given to
excess thfickness available adjacent to the damaged shell
using applicable code area replacement rules for nozzles.
No credit shall be taken for material required for future
corrosion allowance.

3.2 Intefnal Pressure Loads

(a) Fop cylindrical components subject to internal
pressure|loads, applied forces on the repair patch shall
be deterfined as follows:

-~ >

>

P — L}

-~

-~

-]

Fep <— —>r
- Ly Fer
BT
Fip
PD,,
Fip == ()
where

Fppn= longitudinal force due to internal prespure,

N/mm (Ib/in.)
(b) If other loads are applicable (such as bengdling,
torsion, wind, etc.), they shall be determined and a¢lded

to the pressure load such that

Fc = Fcp + Feo

(1) Circumferential Load. Unit forces in hoop
directiory: and
Fep P Fep
* + Fp = Fip = Fio
where
Fc = total circumferential force from all 1gads,
N/mm (Ib/in.)
Fco = circumferential force due to other appli¢able
loads, N/mm (Ib/in.)
F; = total longitudinal force from all loads, Nfmm
(Ib/in.)
Fio = longitudinal force due to other applicable
Fro = PD,, loads, N/mm (Ib/in.)
=5 @
(c) Appropriate alternative force calculations for
spherical, torispherical, or ellipsoidal pressure compo-
where nents shall be used when applicable.
D,, = diameter at mid-wall of component, mm (in.)
Fcp = circumferential force due to internal pressure, 3.3 Structural Discontinuity Evaluation
N/mm (Ib/in.) (a) For stresses near a nozzle or other structural dis-
P = internal design pressure, kPa (psi) continuity to be insignificant, the minimum distance
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between the fillet welded patch plate and the existing
discontinuity should be

Liin = 2(R,)'"2 3)
where
Lmin = plate setback distance (see Fig. 1), mm (in.)
R,, = radius at mid-wall of component, mm (in.)

t

wall thickness of component, mm (in.)

Part 2 — Article 2.12

exceed the nominal thickness of the repair plate or the
original nominal component thickness.

(c) In addition, load path eccentricity of the hoop
stress in the shell plate and patch plate shall be consid-
ered. The perimeter welds bearing circumferential loads
shall be sized such that

Equation (3) applies the setback distance (R,)"? to
both| the existing nozzle (or other similar structural dis-
contjnuity) and the patch plate.

This proximity limit also applies to the distance
between adjacent fillet welded patch plates, in those
appllications where more than one is employed on a
giveh component.

(b} In those applications where the patch plate is to
attagh to existing nozzle reinforcement pads, the patch
plat¢ may be contoured to match the reinforcement pad
periineter and welded thereto with a full penetration
join

(c] In those applications where the damaged shell is
withiin L, of a nozzle or other structural discontinuity,
the patch plate should be designed as a reinforcement
pad pxtending 360 deg around the nozzle/opening, and
welded thereto with a full penetration joint. Alterna-
tivelly, additional detailed analysis may be performed to
evalpiate local stresses.

3.4 [Allowable Load on Perimeter Fillet Weld
(af The perimeter weld shall be sized suchi/that the

Optional bevel

Sw = (PR[2T) + (3PDm€/T2) ®)
where
e = load,path’ eccentricity (T + t)/2, mm/|(in.)
Sy = caleulated weld stress, MPa (psi); S,|< 1.5S,
T = avall thickness of patch plate, mm (ir).)

3.5 “Cold Forming Limits

(a) Carbon and low alloy steel patch plates fabricated
by cold forming shall not exceed 5% extreme fiber elon-
gation. The extreme fiber elongation shall be defermined
as follows:

(1) For double curvature

allowable load on the weld exceeds the longitudinal and 75T R
. . . . v o
circymferential loads in accordance with'eq. (4). Tf(l R ) < 5% (6)
Wmin
where
NN Rf = final centerline radius of patch plate,jmm (in.)
R, = original centerline radius of patch plafe (equals
infinity for flat plate), mm (in.)
T = thickness of the patch plate, mm (in.
Fy 2 WinES, @) (2) For single curvature
whete
E ="weld joint efficiency factor (0.55) %(1 - %) <5% )
F i~="allowable force on fillet welds, N/mm / ’
(“J//ill.), >Fc arch 7
S, = allowable base metal stress, MPa (psi)" (b) Patches cold formed beyond these limits may be
Wmin = minimum weld leg dimension, mm (in.) used provided they receive appropriate postforming
stress relief prior to installation.
NOTE: The maximum design fillet weld size shall not exceed the

thickness of the thinner material being joined nor 40 mm (1.5 in.).

(b) Alternatively, the perimeter weld edge prepara-
tion may be beveled to increase the weld’s effective
throat thickness. In no case shall the effective throat

! Compatible weld metal shall be of equal or greater strength.
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4 FABRICATION

(a) Plate edges may be cut to shape and size by
mechanical means such as machining, shearing, grind-
ing, or by thermal means such as flame or arc cutting.

(15)
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If thermal means are used, a minimum of 1.5 mm (%4 in.)
additional material shall be removed by grinding or
machining. If the repair plate is greater than 25 mm
(11in.) thick, and the fillet weld size is less than the plate
thickness, the weld prep edges shall be examined by
magnetic particle (MT) or liquid penetrant (PT) methods
to check for laminations. Laminations shall be cause for
rejection unless repaired or found acceptable by
fitness-for-service analysis in accordance with

ASME PCC-2-2015

breached, the vent should be sealed after completion of
welding and, if applicable, postweld heat treatment.

5 EXAMINATION

(a) Patch plate attachment welds shall be examined
in accordance with the applicable code of construction or
post-construction code by either the MT or PT methods
if not temperature limited by the test methods. If not

API 57941/ ASME FFS-1.

(b) The patch plate may be formed to the required
shape by any process that will not unduly impair the
mechanifal properties of the patch plate material. Where
required|due to repair plate size or access/interference
considerptions, split sections may be used when joined
by full penetration welds.

(c) Pafts to be fillet welded shall be fit as tightly as
practicall to the surface to be welded and in no event
shall be peparated by more than 5 mm (%6 in.). If the
separatign at the faying edge of the plate is 1.5 mm
(Y46 in.) pr greater, the size of the perimeter weld shall
be recalculated by adding the amount of the separation
to the eckentricity, e.

(d) Wglding procedures, welders, and welding opera-
tors shall be qualified in accordance with the current
requirenjents of the applicable code of construction or
post-cofstruction code. If not otherwise specified,
ASME BPV Code, Section IX may be used for procedure
and performance qualification. Article 2.10 should be
consultdd for in-service welding issues; Article 2:14
should He consulted for field heat treating issues.

suitable method.

ny seamis within the patch itself should be
made firpt. The perimeter weld may then be completed.
Clamps pr ' wedges may be used to ensure proper joint

otheTwise specified by the appiicabie code of congtruc-
tion or post-construction code, NDE shall be perfogmed
using procedures written and qualified in.accordance
with ASME BPVC Section V.
(b) If lifting lugs are used and left.irf place, their
attachment welds shall be examinedby"MT or PT meth-
ods. At all locations where tefyporary lifting Jugs,
welded clamps, and/or wedges-are removed after patch
plate installation, the removal areas shall be exanjined
by MT or PT methods.
(c) Welds joining sections of patch plates made of
separate pieces should'be surface contoured and Yyolu-
metrically examin€d by either radiographic or ultragonic
examination methods to the extent possible. If not ptacti-
cable, multilayer PT or MT examinations should be
performed.
(d) Ifpostweld heat treatment is required, the eami-
nation'shall be performed after application of PWHT.
{e) The examination acceptance criteria of the applica-
ble code of construction or post-construction code [shall

apply.

6 TESTING

(a) Testing shall be performed in accordance with the
applicable post-construction code.

(b) The pressure component and installed patch
plate(s) should be leak tested in accordance with the
applicable post-construction code. Special safety pre¢cau-
tions should be taken when pneumatic leak testihg is
performed.

(c) If permitted by the applicable post-construftion
code, nondestructive examination may be performed as
an alternative to leak testing. Also, an initial sefvice
inspection may be performed of all weld joints after the
pressure component has returned to normal opergting
pressure and temperature, if these were reduced While

....... £z d
s~ o

alignment and fit-up.

(f) Exposed metal surfaces should be recoated, if
applicable, after completion of all examination and
testing.

(g) To preclude gas pressure buildup between the
patch plate and the pressure component boundary, pro-
visions for venting during the final closure weld or, if
applicable, postweld heat treatment, may be necessary.
If the patch plate is designed for through-wall defects
but applied to the pressure boundary before being
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was-perform

(d) Testing and inspections should be performed prior
to reapplication of coating, insulation, or jacketing, as
applicable.

7 REFERENCES

API 579-1/ ASME FFS-1, Fitness-for-Service, June 5, 2007

Publisher: American Petroleum Institute (API),
1220 L Street, NW, Washington, DC 20005
(www.api.org)
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Nondestructive Examination Engineers (ASME), Two Park Avenue, New York, NY

ASME Boiler and Pressure Vessel Code, Section VIII, 10016-5990; Order Department: 22 Law Drive, P.O.
Division 1 — Rules for Construction of Pressure Box 2900, Fairfield, NJ 07007-2900 (www.asme.org)
Vessels

ASME Boiler and Pressure Vessel Code, Section IX —
Welding, Brazing, and Fusing Qualifications
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Article 2.13
Threaded or Welded Plug Repairs

1 DESCRIPTION

be avoided unless evaluated and janifip(‘] in the engi-

This r¢pair method describes restoration of a compo-
nent or $ystem by removing a flaw or defect through
the drilling or machining of a hole without replacing
the component material. Leak and pressure tightness
is achievled by inserting a solid or threaded plug and
applying a seal weld. The presence or removal of defects
need not be involved. This method may also be used
to gain ficcess to a component, inside or outside, for
inspectidn or other purposes.

2 LIMITATIONS

2.1 Genpral

Part 1| of this Standard, “Scope, Organization, and
Intent,” [contains additional requirements and limita-
tions. This Article shall be used in conjunction with
Part 1.

2.2 Reppirs

It is ngt intended for this Article to be used for routine
repair offweld defects or for situations where the condi-
tion can pe removed by excavating material and:léaving
the comj;onent as is.

2.3 Cor

This rd
thereford
be subje

sion
pair method generally creates-a crevice and is

not suitable for service environments that may
t to crevice corrosion

3 DESIGN
3.1 Des

A thorpugh engineering review of the design shall be
undertalfen towalidate the applicability of this method
for restofing-integrity to a component or system. As a
minimum, the following shall be cansidered:

gn Review

neering review.

3.3 Opening Reinforcement

Reinforcement of the opening shall be-designgd to
comply with the applicable construction or posfcon-
struction code.

3.4 Strength Requirements

hded
pro-

the
n or

Thread size, pitch, engagement, etc. (for thre
plugs), and weld size, (fot unthreaded plugs) shall
vide satisfactory lepad carrying ability to mee
strength requirements of the applicable constructi
post-construction’ code.

3.5 Strength and Corrosion Consequences

Strength and corrosion (crevice, dissimilar matefials,
etcy)‘consequences should be evaluated with respgct to
using solid versus threaded plugs. The effect of sefvice
on deteriorated threads versus a pressure retaining weld
should be considered.

3.6 Material Removal

The amount of material that is to be removed| the
resulting removal area (location, extent, and configura-
tion), and method to restore integrity (smooth plug,
threaded plug, reinforcement, etc.) shall be addrgssed
in the design review.

3.7 Finish Dimensions

The finish hole diameter or configuration (after frill-
ing, threading, or tapering, etc.) shall be determingd by
engineering analysis.
4 FABRICATION

4.1 Flaw Location

(a) need for seal welding vs. threaded plug

(b) unreinforced vs. reinforced configurations

(c) consideration of use of gamma plugs used for
radiographic inspection

Figure 1 illustrates a typical plug arrangement.

3.2 Material Properties

Plug material should have similar strength, thermal
expansion properties, and alloy content as the original
component material. Use of dissimilar materials should
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The flaw or area of interest shall be located, character-
ized and sized by ultrasonic or other suitable means.
4.2 Flaw Removal

The flaw or general area should be removed by drill-
ing or machining a circular, through-thickness hole.
4.3 Plug Fabrication

A plug shall be fabricated in accordance with the
design specification.
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Fig. 1 Typical Plug Arrangement

After 0.25 in. seal weld is

Minimum two passes
P completed, weld counterbore

seal weld a minimum of two passes
0.25in.
[ [ | %
(a) Plug Welded in Position
+0.000 in.
Tube -0.031in.
dia. +0.250 in.
_—4 -
Outside il ~

Counterbore
of drum /

Y
/ ‘ L 0.31in.

Inside —/‘
of drum 45 deg approx.

(b) Plug ‘Arrangement for Tube Holes With Inside Counterbore

45 deg approx.
Inside

r
of drum D

N 1§§

A e

pavAvAvAv e

Tube -0.031in.
dia. +0.125 in. I
-

Outside Counterbore

of drum

(c) Plug Arrangement for Tube Holes Having No Counterbore or
With Outside Counterbore

GENERAL NOTE: Use of counterbores (as shown) typically reduces restraint on the seal welds and minimize cracking.
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4.4 Lubricants

Thread lubricant or tape is generally not used with
threaded plugs in elevated temperature service.
4.5 Plug Insertion

Insertion (or screw) of the plug shall be verified for
fit-up and/or tightness in accordance with the design
specification.

ASME PCC-2-2015

6 TESTING

Leak, tightness, or pressure (hydrostatic or pneu-
matic) testing shall be performed in accordance with
and, if required, by the applicable construction or post-
construction code. Preservice inspection for leaks during
startup may be performed as an alternative if permitted
by the applicable code (see Article 5.1).

4.6 Seal or Fillet Welding

A seall weld or strength fillet weld shall be applied
using a qualified welding procedure in accordance with
the applfcable construction or post-construction code.

5 EXAMINATION

5.1 Flaw
Wherd

Removal Verification

a hole and subsequent plug are used to elimi-
nate a flaw or defect, removal shall be verified as
requiredl by the applicable construction or
post-conptruction code.

5.2 Surface Examination

A surface examination shall be performed on the com-
pleted sdal or reinforcing fillet weld in accordance with
and if refquired by the applicable construction or post-
construcfion code.

5.3 Docpimentation

The infspection, as specified in the governing projeet
documennts, shall be documented.

7 REFERENCES

ASME Boiler and Pressure Vessel Code, 2007 Edition,
Section I, Power Boilers

ASME Boiler and Pressure Vessel Code, 2007 Edition,
Section VIII, Division 1, Rules,for Constructign of
Pressure Vessels

ASME Boiler and Pressure Vessel Code, 2007 Edition,
Section IX, Welding and-Brazing Qualifications

ASME B31.1-2007, Power Piping

ASME B31.3-2006, Process Piping

Publisher: The.American Society of Mechafpical
Engineers (ASME), Two Park Avenue, New Yorl, NY
10016-5990; ‘Order Department: 22 Law Drive,| P.O.
Box 2900; Fairfield, NJ 07007-2900 (www.asme.qrg)

PFL¥ES-16, Access Holes, Bosses and Plugg for

Radiographic Inspection of Pipe Welds

Publisher: Pipe Fabrication Institute (PFI), 511 Avenue
of the Americas, New York, NY 1p011

(www.pfi-institute.org)
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Article 2.14
Field Heat Treating of Vessels

heating

1 DESCRIPTION treating a lacalized area of the vessel withon
1.1 |introduction the entlr'e 'Clrcumfere.nce (“spot” or “bull’s €yg”). Stress
and stability evaluations of the proposed-heat freatment
Heat treating operations in the field are commonly

performed in relation to repairs and alterations to pres-
sure| vessels and on occasion to field fabricated new
vessels. Without adequate precautions, however, the
heat|treating operation can cause damage to the vessel.

1.2

This Article provides guidance to reduce the probabil-
ity qf causing damage to the vessel as a result of the
heat|treating operation.

Scope

13

This Article applies to field heat treating operations
for gressure vessels. This heat treating operation can be
requlired due to welded repairs or alterations or for ser-
vice|environment reasons. It is applicable to postweld
heat] treating operations as well as other heat treating
opetjations such as dehydrogenation heat treating.

Application

2
2.1

P4rt 1 of this Standard, “Scope, @rganization, and
Inteft,” contains additional requirements and limita-
tiong. This Article shall be used;ih conjunction with
Part|1.

LIMITATIONS

Additional Requirements

2.2

This Article shall dpply to in-situ field heat treating
opetfations.

Work Location

2.3 |Codes and-Standards

The technical requirements for heat treating shall be
deriyed-from applicable new and post-construction
codds and standards. Examples include ASME BPVC

are dependent on the type of heating miethod employed.
Local heating will generally cause more thermal stress
than heating a circumferential bafid; but can prpvide the
benefit of better structural stability.

3.1.1 Heating Methods., External firing is accom-
plished via burners eXternal to the vessel. Heated air
from these burners is ducted inside the vessel fo accom-
plish the heat treatment. When access permits, internal
firing is accomplished via burners internal to the vessel
that provideyradiant and convective heat to|the area
being heat'treated. Internal insulating bulkheafls can be
used with both external and internal firing to igolate the
area‘being heat treated. Electric resistance heating is
accomplished through the application of electric heating
pads to the components being heated. Inductioh heating
is carried out by inducing heat into the compopents via
electromagnetic devices. Each has specific advantages
and disadvantages as well as safety considerations. An
individual or organization familiar with these|methods
should be consulted to guide the selection of § method
for a particular application.

3.1.2 Calculations and Acceptance Criteria| Guide-
lines for designing a heat treatment strategy|for local
heat treatments can be found in WRC Bulletir} 452 and
API 510. These documents provide informatign for the
design of the required soak band, heated bjnd, and
gradient control band. Temperature gradient, band-
widths, and stress and stability evaluations can|be calcu-
lated manually or by using linear or nonlingar finite
element analysis (FEA) techniques. Residual stresses
may be omitted in these calculations. WRC Bulletin 452
provides guidelines for acceptable stress levgls. How-
ever, the criteria for selecting and establishing agceptable

Section VIII, NB-23, and API 510.

3 DESIGN
3.1 Methods

Methods of applying heat in a field heat treating pro-
cess include internal or external firing, electric resistance
heating, and induction heating. Heat treatment of ves-
sels can consist of heat treating the entire vessel, heat
treating a full circumferential band of the vessel, or heat
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stress Tevels should consider the parameters of the com-
ponent and its service environment.

3.2 Thermal Expansion

All items subject to heat treating operations will be
subject to thermal expansion. The extent of this expan-
sion shall be evaluated and accommodated. Failure to
allow for thermal expansion can result in damage to the
vessel. Unless a more detailed analysis is performed,
the expansion of carbon and low alloy steels at typical
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PWHT temperature of 650°C (1,200°F) may be estimated
as 8 mm/m (0.1 in./ft).

3.2.1 Local Restraint. Local restraint can be devel-
oped in many ways. Heat treating a spot or “bull’s eye”
area on a vessel rather than a band around the circumfer-
ence will result in stresses being developed within the
shell as the soak zone and adjoining lower temperature
zones have different thermal growth.

Evaluation of this fvpp of heat treatment 11s11ally,

ASME PCC-2-2015

movement at the vessel’s design temperature. The ther-
mal expansion between saddles shall be determined and
the available slot length checked to ensure that the sad-
dle will have sufficient room to move. Note that this
requires checking the existing location of the anchor
bolts relative to the edge of the slot, not merely the
overall length of the slots. The baseplate and structural
bearing plate should be checked for corrosion to verify
that they are free to move relative to each other. Thin

requires the use of FEA performed by an engineer expe-
rienced ih the evaluation of heat treating procedures. The
gradient|from the soak zone of a band to the unheated
portions|of a vessel is also important to evaluate, and
as a stagting point the principles established in WRC
Bulletin 452 can be used. Another source of local restraint
could be| the proximity of a head to a band around the
shell that is being heat treated. As the shell expands due
to thermpl growth, the relatively cold head restrains the
growth. [Determining the suitability of a heat treating
strategy|that involves local restraint should be per-
formed Hy engineers experienced in this type of analysis.

3.2.2| Other Restraint. Restraint imposed on an
expanding vessel from components other than the pres-
sure-retafining components can lead to substantial forces
and stresses in a vessel that is undergoing heat treatment.
Avoiding such external restraints can involve temporar-
ily loosehing or detaching components. In some cases
this can frequire cutting and rewelding of structural or
other components. Stiffening rings, insulation support
rings, sagldles, etc., can require supplemental heatingitr
order to|maintain a temperature compatible with the
shell to yhich they are attached.

3.2.p.1 Structures. Internal and external struc-
tural cofnponents that restrict free thetmal expansion
of the ve¢ssel should be removed or- their connections
loosened to allow unrestricted thermal growth. Internal
structurdl components include-vessel internals such as
catalyst bed support systems, trays, distributors, outlet
collectots, impingement.plates, etc. Welded internal
structurds can require individual heating elements and
monitoring to ensure.compatible thermal expansion if
they are |eft in pldce.during the heat treatment. External
structurdl components include ladders and platforms.
Evaluatipn 6f-platforms should include consideration
for radia} growth of the vessel and connections to adjoin-

sheets of stainless steel can be placed betwee the
baseplate and bearing plate in between the anchortolts.
These sheets reduce friction to allow easier,moverhent.
Finally, the nuts on the anchor bolts should'be vetified
to be loose enough not to hinder movemerit. One mjeans
of verifying this is to tighten the fiut-until it corftacts
the top of the baseplate, then back the nut off ong-half
of a turn. Another means of allowing for thermal grpwth
is to lift one saddle and placerollers (solid rods or gmall
diameter pipe) between the saddle and bearing plate.
Rollers should be placed in locations where they| will
not roll into the anchor bolts.

3.2.2.3 Skirts. In most cases, skirts are Jong
enough such'that the baseplate is not impacted by the
temperature gradient from the heat treatment. Howgver,
for short\skirts, free movement should be verified.
Anghdr-bolt-to-slot or hole gaps and baseplatg-to-
bearing-plate issues similar to that of a sliding sqddle
should be evaluated. For skirt supported vessels, the
axial thermal gradient at the top can be critical. If the
skirt is not insulated, the temperature drop can b¢ too
steep and cause yielding.

Consideration should be given to add an insul
bulkhead below the bottom head to introduce a|“hot
box” keeping the top portion of the skirt hot. In [such
cases, the buckling resistance of the skirt should be
evaluated.

3.2.2.4 Other Vessel Supports. Some vessels are
supported by legs, lugs, or other attachments. These
supports should be evaluated to ensure that they dp not
restrict the thermal growth of the vessel.

hting

3.2.2.5 Piping. Piping is frequently routed dlong
vessels. This piping should be checked, and wjhere
appropriate, flanges or other connections disconngcted
to avoid the possibility of inhibiting the free thermal
growth of the vessel.

ing vessels and structures. Handrails and midrails on
adjoining platforms should also be checked to ensure
that they do not restrict motion of the platforms relative
to each other. Ladders should be checked to ensure that
they are supported at only one elevation and guided at
others. The nuts at the guides should be loose enough
to allow for vertical movement of the ladder.

3.2.2.2 Saddles. In the case of a horizontal vessel
on saddles, the baseplate of one saddle typically has
slotted anchor bolt holes to allow for fitup and thermal
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3.2.2.6 Instrumentation and Electrical. Conduit
for instrumentation and electrical systems is sometimes
routed along vessels and associated ladders and plat-
forms. These can hinder the free thermal growth of the
vessel and as such should be loosened at junction boxes,
other terminations, and supports. They should be sup-
ported at one elevation and guided at others. Guide
locations should be checked to ensure that they allow
sufficient motion. Wiring within the conduit often has
sufficient slack to allow for growth but this should be


https://asmenormdoc.com/api2/?name=ASME PCC-2 2015.pdf

ASME PCC-2-2015

checked as well. Consideration should be given to the
temperature that the conduit may achieve in relation
to the insulation on the wiring inside. Conduit that is
relatively close to the heat treated area can get hot
enough to damage insulation on the wiring. Insulation
placed between the heat treated area and conduit is often
sufficient to keep the conduit at tolerable temperatures
when heatis applied through firing or electric resistance.
Induction heating can heat conduit to temperatures suf-

Part 2 — Article 2.14

to evaluate the effects of any proposed heat treatment.

3.3.2 Cladding and Lining. The effect of heat treat-
ment and thermal expansion on lined or clad vessels
should be considered. A materials engineer or specialist
should be consulted to verify that sensitization or other
degradation mechanisms potentially caused by the heat
treatment will not impact the beneficial effect of the
lining or cladding. Strip-lined and glass-lined vessels

ficiefit to cause damage to wiring insulation regardless
of thie presence of thermal insulation between the vessel
and [conduit.

.2.2.7 Restraint Due to Insulation. Insulation
sheafthing (jacketing) and bands should be loosened up
to allow for thermal growth. Some bands have spring
type| connectors; these should be verified to have ade-
quatle room to expand. Riveted or screwed sheathing
can fequire that the rivets or screws be removed to allow
for ynrestrained growth. The type of insulation can play
a rolp in this evaluation. Flexible insulation such as min-
eral [wool can be more forgiving than rigid insulation
sucH as calcium silicate.

3.3 |Materials Considerations

Temperatures achieved during heat treatment of a ves-
sel dan have detrimental effects on the steel as well as
othef materials utilized in the fabrication and operation
of the vessel.

3.3.1 Base and Weld Material Degradation. Some
matgrials” properties can be degraded with cumulative
heatjtreatment exposure. This may be true forbase metal,
weld deposit, or both. A materials engineér or specialist
shoyld be consulted to verify that the ‘additional heat
treaffment is within limits determined\for the vessel.

3.3.1.1 Time Dependent Dégradation. Performing
heat|treatment on vessels cani require special considera-
tiong related to heat treatinent conditions and thermal
gradients in vessels wheérelloss of toughness and ductil-
ity chn occur after aslong time in service. For example,
hydtogen environthents are a common source of in-
service embrittlement effects.

3.3.1.2\ Effect of Heat Treating on Material
Proplertiés.* For some materials, such as high strength
carbpn\steels and low alloy steels, the effect of additional

can-exhibit Aqmngn tothe ]ining due-to the H'Fferential

thermal expansion characteristics of the linifrg|and base

material.

3.3.3 Fireproofing and Refractory: Fireprogfing and
refractory linings can spall or crack’due to th¢ thermal
growth of the underlying steel” Particular caje should
be given to ensure that no liquid from either the process
or condensation remains between the shell or head and
refractory. Repairs to ofireplacement of firepropfing and
refractory linings in_the vicinity of the soak] zone or
gradient zones should be anticipated.

3.3.4 Insalation.
heat treathent should be verified to ensure
suitable fér and will not degrade at the prop
treating-temperature range.

Insulation on vessels subject to
that it is
sed heat

3.3.5 Coatings. Internal and external codtings are
frequently applied to vessels. It should be recognized
that these can degrade at heat treating temperatures.
Consideration should be given to the health ipacts of
any gaseous byproducts. In addition, the visugl impact
of smoke is undesirable and can be cause foy concern
by personnel not directly involved with the healt treating
process including members of the public.

3.4 Structural Considerations

The temperatures necessary for a heat treatrhent pro-
cedure often exceed the design temperature of the vessel.
Consideration shall be given to the effect of|the heat
treating temperature on the structural strength and sta-
bility of the vessel.

3.4.1 Stability Evaluation. Evaluation of the struc-
tural integrity of a vessel undergoing heat freatment
should include consideration for the deformatfon of the
shell and supports as well as the reduced matefial prop-
erties at the heat treatment temperature. One pource of

nnnnnnn 1 axzaly

heat treatment time on the material properties should
be evaluated. This can require the review of past heat
treatments, material test reports if available, published
literature, and the taking of hardness readings on the
applicable vessel base material and weld material.

3.3.1.3 Creep Strength Enhanced Ferritic Steel.
Creep Strength Enhanced Ferritic Steels (CSEFS) are par-
ticularly vulnerable to degradation of material proper-
ties with improper heat treatments. A materials engineer
or specialist familiar with CSEFS should be consulted
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euidance—{forperforming such—an—evaldation is
API 579-1/ASME FFS-1. Buckling evaluation should
include consideration for deformed geometry such as a
skirt that is diametrically expanded at the connection
to the head but at nominal diameter at the base. Loadings
typically considered include dead weight of the vessel,
insulation or refractory, appurtenances such as ladders
and platforms, piping, etc., as well as wind. In some
cases it can be beneficial to remove items that contribute
to the loading. Seismic loadings may be omitted. A wind
loading that provides some margin against that which
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would be expected for a given location and a given time
of year should be included in the evaluation. Commonly
used wind speeds are in the range of 10 m/s to 25 m/s
(25 mph to 60 mph).The maximum wind speed should
be clearly identified in the field procedure along with
procedures for reducing the temperature if maximum
design wind speeds are attained during the heat treat-
ment process.

ASME PCC-2-2015

heating are achieving, but not exceeding their target
temperature ranges and gradients. Particular attention
should be given to placing instrumentation in the vicin-
ity of nozzles, rings, and other appurtenances that can
heat up or cool down at a rate different than the adjacent
shell or head. Care should be taken not to place resist-
ance-welded thermocouples on welds or the heat
affected zone (HAZ) of welds. Thermocouples or other
temperature sensors should have calibration records

3.4.2 L Support. It is sometimes necessary
to provi£e additional support for vessels undergoing
heat treatment. This can be provided by either connec-
tions to 1djacent structures, vessels, or cranes.

3.4.2.1 Adjacent Structures and Vessels. On occa-
sion a vpssel subject to field heat treatment may be
located In the vicinity of structures or other vessels.
Alternatfvely, temporary structures can be erected to
provide pupport. The suitability of providing support
to a vesgel undergoing heat treatment by rigging to an
adjacent ptructure or vessel should be evaluated by engi-
neers familiar with both structures and vessels. This
evaluatign may require a team effort to complete.

3.42.2 Cranes. Another means of providing
external [support is to use a crane to provide enough
tension fo reduce the compressive load at the region
being heat treated to an acceptable level. Care should
be taker] in determining the appropriate load in the
crane calfle. Note that operating cranes under high wind
speeds can be hazardous and as such they may be of
little berfefit if the vessel’s stability is limited by wind.
Lifting devices such as lugs or other means of attaching
the cable{to the vessel should be designed, or the:design
of existing devices checked, by an engineer! These
devices] in particular existing devices, should be
inspecteji to ensure that they and their welds are in good
condition.

4 FABRICATION

4.1 Heaf Treat Contractor’s Procedure

A profedure detajting the proposed heat treating
operatiof shall be.deveéloped by the heat treating con-
tractor. [This ptdcedure should be reviewed and
approvedl by.the.owner’s engineer prior to the installa-
tion of ahy-heat treating apparatus. An example proce-
dure pro

rdine sucocested tanics of caverace is included
o {ele) r O

current within six months ot the heat treatment date.

4.3 Special Considerations

It can be difficult to maintain temperaturé gradjients
in thick walled pressure vessels. Therefore in develdping
heat treatment procedures, consideration should be

given to applying heat inside arfd’outside of the vessel
such that harmful through-wall temperature gradjients
are not induced. Additional-attention should be given

to the possibility of inadvertent heating of compoments
such as adjacent ladders, platforms, piping, etc., when
induction heating,is‘being used.

4.4 Monitoring

Heat treatment operations should be continudusly
monitoréd-by personnel capable of modifying the|heat
input.as necessary to achieve the required tempergture
profiles.

4.5 Record Retention

A detailed work description of the heat treatment as
well as temperature recordings (charts) shall be provjided
by the contractor and should be retained in the owpner/
user’s equipment file. The heat treat contractor’s pfoce-
dure referred to in para. 4.1 may serve as the recofd of
work performed when amended with actual condifions
and any deviations from the plan clearly noted.|This
record should include the vessel identification, heat|treat
target temperature and tolerances, heat up rate, hold
(soak) time, and cool down rates. In addition, a $che-
matic illustrating the size and location of the soak zone,
heat zones, and gradient control zones relative to pgomi-
nent vessel features such as nozzles, location of hegters,
thermocouple locations, and other items significant to
the process should be included. Temperature recordings
(charts) need not be the original data but may be scapned
or transcribed into more readily archived formats

in Mandatory Appendix I.

4.2 Instrumentation of Heat Treatment

Heat treatment operations should have sufficient
instrumentation to record metal temperatures through-
out the heat treating cycle. Redundant sensors and
recording devices should be used in order to ensure that
the process is controlled correctly and that a record of the
process is retained. These sensors should be of sufficient
quantity to positively verify that the various zones of
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5 EXAMINATION
5.1 Vessel

Upon completion of heat treatment, the vessel shall
be checked for damage. This examination shall include
a visual examination. Other forms of nondestructive
examination may be used to confirm the absence of
cracks or other damage. Vessel supports should be
checked for potential damage, and vertical vessels
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should be checked for plumbness. In situ hardness
checking should be performed to verify that require-
ments of the code of construction and/or postconstruc-
tion codes have been achieved. If the vessel has a lining
it should be checked to verify that its integrity has not
been compromised.

5.2 Structures

Internal structural components should be visually

Part 2 — Article 2.14

Article 5.1 of this Standard provides guidelines for pres-
sure testing of the vessel and piping. Instrument and
electrical connections should be tested for continuity
and proper operation prior to the vessel being returned
to service. In some cases field heat treated vessels that
have material toughness requirements should have sim-
ulated heat treatment coupons or have coupons attached
to the heat treated vessel section to ensure that specified
toughness requirements are achieved after heat treat-

checkedfordammage ardto ensure thatany nstattation
hardware that is required is present. External structural
conrfections should be checked as well to ensure that
all jomponents that were disconnected have been
recohnected. Care should be given to verifying that these
components are not reinstalled in a manner that would
restrfict the thermal growth of the vessel at design or
opetfating temperature. For example, ladders should be
supported at one elevation and guided at others; plat-
forn and handrail connections to other vessels or struc-
tureg should be free to grow independently.

5.3

Piping that was disconnected should be checked to
ensyre that it has been reconnected. Flange assembly
guidelines are available in ASME PCC-1.

5.4

Inptrumentation and electrical connections should be
visuplly checked to ensure that wiring connections are
sourfd. This should be followed by a visual check to
ensyre that conduits that were loosened have(been
recohnected and box covers have been closed.

5.5

Insulation should be visually verified not to have
degriaded during the heat treatmentiprocess. Sheathing
(jacKeting) and straps should be-checked to verify that
they|are sound. Caulking around-vessel appurtenances
such as platform clips and nozzles should be repaired to
previent the intrusion of rain-water under the insulation.

Piping

Instrumentation and Electrical

Insulation

6 TESTING

Testing may.be tequired by the applicable postcon-
strugtion cqdé or standard such as NBIC or API 510.

ment. Coupons may be made from material from nozzle
cut-outs, cut and welded using a weld procedure repre-
sentative of that used on the vessel.
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Article 2.14, Mandatory Appendix |
Developing a Heat Treatment Procedure

batment procedure:
pe
purpose [explain why the heat treatment (HT)
performed]
ummary

vessel owner

vessel identification

governing codes and standards

material specification(s)

thermal process (direct firing, resistance,
, combination, other)

HT soak temperature range (target and
)
HT soak time

maximum heating rate

maximum cooling rate
btches or drawings

ocation(s) of all heating devices relative to
Hentifiable points on the vessel such as nozzles
ocation(s) of all thermocouple(s) relative,to
Hentifiable points on the vessel such as nozzles
Jocation(s) and details of insulationjbulk-
C
1k, gradient, and heating bands
ocation
emperature targets and tolerances

(d) Temperature measurement and control

perature sensing devices

(2) calibration procedure and most recent calibra-

tion date of thermocouples or other temperature-set
devices
(3) make and model of controllers and recof
device
(e) Heating plan
(1) target heating and coolihg rates with tolet
for each section (soak zorie,'gradient, etc.)
(2) target hold times-with tolerances for each
of the process
(3) contingeniey plans
(a) complete or partial loss of power, gas,
which impact§ heating ability
(h). high winds
(c)“plant emergency
(f)(Stability evaluation
(g)" Required items or support provided by othd
(1) permits
(2) utilities
(3) lighting
(4) shelter
(56) plot space
(h) Documents
(1) safety plan (site/job specific)
(2) reference documents
(3) list of documents to be provided to the ow]
user at completion of the job

sing

ding

ance

step

etc.,

ner/
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Article 2.14, Mandatory Appendix Il
Typical Hot Box Design

Figure II-1 illustrates a ’rvpiml hot box design

79


https://asmenormdoc.com/api2/?name=ASME PCC-2 2015.pdf

Part 2 — Article 2.14, Mandatory Appendix Il ASME PCC-2-2015

Fig. II-1 Typical Hot Box Design

Hot-Box Cavity — this space to be
left free of insulation and vents

S

Typical segmented ring
Dimension established based
on thermal stress analysis .
Insulation
1
Oimension established based
on thermal stress analysis
i i j ~] Typical vent

Optional fireproofing—<_
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PART 3
MECHANICAL REPAIRS

1 DESCRIPTION

This Article applies to the replacement of pressure
equipment or piping components (such as vessels,
valvps, instruments, fittings, flange gaskets, etc.) or sub-
assefnblies (such as pipe spools, vessel heads, shells,
etc.)] The replacement may be a replacement in kind
(replacement by identical components) or a modification
(a change in materials, design, or fabrication).

2 LIMITATIONS

Pdrt 1 of this Standard contains additional require-
men}s and limitations. This Article shall be used‘in-con-
junction with Part 1.

DESIGN
Mitigation

3
3.1

If [the replacement is due to deterioration, the cause
of the deterioration and the  need to make changes to
mitigate future deterioration should be considered.

3.2 [Engineering Evaluation

An engineering evaluation shall be performed if there
is anfy change front the original design. The design engi-
neer|shall specify the functional, material, and mechani-
cal gequirements for the replacement component or
subgssembly. Functional requirements include process
variabltes—How—characterist ateria ire
ments include choice of materials compatible with the
process and with the existing system, choice of material
specification, material quality, etc. Mechanical require-
ments include wall thickness, pressure class, layout, sup-
ports, etc.

3.3 Design Code

The mechanical design of the replacement component
or subassembly shall comply with the applicable code
of construction or post-construction code.

Article 3.1
Replacement of Pressure Components
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3.4 Modifications

It may be necessary to modify the design of the
existing system (to>accommodate the replacernent. For
example, replacing a valve with a heavier pne may
require adding additional supports or large cutouts in
vessel shells or replacement of shells may requite tempo-
rary, réstraints or supports.

4 FABRICATION
4.1 Safety

Planning and implementation of replacement activi-
ties shall thoroughly and clearly account for pfoper iso-
lation, lockout and tagout, drainage, venting and
cleaning of systems or components, in accordqnce with
recognized and accepted engineering practices, regula-
tions, and appropriate safety procedures.

4.2 Welding

The welding (including welding process anjd proce-
dure, materials, qualification, preweld and postweld
heat treatment) or mechanical joining techniqpue of the
replacement component or subassembly shall comply
with the applicable code of construction or postfonstruc-
tion code.

4.3 Tie-in Joint
(joint between the replacement part
a & CORPO a a and made
suitable for joining. The existing component at the tie-
in should exhibit no evidence of deterioration from the
original material thickness, complying with the applica-
ble code of construction or post-construction code,
unless justified by an appropriate level of fitness-for-
service evaluation.

4.4 Bolted Joint

For the assembly of bolted joints, standards such as
ASME PCC-1 should be followed.
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5 EXAMINATION
5.1 Criteria

New joints and joints between new and old material
shall be examined in accordance with the applicable
code of construction or post-construction code, includ-
ing type, extent and location of examination, and accept-
ance criteria.

5.2 Mechanieal-Fie-in

ASME PCC-2-2015

6.2.1 If pneumatic testing is performed, the
applied pressure shall not exceed that allowed by the
applicable code of construction or post-construction
code and all code-specified safety precautions shall be
followed.

6.2.2 Where nondestructive examination is used
in lieu of pressure or leak testing welded tie-in joints,
volumetric examination, such as RT or UT, shall be per-

formed.if conficuration allows for nr‘r‘npfnl‘\ln and.m ean-

The examination of mechanical tie-in joints (such as
flanges, fhreaded joints, swage or compression fitting,
and tubd fittings) should be specified by the owner and
may consist of the verification of proper joining process
and finallassembly, or tightness checks by torque wrench
or gages|where applicable (go/no-go gages, torquing of
flanges Holts).

6 TESTNG
6.1 Crit

The ndw component or subassembly shall be pressure
tested anpd/or examined as required or allowed by the
applicalfle code of construction or post-construction
code.

ria

6.2 Alternative

Wherd it is impractical to perform a hydrostatic pres-
sure test|for the welded or mechanical tie-in joints, the
organizafion performing the work may substitute tHe
hydrostdtic pressure test with a test method that\will
verify the leak integrity of the joint. For example, an
alternatiye test method for hydrostatic testing/may be
a pneumftic test (see para. 6.2.1). When all safety precau-
tions carfnot be met or when pressuresorileak testing is
impractical to perform, nondestructive examination

may be fised (see para. 6.2.2).

ingful results. If volumetric examination cafimgt be
performed, other methods, such as PT or M1, 'mdy be
performed prior to, during, or after welding to the extent
needed to verify the weld contains no ‘defects. Where
nondestructive examination is used,. the acceptance cri-
teria of the applicable code of constriliction or posfcon-
struction code shall apply. For mechanical tie-in jgints,
the requirements of para8.4/4 and 5.2 should be
followed.

6.2.3
procedures, and reeommendations are describg
ASME PCC-2, Axticle 5.1.

Additional pressure testing requirements,
d in

6.3 Design.Change Monitoring

Following a change in design, the system shalll be
observed for signs of abnormal vibration, expangsion,
contraction, or other signs of malfunction during ipitial
operation.

7 REFERENCES

ASME PCC-1, Guidelines for Pressure Boundary B
Flange Joint Assembly

blted

Publisher: The American Society of Mechanical
Engineers (ASME), Two Park Avenue, New Yorl, NY
10016-5990; Order Department: 22 Law Drive,| P.O.
Box 2900, Fairfield, NJ 07007-2900 (www.asme.qrg)
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Article 3.2
Freeze Plugs

1 DESCRIPTION 2.2.2 Burns. Frostburnsare another hazard of cryo-
1.1 [Technique genic liquids and solids that should be minigized by
) q the use of proper procedures and protegtive dothing.

Alfreeze plug operation is a technique for isolating a

section of piping by cryogenically cooling the outer wall
of the pipe and freezing the contained liquid to form a
solig plug. Carbon dioxide and liquid nitrogen are the
two [most commonly used freeze mediums.

1.2

A [freeze plug can be performed on water, water solu-
tion§, sludge, some hydrocarbons, some acids, some
basep, and some other liquids. Freeze plugs have held
170 par (2,500 psi) for actual field repairs and success-
fully tested as high as 680 bar (10,000 psi). The success
of a freeze plug depends on the freeze point of the liquid,
the gize of the pipe, the initial temperature, proximity
of flgw in connecting pipes, and the piping arrangement.

Application

1.3 [Risk Assessment

It hould be recognized that while performing a freeze
plug, a failure could occur resulting in injury to petson-
nel ¢r damage to equipment. Therefore, the end tsers,
in thleir decision process, shall assess the bengfits of the
freeze plug technique against the possibility of a plug
or pjpe failure.

1.4

This Article is based on experjence with freeze plugs
in mjetal pipes.

Basis

2
2.1

Pdrt 1 of thig' Standard contains additional require-
ments andilimitations. This Article shall be used in con-
junctionwith Part 1.

LIMITATIONS
Additional Requirements

2.2.3 Personnel. Personnel shall be trajned and
experienced in the freeze method ard knowledgeable
of the hazards of handling andusing cryogenir liquids.
Personnel shall also follow pioper precautions|and pro-
cedures related to protectife clothing, ventilati¢n in con-
fined spaces, monitoring ‘of temperatures, mpnitoring
of oxygen in the air, emergencies, and first aigl.

2.2.4 Confined'Space Below Grade. For fregze plugs
performed bélow grade, the freeze jacket should be
installed in a) separate excavation from the wpork area.
Doing sosmninimizes the number of individuald exposed
tonitregen gas or liquid. If this is not possible, additional
safety precautions shall be taken which may include
confined space procedures for all personnel.

2.2.5 Venting Safety. Nitrogen vents shopld be to
the outside or above grade and not into the |confined
space. Air movers or fans should be used to jmaintain
the fresh air.

2.2.6 Coolant Leaks. Liquid nitrogen lepks from
the freeze equipment should be corrected or minimized
whenever possible to protect personnel and equipment.
Confined space procedures shall be followpd when
applicable. Work areas should be barricaded|and iso-
lated with tarps to protect personnel and equipment
when applicable.

2.3 Freeze Point

It is important to know the freeze point temperature
of the liquid before performing a freeze plug operation.
The freeze point temperature for most processes can be
provided by the owner or found in chemical r¢ferences.
If this information is not available, a freeze poink temper-
ature test shonld he performed (see section 6

2.2 Safety Considerations

2.2.1 Oxygen Deficient Atmosphere. The major haz-
ard of working with liquid nitrogen and carbon dioxide
for performing freeze plugs is the possibility of asphyxi-
ation in an oxygen deficient atmosphere. This shall be
minimized by following confined space procedures
including checking the oxygen content of the atmo-
sphere with an oxygen analyzer. Oxygen monitoring
equipment should have a visual indicator and an audible
alarm.

83

2.4 Hydrocarbon Precautions

A freeze plug operation on hydrocarbons shall be
evaluated with special precautions. The plug gains
strength due to an increase in viscosity as the tempera-
ture decreases. The center of the freeze plug is at a higher
temperature than the outside of the plug. This means
that the viscosity is lower at the center. Therefore, the
shear strength of the plug is lower. The temperature
reading from the thermocouples shall be sufficiently low
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that the internal temperature of the plug is in the range
that provides full strength of the freeze plug. The freeze
point/range temperature test will aid in evaluating this
requirement.

2.5 Light Ends

If the fluid mixture contains light ends that vaporize
when the downstream section is vented, the freeze plug
will not hold. The feasibility of a freeze plug in this

ASME PCC-2-2015

3.2 Material Property Changes

As the temperature of the metal decreases, the
strength of the material increases, but its fracture tough-
ness decreases. The microstructure and physical proper-
ties of a metal are unchanged after the metal has been
exposed to cryogenic temperatures and returned to nor-
mal temperatures.

3.3 Pressure

fluid carf be determined by performing a freeze point
temperafure test.

2.6 Imphct Loading

The plping system should not be subjected to any
significant dynamic or external loads during the freeze
operation. For example, do not use hammer wrenches
or impadt wrenches to remove studs and nuts. The bolts
or studs pnd nuts should be removed one at a time and
cleaned pr replaced prior to the freeze plug operation

to mininjize these effects.

2.7 Flow

The pipe to be frozen must be full of liquid at the
location [of the freeze plug and a “no flow” condition
must exfist. The most common cause for failure to
develop |a solid plug and a successful freeze is flow in
the pipe| This problem is exacerbated by the fact that it
is sometjmes difficult to determine whether there is a
flow. Hopvever, some freezes can be performed on small
pipes, up to DN 100 (NPS 4) in size, with a low flow,

2.8 Initipl Fluid Temperature

Generglly, the liquid being frozen should/be‘at an
initial temperature of 50°C (120°F) or below.

2.9 Adjgcent Flows
If the ffreeze plug is located near.a tee, flow in the
connectihg pipe may prevent the freeze, due to eddy
currents jJand the Bernoulli effect:
3 DESJGN
3.1 Pipg Materials
3.1.1| Successfal Applications. Freeze plugs have

been sudcesstully performed on all commercially avail-
able methls/ This includes metals that are brittle at nor-

The pressure that a freeze plug can hold is directly
proportional to the strength of the plug, the strenigth of
the plug is directly proportional to the length of the
plug, and the shear strength of the plug increases ajs the
temperature decreases. Ice contracts at a'faster rate[than
steel as the temperature decreases, therefore, the ffeeze
plug exerts no pressure on the,inside of the pipe af the
freeze plug forms.

3.4 Strength

Freeze plugs formed under higher pressur¢ are
stronger. If practical,-the freeze plug should be fofmed
at the highest {ressure to be encountered during the
operation.

3.5 Location

The'éhd user should evaluate the location of pefma-
nent.and temporary pipe supports to allow for expan-
sion and contraction during the freeze plug operdgtion.
The engineering design of drains, vents, pressure felief
points, and isolation valves shall also be consider¢d.

3.6 Liquid Nitrogen Freeze Plugs

3.6.1 Background. Liquid nitrogen is the most
mon method of forming a freeze plug in a pipe.|This
cryogenic fluid is used for the vast majority of freezes
because it is relatively inexpensive, readily available,
easily transported, easily stored, and easily transfe¢rred
to the freeze jacket.

rom-

3.6.2 LineSize. Theboiling point for liquid nitrpgen
is —=196°C (-320°F). This is far below the temperature
required to freeze water and many other liquids. Bedause
of its capacity for high heat transfer rates, liquid nitrpgen
can be used for freeze plugs in pipe sizes up to DN [l 200
(NPS 48).

3.6.3 Jacket Design. A jacket, as shown in Flg. 1,

mal, intermediate, and cryogenic temperatures.

3.1.2 Ductility. Cryogenic temperatures may be
lower than the brittle transition temperature for some
materials. Loss of notch toughness is a special concern
for carbon steel, low alloy steels, ferritic and martensitic
stainless steels, and duplex (austenitic-ferritic) stainless
steels. Copper, aluminum, austenitic stainless steels, and
high nickel alloys lose some ductility at cryogenic tem-
peratures but generally retain sufficient notch
toughness.
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is used for the freeze. The materials of construction for
freeze plug jackets are stainless, aluminum, and fiber-
glass. The liquid nitrogen inlet valves should be located
at both the bottom and the top of the jacket. The valve
at the bottom can also be used as a liquid nitrogen drain.

3.6.4 Jacket Length. The length of the jacket used
should be not more than three pipe diameters long.
Longer jackets should not be used, because a double
plug can form within the jacket resulting in a trapped
liquid. Should this occur, high pressure can develop
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Fig. 1 Nitrogen Freeze Plug Assembly

Note (3)
Note (1) — Note—+2} _%

NOTEp:

(1) Thermocouples

(2) Nlitrogeti)gas vents

(3) L|quid hitrogen supply

(4) Thermocouple (optional)

(5) Freeze jacket

(6) Liquid nitrogen supply and jacket drain
(7) Temperature monitor
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between the plugs and rupture or damage the pipe. For
the same reason, two jackets placed end-to-end should
not be used.

3.6.5 Jacket Pressure. Freeze plug jackets are
designed to operate at atmospheric pressure. The evapo-
rating gas from the liquid nitrogen is vented out the top
of the jacket to a safe location in the atmosphere.

3.6.6 Component Materials. The freeze plug jacket,

ASME PCC-2-2015

3.7.6 Maintaining Plug. Additional injections of car-
bon dioxide into the jacket may be required to maintain
the freeze plug.

4 FABRICATION
4.1 Procedures

Written procedures, covering the freeze plug opera-
tion, personnel requirements, safety, and contingency
plans should be prepared and reviewed by appropriate

hoses, plping, and valves should be suitable for cryo-
genic terpperatures.

3.6.7| Monitoring. The progress of the freeze plug
operatiof is monitored with a temperature gage con-
nected tq the thermocouples located on the pipe at each
end of the jacket. An optional probe in the center of the
jacket rhay be used to indicate the jacket/pipe

temperature.

3.6.8 |Alarms. The electrical signal from the temper-
ature gage can also be used to trigger audible and visual
alarms t¢ warn operators and maintenance personnel of
either arfitrogen level decrease or a temperature increase
above set point, or both.

3.6.9 |Critical Applications. In some critical applica-
tions addlitional measures may be taken, including the
use of flqw monitors, differential pressure monitors, and
remote TV cameras to monitor various aspects of the
freeze.

3.7 Carhon Dioxide Freeze Plugs

3.7.1
plugs in

3.7.2 |Safety. Carbon dioxide is often.used for freeze
plugs on|water lines in buildings becatuse of the reduced
safety rigk. However, proper safety précautions shall be
followed|, which may include confined space procedures.

3.7.3( Jacket Design. THejacket for this technique
may be made of cloth wrapped around the pipe and
held in glace by drawstrifigs on each end. When liquid
carbon djoxide is introduced into the jacket, it forms dry

Size Limit. Carbon dioxide is used for freeze
pipe sizes up to DN 100 (NPS 4).

personnel prior to the start of the job.
4.2 Compatibility
The freeze point of the liquid in the pipelshall be in

an acceptable range consistent with the fréeze medlium
and equipment being used.

4.3 Coolant Supply

An adequate supply of nitfogen or carbon did
should be available for performing the job. Large fr¢
or long hold times may tequire either an on-site stq
tank or additional deliveries of nitrogen or carbon
ide, or both.

4.4 Insulation'and Coatings

Insulatieh.ahd mastic coatings shall be removed from
the pipéin*the area to be frozen to allow installation
of theacket and thermocouples. It is not necessaty to
remove thin coatings such as paint.

xide
ezes
rage
iox-

4.5 Environment

Environmental conditions may affect the freeze jplug
operation. Therefore, the freeze plug equipment should
be shielded from the wind, rain, and heat sources |such
as the sun, hot pipes, and hot equipment.

4.6 Closed Systems

Special precautions shall be taken to prevent dagnage
to the piping system when the freeze plug operatipn is
located near a closed end such as a weld cap, blind
flange, or closed valve. Once the freeze plug is formed,
the differential expansion of the ice forming fronp the
liquid can cause an increase in pressure in the closed
volume and damage the pipe.

4.7 Related Equipment

ice. The [dry ice €ublimes at —78°C (-109°F) and cools Evaluation of equipment, such as pumps that can
the pipe cause a pressure surge, should be made in the planning
. stage of the freeze plug operation. Whenever possible,

3.7.4|Jacket Length. The length of the ]aCket used this equipment should be isolated for the duration of

should be not more than three pipe diameters long.
Longer jackets should not be used, because a double
plug can form within the jacket resulting in a trapped
liquid. Should this occur, high pressure can develop
between the freeze plugs and rupture or damage the
pipe. For the same reason, two jackets placed end to
end should not be used.

3.7.5 Monitoring. A temperature monitor attached
to thermocouples at each end of the jacket is used to
monitor and control the freeze plug.
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the job.

4.8 Installation

The freeze plug equipment shall be installed on the
pipe per the procedure.

4.9 Monitoring Time Frame

The freeze plug operation shall be monitored continu-
ously from the time liquid nitrogen or liquid carbon
dioxide is introduced into the jacket to the completion
of all work.
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4.10 Plug Verification

Three indicators shall be verified to ensure adequate
strength of the freeze plug before opening the system
and performing work.

(a) The primary indicator is the temperature reading
at each end of the jacket, which shall be at or below the
pre-established set point temperature.

(b) A full circle frost ring should develop on each end
of the jacket

Part 3 — Article 3.2

5 EXAMINATION

5.1 Visual Inspection

The pipe in the freeze plug location should be visually
inspected for defects, gouges, external corrosion, and
other factors that could affect the integrity of the pipe.

5.2 Nondestructive Examination

The pipe shoutd be nordestructively ispected to
(cf A test.of the freeze plug shalll be conducted at or  jotormine the wall thickness and condition.)[Welds in
aboyfe the highest pressure that will be encountered. ) .
or near the freeze plug area should be.inspected using
THhe test of the freeze plug can be performed by crack- . . . .
. . . . radiographic or ultrasonic techniques.
ing @ flange, opening a valve, or hot-tapping a hole in
the pipe to release the pressure on the downstream side, 5.3 Evaluation
thus| utilizing the pressure on the upstream side of the )
plug for the test. In order to ensure the integrity of the Based on these data, an evaluation and determination
freeze plug before the pipe is fully opened and work  should be made as to thesditability of a freeze in that
begins, the test shall be maintained for the time period  location. However, thie-eondition of the pipe fis not an
presgribed in the procedures. Hydrocarbon products  absolute indicator thatthe pipe will or will nof fail dur-
shoyld be pressure tested for a longer period of time  ing a freeze plug-operation.
to efisure that a freeze plug of adequate strength has
formjed.
6 TESTING
4.11 Leakage
If process leakage is observed after draining thedown- 6.1 "Unknown Fluid Properties
streqm portion of the pipe, th? source of leakage shall A freeze point temperature test should be pgrformed
be iflentified. If the leakage is from the freeze plug, .\ 6n fluids of questionable or unknown freeze| point or
contjnue the freeze. If from a dlfferen’F source, the leak freeze range to verify the suitability of the prpduct for
shoyld be evaluated and corrected or if deemed tolera* | fo070 plug operation. This is particularly inportant
ble, the work can be performed. for hydrocarbon mixtures with varying viscositly or light
4.12 Welding ends that can vaporize when the downstrear'ﬁ side of

When welding near the freeze plug, special proce-
durgs and precautions shall be followed to prevent melt-
ing gnd failure of the plug.

4.13
Tk

ing

repr

Duration

e freeze plug operation shall continue until the pip-
bystem is secure and jthe equipment owner or his
psentative authofizes stopping.

4.1

Bdfore putting the system back in service, the freeze
plug may beitised for pressure testing new components.

Testing

4.15 Return to Service

the plug is depressured. Volatile components I‘l the lig-
uid may prevent a successful freeze plug, and their effect
must be evaluated.

6.2 Freeze Point Test

The freeze point temperature test can be pgrformed
with a small freeze jacket and associated equipment.
The jacket can be mounted on a short flanged spool
filled with a sample of the fluid and pressjirized to
1% times the operating pressure. After a freede plug is
formed, the flange may be removed for inspe¢ting and
evaluating the strength of the plug.

6.3 Temperature Monitor Calibration |

When the work is completed, the downstream pipe
should be backfilled, the pressure equalized, and the air
in the pipe removed at a high point vent.

4.16 Thawing

The recommended method for removing the freeze
plug is to allow it to thaw naturally. This will minimize
the risk of it moving downstream and damaging the
piping system. It is generally not recommended to apply
heat to the pipe to speed thawing of the plug.
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The temperature monitor should be periodically cali-
brated. Additionally, it should be routinely checked by
comparison to ambient, ice water, or other reference
temperature before every job.

6.4 Oxygen Monitor Calibration

The oxygen monitor should be periodically calibrated.
It should be checked by comparison to atmospheric oxy-
gen content before every job.
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Article 3.3
Damaged Threads in Tapped Holes

1 DESCRIPTION

2 LIMITATIONS

1.1 Intr¢duction

The dgsign requirements of equipment such as vessels,
machinety, valves, instruments, etc., where close cou-
pling is fequired because of operational, economic, or
space considerations, often dictate the use of tapped
holes; udually with a stud, but sometimes with a cap
screw. When a stud is used, the stud is engaged within
a drilled|and tapped hole at one end and secured with
a nut at [the other end. The threads in the tapped hole
often haye a tighter fit with the stud than do the threads
it. The tighter fit usually is specified, and the

¢ the nut from the stud without removing the
the tapped hole. Threads in tapped holes often
are damgged when studs are removed after a period of
service.

1.2 Methods of Repair — Alternatives

This Afticle is intended to cover the repair of damaged
threads In tapped blind holes in studded connections
by one df the following methods:

(a) drilling and tapping the existing stud holes to a
larger sife, and replacing the existing size fastener with
one sizedl accordingly

(b) drilling and tapping the existing stud holes to
a larger [size, for the purpose of.installing helical-coil
threaded inserts

(c) filllng the existing studyholes with weld metal,
redrilling, and retapping.the holes

1.3 Rephir Methods'Not Covered

Other [method$/that may be considered for repair of
damaged threads, but are not covered in this Article,
include

(a) retbpping &
size tap (also referred to as “chasing” the threads)

(b) replacement of the component containing the

tapped holes

NOTE: Most of the guidelines in this Article are intended for
repair of damaged threads in tapped blind holes, as would be
found in studded connections. While this Article does not specifi-
cally exclude applications such as holes that extend completely
through the pressure component, the user is cautioned that many
of the requirements herein may not be applicable or sufficient to
cover those cases.
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2.1 Additional Requirements

Part 1 of this Standard contains additional require-
ments and limitations. This Article shall®be used in|con-
junction with Part 1.

2.2 Retapping Existing Holes

Unless visual examinationof the threads in the|stud
hole indicates substantial-damage to the threads) it is
sometimes advantageots~to attempt to retap the holes
using the same size tdp,'a process known as “chaging”
the threads. Sometimes the only problem is that cprro-
sion products and/or residue from the process plugged
the threads.

2.3 Design Adequacy of Enlarging Stud Holes

Hone
ade-

Enlargement of existing stud holes shall not be
until’an engineering analysis confirms the design
quacy of the proposed assembly (see section 3).

2.4 Repair of Cracks

If an examination of the stud holes reveals cracks at
the face of the hole opening (see section 5), those cfacks
shall be repaired prior to enlargement of existing|stud
holes, if the enlarged hole size is not sufficient to retnove
the cracks.

2.5 Welding and Material Considerations

If repairs involve welding, with or without postweld
heat treatment, the potential exists for warpage of the
assembly and possible leakage. For some materials (such
as low alloy steels), subsequent postweld heat treatment
operations may adversely affect the material toughhess.
Also, consideration shall be given to the potentigl for
cracking of materials that may have experienced tefnper
embrittlement. In these situations, either a welding or
prior

to commencing repairs.
2.6 Helical Coil Thread Inserts

Helical coil thread inserts are generally available up
to 1% Unified Coarse Series (UNC). The application of
helical-coil threaded inserts shall be per the manufactur-
er’s recommendations, particularly with respect to ser-
vice conditions (internal, external), materials, and

loadings. ASME B18.29.1 provides additional
information.
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3 DESIGN
3.1 Applicable Codes

Upon completion of the repair, the design of the bolted
assembly shall be in accordance with the original code
of construction or applicable post-construction code.

3.2 Thread Modification

thregd

3.3 [Enlargement of Existing Holes

The design considerations specified in paras. 3.3.1
throjugh 3.3.4 are applicable to repair of damaged
threads by enlarging the tapped hole diameter.

3{3.1 Check of Thread Engagement. Before enlarg-
ing the tapped hole diameter, the length of thread
engdgement shall be rechecked to ensure compliance
with| the requirements of the original code of.construc-
tionf [e.g., UG-43(g) of ASME BPVC Section VIII,
Diviysion 1; AD-740 of ASME BPVC Section VIII,
Divigion 2; or KD-615(b) of ASME BPVC Section VIII,
Divipion 3] or applicable post-construction code.

fastgner diameter. This should include consideration of

Part 3 — Article 3.3

3.4 Hole Enlargement Implications on Design

When the existing tapped hole is drilled to a larger
diameter, material is removed from the component con-
taining the hole. The design shall consider the implica-
tions associated with this repair method to ensure that
the remaining material provides sufficient strength to
satisfy the intended design conditions. Mandatory
Appendix II offers an example of a check made to a

idded outle on in a 1.

3.5 Design of Helical Coil Thread Inserts

Helical-coil threaded inserts shall satisty tl{e design
requirements of the original code ‘of- constryction, or
applicable post-construction code, for the specified load-
ing to be applied to the threaded.connection. I general,
the design is based on balancing the tensile| strength
of the stud material against the shear strength of the
component base matefial. For materials not lisfed in the
original code of comstruction, or applicable [postcon-
struction code, primary stresses should not exceed the
lesser of twd-thirds of the minimum speciffed yield
strength or 12} of the minimum specified tensilg strength
of the applicable material.

4 (ZFABRICATION

4.1 Hole Depth of Penetration

Drilled holes to be tapped shall not exceed the maxi-
mum depth of penetration through the thickngss of the
pressure component, as defined by the origingl code of
construction [e.g., UG-43(d) of ASME BPVC Seqtion VIII,
Division 1 or AD-630 of ASME BPVC Sectjon VIII,
Division 2], or applicable post-construction cqde.

4.2 Hole Preparation Before Welding

If the damaged threads are repaired by f
existing stud holes with weld metal, the holes shall be
free of debris and the existing threads removed (usually
done by drilling out) to ensure that the new weld deposit
does not include this material.

lling the

4.3 Welding Procedures and Qualifications

Welding procedures, welders, or welding dperators,
where used, shall be qualified in accordance|with the
original code of construction or applicable posttonstruc-

increased bolt preload due to the larger fasteners on
flange stresses due to bolt up.

3.3.3 Tapered Studs. In some applications, it may
be possible to replace the existing studs with a custom
“tapered” stud (see Fig. 1 for an example), where one
end of the stud retains its original diameter while the
other end is enlarged. This maintains the design bolt
loads consistent with the original design, avoids the
need to drill larger holes in the mating flange/cover,
and permits the possible reuse of the nuts.
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tion code.

4.4 Welding and Material Considerations

Any special welding requirements, including preheat
or postweld heat treatment, shall be in accordance with
the original code of construction, or applicable postcon-
struction code. Because of the potential for warpage of
the component, a welding/materials specialist should
be consulted regarding procedures/processes, preheat,
and postweld heat treatment.
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NOTE:

(1) For otH

ASME PCC-2-2015

Fig. 1 Example of Tapered Stud

457 mm (18 in.)

31/, in. 8 UNC Class 3 Fit

3in. 8 UNC Class 2 Fit (Standard)

/31.5 mm (/46 in.) radius
4

75 mm (3in.) ‘ ‘

143 mm (55/g in.)

er sizes, as needed to attain a 3:1 taper.

4.5 Flange Refinishing

If the
result of

gasket contact surface has been warped as a
weld repairs or heat treatment, it may require

refinishifg (see Article 3.5).

4.6 Inst

When
be insta
instructi

4.7 Th

Special
galling
applied
ASME P

allation of Helical Coil Thread Inserts

helical-coil threaded inserts are used, they shall
led in accordance with the manufacturer’s
ns.

attention should be given to prevent thread
ter assembly. In addition, lubricant sheuld be
fo the bolt thread surface in accordarice with
[CC-1, section 7.

rlad Galling and Lubrication

5 EXAMINATION

5.1 Visu
Dirilled
ship, cle
5.2 Nee
Wherd

al Examination

holes shall be ¥istially examined for workman-
inliness, and eyidence of cracking.

d for Additional NDE

additioj

material deterioration or damage is suspected,
. . Lo

considered.

f 10 mm (3/g in.) [Note (1)]
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165 mm (61/, in,)

5.3 Examination Procedures

Examination procedures shall be in accordance
the original codef construction or applicable pos
struction code.

6 TESTING

Testing requirements associated with modificati

with
con-

bn of

the*flange assembly shall be in accordance witl the

applicable post-construction code.

7 REFERENCES

ASME B1.1-2003, Unified Inch Screw Threads (UN

UNR Thread Form)
ASME B18.29.1-1993, Helical Coil Screw Th
Inserts — Free Running and Screw Loc

(Inch Series), including Errata issued August 19
ASME Boiler and Pressure Vessel Code, 2007 Edj1

Section VIII, Division 1 — Rules for Constructi
Pressure Vessels; Section VIII, Division
Alternative Rules; Section VIII, Division
Alternative Rules for Construction of High Pre
Vessels

ASME PCC-1-2000, Guidelines for Pressure Boun
Bolted Flange Joint Assembly

and

read
king
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Article 3.3, Mandatory Appendix |
Recommended Detail for Stud Threads Modification to
Prevent Damage to Threads in Tapped Holes

Fig. I-1 Inch Thread Series/U.S. Customary Units

Emin
Tap drill depth
> J [<—
Fmin | Gmax
0.D. thread x 45 deg chamfer Full thread depth | Imperfect
threads

N
~
Tap drill diam

S Bl

= OO
Illlllllllllllllllll [AAERL
Hin Inside surface
Stud engag.
Dimensions

A B c D E F G H J

% - 11 UNC-2 s e e 1% 1 %he e
%, - 10 UNC-2 22 %, Y 1%, 1% % Yhe _
"% -P UNC-2 “ou e % 1% 16 Wi 1 :}
1-8 UNC2 /A A e 2% 16 A 1% %
1%} 8 UN-2 1 A e %6 1% A 1% g
17,1 8 UN-2 27 7 e 2he 16 % e o
1% 8 UN-2 1% e 1% 2" 1'% VA 1% &

1%} 8 UN-2 1% e 16 2" 2% VA 1'%

2-18 UN-2 17 A 1% 3% 26 Y 2%

GENERALNOTES:

(@) The tabutated dimensions satisty ASME Code Section VI, Division I, para. UG-43(g) requirements for stud materiats naving an allow-
able stress of 25,000 psi and tapped materials having an allowable stress of 20,000 psi at the design temperature for the joint. For
materials having other allowable stresses, these dimensions must be adjusted accordingly.

(b) Overall stud length may be determined by adding the Thickness of the Mating Flange + Nut Height + Gasket Thickness + E + Thickness
of the Spacer (if any) + Y, in.

() All dimensions in inches.

See Figs. I-1 through I-3.
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Fig. I-2 Inch Thread Series/SI Units
Emin
Tap drill depth
> J |e—
Fmin | Gmax
0.D. thread x 45 deg chamfer Full thread depth | Imperfect ’
threads S
8
©
1.5 mm X 45 deg chamfer ' =
©
A 7 S
/77 l S
3 q g '"""" ' mmm m,ml ,l m
NS ton
45 deg < ,,/ll,‘ylll
Henin Inside surface
Stud engag.
Dimensions
A B c D E F G H J

5/3—11 UN[-2 13 17 11 40 25 14 21

3/4-10 UN[-2 17 19 13 44 29 16 24

s - 9 UNCJ2 19 21 16 48 30 17 25 =2

1-8 UNG 22 22 17 56 37 19 30 3

o

1% - 8 UNJ2 25 22 21 59 40 19 33 g

1Y, - 8 UNJ2 29 22 24 62 43 19 37 o

1Y%, - 8 UNJ2 35 22 30 68 49 19 43 e

1%, - 8 UNJ2 41 22 37 75 56 19 49

2 - 8 UN-2 48 22 43 81 62 19 56

GENERAL NOTES:

(@) The tapulated.dimiénsions satisfy ASME Code Section VIII, Division 1, para. UG-43(g) requirements for stud materials having an allow-
able s{ress(ofy273 MPa and tapped materials having an allowable stress of 138 MPa at the design temperature for the joint. For materi-
als hayingrether allowable stresses, these dimensions must be adjusted accordingly.

(b) Overallstudtengthrmmay be determined by addimgthe Thicknmess of the Mating Frange = Nut Hefght + Gasket Thickmess + £+ Thitkness

of the Spacer (if any) + 6 mm.
(c) Dimensions in columns B through H are in millimeters.
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Fig. I-3 Metric Thread Series/SI Units

Emin
Tap drill depth
> J [e—
Fmin Gmax
0.D. thread x 45 deg chamfer Full thread depth | Imperfect .
threads S
8
©
1. X =
5 mm X 45 deg chamfer — 7>7’7\/r/7\( T
A \ Q
/ 8
" qf m"m o
©
45 deg ¢ ,
Inside surface
Stud engag.
Dimensions
A B C D E F G H J

M14-p 12 17 10 36 22 14 19

M16-p 14 17 12 39 25 14 22

M20-p.5 17 19 13 45 29 16 26

M24-B 21 22 16 55 36 19 29

M27- 24 22 19 58 39 19 32 2

M30-p 28 22 23 61 42 19 35 3

o]

M33-B 31 22 26 63 44 19 38 g

M36-B 33 22 28 66 47 19 41 g

M39-B 36 22 31 69 50 19 44 &

M42-B 39 22 34 72 53 19 47

M45-B 42 22 37 75 56 19 50

M48- 45 22 40 78 59 19 53

GENERAL NOTES:

(@) Tpe tabulated dimensiohs\satisfy ASME Code Section VIII, Division 1, para. UG-43(g) requirements for stud materials having an allow-
aple stress of 173 MPa.and tapped materials having an allowable stress of 138 MPa at the design temperature for the joint.|For materi-
als having other allowable stresses, these dimensions must be adjusted accordingly.

(b) Querall stud length’may be determined by adding the Thickness of the Mating Flange + Nut Height + Gasket Thickness + E +|Thickness
of the Spacép (if any) + 6 mm.

() All dimensions in millmeters.
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Article 3.3, Mandatory Appendix II
An Illustrative Example Showing an Engineering Analysis
Associated With Enlarging a Tapped Hole

-1 EXIAMPLE 1

A, = area of excess thickness in the nozzle|wall
The fdllowing is an illustrative example showing an available for reinforcement,in.|[see
1€ Iqiowing 15 an ; P 8 UG-37(a) of ASME BPVC)Section VIII,
engineefing analysis associated with enlarging a Div. 1]
tapped _} ole: . - Az = area available for reirfforcement whef the
Considler the studding outlet fitting as shown below. . 4 .2
nozzle extends inside the vessel wall, in.
[see UG-37(a) of ASME BPVC Section|VIII,
alin Div. 1]
; ’ A, = cross-sectional area of the stud hole,|in.
8.3125 in.
| A4 in) = cross-segtional area of a stud hole agsoci-
| T T [} ated-with a 3 in. diameter stud, in.
Al .1 73.125in. Ay @uin) = crossssectional area of a stud hole agsoci-
4| 1 8.4508in. i tangent . 1, - . .
! ; line (T?L) ated with a 37 in. diameter stud, in
0.75 in. P . A, = tensile stress area, in.?
i 8.8577 in. | .
4, | ) ASg = minimum thread shear area for external
| 24.375in. threads, in.
TS b; = base length of that portion of nozzle defin-
AT =" t, J ing the area Aj; projecting inward from
! - /,,—"’23"/— 22114 in. inner surface of vessel, in.
/@ \S 1 d = finished diameter of the opening, in{ [see
no | =~ 8.9375 in. UG-37(a) of ASME BPVC Section VIII,
/ 42.25 in, Div. 1] _ , .
Z D; max. = maximum minor diameter of intdrnal
vetia thread, in.
Y 61.1875 in. Dz = ba.si(; pitch di.ameter., in.
d, min. = minimum pitch diameter of extdrnal
thread for class of thread specified, in.
d; = nominal diameter of the stud, in.
VESSEL TATA: E = edge distance from centerline of styd to
(1) Desigy pressure: 2160 psig a.840°F outer edge of the forging, in.
(2) Shell: pA-387 Gr. D w/347.SS weld overlay E, = joint efficiency of the nozzle neck
(3) Studs:[3 in. 8 UN stud holt, SA-193-B16 material E; = joint efficiency of the shell [see £; in
(4) Forginfg: SA-336-F22-w/347 SS weld overlay UG-37(a) of ASME BPVC Section VIII,
(5) Allowfble stressof-forging @ 840°F, Sy = 14,520 psi Div. 1]
(6) Allowble sttess of stud bolt @ 840°F, Sg = 21,200 psi F = correction factor that compensates for the
NOTE: While-femoving the existing 3 in. diameter studs, some variation in internal pressure stressgs on
of the studhoteswere fourndtohave stripped threads-Thecatcutas chifferent P}auca withr respectto the-axis of
tions that follow are intended to assess the adequacy of the design a pressure vessel [see UG-37(a) of
if the stud holes are enlarged to 3% in. ASME BPVC Section VIII, Div. 1]
H = height of fundamental triangle,
ll-1.1 Nomenclature 0.866025p, in.
A = total cross-sectional area required in the h; = height of that portion of nozzle defining
plane under consideration, in.2 the area Aj; projecting inward from inner
A; = area of excess thickness in the vessel shell surface of vessel, in.
available for reinforcement, in.? [see h; = height of inside of that portion of nozzle

UG-37(a) of ASME BPVC Section VIII,
Div. 1]

94

defining area A, projecting outward
outer surface of vessel, in.

from
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h, = height of outside of that portion of nozzle D, 3H\?
o b As = 3.1416 | — —
defining area A, projecting outward from s ( 2 16)
outer surface of vessel, in.
L = inside.spherical radius for hemispherical | }ere
head, in. . A; = tensile stress area of thread
L, = length of engagement, in. AS -
. s = minimum thread shear area for external
p = thread pitch (1/number of threads per
. . threads
inch), in. . . . .
_ . . D; max. = maximum minor diameter of internal
P = design pressure, psi L e
q = degree of plane with the longitudinal axis D, — S
of the vessel, (see Fig. UG-37 of ASME 72 = basic pitch diameter
BPVC Section VIII, Div. 1) d, min. = minimum pitch diamefey of pxternal
R, = Insideradius of the nozzle under consider- thread for class of thread/specified, in.
ation, in. H = 0.866025404p = 0.866025404/8 |= 0.1083
Sp = allowable stress of stud bolt, psi L. = minimum length-of engagerent, in.
SF = allowable stress of forgingl p51 (NOTE ASME B1.1 defines length Of
S; = allowable stress of shell, psi engagement as LE)
t = specified vessel wall thickness, in. [see 1/p = numberof threads per inch
UG-37(a) of ASME BPVC Section VIII, .
Div. 1] NOTE: The factor of 2\in the numerator of the above formula for
_ o hi f the shell. i L. means that it is @ssumed that the area in shear of the stud is
t, = required thickness of the she / in. [see twice the tensil€ stress area to develop the full strength ¢f the stud.
UG-37(a) of ASME BPVC Section VIII, This value i€ slightly larger than required and provides a small
Div. 1] factor of safety against stripping.
t.,, = required thickness of a seamless nozzle L
wall, in. [see UG-37(a) of ASME BPVC Fér.a 37 in. 8 UN stud bolt:
Section VIII, Div. 1] . . . Class 2 Fit Class 3 Fit Corpments
2A, = sum of areas contributing to reinforce-
ment, A, + Ay + Aj, in. D; max. 3.140 3.1297 From Table 3A of
ASME B1.1
lI-1.p Evaluate Length of Engagement, L, dp min. 3.1575 3.1623 From Table 3A of
ASME B1.1
Par UG-43(g) of ASME BPVC Section VHI, Difzision 1, D, 3.1688 3.1688 From Table 13 of
ASME B1.1

the Tinimum thread engagement length is‘the’larger of
d; (the nominal diameter of the stud) or

Maximum allowable.stress value of
stud material at design temperature
Maximum allowable stress value of
tapped materiallat design temperature

21,200
14,500

0.75d; x

= 0.75 (3.25)% = 3.564 in.

Sihce this value.is larger than d; (3.25 in.), the required
length of engagement, L., is 3.564 in.

Sifice actiialthread depth (4% in.) exceeds calculated
L., lgngth-of engagement is adequate.

NOTE: Jeedwrith

For a Class 2 fit:

3.1688 3 (0.1083

2
A, = 3.1416[ )} = 8.0898 [in.?

2 16
Substitute the value of A (tensile stress aref) for the

value of AS; (minimum thread shear area of internal
threads) and solve for the thread engagement} L,

L 2 x 8.0898

3.1416 x 3.140 B +0.57735 x 8 (3.1575 — B.140)

2.823 in.

the criteria in ASME B1.1-2003, in part for illustrative purposes,
but also because some of the values for diameters will be used
further in the analysis.

1I-1.2.1 Length of Engagement, L., Using Criteria From
Appendix B of ASME B1.1-2003

2 (ASy)

L. =
3.1416D; max. % + 0.57735 (1/p) (d, min. — D; max.)

95

For a Class 3 fit:

2
A, = 3.1416 3.1688 3 (0.1083)1" _ 8.0898 in.?
2 16
2 x 8.0898

3.1416 x 3.1297 [1 + 0.57735 x 8 (3.1623 — 3.1297)

2
2.529 in.
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Since actual thread depth (4% in.) exceeds calculated
L, length of engagement is adequate for either a Class 2
or 3 fit.

T

ASME PCC-2-2015

Required reinforcement area, A
A = 05dt,F = 0.5 X 24375 X 4.62 X 1.0 = 56.305 in.2
Available reinforcement

Ay = 05d (t — t,;) = 0.5 x 24.375 (4.625 — 4.62) = 0.061 in.2

Ay = 2, + ) (b, — )

.

Check|distance required from the edge of the nozzle
forging fo the centerline of the stud bolt

Force generated by stud bolt = SpA;

Maximum allowed force on forging = % [(ZE)2 - dsz}SF

Assunjing the new stud diameter of 31/4 in., set the
force thd maximum allowed force on the forging and
solve fo1] the minimum edge distance, E
z [(ZE)Z - dsz}sp
4
o
4
2.523 in,

S BAs

D1,200 X 8.0898 [(215)2 - 3.252] 14,520

E

The adtual edge distance0f 3 in. exceeds the required
minimuth edge distance; E:

NOTE: Hnlargement of the existing 3 in. 8 UN Stud Bolt to a 3%
in. 8 UN $tud Bolt appears to be okay; however, nozzle opening
reinforcenjent should be verified.

11-1.3 N¢zzle-Reinforcement Calculation

N

% x (10.75 + 8.8577) x (8.3125 — 1.99) = 61.985 i

A = %bs hy = % x 2.2114 x 8.9375_=,9.8822 in.2

SA, = A + Ay + A; = 0.061 + 61.985 + 9.8822 = 71.928 in.2

Subtract stud hole area from EA,;:
(a) For a 3 in. stud belt:

Ay = (d; X stud depth) + B X dg X (ds/2 + tan 59

| S—

= (3 X45) + (% X 3 X 0.901) = 14.852 in.2

Therefore, available reinforcement
SA, - Ay = 71.928 — 14.852 = 57.076 in2>A

(b) For a 3% in. stud bolt:

Ay = (d; X stud depth) + B X ds X (ds/2 + tan 59

| S—

= (3.25 X 4.5) + (% X 3.25 x 0.976) = 16211 inf

Therefore, available reinforcement

SA, - Ay = 71928 — 16211 = 55.72 in2 < A

NOTE: If we consider on a given plane through the nozzle cpnter-
line that only one stud hole is enlarged to 3% in. while maintgining
the opposite hole diameter at 3 in. we may be able to calculafte the
reinforcement as follows:

Required reinforcement, A = 2 X 56.305 = 112.61 in.?

EA = 2 X 71928 - A4 (3% in.) = A4 3 in.)

Minimum thickness of hemispherical head, ¢,:

Lo PL 2160 x 61.1875
" T 2SE, - 02P _ (2 x 14520 x 1.0) - (02 x 2160)
= 462 in.

Minimum thickness of nozzle neck, ¢,,

PR, 2160 x 12.1875
SiE, — 0.6P _ (14,520 x 1.0) — (0.6 X 2160)
1.99 in.

tn =

=2 X 71928 - 14.8 - 16.03 = 113.03 > 112.61

-2 EXAMPLE 2

Example 1 in section I-1 is for a centrally located
opening in a spherical shell. Example 2 has been modi-
fied for an opening in a cylindrical shell, to illustrate
the difference associated with studs that straddle the
natural centerlines such that the required area for the
nearest pair of tapped holes would be in a plane of
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reduced required reinforcement area. Only the reinforce-
ment calculation is repeated here, the preceding calcula-
tions involving length of engagement and edge distance
remain valid.

NOTE: Enlargement of the existing 3 in. 8 UN stud bolt to a
3Y% in. 8 UN Stud Bolt appears to be okay; however, nozzle opening
reinforcement should be verified.

1I-2.1 Nozzle Reinforcement Calculation

Part 3 — Article 3.3, Mandatory Appendix I

The forging contains 16 studs, thus the angle defined
by adjacent studs is: 360 ~ 16 = 22.5 deg.

Since the stud holes straddle the natural centerlines
of the vessel, the angle #from the longitudinal centerline
to the adjacent stud hole is: 22.5 + 2 = 11.25 deg.

From Fig. UG-37 of ASME BPVC Section VIII,
Division 1 for angle 6 of 11.25 deg, F = 0.98.

Required reinforcement area, A

11}2.1.1 Minimum Thickness of Cylindrical Shell, t,.
For the purposes of this illustrative example, the mini-
murth thickness of the cylindrical shell, t,, will be
assumed to be the same as that for the spherical shell
4.6 in.).

1I12.1.2 Minimum Thickness of Nozzle Neck, ¢,

oo PR 2160 x 12.1875
™ | S¢E, — 0.6P _ (14,520 X 1.0) — (0.6 X 2160)

= 199 in.

The nozzle in this example will be installed in the
cylirjdrical shell such that the studs will straddle the
natufral centerlines of the vessel. The reinforcement area
will pe checked in the plane containing the hole closest
to tHe longitudinal axis of the vessel.

¢ 11.25 deg off
longitudinal
axis

A =050, T = 05 X 24375 X 262 X 098 = 55]181 in.2
Available reinforcement

Ay = 05d (t - t,) = 0.5 x 24375 (4.625]> 4.62) =[0.061 in.2

AZ = % (ha + hi)(tn - tr’n)
= % x (10.75 + 8.8577)"%"(8.3125 — 1.99) = 61985 in.2
1 1 .,
Ay = 3bshy & 5 x 22114 x 89575 = 9.8827 in.

SA, = ApfAs + Ay = 0.061 + 61.985 + 9.8822 = [1.928 in.2

Subtract stud hole area from XA,;:
(a)“For a 3-in. stud bolt

Ay = (ds; X stud depth) + B X d; X (ds/2 + tah 59)}
= (3 X 45) + (% X 3 X 0.901) = 14.852 in 3
Therefore, available reinforcement

SA, — Ay = 71.928 — 14.852 = 57.076 in> 5| A

(b) For a 3Y%-in. stud bolt
Ay = (d; X stud depth) + E X ds X (d;/2 + tap 59)}

= (325 x 4.5) + (% X 3.25 X 0.976) = 16.211 in.

Therefore, available reinforcement

SA, - A= 71928 - 16211 = 55.72 in2 > A
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Article 3.4
Flaw Excavation and Weld Repair

1 DESCRIPTION

unsuitable for 11se with anstenitic stainless steels. Abra-

Surfacp flaws [Fig. 1, illustration (a)] or embedded
flaws [Fig. 2, illustration (a)] in base material or welds
that excg¢ed the allowances of the applicable code of
construcfion or post-construction code can be removed
by excavption [Fig. 1, illustration (b) and Fig. 2, illustra-
tion (b)]{ The remaining cavity can be filled with weld
filler metal [Fig. 1, illustration (c) and Fig. 2, illustration
(c)], or lpft as-is, under conditions described in this

Article. IDepending on the type and location of the flaw,
and the {ype of base metal or weld material, excavation
can be acomplished by mechanical removal methods

(grinding, machining, lapping, honing, or flapping), or
by thermal removal methods (thermal gouging).
Descriptfions of these excavation techniques are pro-
vided in[Mandatory Appendix I.

2 LIMITATIONS
2.1 Addjtional Requirements

Part 1|of this Standard contains additional require=
ments ar]d limitations. This Article shall be used in con-
junction fwith Part 1.

2.2 Grinding

2.2.1| Grinding wheels shall not be forced or over-
loaded, ih order to avoid the safety hazards from wheel
failure. Furthermore, overloading the grinding wheel

can caude areas of localized high’/temperature in the
substrat¢ being ground, leading in some cases to the
formation of brittle untempeéred martensite, or tight,
shallow purface cracksf{Abusive grinding and uneven
and rough finish can'result in reduced fatigue strength
or premature fajlure due to the introduction of large
surface fesidual tensile stresses and stress risers. These
problemfs nérmally can be avoided by using lighter
grinding] practices that avoid surface oxidation, evident

sive cutting or grinding consumables should bé-spgre-
gated for use on carbon and low alloy steels from those
used for austenitic stainless steel substrates{Surface/con-
tamination of austenitic stainless steel with carbgn or
low alloy steel residues can result i surface corrgsion
or pitting of the austenitic stainless.sfeel. To avoid [such
problems, only grinding wheels désignated as austgnitic
stainless steel grinding wheel$,shall be used on these
materials.

2.2.3 When grinding out stress corrosion ctacks
in stainless steel, or in.the case of steels that have suffered
from anodic stresscorrosion cracking (such as amipe or
caustic stressorrosion cracking), it is necessary to qual-
ify and control the amount of heat generated to gvoid
making thecracks deeper and longer as a result of ekces-
sive héat. Steel contaminated with caustic or aminep can
alsé\recrack during welding repairs or thermal cufting.
Appropriate cleaning procedures shall be used pripr to
excavation or repair.

2.2.4 In tight spaces, burring tools may be jused
in place of grinding wheels.

2.3 Machining

When cutting fluids are used, care shall be tak¢n to
prevent their contact on surfaces where they mdy be
detrimental. Furthermore, chips of the machined metal
shall be controlled and kept from entering compoments
where their presence can be detrimental.

2.4 Honing

The honing speeds shall be adjusted as a functipn of
length-to-bore ratio of the component and its material
hardness.

2.5 Flapping

through discoloration. It may be necessary to preheat
some high strength alloy steels prior to grinding. Grind-
ing wheels are manufactured to be used on specific
materials (ferritic or austenitic steels, masonry, etc.).
Therefore, only grinding wheels specifically designed
to work on the material being ground shall be used.
Rotary files should be considered for nickel alloys.

2.2.2 Grinding or cutting consumables used on
carbon or low alloy steel materials will become impreg-
nated with residues of those materials and become

2.5.1 Flapping should only be used to smooth or
polish a surface. Flapping is unsuitable for removing
defects other than superficial surface blemishes.

2.5.2 The abrasive marks of the flapper should be
directed perpendicular to the direction of the preceding
pass. Marks of the preceding pass should be removed
prior to proceeding to the next finer grit. In this way,
distortion of the surface will be minimized and smooth
surfaces can be obtained.
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Fig. 1 Excavation and Weld Repair of Surface Flaw

/ /
i )
/

7

(a) /

Part 3 — Article 3.4

2.6 Thermal Gouging

2.6.1  When thermal gouging by carbon arc or
plasma arc, the very rapid heating to molten tempera-
tures and subsequent quenching to ambient temperature
can result in hardened or brittle heat-affected zones.
This thermally affected material should be subsequently
removed by a mechanical process, such as grinding.

2.6.2 For some materials it may be necessary to

3 7
< %
5

/ /

(b)

<!
7
/

(c)

GENERAL NOTE: A 3-to-1 taper is not required when the cavity will
be filled with weld metal.

Fig. 2 Excavation and Weld Repait-of
Embedded Flaw

7 AN
/

7

prenheat the metal prior to afc gouging in order tp prevent
cracking, in particular materials that are required to be
postweld heat treated by the code of-eonstryiction or
post-construction code.

2.7 Generalized Damage

This repair technique applies” well to local defects.
Where damage is extensivé, such as general stress corro-
sion cracking of stainless steel, replacement should be
considered.

3 DESIGN
3.1 Excavation Without Weld Deposit

Matérial or weld flaws open to the surfacg [Fig. 1,
illustration (a)] or embedded flaws [Fig. 2, illustration
(a)},are typically removed by a mechanical (pbrasive)
method (Fig. 3). If the remaining wall thickngss of the
excavation, with allowance for future corrpsion, is
greater than the minimum required wall thickness
required by the applicable code of construction or post-
construction code, such as the local thin areq rules of
API RP 579/ASME FFS-1, then the excavated prea may
be blended to a 3:1 or smoother profile slope} and left
as-is for return to service.

3.2 Weld Deposition

When the removal of a flaw produces a rémaining
wall thickness below the limit permitted by th¢ applica-
ble code of construction or post-construction code,
including allowance for future corrosion, then the cavity
shall be repaired by deposition of weld metdl [Fig. 1,
illustration (c) and Fig. 2, illustration (c)] or pnalyzed
for fitness-for-service. When the depth of mateyial exca-
vated necessitates a weld repair, the cavity shalll be pre-
pared for welding. Either during or following defect
removal, the excavation shall be shaped to proyide ade-

(a)
?;
/ /
/ /
()

GENERAL NOTE: A 3-to-1 taper is not required when the cavity will
be filled with weld metal.

qtiate-aceessfor-the-welding-operationinerdet to facili-
tate proper fusion, and avoid slag entrapment, or lack
of penetration. To minimize weld shrinkage stresses, the
width of the cavity should only be as wide as needed
to ensure defect removal and to facilitate welding as
previously described.

3.3 Mechanical Excavation

If the excavation is performed using a thermal removal
process (carbon arc or plasma arc gouging), an addi-
tional 1.5 mm (44 in.) of material shall be removed by
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Fig. 3 Grinding of Weld Flaw

a mechamical removal process such as grinding, prior to

necessary to remove any surface cracks, hardened ma

rial, scalg, or carbon deposit. Xe)
>

4 FABI[ICATION @ .

4.1 Rep. O

The rgquirements specified i pg;)c\s. 4.1.1 through
4.1.5 are|generally followed t0§3

vate a flaw.
4.1.1| Locate and exp e flaw. Characterize the
flaw (size, depth, orierQ~ ) to the extent possible. If
r

the flaw|is a crack, ack tips may be rounded by
drilling {o preclu ck from propagating during its
excavatign.

4.1.2 ove the flaw by grinding, machining,
honing, )r%ermal gouging. In selecting and applying

ir Steps

’\@avity need not be filled with weld deposit, as provfided
the finalfinspection and before welding begins. ThlssbéA

in para. 3.1.

4.1.4 When required by design (para. 3), repair
the cavity by welding according to a qualified welding
procedure specification (WPS), using a qualified welder,
as required by the applicable code of constructign or
post-construction code.

4.1.5 Perform preheat or postweld heat treatrent,
when required by the applicable code of construftion
or post-construction code, as indicated by ownerjuser
specification, or as dictated by service conditions.

4.2 Special Fixtures

In some cases, special fixtures may be requirdd to
accomplish precision work. In addition, it is often benefi-
cial to develop special gages to monitor the depfh of
metal removal and to prevent excessive material from

a removal process, refer to the guidance in paras. 2 and
3 of this Article.

4.1.3  Verify defect removal by inspecting the cavity
using visual examination (VT) and liquid penetrant test-
ing (PT), magnetic particle testing (MT), or eddy current
testing (ET) as appropriate. Measure the remaining wall
thickness of the excavated cavity using an approved
thickness measurement technique. If remaining is
greater than the minimum required thickness as deter-
mined by a fitness-for-service evaluation, the excavation

100

being removed. Special contour templates or common
carpenter gages may be used and may be integrated
into special fixtures.

5 EXAMINATION

5.1 Critical Service

In critical service applications, following a local repair,
the final surface and adjacent area shall be examined
using VT and PT, MT, or ET, in accordance with the
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defect acceptance criteria of the applicable code of con-
struction or post-construction code.

5.2 Volumetric Examination

Volumetric examination (RT or UT) shall be consid-
ered where there is a possibility of flaws introduced
during repair welding, such as shrinkage cracks from
deep weld repairs in thick sections.

Part 3 — Article 3.4

6.2 Test Method

If a leak test is performed, it may be hydrostatic,
pneumatic, sensitive leak, or in-service as required by
the applicable code of construction or
post-construction code.

6.3 Exemption

When the excavation does not fully penetrate the com-
ponent pressure boundary, leak testing may be waived.

5.3 |[Additional Examinations

Aflditional examinations shall be performed if
requlired for similar welds by the applicable code of
construction or post-construction code.

6 TESTING

6.1 |Applicability

Gé¢nerally, and unless specified otherwise in the appli-
cabl¢ code of construction or post-construction code,
weld repairs that have fully penetrated the component
wall|should be subjected to either leak testing or volu-
mettic examination, or both, following the repair and
any [postweld heat treatment to verify the integrity of
the gepair.

7 REFERENCES

ANSI B7.1, Safety Requirements for-the/Use,
Protection of Abrasive Wheels

ANSI B74.2, Specifications fer’\Shapes and
Grinding Wheels, and{for’ Shapes, Si
Identification of Mountéd Wheels

ANSI B74.13, Markings.forIdentifying Grinding Wheels
and Other Bonded‘“Abrasives

Publisher: Ametican National Standards Institute
(ANSI), 25 ,West 43rd Street, New York, Y 10036
(www.ansi:org)

API RP 579, Fitness-for-Service

Publisher: American Petroleum Institut
1220 L Street, NW, Washington, D(
(Www.api.org)
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Article 3.4, Mandatory Appendix |
Metal Removal Process

I-1 FLAPPING

(h) Hrming tools are plarpd in the bore of the campo-

Flappihg is a metal removal process involving a rotat-
ing tool [fabricated of abrasive papers. Flapper wheels
come in|a variety of grit sizes and should be worked
from thel more coarse grit to the finer grit.

I-2 GR|NDING

(a) Grinding is the process of abrading the surface of
a materigl for the purpose of removing portions of the
material] The process is used to remove localized cracks,
pits, deplosits, hardened surfaces, etc. Equipment used
for grinding includes pencil or small disc grinders to
remove local defects, and large disc or wheel grinders
to remove larger defects. The grinding equipment can
be electr]c or air-driven; with wheels of various shapes,
sizes, anfl abrasive characteristics.

(b) Evpry grinding wheel has two constituents: the
abrasive|that does the cutting and the bond that holds
the abradive component. Variations of these components
can be sdlected to give a wide range of grinding charag=
teristicd. The three American National Standards
Institute| (ANSI) standards that provide specifications
for grinding wheels are as follows:

(1) ANSIB74.13, Markings for Identifying Grinding
Wheels gnd Other Bonded Abrasives

(2) ANSI B74.2, Specifications fer'Shapes and Sizes
of Grinfling Wheels, and for-Shapes, Sizes and
Identification of Mounted Wheels

(3) ANSI B7.1, Safety Requirements for the Use,
Care and Protection of Abrasive Wheels

(c) Mdnual grinding&s-generally divided into one of
three categories:

(1) tough grinding — relatively rapid removal of
excess yeld anetal or base material using coarse
abrasive

(2) polishing and blending — achieving a semi-

nent and a radial load is applied such that thethgning
stones are in contact with the bore surface~The hone
is then rotated in the bore, generating a‘high-quality
surface.

(c) Honing stones generally are manufactured of alu-
minum oxide, silicon carbide, or diamond abrasive grits,
held together by vitrified clay, résin, or a metal Hond.
The grain and grade of abrasiVe’to be used is basgd on
the amount of stock to be removed and the surface finish
desired. Silicon carbideiis-generally used for cast [iron,
while aluminum oxjde is generally used on stee]. As
with grinding discs and lapping compound, the ffiner
the grit, the finer)the surface finish.

I-4 LAPPING

(a) Lapping is a polishing technique that can be used
to prépare surfaces requiring a very smooth finish. [Lap-
ping is not economical for removing deep defecfs. A
general rule of thumb is that lapping methods are|suit-
able for shallow defects less than 0.05 mm (0.002 in.).
Defects located greater than this depth should be
removed by other methods.

(b) Lapping machines are available as portabje or
bench-type systems. In many cases, lapping is|per-
formed with special discs or plates made specifically for
a given type of application. These plates are norrally
very thick to maintain dimensional stability. After defect
removal, the surface should be lapped to the finisl{ and
dimensions specified by the design.

I-5 MACHINING

(a) Machining using portable equipment can prgvide
for defect removal and weld preparation in a single tep.
Machining with mechanized cutting equipment is jused
to remove defects with precision. Machining equipment
used to remove defects or prepare a surface for r¢pair

ladao horing howe i g ool ne oo

smooth finish, using medium abrasives

(3) buffing — achieving a lustrous and reflective
finish, using fine abrasives usually in a paste or liquid
vehicle

I-3 HONING

(a) Honing is an abrasive process that is used to obtain
a fine finish on the inside surface of a cylindrical
component.

include-boring barsmilling machines, magnetiedrills,
flange facers (portable lathes), and pipe cutting and bev-
eling machines. Machining has the advantage of cutting
and forming the weld preparation with a single piece
of equipment while closely controlling dimensional
tolerances.

(b) Portable boring bars have been used where cir-
cumferential machining of a bore is required, such as in
valve maintenance. Other bars are available with acces-
sories to grind or mill unique geometries, and to drill
and tap stud holes.
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Fig. I-1 Boat Sample

(c] Portable milling machines can be used to remove
locallized materials at a faster rate than machines
mounted on the component outer or inner diameters.
Small milling machines have been developed to operate
in relatively restricted locations.

(d) Machining generally involves the use of cutting
fluids that perform several functions including lubrica-
tion{ cooling, and chip removal.

I-6 | THERMAL GOUGING

(a)] In situations where defects are found to-be exten-
sivejand where accuracy is not critical, thermal gouging
(carbon arc gouging or plasma arc gouging) can be used
effedtively.

(b} Thermal gouging techniques are thermal removal
processes that involve localized melting of the metal,
whigh is quickly swept away byjthe force of high velocity
air dr gas jets.

I-7 | BOAT SAMPELE-CUTTING

(a] Boat samples are metal samples in the shape of a
boat|hull that’are cut out from base metal, weldments,
or weld héat-affected zones (Fig. I-1). The process can be
used for removal of weld defects, but is more commonly

used-for-cbtaining cqmp]oc of base materials or welds

mounted on the@uirface of the material to be gxcavated
by means of four anchoring bolts welded to the surface.
Shim spacers’are used to adjust the width and|depth of
cut by.eontrolling the space between the saw hounting
frame ahd the surface of the plate.

(d) Once securely mounted on the anchor bolts, the
cutting process begins by making a single cut at the
edge of the material to be excavated. The curvyed blade
is fed into the material until the desired depth isjachieved
and the saw circumference is at right angles to|the joint.
The blade is then retracted, the saw rotated 18() deg and
a second cut is made. The two cuts meet automatically
in the same plane and the excavation is compllete.

(e) Boat samples can be cut either longitidinal or
transverse with respect to the weld joint. They are boat
shaped and the cut sides have a spherical curvature. The
size varies in proportion to the thickness of the plate
being cut; however, specimens can range frorh a small
size of % in. depth X 2% in. length X % in. wfidth to a
large size of 1 in. depth x 4% in. length x 1% in. width.
Larger specimens can be excavated with gpecially
designed equipment.

(f) The excavated boat samples are large epough to
allow for various mechanical testing processps. Cross
sections of the “boats” can be used for hardnegs testing
or metallographic inspection. Full-length specimens can

for metallurgical or mechanical testing.

(b) Boat sample cutters, sometimes referred to as weld
probers or trepanning machines, are mechanical devices
designed to remove a portion of a weld or metal plate
by saw cutting from the plate surface. The machine is
a saw with a dished shape blade, capable of excavating
and removing a boat-shaped specimen from a flat sur-
face in any position.

(c) Boat sample cutters can be air powered or electric
motor driven. They are portable devices that are easily

be machined for tensile testing, bend testing, or
Charpy V-notch impact testing.

(g) Once the boatsample has been removed, the cutter
can be detached from its mounted position and the
anchor bolts can be removed from the plate surface. The
cavity left by the removal of the excavated boat sample
is very conducive to repair welding. The tapered nature
of the cavity ends and the sloping curvature of the cavity
walls allow complete and easy access for most welding
processes.
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Article 3.5
Flange Repair and Conversion

1 DESCRIPTION

dimensional distortion over time In such instances, pre-

1.1 Intr¢duction

This Article applies to the refinishing of flange faces
to repair[mechanical imperfections or damage from cor-
rosion of other damage in service, or to changing the
flange fafe finish to enable the use of a different gasket.
The surface finish of a flange contact surface is essential
to the ledk tightness of the gasketed joint. When surface
finish ddteriorates in service, it can become necessary
to either|replace the flange or refinish the flange face.

1.2 Wo

The repair can be performed in situ using a portable
machine| tool, or the pipe section or equipment con-
taining the damaged flange can be removed and repaired
in the shop.

Location

2 LIMITATIONS
2.1 Addjtional Requirements

Part 1]of this Standard contains additional requiré-
ments ar]d limitations. This Article shall be used in\eon-
junction fwith Part 1.

2.2 Recurrence of Damage

Flangd refinishing will restore the flange facing but
may notfeliminate the cause of the @nitial imperfection
or damage. Therefore, the imperfection or damage may
recur. Cansideration shall be given to the possible recur-
rence of the original imperféction/damage mechanism.

2.3 Renfaining Thicknéss

The flange may.not be sufficiently thick to permit
metal rethoval by'machining and still meet the minimum
thickness requiired for the design pressure rating. In such

a case, if will-be necessary to increase the flange ring
thicknes 1‘\}7 weld metal builds 1}'\ before rem qr\l‘\ihing the

cautions such as performing a stress-relieving heat,reat-
ment prior to finish machining shall be considere¢d to
ensure final dimensional stability.

3 DESIGN
3.1 Raised Face

Under-thickness of a raised*face due to refinighing
shall be acceptable, protided the minimum finished
height of the raised face/ds 0.8 mm (0.031 in.).

3.2 Thickness Evaluation

If flange refinishing necessitates removal of material
from other\than the raised face such that the flange
dimensions no longer comply with the original d¢sign
dimensions minus the original corrosion allowange or
the.requirements of an applicable specification or ptan-
dard, the flange shall be evaluated to ensure thaf the
temoval of material does not compromise design ifiteg-
rity. Design evaluation methods of an applicable|new
construction code (such as ASME BPVC Section |VIII,
Division 1, Appendix 2), or an applidable
post-construction code or standard shall be used.

3.3 Finish and Flatness

The gasket seating requirements in terms of flange
surface finish and flatness shall be considered.

3.3.1 Flatness. For example, API 660 and TEMA
permit deviations from flatness that exceed those| that
are recommended for certain gasket types of mat¢rials
(e.g., flat metal). For guidance on flange face flafness
tolerance, refer to Nonmandatory Appendix [D of
ASME PCC-1.

3.3.2 Finish. See TEMA Fig. F-4 for permidsible

imperfections in flange-facing finish. The choige of

surface. As an alternative solution, a split ring flange
may be added to the back of the existing flange to com-
pensate for reduced flange ring thickness, where geome-
try and spacing permits, and as qualified by the
appropriate design calculations.

2.4 Residual Stress

The machining of weld overlayed or weld built-up
surfaces that have not been stress-relieved may cause
the redistribution of residual stresses and subsequent

O

cable standard and compatible with the requirements
specified by the user or recommended by the gasket
manufacturer. For example, unless otherwise agreed to
by the purchaser or manufacturer, ASME B16.5 specifies
the following flange-facing finishes (as judged by visual
comparison with Ra standards per ASME B46.1):

(a) Tongue and groove and small male and female
flanges: not to exceed 3.2 pm (125 pin.) roughness.

(b) Ring joint: not to exceed 1.6 pm (63 pin.)
roughness.
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(c) Other: Either a serrated concentric or serrated spi-
ral finish having a resulting surface finish from 3.2 um
to 6.4 pm (125 pin. to 250 pin.) average roughness shall
be furnished. The cutting tool employed should have
an approximate 1.5 mm (0.06 in.) or larger radius and
there should be from 1.8 grooves/mm to 2.2 grooves/
mm (45 grooves/in. to 55 grooves/in.).

4 FABRICATION

Part 3 — Article 3.5

along with relevant sections of this Article. The decision
to convert to raised face flanges can result from observed
or potential ring groove cracking or other reasons. One
method of conversion is performed by welding new
material into the ring groove and machining to meet the
raised face dimensions as called out in the applicable
standard. Special conversion gaskets that can be used
with an unmodified ring joint flange may also be used
but consideration needs to be given to the width of the

4.1 [Repair Without Welding
If pither the flange ring thickness or hub dimensions,

perfection and thus achieving the desired finish
ut weld metal buildup.

up is to be applied shall be free of any residue,
et material, corrosion deposits, etc., that would
undly affect the weld. Cleaning may be by mechanical
nemical procedures. Welding procedures and per-
sontfel shall be qualified per the requirements of an
applicable new construction code (such as ASME BPVC
Sectfon IX), or an applicable post-construction code or
stanflard. Where weld metal buildup is necessary, the
filley metal, welding technique, welder qualifications,
and [heat treatment (if any) shall be selected to meet
service and metallurgical requirements:

Postweld Heat Treatment

hen weld metal buildup is required, postweld heat
treafment shall be performed prior to flange face
machining if required by an applicable new construction
or post-construction code. Postweld heat treatment is
not fequired if the thickness of the weld metal buildup
is legs than the limits'prescribed in the applicable new or
construction code or standard unless dimensional
ility is\atvissue, or postweld heat treatment is

4.3
W

gasket, Tocation of the gasket reaction load, th¢ effect of
flange rotation, and surface finish on thejabiljty of the
gasket to seal.

4.5.1 Considerations. Prior to ¢envertir)g flange
types, consideration shall be given to the impag¢t of such
a change on the system design'bases and specifications,
including such negative potefitial consequencgs as seal-
ing difficulties and gasket\blowout. The impgct of the
change with respect to.system design bases anfl specifi-
cations should be considered. Gasket materials for the
new gasket type-should be selected with due fonsider-
ation for the&ervice environment.

4.5.2 (Materials. The material used for filling in the
groove.may match the base metal of the flange or may
be d<different material suitable for the proceps condi-
tions. For example, in some instances it may be desirable
te fill in a groove in a Cr-Mo flange using an qustenitic
stainless steel filler. If the groove is filled with 4 material
that has a different coefficient of thermal expanpion than
the base metal of the flange, consideration should be
given to the effects of differential thermal expgnsion. It
is recognized that some material may be remoped from
the bottom of the groove in order to prepare the surface
for welding or to remove cracks or other flaws| If mate-
rial other than the base material is used to fill in the
groove, this material removal can result in the flange
thickness (see Fig. 1) composed of base metal heing less
than that specified by the applicable standardl. This is
acceptable if the depth of the weld does ngt exceed
10% of the flange thickness. This 10% criteriop may be
increased if justified by an engineering analysis. This
analysis should be similar to a Level 3 assessment in
accordance with API 579-1/ASME FFS-1.

4.5.3 Markings. If the ring joint flange thal is being
converted is marked on its edge with the l¢tter “R”
and the corresponding ring groove number [or other

The cutting tool radius and feed rate should be set to
prequalified values in order to consistently achieve the
desired surface finish. For minor imperfections, careful
filing may be adequate for the removal and dressing of
the flange faces.

4.5 Conversion of Flange Facing From Ring-Type Joint
to Raised Face

Ring-type joint flanges may be converted to raised
face type flanges with the following considerations

105

markings identifying it as a ring joint), this marking
shall be removed or defaced (such as by stamping a
series of X’s over it).

5 EXAMINATION
5.1 Gasket Surface

The finished surface shall be examined to comply with
the requirements of the standard applicable to new
flanges or as specified by the user. For example,
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Fig. 1 Flange Dimensions

Thickness of
weld (para 4.3)

Weld

Depth of
weld (para 4.5.2)

A

A

ASME B]6.5 requires that the surface finish be judged by
visual comparison with the Ra standards of ASME B46.1.

5.2 Nondestructive Examination

In cas
repair, th
to perfor
NDE mg
metal. C

bs where weld metal buildup is used in the
e area to be repaired shall be examined prior
ming the weld buildup using an appropriate
thod to determine the integrity of the base
bnsideration shall be given to examining each
weld pags for surface defects by either magnetic particle
examinafion (MT) or liquid penetrant examination (PT),
as appropriate. For example, such examination should
be perfofmed for welds susceptible to cracking: Fhe
finished [machined surface shall also be examined by
MT or P[[, and imperfections in excess of the‘standard
applicable to new flanges, or as specified\by the user,
shall be [repaired and reexamined by(the method that
discovered the imperfection. Guidelines for nondestruc-
tive exarination can be found in ASME BPVC Section V.
The MT pr PT examination shall be conducted in accor-
dance with Appendix 6 orAppendix 8, respectively, in
ASME BPVC Section VIII, Pivision 1, or other applicable
construgtion code, g:g%, ASME BPVC Section VIII,
Division|2.

5.3 Dimensions

Flange
thickness

) |

in service, or an initial service leak test. An initial sefvice
leak test is one in whickthe joint is monitored for leakage
as pressure is increased in the system. The selecti¢pn of
the most appropriate testing method shall consider the
hazard of thé. service and any jurisdictional reqjuire-
ments. Hor'general guidance on flanged joint leak fight-
ness testing, refer to Article 5.1 of this Standard| and
Section 13 of ASME PCC-1.

7 REFERENCES
7.1 Related Standards

API 660, Shell and Tube Exchangers for General Ref
Service

nery

Publisher: American Petroleum Institute (API),
1220 L Street, NW, Washington, DC 2p005
(www.api.org)

ASME B16.1, Cast Iron Pipe Flanges and Flanged Fit

ASME B16.5, Pipe Flanges and Flanged Fittings

ASME B16.24, Bronze Pipe Flanges and Flanged Fittjings:
Class 150, 300, 400, 600, 900 and 1500

ASME B16.36, Orifice Flanges

ASME B16.47, Large Diameter Steel Flanges NF
Through NPS 60

tings

S 26

. ) ) Publisher: The American Society of Mechanical
.After ‘ﬁf:alr, th.epﬂjlrlge thlcckness anc{ oiciler dlrr.lenj— Engineers (ASME), Two Park Avenue, New York,
sions shalbe—sertftedrforconformance—to—the requirea NY 10016-5990, Order Department: 77 Law Dere, PO.

thickness of the applicable standard or as established
by design calculation.

6 TESTING

After the flange joint is reassembled in the field, it
should be subjected to a leak test prior to being placed
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Box 2900, Fairfield, NJ 07007-2900 (www.asme.org)

Standards of Tubular Exchanger Manufacturers
Association

Publisher: Tubular Exchanger Manufacturers
Association, Inc. (TEMA), 25 North Broadway,
Tarrytown, NY 10591 (www.tema.org)
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Article 3.6
Mechanical Clamp Repair

1 DESCRIPTION

case of full circumferential separation of the cracked

Amechanical clamp consists of split fittings mechani-
callyfjoined together to seal off or reinforce a component.

Examples of mechanical clamps are illustrated in
Figs| 1 and 2.

Mgchanical clamps are commonly used to seal repair-
leaking components or reinforce damaged components.

Mechanical clamps can have a variety of shapes (e.g.,
cylifdrical, rectangular, with either flat or formed
heads), often following the contour of the pipe or compo-
nentbeing repaired. Mechanical clamps can also be used
to eficlose components such as flanges and valves or
fittijgs, branches, nozzles, or vents and drains.

Mgchanical clamps are often available as catalog items
or they can be custom-made of two half shells, a sealing
gasket and bolts, or studs and nuts.

The annular space between the mechanical clamp and
the rppaired component can be left either empty or filled,
or lihed with epoxy, sealant, fiber, refractory materials,
or other compounds.

Alclamp can be nonstructural (designed to contain
leakk) or structural (designed to reinforce and-hold
together a damaged component).

2 LIMITATIONS
2.1 |General

P4rt 1 of this Standard contains additional require-
men}s and limitations. This Article shall be used in con-
juncfion with Part 1.

2.2 |Applicability

Nprmally, mechanical clamps are used to contain leaks
at packings,<and at flanged and gasketed joints, or to
conthin leaks*(or potential leaks) due to local thinning.
The flanip’is not always effective in preventing the prop-

component. A separate strong-back assembly may be
used to provide structural integrity, while the clamp
only provides leak seal. It is common for|these fwo items
to be independent, though used in ‘concert.

2.3 Qualifications

Installation and sealant ihjection, where necessary,
shall be performed by petsonnel qualified under condi-
tions representative of the field application.

2.4 Safety

Personnel shall be aware of hazards in installing
clamps onsdégraded components, and shall|take the
necessary précautions to avoid unacceptable risks. A risk
reviewsshall be conducted before a clamp is nstalled.
Personnel shall take any necessary precautiong to avoid
unacceptable risks.

2.5 Precautions

If the component is leaking or has the potential to leak
during installation, and if the contents are hgzardous,
additional precautions should be taken and those pre-
cautions should be addressed during the prejgb hazard
review meeting (e.g., need for fresh air suit, efc.).

3 DESIGN
3.1 Materials

Clamp materials shall be listed in the construction or
post-construction code, Figs. 1 and 2, and be cgmpatible
with the fluid, pressure, and temperature, with|due con-
sideration for the stagnant condition created py a leak
of fluid into the clamp. The mechanical clamp sealing
element and its lubricant may prevent its use in high-
temperature service. Generally, the material of fonstruc-
tion of the clamp should be similar to the clamped com-
ponent. Clamps made of different materials|shall be

agation of a crack in the Pipp ar component Therefore
leak clamps shall not be used when cracks are present,
unless

(a) the conditions that lead to the crack formation and
propagation have been eliminated so that the crack will
not grow during the planned life of the repair;

(b) a fitness-for-service assessment shows that the
crack growth during the planned life is acceptable, and
that the crack will not propagate across the clamp; or

(c) the crack is circumferential and the clamp is a
structural clamp, where the clamp is designed for the

au.c})i.a‘ult Tf i.hty are Luulpaiiblc withthe process and
existing components. The clamp design and construc-
tion, including material selection, shall be done consid-
ering the deterioration mode that led to the need for
the repair. The clamp shall be suitable for resisting this
deterioration mode for the life of the repair.

3.2 Design Life

The design life of the repair shall be based on the
remaining strength of the repaired component, the corro-
sion resistance and mechanical properties of the clamp,
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Fig. 1 Example of a Mechanical Clamp
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its sealing elements and, where used, the sealant. Some
sealants lose their sealing properties as a hot line is
cooled down, or the sealant can deteriorate over time.
This shall be considered if leaving the clamp in place
for a new heat-up cycle or beyond the manufacturer’s
designated time at temperature.

3.3 Failure Modes

The clamp design shall consider the potential intro-

Part 3 — Article 3.6

3.8 Design Loads

The design of the mechanical clamp for normal
operating conditions shall consider the following;:

(a) the coincident maximum and minimum pressures
and temperatures of the system, unless means are pro-
vided to limit the pressure in the mechanical clamp.
Designing the clamp for a lower range of design and
operating temperatures than the component is accept-

ductjion of new failure modes in the clamped component.
For ¢xample:

(a] External parts of the repaired component, now
enclpsed by the clamp, such as flange bolts, that could
signficantly degrade, crack, or corrode if in contact with
the leaking fluid.

(b} Because the clamp can be at a lower temperature
thar| the component, condensate from leakage gases
shoyld be considered for its corrosive effects.

(c] The clamp can cause the component to run at a
diffgrent temperature, which can increase the corrosion
rate [or cause dew-point corrosion.

(d) Process fluid contact or the insulating effect of the
clanjp may increase the temperature of encapsulated
bolting, causing it to yield.

(e} The development of operating and residual
stregses due to constrained differential expansion can
causg the clamp to leak.

3.4

The clamp materials shall satisfy the minimunitem-
periﬁure and, where applicable, minimum toughness
requiirements of the applicable code of constriction or
posttconstruction code.

Temperature and Toughness

3.5
M

Design Conditions

pchanical clamps, sealing sutfaces, and bolting shall
be dpsigned for design condijtions and anticipated tran-
sien{ loads imposed on therepaired pipe or component,
follgwing the design requirements of the construction
or ppst-construction. code.

3.6

In{cases where there are no applicable design require-
ments, thésprinciples of the applicable code of construc-
tion| or_post-construction code shall be followed.

Comt panents af the mechanical r]nmn that are fabricated

Qualification

able if }'11QHF1'¢3(1 by heat transfer analvsis

(b) the load imposed by the weight of{thie clamp,
including the entrapped leaking fluid andrannylar space
material.

(c) the effects of expansion, including differential
expansion or contraction, and the\effect on the flexibility
of the pipe or component. Oninsulated lines angl compo-

nents the clamp may alsobe insulated to minimize dif-
ferential expansion.
3.9 Transient Loads

Anticipated tfahsient loads for use in the dlesign of

structural clataps shall include, but are not limited to

(a) thrGstloads, in case of full circumferentigl separa-
tion ofthe pipe or component. Design for the aXial thrust
resulting from full circumferential separatior] may be
waived, provided the calculated remaining stfength of
the degraded component at the end of the dgsign life
(including expected continuing degradation in service)
is determined to be sufficient. Additional restraints may
be added to the pipe or component to reduce the loads
on the clamp.

Where a clamp is intended to restrain longitudinal
forces, a locking mechanism or strong-back shall be pro-
vided to prevent separation. Friction should not be relied
on to hold together damaged or separated corhponents
in a fluid service that is flammable, toxic, or damaging
to human tissues, or if the components opergte in the
creep range, unless a risk analysis documentg that the
risk of failure of the clamped joint is acceptalle.

(b) wind, earthquake, or fluid transients (flrid ham-
mer or liquid slug), as applicable.

3.10 Vents and Drains

When repairing a leaking component, the mechanical
clamp assembly should be designed with vlents and
drains to permit venting the leak while assembling the

by machmmg standard fittings (such as cutting-out an
opening in standard pipe caps to make end pieces) shall
be qualified by analysis or testing, as provided in the
applicable code of construction or post-construction
code, and be reinforced if necessary.

3.7 Corrosion Allowance

The design of the clamp shall include the applicable
corrosion allowance, consistent with the service and the
design life of the repair.
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clamp, then draining the annulus as necessary.

(a) Vents should also be provided for mechanical
clamps installed under water to avoid over-pressurizing
the water trapped in the annulus as the clamp is
tightened.

(b) The vent or drain should include a threaded cap,
a flange, or a valve that will be opened to preclude
internal pressure buildup during assembly. This same
vent or drain may be used to vent or drain the clamp
in the future. If leak sealant material is to be injected
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into the clamp, these vent and drain connections may
be used, or separate injections may be provided.

3.11 Sound Metal

The clamp shall be sufficiently long to extend to a
sound area of the repaired component. The clamped
component shall be examined to ensure that there is
sufficient wall thickness at the clamp contact points to
carry the pressure and structural loads in the component,
plus the[additional Ioads imposed by the clamp.

3.12 Seplant Pressure

If usirlg sealant injection, the possibility of inward
collapse [of the clamped component due to the annulus
pressureof the injected sealant shall be considered.

Consideration should be given to off-gassing of seal-
ant com}[ounds as they cure.

3.13 Seplant Seepage

If usinjg sealant injection, the possibility and conse-
quence df sealant seeping into the damaged component
shall be fonsidered.

3.14 Joipts

Clampgs over expansion joints, slip joints, ball joints,
etc., are ppecial cases that shall require analysis of the
loads in the pipe system, anchors, and component noz-
zles with the clamp installed, with due consideration
for thernpal-induced movements in operating and shut-
down conditions.

4 FABRICATION
4.1 Preparation

The cgmponent to which the clamp will\be attached
should He free of loose corrosion deposits, dirt, paint,
insulation, mastics, and other coatings in the vicinity of
the mechanical clamp installation, in’ particular the area
where the sealing surfaces will contact the pressure com-
ponent. [These substances can/prevent the sealing sur-
faces frpm seating properly against the pressure
compongnt or otherwise'generate a leak path under the
sealing sfirfaces. Clamps using sealant injection will gen-
erally ovlercome these concerns.

4.2 Lealk Box'Installation

ASME PCC-2-2015

4.4 In-Service Installation

The clamp may be installed when the system is out
of service or, with the necessary safety procedures, in
service.
4.5 Leak Stoppage

If a mechanical clamp is installed over a thinned or

sealant into the process. This may also aid in f
sealing, if the perimeter starts leaking.
4.6 Welding

The mechanical clamp may/be welded to the cofpo-
nent. In this case, the welding;&xamination, and tepting
provisions for leak repait-boxes shall be reviewed for
applicability to the repair.

5 EXAMINATION

5.1 Applicability
The final’bolting torque shall be checked where speci-

fied. by~design.

5.2 Visual Examination
The assembly shall be visually examined for copfor-

mance with the design.

5.3 Evaluation

Results of examinations should be evaluated follow-
ing the criteria of the applicable code of constructipn or
post-construction code.

6 TESTING
6.1 Applicability

The designer shall determine the type of pressufre or
leak test to be conducted after installation, on the pasis
of risk — likelihood and consequence of failure of the
repaired component when pressurizing the annjulus
between the clamp and the component.

Care shatt-be-taken—se-asnotto-damage—the—clamp;
especially the sealing surfaces. For small leaks, the clamp
can typically be placed directly over the leak. Larger or
higher pressure installations typically require the
mechanical clamp be loosely installed on the component
to the side of the leak and then slid and tightened over
the leak.

4.3 Qualification

Personnel shall be qualified for installing the repair
clamp and sealant injection, when sealant is applied.

6.2 Test Method

The test may consist of one of the following;:

(a) an in-service leak test if the consequence of an in-
service leak out of the clamp is acceptable

(b) a hydrostatic test (when hydrostatically testing a
repair on a hot operating system, caution is required to
avoid the discharge of flashing test water)

(c) a pneumatic pressure test

(d) a sensitive leak test (such as air with bubble solu-
tion, or helium leak test)
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Article 3.7
Pipe Straightening or Alighment Bending

1 DESCRIPTION

3 DESIGN

This Article addresses the requirements and cautions
for the dtraightening of bent metallic pipe and inten-
tional bgnding of metallic pipe to accommodate align-
ment, fif-up, or repair. Straightening and alignment
bending fcan be achieved by hot bending, cold bending,
or by hepting and cooling.

2 LIMITATIONS
2.1 Gengral

Part 1|of this Standard contains additional require-
ments ar]d limitations. This Article shall be used in con-
junction fwith Part 1.

2.2 Buckling Prevention

If the pipe is lined or is prone to buckling (e.g., if its
outer digmeter divided by its wall thickness D/t is larger
than 100), an engineering evaluation shall be performed
prior to pttempting the straightening operation.

2.3 Matprials

An engineering evaluation should be conducted to
validate that the pipe and weld material properties are
not adversely affected by heating orsbénding. See
paras. 2..1 and 2.3.2.

2.3.1] Heating or deformation of the pipe may
cause the loss of corrosion or cracking resistance, such
as the senpsitization of solution-annealed austenitic stain-
less steels, or the accumulation of residual stresses that
can lead|to stress corrosion cracking in caustic service.

2.3.2( Heating.enhanced strength and toughness
low alloy steels‘and hardenable high alloy steels above
their finpl heat treatment temperature may degrade
mechanifalproperties.

3.1 Preventing Recurrence

An investigation into the cause of damage'should be
completed and appropriate corrective action should be
implemented to prevent future damage:

3.2 Analysis

The straightening operation{should be designefd by
an experienced piping desigh engineer. The operation
shall avoid placing significant loads on nozzles, equip-
ment, components, orsupports in excess of their d¢sign
capacity.This may’be'achieved by applying the plahned
movement to @ Stress analysis model of the piping,
obtaining redetion forces at nozzles, equipment, cognpo-
nents, and supports and verifying that these remain
within aeceptable limits, as specified by equipment,
compohent, and support manufacturer or by the d¢sign
rules-of the applicable code of construction or posfcon-
struction code. Calculated stresses in the pipe itself and
at pipe welds may be large, because the bending process
will plastically deform the pipe. Large stresses inp the
pipe itself or in the pipe weld, away from nozzles, equip-
ment, components, or supports may be acceptable,|pro-
vided other conditions specified in this Article are|met.

3.3 Load and Deformation Limits

Applied loads and deformations at mechanical jpints
such as flanged joints, threaded joints, swage fittings,
expansion joints, or compression fittings shall be wijithin
the joint design and manufacturer limits.

3.4 Residual Chemicals

If residual process chemicals could present a spfety
hazard at the bending temperature, either directly ¢r by
degrading the piping material, the bending procddure
shall be reviewed for potential hazards, prior to stafting
the work. The review shall validate that the resjdual

2.4 Linings and Coatings

The bending operation may damage internal linings
or external coatings.

2.5 Hazards Review

The need for a hazards review should be considered
prior to hot or cold bending, to address the limitations
in this Article, and other facility and system-specific
considerations.

chemicals, when heated, will neither degrade the pipe
nor cause a hazardous condition. Otherwise, the pipe
shall be thoroughly cleaned prior to hot bending.

4 FABRICATION

4.1 Methods

Straightening a pipe may be performed by pushing
or pulling the pipe back into the desired position, either
using a pipe-bending machine or jacks and pulling
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devices; or by locally heating the pipe and then cooling
it to achieve the desired shape, applying the precautions
specified in this Article.

4.2 Surface Protection

When using jacks or pulling devices, a pad should be
used between the chain or rope and the pipe to avoid
excessive friction, wear, local stresses, or dents and
gouges on the pipe surface. Where possible, local strain-

Part 3 — Article 3.7

5 EXAMINATION
5.1 Applicability

After straightening or bending the pipe, the examina-
tions specified in paras. 5.1.1 through 5.1.4 shall be
considered.

5.1.1  Ultrasonic thickness examination to verify
that the wall thickness is at or above the minimum

ing ¢f the pipe should be avoided by distributing the
straightening or alignment force over a wide area.

4.3 [Hot or Cold Bending

Pipe may be straightened by hot or cold bending,
proviided all the cautions and conditions of this Article
are met.

4{3.1 The hot bending refers to bending of ferritic
steels at a temperature above the lower critical tempera-
ture [of the material T The lower critical temperature
is thp lowest temperature at which the crystal structure
first pegins to undergo an allotropic transformation from
a bofly-centered cubic (BCC) atomic structure to a face-
centered cubic (FCC) atomic structure. The approximate
lowqr critical temperature for carbon steel pipe is 705°C
(1,340°F).

Cieep-enhanced low alloy ferritic steels such as those
inclyded in P-No. 5B, Group 2 of ASME BPVC Section IX;
shoyld not be hot bent. These materials are sensitiveto
heatjng above their lower transformation temperature,
whigh is a function of their chemical composition. Heat-
ing these materials above their lower transformation
temperature could result in the loss of-their high-
temperature properties.

When using heat on piping thathas been in service,
eithgr for hot bending or for local heating during cold
bending, the heating process gshall be selected (e.g., using
heatjng pads rather than a(cutting torch) and controlled
(e.g.} using temperaturé-indicating markers or thermo-
coupples) to prevent-inintended metallurgical transfor-
mation or stress damage. A documented heating and
temperature control procedure shall be followed.

required by the applicable code of construction or post-
construction code plus corrosion allowanceé: Fhis exami-
nation should be performed at the outside radzts (points
placed in tension by bending) at points of mpaximum
bending.

5.1.2  Visual examinatiofvtoverify that the
ened pipe is free of wrirkles, creases, dents
peaks, and other signscof damage. If damage |is noted,
the damage may be ‘aSsessed using the critetfia of the
Pipe Fabrication Institute’s Engineering Standgrd ES-24,
Pipe Bending Methods, Tolerances, Process and| Material
Requirements,’and the applicable code of construction or
post-construction code.

Whete surface finish is specified in the desigh, it shall
be Verified after the straightening or bending operation.

The visual examination shall also address the|integrity
of lining and coating.

straight-
gouges,

5.1.3 Dimensional examination for ovality (largest
relative difference of diameters at a cross section of the
pipe) to verify that it is not more than that germitted
by the applicable code of construction or postfonstruc-
tion code.

5.1.4 Hardness testing after hot bending (or local
heating) of heat-treatable pipe, to validate thaft heating
has not unduly altered the material propertjes, is in
order. The hardness shall be limited to values specified in
the applicable code of construction or post-construction
code, or as specified by the design or by the materials
and corrosion engineer.

5.2 Weld Examination

413.2 . Cold bending refers to bending below T If the straightened pipe contains welds (longitudinal
The pipémay be bent cold if permitted by the applicable  or girth welds) these welds shall be examined| for code
codq of construction or post-construction code. Cold  rejectable indications by either magnetic parti¢le or lig-

bending may require heating below the critical tempera-
ture; heating is usually on the side that needs to be
shortened and is applied in a diamond pattern.

4.4 Heat Treatment

Poststraightening heat treatment of cold-bent or hot-
bent pipe shall be performed where required by the
applicable code of construction or post-construction
code or material specification for the bending of new
pipe, or when required for corrosion resistance.

113

uid penetrant method, as appropriate, and evaluated in
accordance with the applicable code of construction or
post-construction code.

6 TESTING

6.1 Applicability

The straightened pipe shall be pressure tested, if
required by the applicable post-construction code.


https://asmenormdoc.com/api2/?name=ASME PCC-2 2015.pdf

Part 3 — Article 3.7

6.2 Special Consideration

Consideration should also be given to whether the
risk of a leak or rupture on startup justifies pressure or
leak testing in the absence of code requirements.

6.3 Alternative

In the absence of pressure testing, an initial service
leak test should be considered. consisting of visual

ASME PCC-2-2015

examination for leaks in liquid or steam service, or bub-
ble testing for gas service.

7 REFERENCE

Standard ES-24, Pipe Bending Methods, Tolerances,
Process and Material Requirements

Publisher: Pipe Fabrication Institute (PFI), 511 Avenue
of the Americas, New York, NY 10011
(www.pfi-institute.org)

114


https://asmenormdoc.com/api2/?name=ASME PCC-2 2015.pdf

ASME PCC-2-2015

Part 3 — Article 3.8

Article 3.8
Damaged Anchors in Concrete
(Postinstalled Mechanical Anchors)

1 DESCRIPTION
1.1 |[Anchor Uses

Anchors are needed for most base plates. They are
used to safely anchor base plates to prevent column
overfurning and they are also necessary when the base
plate is subject to large design moments or uplift.
Anchors are primarily tension devices. To prevent the
anchor from pulling out of the concrete, should the bond
stregses be exceeded, hooks, plates, or other shapes are
add¢d to the embedded portion of the anchor.

1.2 [Intent

This Article is generally written with regards to
repajring column base mechanical anchors. Therefore,
the gmphasis of this Article is on postinstalled mechani-
cal gnchors as described in para. 1.6. However, it is
intennded to apply to repairing pressure vessel support
anchors, such as support skirts and saddle supports}

1.3 [Types of Mechanical Anchors

There are two general types of mechanical’anchors:
cast{in-place and drilled-in. Three differenttypes of cast-
in-place anchors are shown in Fig. 1. These are generally
madg from either bolts or bar stock;referred to as a rod.
The fommonly used hooked rod is"made from a round
shage and shown in Fig. 1, fllustration (a). The tensile
load) is resisted through & hond developed along the
length and by the hogk. lSmooth rods do not always
forn{ reliable bonds.dué to oil or other contaminants
that|may exist on~the rod. Those with hooks may fail
by s{raighteningand pulling out of the concrete. A more
posifive anchorage is often preferred.

1.4 [Illustrations

1o faorrand vobhan holtc g
e

Fig. 1 Anchors
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(a) Hooked Bar (b) Bolt (c) Thredded Bar
With| Nut

adversely affect the strength of the rod) so thdt the rod
does not turn out when the top nut is tightened. The
tack welds shall be placed at the rod overhang face of
the nut; this practice is accepted by the ASME Boiler
and Pressure Vessel Code for nonstructural tack welds
used as a locking device even though welding is not
otherwise permitted for rod materials, such as A-193-B7.

1.5 Anchor Failure

The two most common causes of anchor fjilure are
corrosion and lack of proper preload. Anchof failures
[see Fig. 2, illustration (a)] occur when eithey the bolt
fails mechanically (i.e., steel failure, pull-thjough, or
pullout) or when concrete surrounding the anthor fails
(i.e., concrete breakout or concrete splits) dye to the
tensile and/or shear loading of the anchor [spe Fig. 2,
illustrations (b) and (c)].

1.6 Postinstalled Mechanical Anchor

Almorepesitiveanchorageisforme A-bolisor
rods with threads and a nut are used, as shown in Fig. 1,
illustrations (b) and (c). Bearing on the head or nut then
develops the anchorage. It is only necessary to provide
for adequate embedment depth and edge distance. Since
headed bolts are not often available in lengths and diam-
eters required for base plates, the designer should gener-
ally specify the rod with threaded ends and provision
of a nut for anchorage, as shown in Fig. 1, illustration
(c). The lower nut should be fixed to the rod (e.g., tack-
welded; too much heat during the welding process may

This Article’s emphasis is on postinstalled mechanical
anchors of M6 (0.25 in.) diameter or larger, placed into
predrilled holes and anchored within the concrete by
mechanical means. While data contained in the various
tables is limited to a maximum diameter of M24 (1 in.),
the methodology contained in this document applies to
larger diameter anchors found in process equipment
supports. However, many different postinstalled adhe-
sive anchors that are anchored by chemical means (e.g.,
epoxy) are available for use in concrete. These anchors
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exhibit a range of working principles, proprietary
designs, and performance characteristics and thus are
not the primary emphasis of this document. These adhe-
sive anchored bolts are acceptable for use as long as they
are installed per the manufacturer’s recommendations. Fig. 2 Anchor and Concrete Failure
Because of the increasing popularity of this type of

anchor, Mandatory Appendix I contains some installa- TF
tion data for adhesive anchors. =
1.7 Col i F5

An exfmple of a column base mechanical anchor in
concreteis shown in Fig. 3. Note, this is not a postin-
stalled anchor but an original-installed anchor. How-
ever, even though Fig. 3 does not show other types, this
Article ip also applicable to other process equipment
supporty, such as vessel skirts, tubular columns, and
saddle syipports.

2 LIMITATIONS
2.1 Addjtional Requirements

Part 1]of this Standard contains additional require-
ments ar|d limitations. This Article shall be used in con-
junction [with Part 1.

2.2 Confiderations

In applying this repair method, consideration shall be
given to| compatibility of materials, operating condi-
tions, infended life of the component, and any limita-
tions on|examination and testing.

3 DESIGN

3.1 Original Anchor Assembly

The dgsign of the original anchor assembly should be
in accordance with the original construction code, such
as the American Institute of Steel.Construction (AISC),
Manual [of Steel Construction~or the Building Code
Requiremtents for Structural Concrete (now obsolete) or the
Americah Concrete Institute (ACI) 318-02, Building Code
Requiremients for Struétural Concrete. (b) Concrete Failure — Tensile

3.2 Design Considerations

The dgsignitems specified in paras. 3.2.1 through 3.2.3
are provlded-for consideration when making repairs to
the original anchor assembly.

3.2.1 Embedment. Anchors of any type shall have
an embedment length sufficient to develop the full
strength of the anchor. Drilling is often complicated by (c) Concrete Failure — Shear
the presence of reinforcing rods. Should one or more be
encountered, an analysis shall be performed to deter-
mine if it is permissible to sacrifice the reinforcing rods,

(i.e., by cutting the reinforcing rods as they are encoun-
tered, a reduction in the steel reinforcing area will occur
such that the concrete design may be compromised).
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Fig. 3 Column Base Anchors in Concrete
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Fig. 4 Weld Repair of Existing Rod
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Anchors, when used with the leveling nut method of
settihg column bases, shall have a nut and heavy erection
was;I;er both above and below the base plate. The wash-
ers are used to prevent the nuts from attempting to push
throfigh the oversized holes. Extra thread should™be
supplied for lower nut adjustment.

3{2.2 Loading. Any anchor that has beehsized by
calcyilations based on design loadings shall be preloaded
sufficiently to prevent either base-plate separation from
founydation or movement on the founidation when loads
are gpplied. If preload is less than/maximum load in
servjce, anchor bolt fatigue may~occur. Periodic tight-
ening is required to compensate for the preload loss due
to the relaxation of the/concrete. Anchors are the link
between foundation and ‘column. When a column base
is sybject to uplift,the uplift force must be resisted by
a weight greater\than the uplift force, or the column
base| must bg’ anchored. Anchors transmit this tension
forcg. Severalvcharacteristics in anchor design can be
varigd to-suit the load requirements: the quantity of
boltg; thie diameter; the length; and type of material.

EdNG s |

anchor bolt

25 mm (1 in.) abo¥e the concrete top. The anchpr would
act like a vertical'cantilevered member. Also, th¢ random
location ofs/anchors as they are located in the ¢versized
base platéholes results in a situation where seldlom does
more than one anchor of a multianchor group go into
sheat dt any one time. ACI 318 makes allowance for
shiear capacity on concrete anchor bolts. The cgpacity is
reduced in presence of grout to account for b¢nding.

4 FABRICATION

4.1 Weld Repair of Existing Rods

Anchors, fabricated from A36 or A307 that preak off
at the surface but do not disturb the surroundling con-
crete may have a threaded rod extension welded to the
top of the bolt (see Fig. 4). The weld repair shall include
means to avoid damage to the concrete. The mjaterial of
construction of the rod shall be known. Anchprs made
of materials with properties achieved by heat freatment
(e.g., quench and tempered) shall not be weld frepaired.
AWS D1.4 is a reference for guidance on weldling con-
crete embedded steel.

4.2 Repair of Existing Rods With Extensions

For anchors fabricated from A36, A307, and A-193-B7,
a sleeve coupling may be used with a short [threaded

3.2.3 Shear Forces. Anchors typically are not used
to resist shear forces in a column base. While base plate
friction resists shear, shear forces can be further resisted
by some device attached to the underside of the base
plate and inserted into a groove or keyway in the con-
crete foundation. The main reason anchors are not to
be used to resist shear forces is that they have a relatively
low-bending resistance. If a base plate were to ease side-
ways into bearing against an anchor, the load (dis-
counting the grout) would be delivered approximately

rad extension Prnviﬂpﬂ the hole in the basd plate is
large enough to ensure that it clears the coupling (see
Fig. 4).

4.3 Replacement

After removing the nut and washer, a carbide bit cut-
ting tool may be placed over the protruding bolt and a
circular opening drilled in the steel base plate, slightly
larger than the bolt diameter, exposing the concrete
around the damaged bolt. A diamond bit drill may then
be used to cut through the concrete at sufficient depth
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Table 1 Minimum Edge Distance for Punched,
Reamed, or Drilled Holes

Anchor Size, At Sheared Edges, At Rolled Edges of Plates or

mm (in.) mm (in.) Gas Cut Edges, mm (in.)
Mé (/) 13 (%) 10 )

M10 (/46) 19 (%) 19 (/)

M12 () 22 (%) 19 (/)

M16 () 29 1% 22 (%)

M20 (/) 32 1%) 25 (1)

M24 (1) 44 (1%/) 31 (1Y)

GENERAL NOTE: This data is provided as an illustrative example of
typical limits and should not be used as reference data without
first validating in accordance with the applicable design code or
manufacturers specification.

Jable 2 Expansion Anchor — lllustrative Example of Typical Minimum Limits for Reference

Minimum Spacing, Minimum Edge Minimum [Edge
Nomingl Embedded Length, S, for Embedment  Minimum Spacing, { Distance, ED, for Distance, D for
Bolt Diamegter, Le, for 4.5d, Embedded Length, 4.5d, mm (in.) S, for Embedmeént® Embedment 4.5d, Embedment 8d,
in. mm (in.) Le, for 8d, mm (in.) [Note (1)] 8d, mm<in.) mm (in.) mm (in.)
Mé (V) 29 (1%) 64 (2Y%) 31 (1%)
M10 (/¢ 41 (1%) 75 (3) 94 (3%,) 13 (4Y%) 47 (1) 125 (5
M12 (Y%) 56 (2Y,) 100 (4) 125 (5) 152.4 (6) 64 (2Y%) 175 (7
M16 (/) 69 (2%, 125 (5) 156 (6Y4) 188 (7Y) 78 3Y%) 213 8Y5)
M20 /) 81 3% 150 (6) 188 (7% 225 (9) 94 (3%) 250 (1)
M24 (1) 113 (41/2) 200 (8) 250 (10) 300 (12) 125 (5) 325 (1B)

GENERAL NOTE:

validating

diameters

NOTE:

(1) Sisth
differe

n accordance with the applicable design code or manufacturers specification. It is up to the designer to determine valu
breater than M24 (1 in.). This data table should not, bé-extrapolated.

E center-to-center distance between two adjacént expansion anchors. The two expansion anchors may be on the same or o
ht plate assemblies. Minimum spacing between anchors of different diameters shall be the average of the minimum spacin

This data is provided as an illustrative example of\typical limits and should not be used as reference data without first

s for

two
B for

individual diameters.

to extradt the damaged or corrdded bolt. The carbide
bit drill may also be used to-cut'through the bent legs
of “L” or]“]” bolts. Care should’be taken to avoid cutting
rebar, uhless approved)by a structural engineering
evaluatign.

Anchgrs exert relatively small lateral load on base
plates, therefore “tear-out” is typically not a problem.
Table 1 dontains*dimensions based on anchor size.

NOTE: Tpbles1 and 2 are provided as illustrative examples.

Two of the most commonly used postinstalled an¢hors
are the wedge and the sleeve anchors. Paragraphs [4.3.1
and 4.3.2 list installation instructions for each.

4.3.1 Wedge Anchor Installation Instructions.
Mechanical wedge anchors require greater con¢rete
strength due to the concentration of stresses at the epan-
sion clip. The anchor works by expansion in the tip} and
thus localizes all of the pressure in a small area.|This
can cause the concrete to crack or, if the concrete is weak,

While drilling of base plate holes is the preferred
method for holes of 38 mm (1.5 in.) in diameter or
smaller, burning of base plate holes is an acceptable
procedure for larger holes, especially when applied to
field repair situations. The slight hardening exhibited
at the burned edge is not important since the bearing
of the anchor against the side of the hole is not a factor;
it makes little difference how the hole is made. When
sizing the area of a base plate, the loss of area at the
anchor holes (and grout holes) is generally ignored.

the anchor may not tighten. This anchor can only be
used in concrete, not in masonry. The following are
wedge anchor installation instructions (see Fig. 5):

(a) Drill the hole perpendicular to the work surface.
Do not ream hole or allow the drill to wobble.

(b) Drill the hole deeper than the intended
embedment depth of the anchor, but not closer than two
anchor diameters to the bottom surface of the concrete.

(c) Clean the hole using compressed air as this is
necessary for proper anchor performance.
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Fig. 5 Wedge Anchor
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(c) Clean the hole using compressed air as this is
necessary for proper anchor performance.

(d) Place the washer and nut on the anchor and place
the anchor into the hole so that the nut rests solidly
against the support base plate. Tapping with a hammer
may be required to achieve this result.

(e) Tighten the nut to three to five turns past the hand-
tight position.

(d) Place anchor in holé, May require striking with a
hamimer, due to friction fit anchor design, to obtain
proger anchor depth.

(e] Place washeryand nut on anchor and tighten to
torqpie values distéd in manufacturers specification.

4{3.2 Sleeve Anchor Installation Instructions

4.4 Abandon in Place

Damaged or corroded bolt may be left in glace and
one or several new anchor holes may Be drilled into the
base plate and concrete. New anchdrs, may be|installed
in the newly prepared holes acCording to the anchor
vendor’s installation procedure and new washers and
nuts may be placed and tightehed to complete the repair.
When new anchors are\placed close to the|existing
anchors, the nut may be removed from the ajandoned
anchor, thus removing the tensile load from that anchor
or the abandoned\anchor may be cut off so hs not to
interfere with the”equipment base plate.

4.5 Tolerance on Expansion Anchor Location

NOTE: Fhese may also be applied to adhesive anchor|locations.

4.5.1 Tolerances for Expansion Anchor With 4.5d
Embedment. The location of an individual anthor may
be changed to facilitate installation, provided fhe toler-
ances specified in paras. 4.5.1.1 through 4.5.1.3 are met.

4.5.1.1 Relocation of one or two anchofs within
an arc as shown in Figs. 7 and 8 shall be pernpissible if
the following requirements are met:
(a) the minimum edge distance between the anchor
and the plate edge meets the requirements of|Table 1
(b) requirements of edge distance, ED, and enbedded
length, Le, per Table 2. These tolerances apply ih a situa-
tion where instead of drilling a hole in the d¢signated
location, a hole in the alternate location is drillled.

4.5.1.2 Expansion anchors not using the toler-
ance of para. 4.5.1.1 may be relocated such that|the spac-
ing is within 3 mm (% in.) of the specified sppcing for
M6 (% in.) and M10 (%g in.) diameter expansign anchor

and within 6 mm (% in.) of the specified sphcing for
NOTE: ~A-sleeve anchor with a wrapped sheet metal sleeve, as M12 (1/2 1n) and larger diameter expansion anchors. The
showinin Fig. 6, is a light-duty anchor and should not be used for :

base plate applications. There are heavy-duty sleeve anchors that
work as expansion anchors but they are not shown here. The
illustration is for installation information only.

The following are sleeve anchor installation
instructions:

(a) Drill the hole perpendicular to the work surface.
Do not ream hole or allow the drill to wobble.

(b) Drill the hole deeper than the intended
embedment depth of the anchor, but not closer than two
anchor diameters to the bottom surface of the concrete.
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4.5.1.3 Expansion anchors not meeting the toler-
ances of paras. 4.5.1.1 and 4.5.1.2 shall be subject to
an engineering assessment by a structural engineer for
resolution on a case-by-case basis.

4.6 Tolerance for Anchors With 8d Embedment

The location of an individual anchor may be changed
to facilitate installation, provided the tolerances speci-
fied in paras. 4.6.1 and 4.6.2 are met.
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Fig. 7 [Relocation of One or Two Anchors Within an Fig. 8 Relocation of One or Two Anchors Withi||| an
Arc (r = d)

Arc (r = Y%d)
|

_#?'__'_' | — "
i

. gﬁ -
/< 45 deg /< 45 deg

4% deg 45 deg
. .
[ J [ ] [ [ ]
[ J [ ] [ ] [ ] [ J [ ]
GENERAL NOTES: GENERAL NOTES:
(@) Arc radius r =_Y%d (@) Arcradiusr = d
(b) X = relocated anchor

(b) X = rplocated*anchor
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Fig. 9 Relocation of One or Two Anchors Within a
Design Plate Assembly

Part 3 — Article 3.8

Fig. 10 Relocation of More Than Two Anchors
Within a Design Plate Assembly

@ = design location of anchor

X = relocated anchor

4 6.1 Relocation of One or Two Anchors Within the
Design Plate Assembly (Fig. 9). The relocation of
anchors within a circle of 2d radius shall be permissible,
if the requirements of paras. 4.6.1.1 through 4.6.1.4 are
met.

[4.6.1.1 The minimum edge distance between the
anchor and the plate edge meets the requirements as
shoyn in Table 1.

|:.6.1.2 Requirements of ED and Le per Table 2.
.6.1.3  If the angularity of the relocated anchor
is legs than or equal to 4 deg, use of the sathe size anchor

owed.

.6.1.4  If the angularity of-the'relocated anchor
is grpater than 4 deg and less thafi 10°deg, the next larger
size phall be used for the relgcated anchor for example,
use M16 (% in.) diameter afichor in place of M12 (% in.)
dianjeter, M24 (1 in.) diameter in place of M20 % in.)
dianpeter. For existing-M?24 (1 in.) diameter anchor, the
relodated anchor,shall be of the same diameter if the
angularity limitation of < 4 deg is satisfied. Bolt angular-
ity i the angle off the 90 deg perpendicular between
the lase plate’and the anchor.

6.2.-Relocation of More Than Two Anchors Within

is al

Des : :

anchors in a plate assembly may be relocated as long
as the installed anchor spacing is within plus or minus
two bolt diameters of the designated spacing and the
requirements given in para. 4.6.1 are met. For other cases,
engineering shall be notified for resolution.

4.6.3 Relocation of Anchors Outside the Design Plate
Assemblies (Fig. 11)

4.6.3.1 If one bolt must be relocated because of
interference, the entire row of bolts shall be relocated

L Minimum per S
Table 2
[«——8 — 2d—>
=2d X
¢ °
o o X
— —
w | | S-2d g e 1y S
=
.>< ‘
r=2d o >|< >|< L
I<—S—2d—>|
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S

@® = designdocation of anchor
X = relocdted anchor

likewise. The maximum permissible relocation shall be
75 mmy(3 in.).

4.6.3.2 Requirements of ED and Le per Table 2
and minimum edge distance requirements pefr Table 1
shall be met.

4.6.3.3
W’ x L with a thickness of 6 mm (% in.) more
existing assembly plate shall be used.

A new rectangular plate, W X L’ or
than the

4.6.3.4  Attachments shall be made with respect
to the new plate assembly centerline.

4.6.3.5 Anchors within the new plate
adjusted in accordance with the provisions in

4.6.3.6 If more than one row of bolts
relocated, an engineering assessment
performed.

may be
para. 4.5.

has to be
hall be

5 EXAMINATION

The threaded rod extension welded per paraf 4.1 shall
be examined using the magnetic particle method per
ASME Boiler and Pressure Vessel Code, Section V.
Acceptance/rejection criteria for MT are the applicable
code of construction or the post-construction code. All
other repairs shall be examined per original installation
requirements and follow the acceptance criteria per the
original installation requirements.

6 TESTING

Testing shall be per original installation requirements.
In the event it is determined that testing of the actual
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Fig. 11 Using an Enlarged Plate

repaired
sent the
anchor s

7 REFE
ACI 3184

Concryg

Publishd

[ ] [ ] [ ]
w [ J ( ]
[} [ ] O

| L |

Saturation Requiring Resolution

L'

anchor is not feasible, it is acceptableto repre-
nstallation/repair method in a prototype if the
hmple(s) are prepared in the (saimie manner.
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Article 3.8, Mandatory Appendix |
Anchors Installation Using Chemical Means (Adhesive)

I-1 _Adhesive Anchors (h) Clean hole of anv dust and debris as any left will
. o reduce the holding capacity of the anchor.

Adhesive anchors have the advantage of working in (c) Inject the adhesive into the hole apprdximately
lowdr strength concrete; however, they are more expen- half full.
sive(to install than mechanical anchors. The adhesive (d) Insert anchor into the hole with.a slight| twisting
anclor works by drilling a hole in the concrete, filling motion.
it wjth adhesive, and then inserting the anchor. The (e) Allow the adhesive to cure/per the manyifacture’s
shearr force is spread equally along the length of therod.  specification. Do not toucK the anchor dufing this
The following are Drop-In Adhesive Anchor Installation cure time.
Instquctions: (f) After the cure time‘has elapsed, it is safe to load

(a) Select the proper size drill bit. Drill the hole per-  the anchor by placing-a washer and nut on tHe anchor
pendlicular to the work surface. Do not ream the hole  and tighten to torque values listed in the manufacturer’s
or allow the drill to wobble. specification,
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Article 3.9
Valves With Pressure Seal-Type Bonnets

(In the course of preparation.)
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Article 3.10
Hot Bolting

(In the course of preparation.)
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Article 3.11
Hot and Half Bolting Removal Procedures

1 DESCRIPTION

2.2 Risks Associated With Hot and Half Bolfi

1.1 Intr¢duction

Bolts in flanged joints that have been in service can
be difficfilt to remove. Such difficulties at the start of
shutdowpns for plant maintenance can result in costly
schedule|interruptions, or extend the duration of activi-
ties invdlving some hazard. The use of hot and half
bolting rpmoval procedures may be considered as a pos-
sible solfition.

1.2 Hot|Bolting

Hot bo
of bolts g
pressure
time in
replaced
removed|

Hot bplting can be used to clean, lubricate, and
reinstal] existing bolts for preshutdown activities,
replace cprroded or damaged bolts, or upgrade the mate-
rial specfication or grade of bolts.

ting is the sequential removal and replacement
n flanged joints while under reduced operating
(see para. 3.4). It is carried out one bolt at a
i predetermined cross pattern sequence. Each
bolt is fully tensioned before the next one is

NOTE: H
after a per|
for these

fot bolting can also be used to check residual bolt stress
od of operation, or to retighten loose bolts. Hot'bolting
urposes is beyond the scope of this Standard.

1.3 Half

Half bg
flange is
depressy
atmosph

Bolting

Iting is the removal of every other bolt (so the
left with half the numbeft of'bolts) during plant
rization, usually whén jthe system is close to
Pric pressure.

NOTE: H
or odd bo|

[alf bolting is alsd semetimes referred to as skip bolting
ting.
1.4 Defipition ofBolt

Bolt ag used,herein is an all-inclusive term for any
type of threaded fastener that can be used in a pressure-

Although hot bolting and half bolting removal’p
dures can reduce plant downtime, they are poten
hazardous and therefore caution shall be exercis¢d in
their planning and execution. In considering potgntial
applications for hot bolting and half-bolting removal
procedures, any potential benefits) from these actiyities
should be carefully weighed, against the risks|(see
para. 3.1).

2.2.1 Risks Associated With Hot Bolting. When
ducting hot bolting rethoval procedures, the risks of
leakage are increased’due to increased bolting str
and relaxation<fgasket compression, both poten
resulting in jeint leakage or gasket segment blow

2.2.2¢Risks Associated With Half Bolting. When|con-
ducting, half bolting removal procedures, the risks of
fluid\leakage are increased due to reduced gasket fom-
pression and the possibility that the system may inadlver-
tently be repressurized. For this reason, the syptem
pressure at which half bolting is conducted should be
well below design pressure and preferably at or |near
atmospheric pressure with local management corjtrols
in place to prevent repressurization.

roce-

ially

con-
fluid
Psses
ially
ut.

2.3 Procedures and Safe Work Practices

The requirements and guidance for hot bolting] and
half bolting removal provided in this Article are geheric
in nature and shall be combined with a job-specifid pro-
cedure along with other appropriate plant safe york

practices.

3 DESIGN

3.1 Engineering and Risk Analysis

] hot
ried

An engineering and risk analysis of the propose
bolting or half bolting remaval operation shall be ca

boundary bolted flange joint assembly such as a bolt,
stud, studbolt, cap screw, etc.

2 LIMITATIONS

2.1 Additional Requirements

Part 1 of this Standard, “Scope, Organization, and
Intent,” contains additional requirements and limita-
tions. This Article shall be used in conjunction with
Part 1.
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out to establish that the operation can be performed
safely; e.g., establish that no unacceptably high external
loads and/or bending moments are acting on the joint
that could cause leakage or gasket blowout during the
operation. The analysis should consider, as a minimum,
the following:

(a) contents of the piping or equipment

(b) design and operating pressures and temperatures

(c) possible upset conditions

(d) bending moment on joint (see para. 3.2.1)
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(e) position and functionality of piping supports

(f) position and type of expansion bellows

(¢) maintenance history of the joint

(h) experience with hot or half bolting procedure
application to similar joints

(i) the target torque used in joint assembly

(j) confined vs. unconfined gasket type

Part 3 — Article 3.11

operating pressure is equal to or less than 50% of maxi-
mum pressure allowed as determined in para. 3.3.

3.4.1 Confirming Reduced Pressure Prior to Hot
Bolting. Confirmation that the pressure has been
reduced and that repressurization is not practicable shall
be obtained from operations personnel before the hot
bolting removal operation is started.

NOTE: A spiral wound gasket with a centering ring is considered NOTE: In paras. 3.4.1 and 3.5.1, “not practicable” means that
to be a confined gasket wficient-control-arein-placeto-ensurerep axization will not
(k} through bolted vs. bolts studded unto tapped occur until the system is returned to a status when it issdfe to do so.
holep (see para. 3.6) 3.5 Maximum Pressure/Half Bolting
M gasket. materlal/thlckness Unless otherwise justified by an enjgineering and risk
(M) condition of flange . - .
diti f bolts: includi d . analysis, half bolting may be performed only during
}(1n hcorL ition o %tls’ 1nce u' 1n%fec?n51 eration depressurization when the pressure is equal fo or less
whet der the necesszr%/6 o tdszelsé 1s sufficient, or overs- than 25% of the maximum alléwable pressure qr 50 psig,
tresge (see Paras. 1.6 and 4.1.7) whichever is lower, andwhen low pressure steam, air,
(of condition of nuts (see paras. 4.1.6 and 4.1.7) or nitrogen (also see para. 4.1.5) is the purging media.
3.2 |[Minimum Number of Flange Bolts NOTE: If the fluid contents are such that there is lpw risk of

Unless the results of the engineering and risk analysis
estabplish that the consequences of either joint leakage
or ghsket blowout are acceptable, flanges should have
a minimum of eight bolts.

3.2.1 Bending Moments on ASME B16.5 Class 150
Flanges. The 8-bolt Class 150 B16.5 flange is recognized
as bping uniquely under-bolted and thereby can only
accommodate modest external bending moments, a cong
sidefation in the risk analysis.

3.3 |Determining Maximum Pressures When
Conducting Hot/Half Bolting

The maximum pressure allowed while conducting
eithgr operation shall take due consideration of

(a) the applicable pressure-coincident temperature
ing, for standard flanges (Such as ASME 16.5 or
A7)

plus the design pressure of the system under consideration
becomes the pressure to be used in the risk analysis.

(d) the reduction of effective minimum gasket com-
pressive stress between bolts associated with bolt
removal; e.g., that sufficient loading remains on the gas-
ket to ensure that it maintains a seal

3.4 Maximum Pressure/Hot Bolting

Unless otherwise justified by an engineering and risk
analysis, hot bolting may be performed only when the
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injury associated withhaccidental contact, the need for pjrging may
be reviewed for’deletion.

3.5.1 Coenfirming Reduced Pressure Prior to Half
Bolting. “Confirmation that the pressure has been
redugced'and that repressurization is not practicpble shall
besobtained from operations personnel befor¢ the half
bolting removal operation is started.

3.6 Tapped Holes — Use of Hot Bolting

If bolts stud into tapped holes, the use of the hot
bolting procedure is not recommended unfless it is
known that the threads on the studded end of the bolt
have been relieved to eliminate the possibility df damag-
ing the tapped threads when the bolt is backgd out.

Even if this thread relief has been provided, fit should
be recognized that studded joints are inhererjtly more
sensitive to reduction in bolt prestress due tp normal
embedment and gasket creep effects. Accordingly, the
probability of a leak/gasket blowout is great¢r during

either a hot or half bolting operation than for g counter-
part through-bolted joint.
4 FABRICATION
4.1 Preparation
4. 1 1 Personnel Protectlve Eqmpment/E ergency
ety equip-

ment shall be worn in case of leakage. The need for
emergency standby and contingency planning shall also
be considered.

4.1.2 Access Considerations. Consideration shall be
given to the accessibility of the area and that adequate
escape routes are available should uncontrolled flange
leakage occur.

4.1.3 Location and Condition of Isolation Valves.
The location and condition of the nearest upstream and
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downstream isolation valves shall be ascertained prior
to commencing work. Operations personnel shall have
a contingency plan for the isolation of the joint, which
addresses the need to block in or depressurize the equip-
ment rapidly should an uncontrollable leak occur.

4.1.4 I|dentification of Emergency Facilities. As nec-
essary, emergency facilities such as safety showers and
eye baths should be identified and locations made
known tppersonnelinvolved-inthe wo

4.1.5 |Consideration of Nitrogen Hazards. If nitrogen
is used fs a purging medium, consideration shall be
given to [protection of personnel should a leak occur in
a confingd space.

4.1.6( Inspection of the Flange Assembly. A thor-
ough ingpection of the flange assembly should be con-
ducted tg verify the integrity of the flange and its bolting,
with corfsideration given to the following;:

(a) deferioration of the bolts and nuts, such as necking
(corrosion thinning), worn threads, or cracking

(b) thg ability of the gasket to be retightened and its
blowout|potential

(c) deferioration of the gasket, and the potential of
gasket fdilure due to disturbance or retightening

(d) vetification of sufficient thread engagement before
half bolting of studded flanges, e.g., by ultrasonic mea-
suremen} of stud length

4.1.7 | Assessment of Existing Bolt Load Capability.

If deterigration of bolts and nuts [see para. 4.1.6(a)]. i5
found, c¢nsideration shall be given to the safety aspects
of bolt rqmoval and the increased load on the remaining
bolts. An analysis of the minimum required\bolt load
for leak fightness and an assessment of the possible bolt
stress mdy be required to ensure the boltSthave sufficient
load carfying capability.

4.2 Exeg¢ution

4.2.1 |Check of Existing Bolts for Tightness. To antic-
ipate flage bolt relaxation;‘every bolt shall be checked
for tighthess prior to rethoving the first bolt. Bolt tight-
ness may be checked by applying torque with either a
hand wrench or @hydraulic torque wrench. Do not use
hammer|(slug):wrenches.

4.2.2 [ Sequence of Bolt Changeout. When hot bolt-
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shutdown. This should be considered in the engineering
and risk analysis (see para. 3.1).

4.2.4 Cleaning and Lubrication of Surfaces. Asbolts
and nuts are removed, the surface of the flanges where
contact is made with the nuts should be wire or power
brushed clean (remove protrusions, spot face if
required). Proper lubrication with an approved lubricant

side of the flange from the torque wrench), wherq it i
beneficial to allow friction to develop between the
ing surfaces.

4.2.5 Hand Tightening and*Baseline Bolt Lehgth
Readings. Install bolts andhits hand tight, with the
marked ends of the bolts and*nuts located on the game
side of the joint and facing-outward to facilitate ingpec-
tion. If ultrasonic elorigation control is to be used, ifitial
bolt length readings-should be taken and recorde¢d at
this time.

4.2.6 First*Pass Torquing. Before new bolts/nuts
are installed, check to determine that the nuts run freely
by hand past where they will come to rest after ight-
ening, ' If nuts will not turn freely by hand, check for
catise and make necessary corrections/replacemerpts.

As each new bolt is installed, tighten the bolt ysing
the target torque value. Continue this process for [each
bolt in the appropriate sequential pattern. If ultragonic
elongation control is to be used, readings should be
taken after the first eight bolts have been replaced} and
the torque values adjusted, if necessary. If the adjysted
torque value is substantially higher than that usefl for
the first eight bolts, these bolts should be retorfued
using the new torque value.

NOTE: Differential thermal expansion may cause a loss df bolt
load during the cooldown of hot flanges (see section|12 of
ASME PCC-1). This should be considered in determining the hot
reassembly bolt load. In addition, consideration should be |given
to allowing replacement bolts to reach their operating tempefature
prior to final tightening.

4.2.7 Final Torquing. After each tightening rqund,
take measurements around the circumference of th¢ gap
between flanges with a vernier or caliper to verify that

ing, the bolts shall be changed out one at a time in a
proper tightening sequence (see Table 4 of
ASME PCC-1). The numbering system for the appro-
priate tightening sequence should be marked on the
flange in a readily visible location before starting to
remove any bolts.

4.2.3 Considerations Relative to In-Service vs. Pre-
Shutdown. The provisions of paras. 4.2.4 through 4.2.7
may be more applicable when the flange is intended to
remain in service, as opposed to immediately prior to

the flanges are being brought together evenly (see
para. 11.1 of ASME PCC-1).

After the first pass torquing all bolts to the target
torque value in an appropriate sequential order, one of
the following actions shall be required, depending upon
whether or not ultrasonic elongation control is used:

(a) Tighten all bolts again using the same torque value
and following the sequential order from the first pass,
followed by one or more passes using the target torque
value in a rotational order.
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(b) Take ultrasonic readings and adjust the torque
value, if necessary. Then, if the torque value is changed

as a

result of the ultrasonic elongation measurements,

retorque twice at the final torque value in the appro-
priate sequential order, followed by at least one pass in
a rotational order, until the nuts will not turn at the
target torque. If it is not necessary to change the target
torque value, follow step (a) above.

4
and

met
neer
it ca
cont
toxigq

5

5.1
W

cons

ship

use of nut splitters is acceptable. Thermal cutting
nods should not be performed unless the engi-
ing and risk analysis (see para. 3.1) determines that
n be done safely. Of particular concern are lines
hining contents that can generate a fire or release
materials.

EXAMINATION

Examination for Workmanship and Leakage

jthin the context of these requirements, examination
ists of an in-process visual check for good workman-
and an in-service visual check for signs of leakage.

28 Eﬂttlllg of Botts——Cotd cuttir 23 of seized botits There are no EesEmg requlremenfs associated

5.2 Examination of Bolts for Proper Material
Specification

Part 3 — Article 3.11

The markings on the bolts should be visually checked
to verify that the correct material is being used. This
may be supplemented with PMI if additional assurance

of correct material is desired.

6 TESTING

Article.

7 REFERENCES

ASME B16.5, Pipe Flanges and Flanged Fitting
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Through NPS 60
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Article 3.12
Inspection and Repair of Shell and Tube Heat Exchangers

1 DESCRIPTION

(c) current nppmfing pammpfprq ie pressures tem-

This Afrticle provides general good recommendations
and reqiirements for the following repair techniques:

(a) defermining the type of inspection technique to
use for the inspection of the tubes and tube bundle of
a shell apd tube heat exchanger

(b) determining the type of inspection technique to
use for the inspection of the tubesheet and the tube-to-
tubeshegt assembly of a shell and tube heat exchanger

(c) determining the type of inspection to use for the
other pressure containing components of a shell and
tube heaf exchanger

(d) pr¢viding repair techniques for common mechani-
cal failutes of various components in a heat exchanger

2 LIMITATIONS

2.1 Genpral

Part 1f of this Standard, “Scope, Organization, and
Intent,” fontains additional requirements and limita-
tions. This Article shall be used in conjunction with
Part 1.

2.2 Exclusions

(a) Thijs Article shall notbe applied to heat exchangers
construfted in accordance withr~ASME BPVC
Section VIII, Division 3.

(b) Heat exchangers other thanshell and tube design
are not ihcluded in the scope Ofthis Article.

3 DESIGN

This spction provides guidelines for consideration
when determining repairs to components of heat
exchangegrs. Itimay be necessary for the user to have
complet¢d..aninspection of the components, consider
preViou: damagp pxppripnrpd or consider lessons

peratures, changes from normal to peaking service.
(d) determination if a pressure and/or temperature
rerate is required.
(e) determination if there is a need for condufting
failure analysis to reduce the potential for future ¢lam-
age. Reference also API 579/ ASME-FFS-1.

3.2 General

(a) Materials used for-replacement components ghall
be of the same material type as the original compqgnent
unless an engineering’ analysis is performed indicting
the need to change'the material due to the damage njech-
anism(s). This/analysis shall account for new m}cha-
nisms introduced due to potential material interactions.
When selecting the material to use, this analysis ghall
also_comnsider the need to match strength, toughpess,
and\P-number, and to meet the current toughhness
requirements of the applicable code of construction.

(b) Replacement components shall be of equpl or
greater thickness unless an engineering analysis is| per-
formed indicating the need for a thickness less than the
original component thickness.

(c) When considering the repair method for tubeg and
tube bundles, the user shall consider the impact of the
efficiency and other operational characteristics of the
heat exchanger due to the potential reduction of [heat
transfer area. Consultation with a heat transfer spedalist
may be necessary.

(d) The following additional factors should be
considered:

(1) Determination of acceptable wall loss{will
depend on a number of factors that include
(a) duration of current service run
(b) time to the next planned outage
(c) the criticality of the exchanger operation

learned in the operation of similar equipment prior to
beginning design work.

3.1 Existing Conditions

Existing conditions are as follows:

(a) the original design conditions and calculations.

(b) ensuring that the design conditions, with an
appropriate margin, correspond to the actual normal
operating modes including startup, shutdown, and
upset conditions.

(d) damage mechanisms that the tubes are
exposed to including the rate of corrosion

(e) historical rate of failure and whether that rate
has been increasing

(f) potential for metallurgical upgrade

(¢) the potential consequence due to tube failure

(h) equipment accessibility

(i) the scope of the inspection work

(j) the accuracy and effectiveness of the inspec-
tion method
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(2) For heat exchangers deemed critical to the oper-
ation and/or process safey of the facility, the following
should also be considered:

(a) total replacement of the tube bundle when
tubes inspected indicate a wall loss of 40% or more of
the initial, nominal thickness

(b) tube bundle replacement or individual tube
replacement when tubes inspected indicate a wall loss
of 20% to 40% of the initial, nominal thickness

Part 3 — Article 3.12

due to the potential for the plates to corrode at the
regions where the tubes penetrate the supports and lead
to tube vibration induced issues. If zero, consideration
should be given to assigning a nominal value of 3 mm
(% in.).

(2) Consideration should be given to use of alloy
support plates/baffles instead of thicker carbon steel;
however, harder material may result in more damage
to the tubes rather than the support plates/baffles. Also,

the effects of differential thermal expansion should be

3.3 [Tubes and Tube Bundles considered. Consultation with a materials /¢prrosions
(af Tubes and tube bundles should be assessed using specialist may also be necessary.

the flata obtained by inspection performed in accor- (3) The spacing between the support platgs should

dange with Mandatory Appendix I for the types of be evaluated and adjusted if analysis indicates [potential

repajrs to perform; plugging by welded, mechanical, or
frict{on fit plugs, partial replacement of the tube bundle,
or fyll replacement of the tube bundle.

(b} When considering the use of mechanical or friction
fit plugs, the user should consider the impact on the
efficlency and other operational characteristics of the
heat| exchanger due to the reduction of heat transfer
area| especially for heat exchangers that are deemed as
criti¢al to the operation and/or process safety of the
facility. Consultation with a heat transfer specialist may
be npcessary.

(c] Sleeves may be installed in tubes to line a region
of tybe damage or to restore tubes that have thinned.
They are not typically used for protection of tube ends;
see para. 3.3(d) and para. 4.4.

(d) Ferrules may be installed in tubes for entfance
erosjon protection of for thermal protection of tubeends.
They are not typically used for general tube damage;
see jparas. 3.3(c) and 4.3.

(e} For paras. 3.3(c) and (d), one should consider the
following;:

1) uniformity of contact between the sleeve or fer-
and tube, see paras. 4.3(b) and 4.4

2) possibility of crevice corrosion between the
sleeye or ferrule and tube

3) possibility oftbulging the tube, which can make
retubing difficult

4) additiohal-pressure drop

5) reduction of tube fluid flow due to the sleeve
rrule

6)._additional heat transfer resistance

ZL differential radial and axial thermal pypnncinn

rule

or fdg

vibration of tubes resulting in{ damaged tubep and/or
support plates. Evaluation pér’'TEMA RCB Sectfon 5 and
Section 6 should be considefed. Consultation wjith a heat
transfer specialist may*also be necessary.

(4) Tube stakes.are rods, strips, or othe
inserted betweefi tubes for bracing and/or [support.
They may be used to add tube support to ar] existing
bundle for/the purpose of eliminating tube yibration.
Installation requires access from the shell sidg, and the
main advantage is that disassembly of the tube bundle
is not'required. Special consideration may be Iecessary
fot’the use of stakes in U-tube bends becaijise some
stake designs require that the tubes be round and evenly
spaced.

Tube stakes were developed for use when p change
in tube material or an increased flow rate requfres addi-
tional tube supports, and increasing the numbér of sup-
port plates is not possible or desirable. They can be used
anytime additional tube support is required spich as to
provide additional support for deteriorated or lamaged
support plates, to provide additional support|between
segmented baffles, or to provide additional syipport at
inlet nozzles. If tube stakes are fabricated from flat bar
and inserted in every other tube row, it may be fecessary
to vary the bar thickness such that each tube is ¢ontacted
or even displaced from its original position.

Evaluation of the shell-side pressure d
changes in shell-side flow are necessary. The co
ity of tube and stake materials should be e
Also, the effects of differential thermal expansig
be considered.

(¢) If impingement protection is required t¢ prevent

F devices

Fop, and
mpatibil-
valuated.
n should

between sleeve or ferrule and tube
(f) The tube bundle supports should be assessed
using the data obtained by inspection performed in
accordance with Mandatory Appendix I. If data indi-
cates that failure of tubes is due to damaged support
plates, consideration should be given to replacing with
alternative designs. Specific items to consider include
the following;:
(1) The corrosion allowance provided for the sup-
port plate should be twice the value for the shell side
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flow-induced erosion, refer to applicable standards such
as API Standard 660, TEMA, and HEI for design
requirements.

3.4 Tubesheet

(a) Material used to replace a tubesheet shall be of
the same or greater allowable stress as used for the
original component.

(b) If an engineering analysis indicates tube replace-
ment of a larger diameter is required, additional analysis
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on the tubesheet shall be performed to determine if the
ligament efficiency is acceptable. The analysis shall meet
the original code of construction, or if this is not known,
the analysis shall meet the requirements of ASME BPVC
Section VIII, Division 1.

(c) Tubesheets should be assessed using the data
obtained by inspection performed by a method listed
in Mandatory Appendix II for determination of repair
or replacement of the tubesheet. Common conditions

ASME PCC-2-2015

(b) plugging a tube, see para. 4.2

(c) removing the tube and performing weld buildup
of the tube hole and then remachining the tube hole to
the original tube hole diameter. Design of the mechanical
joint should be made to the original code of construction,
an applicable post-construction code, or to ASME BPVC
Section VIII, Division 1, Appendix A. Caution must be
exercised to avoid damage to adjacent tubes.

(d) seal welding or strength welding of the joint.

for consideration include Design of the welded joint, if previously welded, should

(1) gracking (not through the total thickness) of  be made to the original code of construction, arrapplica-
tubeshedt on shell side; more typical in vertical units. ~ ble post-construction code, or to ASME BPVC
Installation of a tubesheet vent and drain should be  Section VIII, Division 1, Appendix A.(€orfsidergtion

consider
should H
of the tu
sheet thd
the tube
the tube
on the n

bd to promote liquid full operation. The vent
e a 19 mm (% in.) nozzle welded to the edge
besheet, with a 16 mm (% in.) hole in the tube-
t is parallel to the tubes to the midsection of
bheet, then normal to the tubes to the edge of
heet. A gate or ball valve should be installed
bzzle along with a blind flange or plug.

(2) geparation of weld overlay cladding resulting
from wire drawing of high-pressure tubeside fluid leak-
ing throfigh tube-to-tubesheet joints.

(3) ¢racking in the ligament of the tubesheet. A
failure apalysis should be performed to determine the
damage|mechanism. The decision to repair versus
replace the tubesheet should be based on the damage
mechanfsm along with the extent of the ligament
cracking

4)
side (shd
allowang
sheet sha
tion perf

(5)
face (tul
allowang
should ¢
performg
tively, th
buildup
mechani
thicknes
pursuing

orrosion of the tubesheet can occur on the back=
11 side) of the tubesheet. When the corrosion
e on the backside has been consumed, thé tube-
uld either be replaced or an engineerifigievalua-
ormed to determine its fitness for Service.
orrosion of the tubesheet can oceur on the front
e side) of the tubesheet. When the corrosion
e on the face has been consumed, the tubesheet
ither be replaced or ap-engineering evaluation
d to determine its fitnieSs for service. Alterna-
b face of the tubesheet may be repaired by weld
that is conditiened by grinding or other
Fal means such/that it is returned to the original
of the tuibesheet. Factors to consider when
this option include
(a) mimimum distance between the front face of
the tubeghéetand the groove for tube-to-tubesheet joints

should be given to the cleanliness of thejoint consid
potential residue from the fluids.

(e) consideration shall also bégiven to the effd
style of heat exchanger/on loading of
tube-to-tubesheet joint,.For example, a fixed
exchanger may have higher’loadings due to differg
thermal expansion than'a U-tube exchanger.

PTing

ct of

the
tube
ntial

3.6 Bimetallic Shéll-to-Tubesheet Welds

When the hell and tubesheet are made of diff
materials, the thermal stress between the shell and
sheet shiould be considered. A common soluti
crackifig of this weld is to change the shell mater
match the tubesheet. An entire shell may be repl
oti'bands or shell material may be installed adj
to the tubesheet. Reevaluation of the heat excha
mechanical design due to the change in thermal ex
sion or strength of the shell may be required.

prent
ube-
n to
al to
hced,
hcent
nger
pan-

3.7 Shell, Channel, or Other Pressure-Retaining
Components

(a) Materials used to replace or repair presqure-
retaining portions of a shell or channel shall be of the
same allowable stress as the original component, upless
additional analysis is performed to justify changing the
material.

(b) Replacement of these or other pressure-retajning
components shall comply with the applicable codle of
construction. For additional guidance on replacement,
see Article 3.1.

(c) Nonpressure-retaining portions of components
shall meet the original construction or applicable post-
construction code.

(b) the need for welding, strength or seal, of the
tube-to-tubesheet joint and the need for setback from
the front face

3.5 Tube-to-Tubesheet Joints

Tube-to-tubesheet joints should be assessed using the
data obtained by inspection performed by one of the
methods listed in para. 5.3 for determination of repair
type. Repair types for leaking joints include

(a) replacement of a damaged tube, see para. 4.6
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(d) Additional guidance on pass-partition plates may
be found in API Standard 660.

4 FABRICATION

4.1 General Considerations

(a) When multiple heat exchangers are in use in a
parallel configuration, consideration should be given to
the flow requirements for each exchanger. Experience
has shown that a single heat exchanger removed from
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service can result in higher flows to the other heat
exchanger(s) that may cause damage from erosion, tube
bundle vibrations, or other mechanical damage.

(b) Prior to repairs and to increase accuracy of inspec-
tion, the tubes should be evaluated for the need to be
cleaned. Cleaning may be performed by high pressure
water blasting, chemical solutions, or abrasive
blasting /scrubbing. Selection of a cleaning methodology
shall give consideration to the nature of fouling, tube

Part 3 — Article 3.12

Fig. 1 Typical Friction Fit Tapered Tube Plug

) 4

matgrial type, and tube enhancements.

1) High pressure water blasting is normally per-
fornfed at 70 MPa (10,000 psi). In some cases, ultra-high
prespure water blasting may be necessary at pressures
up tp 275 MPa (40,000 psi). Other factors essential to
rem¢val of deposits include water flow rate and the
sprajy tip configuration.

2) When cleaning with chemical solutions, a mate-
rials| engineer should be consulted to ensure no detri-
mental effects occur to the tubes and/or shell of the heat
exchianger. For example, a caustic solution should not
be upked in 300 series stainless steel tubes.

3) When performing abrasive blasting/scrubbing,
shall be exercised to ensure no adverse damage to
the thibes occurs. Deterioration of heat transfer capability
shall be considered when cleaning tubes with internal
comjponents designed to enhance heat transfer by
incr¢asing turbulence through the tubes.

(c] Inspection of the tubes periodically during the
Clezjiing process should be made to ensure consistent
resullts. Use of a boroscope may improve inspeetion
resufts.

(d) When a tube bundle must be remoyved,from its
shell for purposes of inspection or repair, ¢caution should
be exercised to avoid damage to the‘tubes or other
components.

(e] When it is known that a tube or multiple tubes
are leaking, consideration shallbe given to pulling a
tube| for failure analysis to-aid/in determination of the
dampge mechanism.

(fY All welded repaits shall be made using qualified
welding procedure€s.-Welders and welding operators
shall be qualified ih"accordance with the requirements
of the applicable“code of construction or the applicable
postrconstruction code. Welding procedure qualifica-
tiong shallinclude impact tests if required by the applica-
ble fode of construction for the component being

care

(a) All tubes that'are plugged should be pierced to
provide for venting and draining. When doing|so, verti-
cal tubes shotild be pierced at each end, and Horizontal
tubes shduld be pierced on top and bottom of|the tube.
Piercing. of each tube prevents possible plug|blowout
and‘permits the validation of the integrity of|the tube
plidg, see para. 4.2(b)(4). Large temperature differential
between tubeside and shell side may require|the tube
to be cut in two.

(b) Friction fit tapered plugs (Fig. 1) shall only be
used in services that meet all of the following canditions,
unless an engineering evaluation is performed indicat-
ing the acceptability of these plugs in other s¢rvices:

(1) shell-side operating pressure 1.5 MPa|(200 psi)
or less

(2) shell-side operating temperature 205°
or less

(3) tube-to-tubesheet joints are expanded
welded

NOTE: Inspection of the expanded tube for tube thinnfing should
be made to ensure that installation of the plug does fot further
damage the tube leading to seal failure between thd plug and
the tubes.

C (400°F)

and not

(4) tapered plugs that are installed where [tubes are
not pierced can present a serious safety hazapd. If the
tube cannot be pierced, the tube should be pulled or

other measures—should-be taken to—ensure ;Drsonne]

repaifed.

(g) Welding materials and processes shall be as cur-
rently permitted by the applicable code of construction
or post-construction code for the component. Welding
of carbon and low alloy steels should be performed with
low hydrogen electrodes and processes.

4.2 Tubeside Repair by Plugging

Repair of tubes may be accomplished by plugging
the tube at the tubesheet with a welded or mechanical
attachment.
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protection, such as welding the plug to the tubesheet
and draining all liquids from the tube being plugged.
(c) Mechanical plugs (Fig. 2) should be considered
in situations where friction fit tapered plugs are not
appropriate for the pressure and/or temperature of ser-
vice or other mechanical/environmental conditions.
These types of plugs have been used in services of up
to 50 MPa (7,000 psi) and 595°C (1,100°F). Mechanical
plugs are typically installed by a pneumatic or hydraulic
system. See Fig. 3. Other styles of plugs may be
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Fig. 2 Typical Mechanical Fit Tube Plugs

Fig. 3 T Installation of Mechanical Fit Tube Plugs
(©2006 P ourtesy of EST Group Inc., used with permission.)
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Fig. 4 Sample Chart: Number of Tube Failures by Month

Tube bundle
replacement should
he considered here

Number of Tlube Failures

Number of Months

consfidered for higher pressures. Consideration shall also
be gfven to the following;:

1) tubes with internal surface severely corroded or
cracked

2) when the tube and the plug have dissimilar
metgllurgy

3) installation in severely corrosive service

4) condition of the mechanical joint of the tube-
to-tybesheet in rolled tube situations

(d) A plug map should be developed to record the
number and location of tubes that have been plugged.
Addjitionally, the number of tubes, cumulative number
of tybes versus the duration, should be charted. When
the gharp turn in tube failure numbers occuirs; replace-
ment of the tube bundle should be considered. See Fig. 4
for gxample chart.

(e] Tracking of pressure loss due“to tube pluggage
shoyld be considered as some €xchanger types cannot
fundtion properly beyond cértain tubeside pressure
lossgs. Provisions for interhal bypass should be consid-
ered|if repair is not perférmed in order to prevent failure
of pfiss partitions. Proper design of this bypass can be
detefmined from industry references in section 7 of this
Artigle.

4.3 [Tubeside'Repair by Sleeving Tubes

(a} Sleeving versus tube replacement may be advanta-

eouswhen repairing previcusly nlucced tubes because
geous-whenrepairing previous ugged-tubes-becaus

(c) A map should bée'developed to record th¢ number
and location of tubes that have been sleeved. Addition-
ally, the number of tubes, cumulative numbey of tubes
versus the{service time should be charted. If a sharp
increase i tube failures occurs, replacement of the tube
bundlershould be considered. See Fig. 4 for|example
chart:

4.4 Tubeside Repair by Ferrule Installation

Ferrules may be held in place by a flanged pnd with
a tight fit to the tube inside diameter, by expanding the
ends of the ferrule into the tube at the tubeshget, or by
welding. Uniform contact with the tube may bejachieved
by roller or hydraulic expansion of the ferrjule. One
should consider the possibility of bulging the tube,
which can make retubing difficult. A mock-up may be
advisable to ensure weld or expansion quality}.

4.5 Tubeside Repair by Pulling Tubes

(a) Pulling the tube from the exchanger and plugging
the tubesheet as described in para. 4.2 should he consid-
ered as a repair option when plugging is nof a viable
alternative, or when the tube will be retained f¢r labora-
tory metallurgical analysis or other specific exapination.

(b) When pulling a tube and not replacing, [potential
damage to the baffle could occur and considgration to
replacing the tube should be made. Consultation with

of perforations in discreet identifiable locations, or to
bridge failures in discreet locations of tubes that are
otherwise intact.

(b) The methods of sleeve installation include the fol-
lowing: forcing a ball though the sleeve, welding the
ends of the sleeve, roller expansion of the sleeve, explo-
sive bonding of the sleeve and hydraulic expansion of
the sleeve. One should consider the possibility of bulg-
ing the tube, which can make retubing difficult. A mock-
up may be advisable to ensure weld or expansion quality.

a heat transfer specialist may also be necessary.

4.6 Tubeside Repair by Replacement

Repair may be performed by tube replacement, which
may be accomplished in one of the following methods:

(a) replacing individual tubes, which may include
repair/refurbishing of the tubesheet in the area of the
subject tube.

(b) replacement of the entire tube bundle. See
para. 3.2(c).


https://asmenormdoc.com/api2/?name=ASME PCC-2 2015.pdf

Part 3 — Article 3.12

4.7 Tubesheet Repair

4.7.1 Weld Repair of Cracks

(a) Repair of general cracks that are not completely
through the thickness of the tubesheet and are not in
the ligaments may be made in accordance with the
guidelines of Article 3.4.

(b) Repair of general cracks that are through the thick-
ness of the tubesheet and not in the ligaments may be

ASME PCC-2-2015

4.8.2 Weld Buildup Repair of Tube Holes and
Machining

(1) When a tube is replaced and the tube hole has
been damaged, repair may be effected by weld buildup
and machining of the hole.

(b) All welded tube hole repairs shall be made using
qualified welding procedures. Welders and welding
operators shall be qualified in accordance with the
requirements of the applicable code of construction or

repairedrll:)y preparing a U- of V-shaped groove to the
full depth and length of the crack and then filling the
groove with weld metal in accordance with paras. 4.7.1
and 4.7.3.

(c) Repair of cracks in the ligament area of the tube-
sheet mgqy be made in accordance with (a) or (b) above.
Considegation may also be given to performing an engi-
neering gnalysis to determine if the equipment may con-
tinue to|operate with the damaged tubesheet. This
analysid may be performed in accordance with
API 579/ ASME FFS-1 or other post-construction
standard.

(d) When making tubesheet repairs, consideration
should b given to the impact of this repair on the tubes
in the gdneral area of the repair. The following actions
may be fecessary:

(1) femoval of tubes in the general area of the repair.
See para| 4.5(b).
(2) fepair of the tube-to-tubesheet joints.
4.7.2| Face Repair by Overlay and Machining
(a) Geperal and localized thinning of tubesheets may
be repaifed by overlay welding and remachining of
the face.
(b) Sge Article 2.2 for additional items of
considerption.

4.8 Tube-to-Tubesheet Joint Repair

4.8.1
(a) Cl4
determir]
prior to
(b) Tu

Re-Expanding

aning and inspection shall be performed to
e the conditionef the tube-to-tubesheet joint
berforming.this type of repair. See para. 4.1.
be-to-tubesheet joints with leaks of a small flow
rate, otllerwise Khown as weeping tubes, where no
apparenf daimage has occurred to the seating surfaces,
may be eeXpanded to obtain an acceptable mechanical

the applicable post-construction code. Welding, proce-
dure qualifications shall include impact tests ifreqtiired
by the applicable code of construction for the\ttibesheet.

(c) Welding materials and processes shall be as| cur-
rently permitted by the applicable code/of construftion
or post-construction code for the tibesheet. Welding of
carbon and low alloy steels shotild be performed [with
low hydrogen electrodes and‘processes.

(d) Machining of the hole'shall be to original man
turer’s specifications for.diameter and grooving.

4.8.3 Seal Welding or Strength Welding

(a) Tube-to-tubesheet welds shall be in accord|
with the applicable code of constructior
post-construction code.

(b) If seal*welds are to be made, consideration
be given to the mechanical tube-to-tubesheet joint to
enste its strength. If seal welds are determined fo be
inadequate, the weld shall be full strength to ensure the
integrity of the joint.

(c) All welds shall be made using qualified wel
procedures. Welders and welding operators sha
qualified in accordance with the requirements o
applicable code of construction or the applicable
construction code. Welding procedure qualifica
shall include impact tests as required by the appli
code of construction for the tubesheet.

(d) Welding materials and processes shall be as{ cur-
rently permitted by the applicable code of construftion
or post-construction code for the tubesheet. Welding of
carbon and low alloy steels should be performed [with
low hydrogen electrodes and processes.

hfac-

ance
or

shall

ding
11 be
[ the
bost-
ions

rable

4.9 Repair of Pressure Containment Components

med
bost-
2.2.

Repairs to the heat exchanger shell may be perfos
to the original code of construction or applicable
construction code. See also Article 2.1 and Article

fit of tube to tubesheet. Rerolling is one acceptable
method of re-expanding.

(c) Prior to re-expanding, the existing inside diameter
of the tube in the tubesheet shall be determined as well
as the loss of material due to corrosion/erosion.
Calculations for allowable maximum inside diameter
shall be based on measured field conditions, tube prop-
erties, and tubesheet ligament condition.

(d) See ASME BPVC Section VIII, Division 1,
Appendix HH for additional considerations.
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5 EXAMINATION

Examination of heat exchangers typically covers three
areas; external, internal, and tube bundle. It is not neces-
sary for each inspection to have the same frequency.

5.1 Examination of Tubes and Tube Bundle

It is important for the proper examination technique
to be selected for the application at hand. The following
nondestructive examination (NDE) techniques should
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be considered for the given application. See also Table I-1
in Mandatory Appendix I for effectiveness of examina-
tion methods. Other examination methods may be cho-
sen by the owner/operator, as follows:

(a) Eddy Current Examination (ET) is generally
selected for inspection of nonferromagnetic tubes, or
those that are slightly magnetic. Note that the sensitivity
of this method decreases for the U-bend portion of
U-tube bundles.

Part 3 — Article 3.12

(c) visual examination (VT) in accordance with
ASME BPVC Section V, Article 9

5.3 Examination of Tubesheet Repair

(a) VT in-process weld examination shall be
performed.

(b) Surface examination by PT shall be performed at
the completion of the weld repair.

(c) Volumetric examination by UT should be consid-

(b} Remote Field Eddy Current (RFET) is generally
used for inspection of ferromagnetic tubes. Its sensitivity
and faccuracy may be less than desired or required and
will frequire a higher number of tubes to be inspected.
It isja quicker method than ultrasonic methods.

(c] Partial Saturation Eddy Current (PSET) can locate
and [size cracks in ferromagnetic tubes. It might not be
sensftive to O.D. defects.

(d) Magnetic Flux Leakage (MFL) may also be
selegted for inspection of ferromagnetic tubes. However,
sensftivity of this method can be poor for carbon steel
tubep, and might only be best at determining the overall
condition of the tube, not determining individual defect
location.

(e] Ultrasonic examination systems designed to mea-
sure| tube wall thickness may be used for small heat
exchlangers, where damage may be localized, or for vali-
datipn of other NDE results. These ultrasonic examina-
tion pystems are particularly suited for carbon steel tubes
due |to the lack of sensitivity of other NDE methods.
One|type of system is the Internal Rotary Ultrasonic
Inspection (IRIS) system. IRIS is an accurate NDE
method for detecting and sizing L.D. and\©:D. metal
loss |n tubes. Another type of system is Shear Wave IRIS
(SWIRIS) and this can be effective fordetecting I.D. and
O.D] cracks. Both IRIS and SWIRIStequire clean tubes.

(f) Other NDE methods may bejmore appropriate for
the ihspection. Considerationt should be given to the use
of rgdiography (RT) or video probe inspection. These
methods may be betterx suited for inspection of the
U-bgnd portion of Y-tube bundles.

(g) Consideration‘should be given to the monitoring
and [trending, ef~tube condition as part of a predictive
maintenance\and/or replacement program.

(h) The minimum number of tubes to be inspected
may| be-determined by the methods provided in

ered when there is a possibility of additionalflqws being
introduced to the tubesheet during the repair.

5.4 Examination of Pressure Containment
Components Repairs

nd PT or
b deemed
ty of the

(a) All welded repairs should yreceive VT a
MT examination, especially fot heat exchanger:
critical to the operationyafid/or process safe
facility.

(b) Where possible, - welded repairs shall recg
metric examination by RT or UT.

ive volu-

6 TESTING

Following completion of the inspection, a pre|
or tightness test in accordance with Article 5.1
cofisidered, particularly if the integrity
tube-to-tubesheet joint is in question.

ssure test
hould be
of the
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Article 3.12, Mandatory Appendix |
Methods for Determining Minimum Number of Tubes to
Inspect

Part 3 — Article 3.12, Mandatory Appendix |

Introduction
is Mandatory Appendix provides general good rec-

ommiendations and requirements for determining the

num
user
the 1
base)

I-1.1

TH
shou
(a
for K
500
(b
tube
(c
tube
(d
tube

1-1.2
Th
exarn
(a
the 1
(b

ber of tubes to inspect by different methods. The
may select any method, and may also deviate from
ecommendations and requirements of each method
[ on the requirements of the heat exchanger.

Fixed Tube Count

e following minimum number of tubes inspected
1d be considered:

50 tubes or 25% of tube total, whichever is greater,
eat exchangers with a total tube count of less than
ubes

20% of tube total for heat exchangers with a total
count of 500 tubes or more, up to 750 tubes

15% of tube total for heat exchangers with a total
count of 750 tubes or more, up to 1,000 tubes

10% of tube total for heat exchangers with a total
count of more than 1,000 tubes

Tube Bundle

e following areas of the tube bundlé should be
hined at a minimum:

the first three rows adjacent to-the inlet nozzle and
st two rows adjacent to the exit nozzle.

every second tube around the perimeter of the

bundlle. For multipass heat\exchangers, the perimeter

of es

(c

ch pass shall be in¢luded.
a selection of tutbes in the interior section of the

bundlle.

(d
(e
(f

an a

areas withahistory of active damage mechanisms.
areas that*have not previously been examined.

failure\of 10% of the tubes examined shall require
Hditional 10% of tubes to be examined in the exam-

ined

area, as per (a) fhrm]gh (e)

I-1.3 Use of Inspection Planning

(a) An inspection planning program/may |

mented to determine the number of tubes to in:

the frequency at which the tubes.shall be insy

(b) Program implementation guidelines are

in ASME PCC-3. The fgllowing factors s}

considered:
(1) inspection gefféctiveness required, see
for various effectivenhess and the associated m
inspection.
(2) maxifaum inspection interval permitt
(3) type of inspection required for the s
damage'mechanism. See Table I-1 for additiong
(c)\See para. 5.1 for inspection methods.

I<1.4 Use of Extreme Value Analysis (EVA)

(a) Use of EVA makes it possible to accuratg
the remaining life of large numbers of tubes u
tively minimal data.

(b) EVA assessment is based on ASTM|
“Standard Practice for Extreme Value An
Nonmetallic Inclusions in Steel and
Microstructural Features.”

(c) Use of EVA to assess the maximum wall
has been described in conference publicat
Table I-1, Note (4).

(d) The EVA method and results may be incg
into an inspection planning assessment.

(e) With smaller sample sizes, ideally 20 to
regardless of the number of tubes in the exchg
appropriate inspection effectiveness may be
by using the lower bound value of 99%, 95%,
80% confidence intervals.

e imple-
spect and
ected.

provided
ould be

Table I-1
bthods of

bd.
uspected
11 details.

ly assess
bing rela-

E 2283,
hlysis of
Other

loss data
ons; see

rporated

30 tubes
nger, the
achieved
D0%, and

139


https://asmenormdoc.com/api2/?name=ASME PCC-2 2015.pdf

Part 3 — Article 3.12, Mandatory Appendix | ASME PCC-2-2015

Table I-1 Inspection Effectiveness Table

Number of
Nonferrous
Number of Ferrous Tubes by Number of Tubes
Inspection Tubes by Intrusive Intrusive by Nonintrusive
Effectiveness Damage to Inspection Inspection Inspection Inspection
Category Consider Method Methods Methods Methods
Highly effective Wall loss IRIS 80% to 100% 80% to 100% Not applicable
[excluding MIC]
IRIS and EVA 20 to 30 20 to 30
99% Cl as
lower bound
RFET or MFL 100% and pull Not applicable
2 worst tubes
for lab analysis
ET Not applicable 100%
Cracking SWIRIS 100% Not @pplicable
Cracking or MIC ET Not applicable 100%

Usually effpctive Wall loss or IRIS 60% to 80% 60% to 80% Profile RT 50%
localized and at 0 deg 4nd
general corrosion 90 deg
(excluding MIC)

IRIS and EVA 20 to(30 20 to 30
95% Cl as
lower bound
RFET or MFL 100% and use Not applicable
IRIS on 2
worst tubes
PSET 90% Not applicable
ET Not applicable 80%
Cracking SWIRIS 80% Not applicable
PSET 100% Not applicable
Crackihgwor MIC ET Not applicable 80%

Fairly effedtive Wall loss IRIS 40% to 60% 40% to 60% Not applidable
(extluding MIC)

IRIS and EVA 20 to 30 20 to 30
90% Cl as
lower bound
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Table I-1 Inspection Effectiveness Table (Cont’d)
Number of
Nonferrous
Number of Ferrous Tubes by Number of Tubes
Inspection Tubes by Intrusive Intrusive by Nonintrusive
Effectiveness Damage to Inspection Inspection Inspection Inspection
Category Consider Method Methods Methods Methods
RFET or MFL 80% and use Not applicable
IRIS on 2
worst tubes
PSET 70% Not applicable
ET Not applicable 60%
Cracking SWIRIS 60% Not applicable
PSET 80% Notlapplicable
RFET or MFL 100%
Cracking or MIC ET Not applicable 50%
Poorly effective Wall loss IRIS 20% to 40% 20% to 40% Not gpplicable
(excluding MIC)
IRIS and EVA 20 to.30 20 to 30
80% Cl as
lower bound
RFET or MFL 60% and use Not applicable
IRIS on 2
worst tubes
PSET 50% Not applicable
ET. Not applicable 40%
Cracking SWIRIS 40% Not applicable
PSET 60% Not applicable
RFET or MFL 80%
Gracking or MIC ET Not applicable 30%
GENERAL NOTES:
(@ MIC — microbiologicaly induced corrosion
(b) IRIS — interhal\rotary inspection system
(0 EVA — extremie value analysis
(d) RFET &-remote field eddy current
(e) MFL\=magnetic flux leakage
() ET— eddy current testing

(g) SWIRIS — shear wave internal rotary inspection system
(h) PSET — partial saturation eddy current
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Article 3.12, Mandatory Appendix Il
Examination of Pressure Containment Components

-1 EXAMINATION

Examipation of the shell, channel, and other pressure
containnpent components, excluding the tubes, may be

performg
(a) RT]
(b) UT

(c) MT

(d) V1

1I-2 INSPECTION

d by any of the following methods:

(e) internal inspection by removal of tube bundle
(f) intlernal inspection by remote camera or other

inspectid

n probe instrument

The inspection of these components should occu]
currently with the inspection of the tubes.

II-3 SUITABILITY

Pressure containment comiponents are particu
suited for inspection planning methods suc
described by ASME PCE-3-

con-

Jarly
h as
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PART 4
NONMETALLIC AND BONDED REPAIRS

1 DESCRIPTION

1.1 |Scope

(a) This Article provides the requirements for the
repajr of fluid system components (e.g., pipework, pipe-
lines, tanks, and vessels) using a qualified Repair
System.

(b} The Repair System is defined as a combination of
the following elements for which qualification testing
has peen completed:

1) substrate (component)

2) surface preparation

3) composite material (repair lamirate)

4) load transfer material (filler material)

5) primer layer adhesive (amtadhesive used in
some repair systems, attaching the-composite laminate
to the substrate)

6) application method (including sealing, coating,
etc., Jas needed)

7) curing protogol

8) interlaminak adhesive for Repair Systems that
utilife precurved plies

(c] The cgmposite materials allowed for the Repair
System include, but are not limited to, glass, aramid, or
carbpn-fibér reinforcement in a thermoset polymer (e.g.,

rathamna o sz ackar o amas o)

Article 4.1
Nonmetallic Composite Repair Systems: High:Risk
Applications

(2) the repaifof tanks originally designed|in accor-
dance with awatiety of construction standards, includ-
ing AWWA~D100, AWWA D103, API 620, API 650,
BS EN 18121-2, and PD 5500

(3 the repair of vessels originally desfigned in
accordance with a variety of construction standards,
including ASME BPV Code, BS EN 13121-2, and PD 5500

(b) The Repair System qualification, design] installa-
tion, and operational requirements provided in this
Article covers situations involving damage c¢mmonly
encountered in fluid systems.

(c) The following type of defects can be repajired (and
are assessed in para. 3.3.3):

(1) external corrosion where structural inftegrity is
compromised. In this case it is probable the agplication
of a Repair System will arrest further deteriogation.

(2) external damage such as dents, gouges, fretting,
or wear (at supports).

(3) cracks can be repaired in accordance with this
Article if they are prepared in accordance with excava-
tion requirements of Article 3.4.

(4) either internal corrosion or erosion (l¢aking or
nonleaking). In this case, it is probable that forrosion
will continue and the assessment needs to takd this into
account.

(5) leaks.

olvester—poelna oli
polyesterporyaretiane, preRone,Vyresteror-epoxy;

matrix. Fibers shall be continuous.

1.2 Applicability

(a) This Article is applicable to a wide variety of com-
ponents as follows:

(1) the repair of pipework and pipelines originally
designed in accordance with a variety of construction
standards, including ASME B31.1/B31.3/B31.4/B31.8,
and ISO 15649 and ISO 13623

(6) manufacturing or fabrication defects.

(d) Internal fluids and external environments affect
the compatibility of the composite. The pressure/
temperature limits are dependent on the type of damage
being repaired and the Repair System being used. These
limits are determined by the testing and qualification
requirements of this Article. A lower temperature limit
of —50°C (-58°F) can be assumed unless a lower temper-
ature capability is demonstrated through qualification
testing.
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(e) This Article applies to repairs to both metallic and
nonmetallic (substrate) materials.

1.3 Risk Assessment

(a) An assessment of the risks associated with the
defect and repair method shall be completed in line with
the relevant industry best practice. When applying a
Repair System in accordance with this Article the follow-
ing items shall be considered:

ASME PCC-2-2015

2.2 Qualification

(a) The use of this Article shall be limited to those
Repair Systems for which the qualification testing
described in Mandatory Appendix II has been com-
pleted (see para. 3.2 for qualification data).

(b) Any change to any element of the Repair System
(see para. 1.1 for scope) shall constitute a different and
therefore new Repair System.

(c) Thisnew Repair System shall require qualification

(1) gssessment of the nature and location of the
defects

(2) glesign and operating conditions for the compo-
nent and contents (including pressure, temperature,
sizes, anfl combinations thereof)

(3) fepair life (see para. 1.4)

(4) geometry of the component being repaired

(5) hazards associated with system service

(6) the availability of the personnel with the neces-
sary skills

(7) the ease with which it is practicable to execute
surface preparation operations

(8) performance under upset and major incident
situations including impact, abrasion, fire, explosion,
collisionf and environmental loading

(9) failure modes

(10) |inspectability

(11) |the Repair System materials

(b) The information and data describing any hazards
shall be Included in the method statement (para. 4.4) to
be used pn-site.

(c) The application of these Repair Systems to piping
will typifkally change the mode of failure from tupture
to aleak |A repair applied in accordance with this Article
will redyce the probability of failure.

1.4 Rephir Life

The specified repair life shall be) defined by the risk
assessmgnt, and the achievable repair life will depend
on the Repair System. Thetachievable life of the Repair
System fpr a specific application can be affected by envi-
ronmenthl exposures/agtive internal degradation mech-
anisms, and external*mechanical influences.

1.5 Defect Assessment
Defect]

as described in Mandatory Appendix II. Séefalso
para. 3.6 for requalification.

(d) The Repair System supplier shall state”the [type
of defects (as listed in Part 1, Table 1 Guide for the
Selection of Repair Technique) to which their Repair
System has been qualified against,

2.3 Installation

The installation proceddres shall be those used ih the
Repair System qualification. If the installation ppoce-
dures are not those used in the Repair System qualjfica-
tion, then the repair is not in compliance with| this
Article.

3 DESIGN

3.1.Symbols
These are the symbols used throughout this Article.

D = component outside diameter, mm (in.

d = diameter (or diameter of the equivalent cir-
cle) of the defect or leaking region, mmy (in.)

E, = tensile modulus for the composite lamjnate
in the axial direction determined by| test
according to Table 1, N/m? (psi)

Ese = (B X EC)O‘S N/mz (PSl)

E. = tensile modulus for the composite lamjnate
in the circumferential direction deternjined
by test according to Table 1, N/m? (psi)

E; = tensile modulus for substrate matdrial,
N/m? (psi)

F = sum axial tensile loads due to presgure,
bending, and axial thrust, N (Ib). Notq that

the axial tensile load generated by an
applied bending moment is (4M/D)
service factor from Table 4

equivalent.

2 LIMITATIONS

assessment in the host component can be per- J: ¢ = fyChC d(iratlrzg fas’cor e s
formed with the prevailing Iitness-for-service standard, fr—=—temperature derating factor determined by
e.g, ASME B31G, API 579/ASME FFS-1, BS 7910, or egs. (1) and (2) _ .

Gs1 = shear modulus for the composite laminate,
N/m? (psi), determined in accordance with

Table 1
HDT = heat distortion temperature, °C (°F), deter-

. . mined in accordance with Table 1
2.1 Additional Requirements h = buried depth of component, mm (in.)

Part 1 of this Standard contains additional require- L = total axial repair length, mm (in.)
ments and limitations. This Article shall be used in con- I = axial length of defect, mm (in.), to be used

junction with Part 1.
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Lgefect = axial length of the defect, mm (in.) w = width of defect in hoop direction to be used
Lover = overlap length, mm (in.) in test specified in Mandatory Appendix III,
Liaper = taper length, mm (in.) mm (in.) ' o .
M = applied bending moment, N-m (Ib-in.) a, = thermal expansion Foeff1.c1ent. of the repair
N = number of cycles lamlnate in .the axial dlI‘eCth.l’l by deter-
n = number of wraps mined test in accordance with Table 1,
p o-1 (op-1
P = internal design pressure, N/ m? (psi) Cc CF)
P lied 1 ’ N/m? . a, = thermal expansion coefficient of the repair
. = applie 1ex’cfrna pI‘eSSliI;el, /m .\(PSI) laminate in the circumferential direction by
Pexfom—=extermatsoit-pressure; N7 <psi) determined test in accordance with Table 1,
Mive = internal pressure within the component dur- oC1 (°F
ing application of the repair, N/m” (psi) a; = thermal expansion coefficient of|the sub-
Hrax = maximum internal pressure of the pressure strate, °C™! (°F )
cycle, N/m? (psi) v = toughness parameter-(energy reldase rate)
Hmin = minimum internal pressure of the pressure for the composit¢ —substrate Interface
cycle, N/m? (psi) measured acfording to Madndatory
Py, = MAWP/MAOP/MOP for the component Appendix IVAV/ m? (in.-Ib/ in.z)
with the defect determined from API 579/ Ycr = toughness.parameter lower confid¢nce limit
ASME FFS-1, ASME B31G, or equivalent, per Mandatory Appendix IV
N/m? (psi), including consideration of Yeoil = soil unitweight, kN/m? (Ib/in.%) [in absence
future corrosion allowance of '‘data, assume vy, = 18 kN /m3
Piest = test pressure, N/m? (psi) (0072 Ib/in?%)]
P}/ = pressure of the undamaged Component to AT < temperature difference (absolute) between
yield, N /m? (psi) operation and installation, °C (°F
R. = cyclic loading severity, defined as: e, = allowable axial strain obtained from
Rc = Pmin/Pmax €q. (1Ob)
s = SMYS (Specified Minimum Yield Strength €. = allowable circumferential strain pbtained
derated as required by the appropriate cons from eq. (10‘.1) _ _
struction code) of component, N /m> (psi) €0 = allowable a>flal strain obfcamed f.rom Ta‘?le 3
s, = measured yield strength of componént or €0 = allowable circumferential strain pbtained
mill certification, N/m? (psi) from Table 3
sc = characteristic tensile strength-o6f:composite & = thermal strain 0, .
in circumferential (hoop) direetion, where T= lap shea}r str?ngth, N/m (ps1). .
the characteristic strength, i equal to the Ya = Po1sson.s ratio for .the .composﬂe lan.lma.te
mean strength, N /m? (psi), in accordance in the c1rc1.1mfe.rent1.a1 direction (load in cir-
with Table 1 cumferential direction, contraction in axial
st = 95% lower confidence limit of the long-term %;ﬁztlfn) determined by test accprding to
strength determined by performance testing
Efr‘;czozd:il;ce with Mandatory AppendixIl, 35 pepair System Qualification Data
T, = desigh femperature, °C (°F) (a) Ql.lalification of the'Repair System shall be com-
T, = glass-transition temperature, °C (°F) pleted in accordance with Table 1 and Mgndatory
T,, =‘upper temperature limit of Repair System Appendix II.
m pper tempe € of kep y ’ .
*C (°F) ' (b) All components (e.g., primer, load transfer mate-
e inal wall thickn. f original ! rial, and composite) of the Repair System shall|be tested
nominal wa lckness of original compo to define thermal performance
; _ nolent, mlm (1n.i hick f th it (c) Materials performance and test data shall be mea-
layer = Py OF fayer thickness ol the COMPOSILE g ired by a certified or nationally accredited test facility,
rePa‘u* matenal( mn} (in.) ) or certified by a registered Professional Engineer (or
fmin = minimum repair thickness, mm (in.) international equivalent).
trepair = design repair thickness, mm (in.) (d) Repair System qualification data shall be mea-
f; = minimum remaining wall thickness of the  sured for a representative member of each family of
component, mm (in.) substrate materials (e.g., carbon steel, low and high alloy
test = test thickness of composite, mm (in.) (from  steel, stainless steel, aluminum, polyethylene, PVC,
Mandatory Appendix V) ABS, fiber-reinforced polymer, concrete, etc.) for which
W = width of slot defect, mm (in.) qualification for use of the Repair System is desired.
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Table 1 Repair System Required Material and Performance Properties
Property Test Type Detail Properties Minimum Values Test Methods
Primary Properties
Tensile strength (Sya, Swp) Mandatory Tensile strength (s), Strain to failure ISO 527,
and tensile modulus modulus (£), Pois- must be >1% ASTM D3039
(E) son’s ratio (for leak-
ing pipes and some
design cases; strain
tU fa;'lulc ;II ‘UUt:I
hoop and axial direc-
tions)
In-plane sijear modulus Mandatory for Modulus only (G34) None ASTM B5379
leaking pipes
only
Per ply thigkness Mandatory Thickness per ply None None (may be
determined ffom
the tensile tgsts
above)
Hardness Mandatory Barcol or Shore None BS EN 59,
hardness data ISO 868,
ASTM D2583
ASTM D2240]
Coefficient]of thermal Mandatory CTE value None I1SO 11359-2,
expansiof ASTM E831
Glass trangition Mandatory or Glass transition tem-« None, except I1SO 11357-2,
temperatfire (T,) use HDT perature (7,) that this can ASTM E831,
below determine the ASTM E1640
maximum ASTM E6604
operating
temperature
of the com-
posite system
Heat distoftion Mandatory or Heat distortion temper- None, except I1SO 75,
temperatyire (HDT) use T, above ature (HDT) that this can ASTM D648
[Note (1) determine the
maximum
operating
temperature
of the com-
posite system
Lap shear pdhesion Mandatory Shear strength of com- 4 NM/m? BS EN 1465,
strength [Note (2)] posite bond to subs- (580 psi) ASTM D3165]
trate ASTM D5868
Impact pefformance Mandatory for Low velocity impact Withstand drop Mandatory
leaking pipes performance test per Appendix VI
only Mandatory
Appclld; 4
Energy release rate () Mandatory for Toughness parameter, None Mandatory
leaking pipes energy release rate Appendix IV
only 6]
Long-term lap shear Optional Measurement of lap 30% of lap Mandatory
performance shear strength after shear adhe- Appendix II-2

1,000-hr heat
exposure
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Table 1 Repair System Required Material and Performance Properties (Cont’d)

Property Test Type Detail Properties Minimum Values Test Methods

Primary Properties

Structural strengthening Mandatory Wrapped pipe Wrap must not Mandatory

with defect must fail Appendix Il
withstand a short-
term pressure test

Long-term strength Optional Determine long-term None [Note (4)] Mandatory
[Note (3)] (creep-rupture) Appendjx V,
strength of the wrap ASTM=D2990,
by either of three ASTM D2992
methods
Cathddic disbondment Mandatory for Disbondment None ASTM G8
cathodically ASTM G42,
protected ASTM Q95
pipes
Cyclid loading Optional None None ISO 14692,
1SO 24417
Electrfical conductivity Optional None None ISO 14692,
ASTM D149
Chenfical compatibility Optional None None ASTM D53,
ASTM (p81,
ASTM DB681,
ISO 10952
Comgressive modulus Mandatory Load transfek None ASTM Dé6p5,
material ASTM DI6641,
ISO 604,
ISO 14126
NOTEp:
(1) For the matrix polymer (without the reinforcing fibers); use ASTM D648 to measure HDT under a load of 1.82 MPa (264 psi). [As an
ajternative, when measuring HDT for reinforced-polymers, the minimum load should be 18 MPa (2,640 psi).
(2) When using ASTM D3165, ASTM D5868, or BS*EN 1465, it shall serve to provide general guidelines for this test. A sample of the com-
ppsite instead of just the adhesive should\be'used between the plates.
(3) When using ASTM D2990 and ASTM P2992, they shall serve to provide general guidelines for this test.
(4) This test qualifies the wrap pursuant te“Table 5.
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3.2.1 Basic Material Documentation

(a) This shall include a statement of the polymer sys-
tems, including reinforcements used, and any standards
to which they are supplied.

(b) Basic data on material compatibility with the
working environment shall also be available.

(1) It shall be ensured that any chemical interaction

between the composite and substrate will not cause fur-
ther degradation in the substrate surface.

ASME PCC-2-2015

(b) An example of a design data sheet is provided in
Mandatory Appendix I.

3.3.1 Original Equipment Design Data. The follow-
ing items may be relevant original equipment design
data:

(a) component line lists (i.e., bill of material listing) or
other documentation showing process design conditions
and a description of the categorization class including

material-specification—wall-thickness—and-pressure—
r 7 7 r

(2) [Consideration may need to be given to the
effects of the polymer resin systems and their associated
curing agents.

(c) Pafticular attention may need to be given to carbon
FRP lamjnates and the potential for bimetallic (galvanic)
corrosion of the host substrate.

3.2.2| Surface Preparation. The durability of a
bonded @ssembly under applied load is determined by
the qualfty of the surface preparation used.

(a) The specific method of surface preparation shall
be an iftegral part of the Repair System and its
qualificafion.

(b) Anly change in the surface preparation method
requireq requalification of the Repair System (see
Mandatdry Appendix VIII).

3.2.3
these sh{
(a) ter
(b) uly

Short-Term Test Data. For the Repair System,
11 include the following:

sile strength

imate tensile strain and modulus, in both the

hoop andl axial directions
(c) strength of the adhesive bond between the repair
laminate| and the substrate material
(d) optionally the energy release rate
3.2.4|Long-Term Test Data
(a) Fof the Repair System, these-shall include the
following;:
(1) ptrength of the adhesive’bond between the
repair laminate, substrate, and*filler material
(2) pptionally the longsterm tensile strain of the
repair laminate
(b) “Llong-term”.is_defined as greater or equal to
1,000 hr.
3.3 Reqpired-Data
(a) T

repair:

(1) The detail to which these requirements are ful-
filled may be determined by the output of the risk
assessment.

(2) Original equipment design data, maintenance
and operational histories shall be provided by the owner.

(3) Material data shall be provided by the Repair
System supplier.

(4) The availability of relevant data should be con-
sidered in the risk assessment.
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temperature rating

(b) isometric drawings including sufficientdeta
permit a component flexibility calculation if this ang
is deemed necessary

(c) specification of all operating mechanical loadf not
included in the above, including-upset conditions

(d) original design calculations

Is to
lysis

3.3.2 Maintenance and-Operational History. Thg fol-
lowing items may be relevant maintenance and opera-
tional history:

(a) documentation-of any significant changes in
vice conditions ineluding pressure, temperature,
content, and ‘corfosion rate

(b) past.service conditions

(c) summary of all alterations and past repairs
to the.€édmponent section of concern

(d) inspection reports detailing the nature and e
of damage to be repaired

3.3.3 Service Condition Data.

shall be determined:

(a) lifetime requirements/expectation of the r¢pair
service life

(b) required design and operating pressures (int
and external)/temperatures

(c) expected future service conditions

(d) if applicable, MAWP/MAOP/MOP as stated by
the owner or as calculated according to the requirenpents
of ASME B31G, API579/API FFS-1, BS 7910, or applica-
ble construction code

ser-
fluid
local

ktent

The following |data

brnal

3.4 Design Methodology

3.4.1 Overview. The design of the repair lam
shall be carried out using the requirements in the fo
ing sections.

nate
low-

(1) Type A Components not leaking,
requiring structural reinforcement only. One of the fol-
lowing three design methods shall be used:

(a) include allowance for original component (see
para. 3.4.3) where yielding of the component may or
may not be included

(b) exclude allowance for original component
(see para. 3.4.4)

(c) long-term performance test data (see
para. 3.4.5).
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Table 2 Service Temperature Limits for Repair

Systems
Property Substrate Leaking, Substrate Not
Measurement Tm Leaking, T,
T T, = 30°C (54°F) T, = 20°C (36°F)
HDT HDT — 25°C (45°F) HDT - 15°C (27°F)

Part 4 — Article 4.1

D (E
Fmin =£(E_C)(P_PS) (3)

(c) For axial stresses due to internal pressure, bending,
and axial thrust, the minimum repair laminate thickness,
tmin, 1S given by

D (E 2F
fmin = % (E_c> : ('n'_Dz - P5> 4)

2) Type B Design Case. Components leaking requir-
ing dtructural reinforcement and sealing of through-wall
defefts.

(a) The design method in para. 3.4.6 shall be used
in adldition to the Type A design case.

(b) For components with active internal corro-
sion|, the repair laminate shall be designed on the
assumption that a through-wall defect will occur if the
remaining wall thickness at the end of service life is
expdcted to be less than 1 mm (0.04 in.).

(c) The greater thickness of the Type A and
Typ¢ B design case shall be taken as the repair laminate
thickness, frepair The Type B design case is often the
limifing case.

(b} Paragraphs 3.4.9 and 3.4.10 shall be considered for
each| design case and applied where appropriate, with
the Iargest thickness being taken as the repair laminate
thickness, tepair

3l4.2 Service Temperature Effects

(af The Repair System shall not be used above’ the
valups of T, listed in Table 2.

(b} In absence of other Repair System~qualification
data [see para. II-3(b) of Mandatory Appendix II], the
allowable strains to be used in egs. (8)and (9), and the
service factors to be used in egs. (10a), (10b), (13), (14),
and [(15) shall be down-rated by the temperature factor,
fr glven in egs. (1) and (2).

(Tempperatures in Celsius)
fr = 6 x 107 (Tf="T,)? + 0.001 (T, — Tz) + 0.7014 (1)
(Temperatures ifi_Fahrenheit)

fr =-23% 107 (T,, — Tz)* + 0.006 (T,, — Tz) + 0.7014  (2)

The maximum allowable value anT is 1

(d) The design repair laminate thicknessy f 4. shall
be the greater value determined from egs:\(3)[and (4).

(e) Where the purpose of the Repair-System is to
strengthen an undamaged section of)the component to
carry additional bending or othef axial loads, fhe value
of F shall be taken to be the ihcreased total gxial load
requirement and the value ‘of P; shall be thq original
MAWP/MAOP/MOP. Th€ value of F depends on the
specific application details and shall be considered by
the Repair System tdesigner (outside the scope of this
Article).

3.4.3.2_Underlying Substrate Yields
(a) In the derivation of egs. (5) and (6) it is jassumed
that the underlying substrate does yield and the repair
laminate is designed based on the allowable|strain of
the,composite. Only hoop loading should be cqnsidered
in‘determining the design repair laminate thigkness.
(b) Forhoop strain due to internal pressure, the design
repair laminate thickness, tiepair, may be calcylated by
iteration using

_ PD s ts _ PyyeD
2E, trepair E. trepair 2(Eci’repalir + Est‘)

€ ®)
(c) If the repair is applied at zero internal jpressure,
ie., Pyye = 0, then eq. (5) can be rearranged t¢ give

1 (PD
trepair = eE. (7 - Sts) (6)
cbc

(d) The assumptions made in deriving eqs. (5) and
(6) are that the substrate material is elastic, [perfectly
plastic, i.e., no strain hardening and that no defect assess-
ment is performed other than use of the njinimum
remaining wall thickness (of the substrate) to[infer the
internal pressure at the point of substrate yield.

(e) The value of the allowable strain of the cpmposite
in the circumferential direction can be taken from egs.

3.4.3 Component Allowable Stress. Use of the
design method in this section is appropriate if the contri-
bution of the component is to be included in the calcula-
tion for load-carrying capability.

3.4.3.1 Underlying Substrate Does Not Yield
(a) In the derivation of egs. (3) and (4), it is assumed
that the underlying substrate does not yield.
(b) For hoop stresses due to internal pressure, the
minimum repair laminate thickness, t;, is given by

(10a) and (10b) or if performance data are available, from
Mandatory Appendix V. The appropriate service factor
is taken from Table 4.

(f) For axial loads in pipelines, eq. (7) shall be utilized.

1 (PD
trepair = E (T - Sts) 7)
where ¢; may be conservatively the minimum wall thick-

ness or the equivalent remaining wall thickness based
on the defect assessment.
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Table 3 Allowable (Long Term) Strains for Repair
Laminates (No Allowance for Temperature Effects)

ASME PCC-2-2015

Table 4 Service Factors for Repair Laminates

Test Service Factor, f
Rarely Continuous
Load Type Symbol Occurring, % (Sustained), % é'O(?O hlrfdasat 827
esign lite data .
For £, > 0.5 E, €o 0.40 0.25
For £, < 0.5 E,
Ci fi tial 0.40 0.2 . .
Alxrgfm erentia Zcz 0 25 0 1(5) between the repair laminate and the substrate shall be
- considered in the design assessment.
(k) The allowable repair laminate strains (cireurpfer-
ential and axial) shall be calculated by
3.4.4| Repair Laminate Allowable Strains
(a) Usp of the design method in this section is appro- & = fr&o — AT (a — ) (102)
priate if the contribution of the original component is to & = freao — AT (o — gn) (10b)
be ignorg d in the calculaFlon for loaq-carrylng capability where € and ¢, are from Table3
and if sHort-term material properties are to be used.
(b) The allowable repair laminate strain design 3.4.5 Repair Laminate/ Allowable Stresses
method {s a function of design temperature. Determined by Performancé Jesting
(c) Forhoop stresses due to internal pressure, the min- (a) Use of the designmethod in this section is appro-
imum repair laminate thickness, t.;,, is given by priate if performance*based test data are availablg.
(b) If allowance for the component is not to be
~_1(PD1 F U 8 included, thenq,\(11) shall be used.
Fmin 2 E wDE ®) - i
& o Tk (c) For hoop'stresses due to internal pressure, themin-
. . imum repait-laminate thickness, t., is given by
(d) For axial stresses due to internal pressure, bend-
ing, and fixial thrust, the minimum repair laminate thick- P PD [ 1 1)
ness, tmi, is given by min 2 - Sy
p _L1(F 1 PD © (d) For axial stresses due to internal pressure, Hend-
mn = e \mDE, 2 E. ing, and axial thrust, the minimum repair laminate thick-
ness, tmin, is given by eq. (4) or (9), as appropriatd.
(e) The design repair laminate thickness, t cpair-shall (e) The design repair laminate thickness, t;epqir, Shall
be the gfeater value determined from egs. (8)-and (9). be the greater of the values determined by paras. (c)
(f) Rafely occurring events (e.g., pressure exeursions and (d).
above design pressure) may be assessed using the strains (f) If allowance for the component is to be inclyded,
given in [Table 3, provided that they ogcur typically less then eq. (12) shall be used.
than ten|times in the life of the component with each () For hoop stresses due to internal pressure| the
duration|less than 30 min. design repair laminate thickness, trepair is given by
(¢) The continuous (sustairled) long-term allowable
strains listed in Table 3 shall only be used if the short- T PD _ rel [ 12)
= . . . . . repalr 2 B . s]f
term tenkile strain to failire of the repair laminate is at
least 1% Jotherwise performance data derived accordin . . .
to arao b 4.5 shall ]Io)e deed 8 (h) The service factor, f, is the lesser of that obtdined
para. p.%. . . . from Table 4 and from the appropriate construction ¢ode.
(h) The short-term strain to failure shall be derived . . .
\ . ; (i) The 1,000 hr data service factor shall be used if
from the(test carried out to determine the tensile proper- . o .
ties of tHe Jaminate (Table 1). the product is qualified to the testing in Mandatory
. : . Appendix V, para. V-2.1. The design life data sefvice
(1) SOI Q papa1v Q} stem cnvr\phavc ma‘]r choose to use

laminate analysis to calculate modulus values for lami-
nates built up from a series of different layers. This is
satisfactory, provided that the results from the laminate
analysis have been validated using measured data.

(j) Thermal expansion coefficients for composite
Repair Systems are different than those for the substrate,
so thermal stresses will be generated where operating
temperatures vary from installation temperature. Where
this absolute temperature change is greater than 40°C
(72°F), the effect of differential thermal expansion
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factor may be used if the product is qualified to either
para. V-2.2 or para. V-2.3.

3.4.6 Leaking Components

(a) Use of the design method in this paragraph is
appropriate if the component is leaking or considered
to be leaking at the end of its service life. The require-
ments of this paragraph are in addition to those
described in para. 3.4.4 or 3.4.5.

(b) A (substrate) component shall be considered to be
leaking if the wall thickness at any point of the affected
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area is determined to be less than 1 mm (0.04 in.) at the
end of its life.

(c) For a circular or near-circular defect, the minimum
repair laminate thickness, tyin, is iterated using eq. (13).

P = fo YicL (13)

Part 4 — Article 4.1

(h) The value of E,, and ## in egs. (13) to (15) shall be
taken as (E, - E)*® and (v,,” - E,/E,), respectively, as the
repair laminate is anisotropic, i.e., the properties of the
material are different in the axial and circumferential
directions.

3.4.7 Impact
(a) For repairs to leaking components, the Repair
System supplier shall demonstrate that the Repair

QYQth 1S rnpnh]p of unfhcfgnr‘hng a low ve OClty 5 ]

A (1_'})(%d4+3—?d)+Ld2

C 64CE .
v OIZmin TITiTT

1) Equation (13) is valid for defect sizes where
dg \/6%1?, where E,;, = \/KEC

2) The value of f is set to 0.333 (or Table 4 if per-
fornfance data is available).

(d) For noncircular defects that have an aspect ratio
less fthan 5, eq. (13) shall be used where the value of d
is seJected such that it contains the defect.

(e] Where the Repair System incorporates a plug to
allow the repair of a live component, the qualification
testg carried out to determine the value of y (Mandatory
Appendix IV) shall be conducted on the whole Repair
System including any plug arrangement.

(f] For a circumferential slot defect, the minimum
thickness for a repair laminate, ¢, is iterated using the
smallest value of the repair thickness calculated from
bothl egs. (13) and (14). Note that t,,;, can be iterated in

eq. ([14).

RN

v
—_— + —_—

M 1 W T 2
B\ 2483, 4 16Gs1tmin (1 + 1)

(14)

P = f%f \ SEtminy (15)

(g) For an axial-slot-type defect, where the circumfer-
entidl width of theslot, W = @D/2 mm (in.), the mini-
murh thicknéssMor a repair laminate, Ty, mm (in.) is
calcyllatedvusing

Wl

(44.3 in.-lb) impact in accordance with thé~grocedure
described in Mandatory Appendix VI.

(b) The repair laminate thickness, as‘designefl per this
Article, may be insufficient to address externgl impact
loads. Consideration should be_given to increpsing the
laminate repair thickness or-providing other |methods
of protection.

3.4.8 Axial Length_of'Repair
(a) Unless it can be démonstrated that a shorfer repair
length is sufficiefit, ‘the design thickness of the repair
laminate shall éxtend beyond the damaged fegion in
the componetit, Loyer, by

Lover = 2.5/Dt/2 (16)

(bNFor repairs designed in accordanjce with

para. 3.4.6, Lyyer shall be the greater of
En € Lrepair

2.5/Dt/2 or —) 17)

t
L = max.
‘over T

(c) The total axial length of the repair is giyen by
L =2Lover + Ldefect + 2Ltaper (18)

(d) The ends of the repair shall be tapered if the repair
thickness is governed by axial loads (paras. 3.4, 3.4.5,
and 3.4.6). A minimum taper of approximptely 5:1
should be used.

(e) The overlap length shall also be desigrjed to be
sufficient to transfer the axial load.

3.4.9 Component Fittings
(a) Equations (3) through (12) relate to the sfresses in
the substrate (component) under combinationg of inter-
nal pressure and axial load. For fittings, such fs bends,
reducers, tees, flanges, and nozzles, the stresd systems
are more complex and may need further consideration.

¢ N
YicL
P=ff [§, . D1 +2
A=) ] mp p* ., " \4G .
ac T D+ 3 D™ + 3 D
38483, 11,5208,
(16)

where the limit on the applicability of eq. (16) is given
by @ <1, where @ is the angle subtended by the axial
slot (radians).

Calculations may be based on pressure stress multipliers
for components taken from ISO 14692 or ISO 24817.

(b) The pressure stress multiplier for bends, reducers,
and other components where the membrane stress due
to pressure is the same as for simple component shall
be taken as unity, and for pipe tees shall be taken as 2.
The diameter required for repair design is the largest
diameter of the component.

3.4.10 Other Design Considerations. Paragraphs
3.4.10.1 through 3.4.10.6 may be applied if appropriate.
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3.4.10.1 External Loads
(a) To resist external pressure or vacuum applied to
the Repair System, the minimum repair thickness, tnin,
is given by

(19)

ASME PCC-2-2015

(h) These equations are intended for cyclic internal
pressure loading only, but may be applied with caution
to axial loads, provided they remain tensile, i.e., the
equations are not applicable for reversible loading.

3.4.10.3 Fire Performance
(a) The requirements for fire performance shall be
identified in the risk assessment.
(1) Flame spread and smoke generation shall also

(b) Forwsail loads_to prevent the r‘nﬂapqp of a buried he-considered-irthe-assessment
repaired|component, the external.soil pressure Pey soil (2) Due account shall be taken of the responpe of
shall be Jless than the collapse resistance of the Repair Repair System (component substrate and the répair
System, Pc laminate). In many cases additional fire protectior| will
oF L3 not be necessary, as the damaged original compdnent
Pext, soil < ———— (ﬂ) (20)  canstill be able to perform satisfactorilyduring the ghort
31-H\D duration of a fire event.
where (b) Strategies for achieving, fire performance [may
include the following:
4 D\ wD> 1 D\ (1) application of additional wraps of repair Jami-
Pexif st = —5 D<h + E) “g t3 (h + 5) Ysoil nate material such that{enough basic composite| will
remain intact for the duration of the fire event
where 1is defined as (0,2 - E,/E.). (2) application of intumescent external coatinigs
(c) Fof repairs to buried components, see Article 4.3, (3) ap phcat.lon Of_ intumescent and cher enersy
Mandatpry Appendix I for additional technical absorbent materials within the repair la.mmate. n
requirenfents. (4) dse of polymer formulations with specific| fire-
retardant properties.
3.4.10.2 Cyclic Loading (&)>Further details of fire performance and fire mitiga-
(a) Cyflical loading shall be considered in the risk  tjon methods are contained in ASTM E84 or ISO 141692.
assessmgnt for the application of the Repair System. . »
(b) Cyglicloading is not necessarily limited to internal 3.4.10.4 Electrical Conductivity
pressure[loads. Thermal and other cyclic loads should (a) For repairs to metallic substrates, it is likely| that
also be donsidered when assessing cyclic severity: the properties of the substrate will satisfy electrical{con-
(c) If the predicted number of pressure or gther load- ~ ductivity requirements.
ing cyclgs is less than 7,000 over the design life, then (b) Where the substrate is insulating, e.g., glass|FRD,
cyclic logding does not require consideration. and electrical conductivity requirements are specified,
(d) If the predicted number of pressture or other load-  the electrical conductivity properties of the Rgpair
ing cyclds exceeds 7,000 over the deign life, then cyclic System should be measured to ensure that the original
loading ghall be considered using.egs. (21) and (22). The characteristics of the substrate are restored.
equations are conservative forlower numbers of cycles. (c) Electrical conductivity testing details are |con-
(e) If the predicted number.of pressure or other load-  tained in ASTM D149 or ISO 14692.
ing cyclps exceeds 103 over the deségn life, then in 3.4.10.5 Environmental Compatibility
egs. (21)[and (22), N 6hall be set to 10°. (1) The suitability f f the Repair Svstem ih th
(f) Foy the desjgn-of nonleaking defects, paras. 3.4.4 @ 2he sullablity foF use of Hie Bepair oystent it the
) L . service environment shall be based on the following
and 3.4.5, the compdsite allowable strain in both circum- considerations
ferential [and-axial directions, €. and ¢,, eqs. (10a) and . . . .
(10b), shali-be derated by the factor, f., where f, is . (1) Theservice er\'nv1r0nr.nent is the environmen that
will contact the repair laminate. Tt may be either the

given by

1
fe= \/ [RLZ‘ * 5.888Log (N) — 7.108 ' ~ Rg)} @)

(g) For the design of leaking pipes (para. 3.4.6), the
service factor, f, in eqgs. (13) through (15) shall be
replaced by

f=0333 \/ [RE

1
* 2.888Log (N) —

7108 1~ R?)] (22)
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external or internal environment.

(2) When required by the service environment, the
Repair System shall be protected from UV exposure
(e.g., sunlight), water, and damaging chemicals, either
as an inherent characteristic of the Repair System or by
the application of coating or mechanical barrier.

(b) The qualification of the Repair System (para. 3.2)
shall ensure that the Repair System is compatible with
aqueous and hydrocarbon environments at the qualifica-
tion temperature. In general, thermoset polymers are
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compatible with a wide range of environments but con-
sideration needs to be given when the environment is
strongly acidic (pH <3.5), strongly alkaline (pH >11),
or is a strong solvent, e.g., methanol, toluene in concen-
tration greater than 25%.

(c) When the compatibility of the Repair System is
unknown, then the Repair System supplier shall provide
one of the following to demonstrate compatibility:

(1) environmental compatibility data from the

Part 4 — Article 4.1

3.5 Approval

Designs of repairs according to this Article shall be
authorized by a Professional Engineer (or international
equivalent) or shall be undertaken by a technically com-
petent person acceptable to the owner.

3.6 Requalification
(a) Where there has been a change to the Repair

polyimer supplier, demonstrating that the environment
is np more aggressive than aqueous or hydrocarbon
envifonments at the design temperature.

2) if no compatibility data from the polymer sup-
pliet is available, then specific environmental testing
is refuired. Results from tests according to one of the
following test procedures, ASTM D543, ASTM C581,
ASTM D3681, ISO 10952 or equivalent, comparing the
expdgsure of the specific environment and aqueous envi-
ronment to the repair laminate at the design temperature
shall be performed. The Repair System shall be consid-
ered| compatible to the specific environment if the test
results from the specific environment are no worse than
for the aqueous environment.

(d) When erosion is the cause of the degradation pro-
cess|of the substrate material and the repair laminate is
in cpntact with the eroding medium, then the repair
lamipate may suffer material loss. The Repair System
supplier shall demonstrate that despite this potential
loss pf laminate material, the Repair System should sur-
vive|for the specified repair lifetime.

3.4.10.6 Cathodic Disbondment

(a} For repairs to components that are_cathodically
protected, it may be required to demonstrate that the
repajr will not disbond due to the-gathodic protection
systéem.

(b) ASTM G8, ASTM G42, or ASTM G95 shall be used
to d¢monstrate that the repair-will not be susceptible to
substantial disbondmert tinder an imposed electrical
current.

3}14.11 Design Output
(af The outputs of the design calculations of the repair
laminate aresthe following:
1) mumber of layers, n
2)( total axial repair length, L [from eq. (18)]

Systemthenthetesting-speeified-intherelevgant paras.
3.6.1 and 3.6.2 shall be completed if reguired by
Nonmandatory Appendix B.

(b) If the modified Repair System is\found] to be of
lower performance than the original system, then it shall
be treated as a new system and validated accprding to
the requirements of this Article:

(c) If the modified Repair System is found| to be of
higher performance thanvthe original systeny, then it
may be treated as a néw)system and validated dccording
to the requirements\of this Article or the data|from the
original Repair §ystem may be used.

3.6.1 Forilype A Repairs
(a) Testing shall be performed as specified in sections
II-2 threugh II-4 of Mandatory Appendix II
(W»Where the Repair System has been vjalidated
according to section II-6 of Mandatory Appendlix II, the
system shall be subject to the survival testing [specified
in para. V-2.1 of Mandatory Appendix V.

3.6.2 For Type B Repairs
(a) Testing shall be performed as specified ir} sections
1-2, 1I-3, and II-5 of Mandatory Appendix II.
(b) A minimum of three tests are required, and results
shall be compared with y; ¢, of the origingl Repair
System.

4 FABRICATION (INSTALLATION)

4.1 General

The repair thickness to be installed shall be ¢xpressed
as the number of layers to be applied (based on the
minimum thickness per layer determined durir|g valida-
tion); see para. 3.4.11.

4.2 Materials of Construction

(b) The number of layers for installation purposes is

_ trepair

tlayer (23)
where 7 shall be not less than 2 and rounded up to the
nearest whole number.

(c) The layer thickness, f|,ye, may be determined from
the thickness of the Tension Test Coupons divided by
the number of layers used in preparing the coupons.
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The materials of construction shall be those for which
the qualification and design has been completed.

4.3 Storage Conditions

(a) Storage of material shall comply with the Repair
System supplier’s instructions.

(b) The MSDS shall be retained for reference.

(c) The materials used shall be stored and controlled
according to national safety regulations (e.g., OSHA or
COSHH).

(15)

(15
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4.4 Method Statements

(a) Installation of a Repair System shall be covered
by a method statement, which describes each of the
main procedures to be carried out.

(b) Input to the method statement comes from the
following;:

(1) risk assessment (supplied by owner)
(2) working conditions (supplied by owner)

(3)

esion information
(&4

ASME PCC-2-2015

Table 5 Hold Points During Installation

Hold Point Checked By
Method statement Installer
Materials preparation Installer

O reinforcement
O polymer

Substrate surface preparation

(a

plied by

(b

supplier

(4) materials information for Repair System (sup-

plied by[Repair System supplier)

(c) Typically the method statement includes informa-

tion spegified in paras. 4.4.1 through 4.4.5.

4.4.1| Health and Safety

(a) lis§ of materials to be handled, including copies
of MSDS

(b) nafional safety regulations (e.g., OSHA, COSHH)
assessmgnt for process

(c) deftails of personal protective measures to be
adopted

(d) lis§ of hazards associated with equipment to be
repaired[and equipment in the vicinity of the repair site
with projtective measures

4.4.2 | Repair Design

(a) defails of laminate lay-up, including numberxof
wraps, r¢pair area covered, and orientation of indiyidual
layers of[reinforcement (this may be presented.as:awrit-
ten description or a drawing incorporating“standard
details quch as overlap and taper and taper length
information)

(b) details of surface preparation procedure, includ-
ing metlod of application, equipment to be used, and
inspectiqn method

(c) defails of in-fill requiréd to achieve a smooth outer
profile pfior to the application of the repair laminate

4.4.3
(a) de
repair, e.

plant operating conditions, layout, etc. (sup-
owner)
design of repair (supplied by Repair System

Repair Application

ails of time limitations between stages of the

b, betwieen surface preparation and lamination
(b) defailsioflay-up procedure including if the repair

laminate] is;to be applied in stages

Installer or supervisor

O inspection

Filler profile Installer

Stage check on reinforcement lay-up Installer

Tests on repair laminate Installer or supgrvisor
O cure (hardness)

O thickness

O dimensions

O external inspection (see Table-6)

Pressure test Inspection authgrity

(d) Shorelor Barcol hardness values should be jused
as a field.measure of cure.

(e)-Measured hardness values should be no less|than
90%-0f the minimum obtained from Repair System
qualification.

4.4.5 Environmental. The Repair System insfaller
shall provide information on disposal of unused mgteri-
als and waste.

4.5 Installer Qualifications

Personnel involved in the installation of a R¢pair
System shall be trained and qualified according to
Mandatory Appendix VIL
4.6 Installation Guidance

(a) Repair System suppliers shall provide full installa-
tion instructions. These instructions shall include (Where

appropriate)

(1) acceptable environmental conditions of site at

time of repair
(2) material storage

(3) substrate surface preparation

(c) details of curing procedure including postcuring
if necessary

4.4.4 Quality Assurance

(a) details of hold/inspection points during the
Repair System application (para. 4.6 and Mandatory
Appendix VIII)

(b) details of any materials tests to be carried out (if
specified by owner or the Repair System supplier)

(c) details of any pressure system tests to be carried
out (see section 6)
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(4) load transfer material
(56) polymer mixing

(6) laminate lay-up

(7) laminate consolidation
(8) cure

(9) key hold points

(b) Further details of these requirements can be found

in Mandatory Appendix VIIL

(c) The key hold points that may be observed during

a repair are summarized in Table 5.

(15)
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Fig. 1 Schematic of a Repair System and Location of Defects

Internal laminate
defect

Composite repair

Interface delamination
debond

Substrate, pipe wall

Internal defect

(d) The results of the tests on the repair laminate shall
be cpmpared with the qualification data. Acceptance
valups of the test results shall be provided by the Repair
System supplier prior to Repair System installation.

4.7

(a] Repairs to nonleaking, live process systems are
possjible, provided that the associated hazards are fully
congidered in the risk assessment for the operation. This
shoyld include any hazards to and from surrounding
equipment in addition to the component being repaired.

(b} The tensile (radial) stresses induced into the adhe-
sive[bond as a result of the thermal contraction differ-
enc¢s between the composite and the component
subdtrate upon the removal of live loads should bé
negljgible.

Live Repairs

5 EXAMINATION

5.1 [Introduction

This section provides guidance-on‘the postinstalla-
tionf operational issues of Repair'\Systems.
(af The installation of a Repair System should not
affedqt any internal inspections‘that may be carried out.
(b} The main issues_forynondestructive examination
of tHe Repair Systemeare
1) the inspéetion of the repair (composite)
lamipate
2) the ifispection of the bond quality between the
repajr laminate and the substrate
3) ‘the’inspection of the substrate
(cL_The basic structure of a composite repair in this

External defect

5.3 Repair of Defects Within the Repair System

(a) Dry areas in the polymer=tich surface layer may
be repaired by abrading and cleaning the affefted area
and then wetting out with more polymer.

(b) Repairs containing defects that exceed TIhe limits

in Table 6 shall be rémoved in their entirety and a new
repair installed. However, on agreement with tle owner,
local remoyal‘of the damaged area and reappljcation of
the Repaib System materials to this area are gllowable
if the Repair System supplier can demonstratq that this
will‘sestore the full performance of the repair.

5.4 Inspection Methods

5.4.1 Tap Test. The tap test may be utilizedl to iden-
tify delaminations and voids in the cured laminate that
sound hollow in comparison with a solid arda. In the
tap test, the surface of the structure is tapped|by hand
using a hard blunt object such as a tapping|hammer
[less than 60 g (2 oz)], sounding wand, or a doin. This
method is often used as the first inspection| method,
which may be followed by other NDE techniques.

5.4.2 Repair System Supplier Guidance. |Refer to
Repair System supplier for guidance on methods for
inspecting the Repair System.

5.5 Repair System Replacement Strategy

(a) The maintenance and replacement strategy for
Repair Systems will be a function of the type of original
defect in the component.

(b) For above-ground process systems, visual inspec-
tion of the repair laminate for defects in accordance with

context is considered in Fig. 1.

5.2 Defects Within the Repair System

(a) The Repair System supplier shall provide postin-
stallation visual inspection criteria. Guidance on defects
and allowable limits that are likely to be of importance
are given in Table 6.

(b) The installer shall take care to ensure that these
defects are not formed during application of the Repair
System.

Table 6 is recommended as part of the maintenance
strategy. The frequency of inspection should be deter-
mined in accordance with the risk assessment. If defects
are located, then further assessment will be required.
(c) If the assessment determines that replacement is

required, then replacement options include

(1) removal of the repair (e.g., through ultra-high
pressure water jetting) and replacement

(2) repair the repair laminate. In this case the dam-
aged repair laminate shall be considered as the defect for

(15)
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Table 6 Defect Type and Allowable Limits for the Composite Wrap

Repair Section Defect

Allowable Limits

Repair material and
substrate prior to
repair application

specified by design

Changes in geometry

Check that substrate material are those

Repair area to be free of sharp changes in
geometry [all radii > 5 mm (0.2 in.)], or
sharp geometry to be faired-in

Substrate preparation

Surface temperature

Defect

Location of repair

Interface Delamination

Polymer-righ layer Cracks

Wrinkles

Pinholes
Polymer color
Dry spots

Fiber orientation
Unimpregnated/dry fiber
Exposed, clit-edges/fibers
Foreign.matter

Composite|laminate

Foreign matter, blisters, and pits

Axial extent and positioning of the repair

In accordance with Repair System spécif}-
cation
Axial extent to be in accordance/with design

In accordance with repair design

Dimensions do nof\exceed those for which
the repair has/been designed
Defect nature.to-be that for which the repair
has beéndesigned

Axial-extent and positioning to be in acdor-
dance with design

Tap test may indicate presence of debor{ding
None at ends of repair

None (check adhesive fillets)

Maximum 10 mm (0.4 in.) in width, 2.5 jmm
(0.1 in.) in height

No step changes in thickness greater th
2.5 mm (0.1 in.) in height

None deeper than polymer-rich layer

Uniform

None

=}

As specified in design

None

None

None

As specified in the design

Does not extend beyond prepared surfa

[¢°]

design pfirposes and a-néw repair designed according to
para. 3.4
(3) Jocalized repair of the damaged area, para. 5.3

5.5.1| Extérnal Defects. For external defects, it is
assumecll that further deterioration of the defect is

defect does not grow to a size greater than assumed in
the design of the repair or that the repair laminate |[does
not delaminate from the component substrate.

(b) The frequency of inspection should be deternfined
in accordance with the risk assessment.

stopped on application of the repair Jaminate. Therefore,
the maintenance strategy will be to ensure that the repair
laminate remains intact, i.e., the repair laminate is not
damaged or delaminated in part from the substrate.

5.5.2 Internal or Through-Wall Defects

(a) For internal corrosion or through-wall defects, fur-
ther deterioration or growth of the defect may continue
despite application of the repair laminate. Therefore, in
addition to the requirements set out in para. 5.5.1, the
maintenance strategy should ensure that the internal

(c) If the design assessment determines that the
Repair System is no longer fit for purpose, then mainte-
nance/repair options should be considered, as described
in ASME PCC-2.

6 SYSTEM PRESSURE TESTING

(a) System pressure testing, if required, shall be speci-
fied by the owner.

(b) All repairs shall be cured in accordance with the
Repair System supplier instructions before pressure
testing.

(15)
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(c) A service test of not less than 1.0 times the work-
ing/operating pressure shall be performed for a period
of at least 60 min over which any changes in pressure
and temperature shall be recorded. Any signs of leakage
or indication of repair laminate failure shall be cause
for rejection of the repair.

(d) If the test pressure exceeds the pressure for which
the Repair System has been designed, then this higher
pressure shall be considered as a separate design case.

Part 4 — Article 4.1

ASTM D543-2006, Standard Practices for Evaluating the
Resistance of Plastics to Chemical Reagents

ASTM D648-2007, Standard Test Method for Deflection
Temperature of Plastics Under Flexural Load in the
Edgewise Position

ASTM D695-2010, Standard Test Method for
Compressive Properties of Rigid Plastics

ASTM D790-2007, Standard Test Method for Flexural
Properties of Unreinforced and Reinforced Plastics

For the purposes of the calculation, the test condition and Insulating Materials

may|be treated as an occasional load. ASTM D1598-2002, Test Method for the Time o Failure
(e] Article 5.1 of this Standard may be used for guid- of Plastic Pipe Under Constant Internal Prefsure

ance| for system pressure testing. ASTM D1599-1999, Test Method) for Shq

7 REFERENCES

7.1
TH
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Their Laminates
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Plate Twist Method

Publisher: , International Organizati
Standardization (ISO), Central Secretariat,
la VoietCreéuse, Case postale 56, CH-1211 G
Switzerland /Suisse (www.iso.org)

e Above

psites —
1s by the

n for
1, ch. de
bneve 20,

159


https://asmenormdoc.com/api2/?name=ASME PCC-2 2015.pdf

Part 4 — Article 4.1, Mandatory Appendix | ASME PCC-2-2015

) Article 4.1, Mandatory Appendix |
Design Data Sheet

This Mandatory. Apppn(‘]ix prnvi(‘]pq an pxamplp of a dpqign data sheet as referenced in para 33 of Article 4.1.
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Component Repair Data Sheet

This component repair data sheet will form the basis of the client’s scope of work and be used in the preparation of a design
solution. One sheet shall be completed for each type of repair required.

Where possible, (digital) photographs of the defective areas should be provided.

Customer Details

Contact

Company
Adpress

Postal code Country

Telgphone
Fa
E-mail

Job reference

Component Details

Component supports e.g., buried, hangers, pipe racks, sleepers, thrustyblocks
Acgessibility

Logation e.g., inside, outside

Qupntity

Component identification

Component reference

Component specification

Material / grade

Exfernal diameter
W4l thickness
M¢dium

Terpperature Vs M| | pperating Ve
Component coating (existing)

R
Re‘)air Requirements (see para. 1.2)

sk Assessment

Repair type e.g.,AorB

Required repair lifetime
Other data

Comporent loading Operating Design Test Comments

Pressure

Axial

Bending moment
Other

GENERAL NOTES:
(a) For any original design calculations, component isometrics shall be appended to this data sheet.
(b) Loads shall be defined as either “Sustained” or “Occasional” in the Comments column.

161


https://asmenormdoc.com/api2/?name=ASME PCC-2 2015.pdf

Part 4 — Article 4.1, Mandatory Appendix | ASME PCC-2-2015

Component Repair Data Sheet (Cont’d)

Details of Defect Area

Attach drawings of process system, inspection reports, etc., where available. Indicate any access restrictions
and proximity to other equipment.

Repair $pecification

Type of|defect

Nature pf defect

Current|size Area Depth

Projectg¢d size Area Depth

Cause Corrosion Erosion

Effect External Internal
Perforated

MAWP

GENERAL NOTE: MAWP/MAOP/MOP is the maximum allowable working/operating pressure as defined in ASME B31G,
API 579/ASME FFS-1, BS 7910, or other calculation method:

Anticipated Conditions During Implementation of-Repair

Pipe temnperature Minimum Maximum
Ambient temperature Minimum Maximum
Humidify

External environment

Constrai nts

Facilitigs to be Provided/by Client / Installation (surface prep., etc.)

Other Information

GENERAL NOTE: This should include any remarks on previous repairs, fire protection requirements,
available design calculations, etc.

Prepared by: Date:
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Article 4.1, Mandatory Appendix Il
Qualification Data for the Repair System

INTRODUCTION

(f) alternatively. the shear modulus of the polymer

TH
data

is Mandatory Appendix describes the qualification
that the Repair System supplier shall provide to

be i) compliance with this Article.

(a
the 4
lami|
(if n
tion|
Arti

(b
dang

(c

All qualification tests shall be performed using
ame substrate material, surface preparation, repair
hate, load transfer material (if needed), primer layer
beded), interlaminar adhesive (if needed), applica-
method, and curing protocol (see para. 1.1 of
fle 4.1).

Qualification testing shall be completed in accor-
e with the test standard in Table 1.

Updates to the test standards shall not require

qualffication testing to be repeated.

11-2

TH
(a
lami
(b
the
acco|
(c
the
Tabl
(d
load
ming
(e
Tabl
in Fi

DATA FOR REPAIR LAMINATE

e following data are required:

ply or layer thickness of the (composite) repair
nate material.
tensile modulus, strain to failure, and strength in
circumferential direction determined by test
rding to Table 1 of Article 4.1.
tensile modulus, strain to failure afid)strength in
hxial direction determined by test according to
e 1 of Article 4.1.

Poisson’s ratio in the circumferential direction (i.e.,
direction circumferential, contraction axial) deter-
d by test according te~Table 1 of Article 4.1.

shear modulus determined by test according to
e 1. The test specimien geometry shall be as shown
g. II-1.

Fig:ll-1 Test Specimen Geometry

For G3q

matrix may be used.
(g) Barcol hardness or Shore hardnesscdeterinined by
test according to Table 1 of Article 4.1.
(h) T, or HDT for the polymer subjected to [the same
thermal history as repairs applied/on site, defermined
by test according to Table 1.0f ‘Article 4.1.
(i) thermal expansion eGefficient in the axia| and cir-
cumferential directien$-determined by one of the
following:
(1) measurement (Table 1 of Article 4.1)
(2) calculatien
(3) bycreference to relevant technical literature

1I-3 "DATA FOR REPAIR/SUBSTRATE INTERFRACE

The objectives of the following tests are not tq produce
data for use in design. The intent is to demons}rate that
an adhesive bond can be achieved of adequatq strength
and durability with the repair laminate and surface prep-
aration method. Note that short-term strength measure-
ments are not necessarily a good indicator of Ipng-term
performance.

(a) The following lap shear tests shall be cafried out:

(1) Lap shear strength determined by test gccording

to Table 1.
(a) This short-term test at room temperafure shall

be used to determine the average shear strength or the
locus of failure (repair laminate remaining on a mini-
mum of 30% of the bonded area).
(b) Minimum average lap shear strpngth of

4 MN/m? (580 psi) shall be demonstrated for metal
substrates.
(c) Alternatively, it shall be demonstrated that

the adhesive bond is stronger than the lap shear strength

of the repair laminate by assessing the surface of the
substrate material used in a lap shear specimen after
testing.

(2) Where evidence of long-term durability of the
adhesive bond between the repair laminate and the sub-
strate is required and performance-based testing has not
been carried out to provide data for design (see
para. 3.4.5 of Article 4.1), a long-term lap shear strength
determined by test according to Table 1 shall be
performed.
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(a) This test shall be carried out, as an accelerated
aging test, following immersion in water (or other rele-
vant medium) at the design temperature [minimum 40°C
(104°F)] for 1,000 h.

(b) The average lap shear strength determined
from this test shall be at least 30% of the values from
the short-term lap shear tests determined at room tem-
perature above.

ASME PCC-2-2015

1I-5 ADDITIONAL REQUIREMENTS FOR LEAKING
COMPONENTS (TYPE B DESIGN CASE)

The following data shall be determined:

(a) bending modulus for the (composite) repair lami-
nate determined by

(1) test according to Table 1.
(2) alternatively, the tensile modulus for the lami-

(3) For service above 100°C (212°F), the following nate _may be used as a conservative estimate for the
lap sheaf tests ghall be .perf.ormed: o value in bending.
(af after immersion in water at a minimum of (b) fracture toughness parameter ydetermined by test

90°C (19#°F) for 1,000 h
(b) after exposure in air at the required service
temperafure (T),) for 1,000 h
(b) The average lap shear strength determined from
these tegts shall be at least 30% of the values from the
short-term lap shear tests determined at room tempera-
ture aboye.

ll-4 ADDITIONAL REQUIREMENTS FOR
STRUCTURAL REPAIRS TO NONLEAKING
CQMPONENTS (TYPE A DESIGN CASE)

The objective of the referenced test is not to produce
data for|use in design. The intent is to demonstrate
that for 4 severe defect, adequate strength of the Repair
System dan be achieved.

(a) THe pipe spool survival test (Mandatory
Appendix III of Article 4.1) shall be completed.

(b) This test need only be completed on one substrate.

1.
ding

according to Mandatory Appendix IV of Article 4
(c) impact performance determined by test accor
to Mandatory Appendix VI of Article 4.1.

II-6 PERFORMANCE TESTING (OPTIONAL
QUALIFICATION TESTS)

(a) The Repair System supplier may carry out
formance testing{to determine design allowabl
accordance withwMandatory Appendix V of Articl

(b) The:design allowables shall be determine
either of<the following requirements:

(19 1long-term strength, either from 1,000 h sur
test or regression testing

per-
PS in
b 4.1.
d by

vival

(2) long-term strain to failure from representptive

repair laminate regression testing
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Article 4.1, Mandatory Appendix lll
Short-Term Pipe Spool Survival Test

Fig. lll-1 Defect Dimensions

/7 Defect

2w

Pipe

I> D/2 and w > D/4

lll-1 INTRODUCTION

This Mandatory Appendix describes the test method
to b¢ used to demonstrate that a Type A defect can be
repajred using the Repair System.

The purpose of this test is to confirm the Repair
System has acceptable interlaminar shear and bond
strerjgth. It demonstrates the integrity of<alstructural
repajr up to the yield level of the original pipe.

METHOD

(af The following test shall beccompleted using a steel
pipe] of at least 150 mm (6 in<) diadmeter, and minimum
length of six times the diameter in addition to the length
of the repair.

(b} The steel pipecshall have a minimum SMYS of
235 {10° N/m? (35000' psi), e.g., ASTM A 106 Grade B
or irfternational. équivalent.

(c

-2

(d

Machined area
(including taper)

(3) To avoid stress concentrations, the intprior and
exterior corners should be machined with a radius.

(4) The edge of the repair shall be at ldast three
times the pipe diameter away from the ends of the pipe
spool.

(f) The test pressure of the spool, Py, shall pe deter-
mined by calculation using eq. (III-1)

p, = 25 11

f = D ( 3 )

(¢) A repair laminate shall be applied over the defect
in the test spool and shall survive a test to the pressure Py.

(h) The thickness of the repair shall be c3lculated
using eq. (III-2), where t; is the remaining wall thickness
of the pipe spool at the defect and s, is the characteristic
tensile strength of the composite repair in the hoop
direction.

The Repair System supplier may select the depth (i) Measure'ment of s, shall be in accordapce with
of the defedt, ‘e, percentage of wall loss. Table 1 of Article 4.1.
Thie Repair System shall be qualified only for 1 [P:D
i . brooais = — | = — st (I11-2)
defeft'depths up to this chosen depth [see para. III-2(c)]. repair = 1|7 as

(e)~Adefect shall be machined i the pipe to a depih
equivalent to the wall loss for which the Repair System
is being qualified.

(1) The defect shall have a length, /, of a minimum
of one-half of the pipe diameter along the axial direction
of the pipe spool, and a width, w, of one-fourth of the
pipe diameter around the hoop direction of the pipe
spool.

(2) A radius may be machined outside the edge of
the defect, but the dimensions of machined area shall
not exceed 2/ nor 2w, as shown in Fig. I1I-1.

165

(j) The repaired spool shall be pressurized to P, and
the minimum time to reach P shall be 30 sec.

(k) Qualification requires the repaired pipe to survive
loading to Prand show no visual signs of degradation
when inspected in accordance with Table 6 of Article 4.1.

-3 REPORT

A report shall be prepared giving the test conditions,
depth of wall loss for which the repair has been qualified,
details of the Repair System, and the pressure test result.
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Article 4.1, Mandatory Appendix IV
Measurement of y for Leaking Defect Calculation

(1) At small hole sizes. failure can aoccur thr ugh

(Longer pressurization is prefefred.)

(1) A thinimum of nine tests)shall be carried out cov-
ering a thinimum of three:different hole sizes, typically
of diamgter 10 mm (0.4.i117), 15 mm (0.6 in.), and 25 mm
(1 in.).

(1) The minimum hole diameter shall be 10 mm
(0.4 in.).
(2) The taximum hole diameter shall be 50 mm

weeping of the test fluid through the thickness-of the
repair laminate or through yielding of the-subs}rate
(pipe).

(2) In this event the tests shall be fepeated wiith a
larger hole size.

(3) All failure points shall relate to the disbondment
failure mechanism.

IV-3  CALCULATION OF ¢

(a) The value of yshallbe calculated by fitting eq| (13)
in para. 3.4.6 (Article 4.1) to the data.

(b) The followirlg procedure shall be followed:

A(d;) = thefunction of defect size, d; and repairflam-
inate properties of observation, i, where
1i=1,n
the number of observed data p
[A(d), P)]
the pressure at failure of observation i, where
i=1,n

(c) Note that A(d)) is defined as
P = Ald)%

w,= ints

P =

where

1

Q-H(3 , 1.\ 3 ,
E 5121573 di + 7le * 64Gt; d;

Ady) =

and where ¢; is the repair thickness of data point {.
(d) The mean energy release rate, ¥imean, shall be calcu-
lated from

2

2 AP,
Ymean = |5

n

IV-1)

(2 in.).

(j) A maximum of one-third of the tests shall be done
for any one hole size.

(k) For the larger diameters, the flaw may be simu-
lated by using a smaller hole and a circular polymeric
release film of the appropriate diameter placed over the
hole prior to application of the repair (films shall be
pierced before application of the repair).

() Failures should take the form of disbondment of
the repair laminate from the substrate followed by leak-
ing from the edge of the repair laminate.

(2]

(e) The lower confidence limit of the energy release
rate, y;cr, shall be calculated from

2 A(d)P,

neL = |5 L
> A(d)? S AP
i=1 =1

i

(IV-2)

(15)


https://asmenormdoc.com/api2/?name=ASME PCC-2 2015.pdf

ASME PCC-2-2015 Part 4 — Article 4.1, Mandatory Appendix IV

where o is the variance of measurement of pressure and Table IV-1 Student’s t Value for Double Sided
is given by 0.025 Level of Significance
- Degrees of
E N Number of Freedom,
[=1|:Pi - A(dy) ‘ymeanw Variables, n n-2 Student’s t (0.025)
o= (IV-3)
(n-2) 5 3 3.163
6 4 2.969
7 5 2.841
8 6 2.752
and [where I, is the Student’s I value and is based on
a twlo-sided 0.025 level of significance, i.e., 95% lower 9 7 2|685
confjdence limit. 10 8 2(634
(f) Values of t, are given as a function of number of 1 o ; 523
varigbles, n, in Table IV-1. g 1(1) : 23(3)
(g) The value of vy calculated by eq. (IV-2), y.c shall
be ubed in egs. (13) through (15) of Article 4.1. 14 12 2[510
15 13 21490
16 14 21473
IV-4( REPORT 17 15 21458
18 16 21445

Aljreport shall be prepared giving the test conditions,
detafls of the Repair System, the individual data points,
and [the derived value of y;cy.

167


https://asmenormdoc.com/api2/?name=ASME PCC-2 2015.pdf

(15)

Part 4 — Article 4.1, Mandatory Appendix V

ASME PCC-2-2015

Article 4.1, Mandatory Appendix V
Measurement of Performance Test Data

V-1 INJRODUCTION

(h) A value of internal pressure shall be applipd to

(a) This Mandatory Appendix defines the test meth-
ods for ¢letermining the long-term strength, s;;, of the
Repair Jystem (used in para. 3.4.5 of Article 4.1) by
using onfe of the test methods provided in section V-2.

(1) The 1,000-h data service factor shall be used, if
the prodict is qualified to the testing in para. V-2.1.

(2) The design life data service factor shall be used
if the product is qualified to para. V-2.1, para. V-2.2, or
para. V-31.3.

(3) [f the long-term strength is determined
accordinp to para. V-2.3, then 1,000-h survival tests shall
also be gerformed, as defined in para. V-2.1.

(4) The long-term strength, s;, may be determined
directly from the analysis of the test data measured in
either pqra. V-2.2 or para. V-2.3.

(5) For testing performed according to para. V-2.1,
an initial estimate of the long-term strength is required,
and the festing shall validate that initial estimate.

(b) The service factors for repair laminates listed in
Table 4 shall be determined from the testing completed
in sectiop V-2.

V-2 METHODS

(a) Th
followin,
(1) gurvival testing where the-Repair System is sub-
jected to|a period of sustaineddoad for 1,000 h for mea-
surement of the long-term sfrength
(2) tegression testing:based on a series of tests on
the Reppir System ovet~different time periods and
extrapolgtion to designlife for measurement of the long-
term strgngth
(3) ¢oupon.testing based on regression testing of
represerftative coupons followed by confirmation of
long-terth_coupon test results with survival testing for

test method alternatives may be one of the

gy o

reach the required long-term strength, sy, as defindd by
egs. (V-1) and (V-2) and sustained for 1,000 Ak,

(c) If any deterioration of the repair larhinate in the
form of cracking, delamination, or leaking occurg, the
Repair System shall have failed the test.

(d) Three identical tests shall;be performed,|and
Repair System qualification is,only possible if all three
tests survive.

(e) The 95% lower confidence long-term stress i
culated using

cal-

Prest DE,

- Z(Ec tmin + Es ts) (V-l)

Sit

(f) If yielding of the substrate pipe does occur |then
the 95%¢lewer confidence long-term stress, s, is cplcu-
lated ysing

S =

PD
L Y
trepair 2

(¢) Further guidance on survival pressure testing| pro-
cedures may be obtained from ASTM D1598.

V-2.2 Regression Testing

(a) Pipe spools of minimum diameter 100 mm (# in.)
and minimum thickness of 3 mm (0.12 in.) shall be jused
and the Repair System applied.

(b) A series of test specimens shall be subject to| sus-
tained pressures of different values.

(c) The time at which the repair laminate shows $igns
of deterioration defined as cracking, delaminatiop, or
leaking shall be recorded.

(d) The results shall be plotted (log/log) and the
required pressure determined by a regression anglysis
using the 95% lower confidence limit and extrapolation
to design life.

(e) The conversion from pressure to stress withih the

measurement of the long-term strain

(b) All tests shall be carried out at the maximum tem-
perature at which the Repair System is to be used in
service.

V-2.1 Survival Testing

(a) Pipe sections of minimum diameter 100 mm (4in.),
minimum D/t ratio of 20, and minimum length of 2.5
pipe diameters shall be used and the Repair System
applied to the entire length of the pipe sample.

repair laminate for each data point shall be according to

Ptest DEc

°= Z(EC tmin + Es ts)

(V-3)

(f) If yielding of the substrate does occur then the
95% lower confidence long-term stress, s; (MPa), is cal-
culated using

PD
Sy = L (L - Sats) (V'4)

trepair 2
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(g) Atleast 18 results are required in order to carry out
the regression analysis. ASTM D2992 provides further
guidance on the long-term testing of composite materi-
als and ISO 14692 provides guidance on the analysis of
the data required to calculate sy.

V-2.3 Representative Coupon Testing

(a) Representative coupons of the repair laminate
shall be made up and tested in a comparable manner

Part 4 — Article 4.1, Mandatory Appendix V

(e) To determine the long-term failure stress or strain
of the Repair System, five medium term tests (according
to ASTM D1598) shall be performed on sections of pipe
of minimum diameter 100 mm (4 in.) and minimum
thickness of 3 mm (0.12 in.).

(1) In these tests, the pressure is fixed, and the time
to failure shall be recorded.

(2) A test pressure should be selected so that failure
occurs after about 1,000 h.

to the actual Repair System laminate.

1) “Representative” implies same laminate con-
nts, volume fraction, and fiber orientation.

2) “Comparable loading” implies coupons shall be

uni

Output of these coupon tests is the regression gra-
, G, in terms of log (either stress or strain) against
time).

In addition to the representative coupon testing,
urvival tests outlined in para. V-2.1 shall be success-
completed.

(f) The lower confidence limit (in terms of [time) for
these five tests shall be calculated according;te fhe mean
failure time minus two standard deviations.

(g) The long-term design strength) (or strain) of the
Repair System shall be the extrapolation of the lower
confidence limit to the design(lifetime using [the mea-
sured regression gradient from the coupon tegts.

(h) Further guidance ofd$urvival pressure tegting pro-
cedures may be obtained*from ASTM D1598.

(i) Further guidance’on long-term testing
interpretation may be obtained from ISO 1469

hnd data
2.

V-3 REPORT

nditions,
ta points,

A report shall be prepared giving the test co
details’of the Repair System, the individual da
and the derived performance design data.
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Article 4.1, Mandatory Appendix VI
Measurement of Impact Performance

TRODUCTION

(c) The test specimen shall be oriented such th

t the

This M
for meas|
supplier
withsta
(44.3 in.

[andatory Appendix describes the test method
uring impact performance. The Repair System
shall demonstrate that the repair is capable of
hding the impact from a low velocity 5 ]
[b) impact representative of a dropped tool.

VI-2 METHODS

(a) An
Mandatd
(b) Th
with a 1]
from a h|

identical test specimen to one of the nine from
ry Appendix IV (Article 4.1) shall be used.

e repair shall be subject to a 0.5 kg (1.11b) weight
P mm (0.5 in.) hemispherical indentor dropped
eight of 1 m (39 in.).

indentor strikes at the location of the hole on ¢hg test

specimen.

(d) The test specimen shall be empty for{the’dur
of the impact test.

(e) The impacted specimen shall bé subject to a

htion

pres-

sure test as described in Mandatdry Appendix IV

(Article 4.1).

(f) The yvalue of the test shallbe calculated accoiding

to Mandatory Appendix IV.
(g) The calculated vy Valtte shall be not less than

VI-3 REPORT

YLCL-

A report shall be prepared giving the test conditfions,

details of the'Repair System, the individual data p
and the detived performance.

ints,
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Article 4.1, Mandatory Appendix VII
Installer Qualification

VII-1_INTRODUCTION

(2) evaluation methods nised in repair dpqign

The repair of components using composite laminates
diffgrs considerably from other repair techniques, and
the quality of the installation depends strongly on satis-
factdry craftsmanship. Training and qualification of per-
sonrjel are therefore key elements of a successful repair.
Thi4 Mandatory Appendix outlines the minimum
requfirements for training, qualification, and approval
of installers and supervisors/trainers for the specific
Repgir System.

NOTE: Supervisors and trainers have the same qualification
requifements but may be different positions within the organiza-
tion ¢f the Repair System vendor.

VII-2 TRAINING

(a} Courses and training shall be arranged by or with
the 3ssistance of the Repair System supplier.
1) The Repair System supplier may use qualified
trairfers to train installers and other supervisors.
2) The Repair System supplier shall be responsible
for the training of the supervisors/trainers.

(b} Thebasic course shall give a theoretical and practi-
cal ihtroduction to the most important elements in the
instdllation of a composite repair.

VII-2.1 Coursework (Installer)

(a] The course shall include training in

1) definition of a Repair-System

2) terminology, types-of repair

3) hazards assogiated with pressurized systems
4) health, saféty;-and environment

5) surface'preparation

6) material preparation

7) material application

8)_control of repair conditions

9X quality control

(3) health and safety
(4) installation checklist and hold peints
(5) inspection of repairs
(c) A written test covering the above subjects shall be
taken and passed by the supervisor/trainer.

VII-2.3 Installer-Specific Qualification

(a) Installers shall be quialified for each specific Repair
System through practical tests for Type A and/¢r Type B.
(b) All specific_approval tests shall be carried out in
accordance with~a written procedure, relevant to the
specific Repair System and approved by the Repair
System supplier.
(c) Qualification records shall be maintaingd by the
employer of the Repair System installer.

Vil-2.3.1 Type A
(a) Repair shall be applied to a pipe test spgcimen of
at least 100 mm (4 in.) diameter.
(b) Repair shall pass visual inspection completed in
accordance with para. 5.2 of Article 4.1 witnegsed by a
supervisor or instructor.

Vii-2.3.2 Type B
(a) Inaddition to the requirements for Type A repairs,
an identical test specimen to one of the njne from
Mandatory Appendix IV (Article 4.1) shall be prepared.
(b) The specimen shall be subject to a pregsure test
as described in Mandatory Appendix IV (see Article 5.1
for guidance).
(c) The yvalue of the test shall be calculated gccording
to Mandatory Appendix IV.
(d) The calculated vy value shall be not less than ;.

VII-3 TRAINING RECORDS

(a) At the completion of an installer or suﬂ)ervisor /
4 o1l o

(b) A written test covering the above subjects shall
be taken and passed by the installer.

VII-2.2 Coursework (Supervisor/Trainer)

(a) The supervisor/trainer candidate shall be a quali-
fied installer.
(b) The supervisor/trainer shall complete the follow-
ing additional training:
(1) supervisor’s/trainer’s
responsibilities

duties and

tratner—eottrse—a—stecessful—eandidate—shalltPe issued
with a certificate by the qualified trainer providing
details of the Repair System of concern.

(b) The employer of the Repair System installer shall
keep a record of the completed training (e.g., logbook
for each Repair System installer).

VII-4 REQUALIFICATION

(a) The type-specific qualification shall be valid for a
period of 1 yr.

(15)


https://asmenormdoc.com/api2/?name=ASME PCC-2 2015.pdf

Part 4 — Article 4.1, Mandatory Appendix VII ASME PCC-2-2015

(b) If the installer has performed a documented instal-
lation witnessed by a supervisor during the year of type-
specific qualification, then their qualifications may be
renewed for another year, for a maximum of two
renewals.

(c) If the installer has not performed a repair in the
last year then they shall be requalified prior to applying
further repairs.

(d) The installer shall complete the requalification

process 1o less than once every 3 yr.
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Article 4.1, Mandatory Appendix VIII
Installation

Vill-1_INTRODUCTION

(d) reinforcement orientation

(a} Repair System suppliers shall provide full installa-
tion |instructions.

(b} The requirements given in the following sections
are jntended to complement those given by Repair
System suppliers and specify the key operations neces-
sary|for a successful repair. In the event of conflict, the
Reppir System supplier should be contacted for
clarification.

(c] Full instructions for each repair situation shall be
givgn in the method statement prepared in each
instgnce.

VIII-2 SURFACE PREPARATION

(a] The surface preparation shall extend at least over
the ywhole surface onto which the repair laminate is to
be applied and be in accordance with the specific Repair
System.

(b} Assessment of the prepared surface for roughness
and|cleanliness may be obtained from SSPC (SP 1
through 14/NACE through 8), ISO 8501, 1SO 8502,
ISO B503, or ISO 8504.

(c] Any chemicals used for surface préparation shall
be within the recommended shelf life, .freshly mixed
(whe¢re appropriate).

(d) The time period between surface preparation and
initigl coating/laminate application should be as short
as ppssible, to avoid formation of flash corrosion.

(e] Prepared surfacesshall be protected from contami-
natign prior to the application of the repair laminate.
Detgrioration of the¢prepared surface shall be cause for
reje¢tion and «the' surface preparation procedure
repefted.

(f) Thespecified surface preparation technique shall
not pe feplaced by another, without explicit guidance
fron] the Repair System supplier, who shall have quali-

(e) overlaps between neighboring layers
(f) overlaps between individual layers
(g) consolidation of the layers

(h) finishing layer/coating (top_coat)

(i) taper details (see para. 3.4.8 of Article 4]1)

VIII-4 CURE

CAUTION: Each polynteriin the Repair System can be cured
to a range of glass transition temperatures. Repair Systems will
not achieve the ultimate glass transition temperature determined
by the qualification) testing specified in this Standard unless
they experience(the same temperature for the same| period of
time as the-samiple tested.

Repairs ‘designed for elevated temperature service will not
meet the.requirements of this Article unless they are|subject to
a postcure (heating) cycle that matches the thermal |history of
the/sample tested during qualification.

(a) Since the cure of a repair laminate is strongly influ-
enced by temperature and the correct mixing of polymer
constituents prior to lamination, the limits set Ipy Repair
System supplier shall not be exceeded withoutfapproval
from the Repair System supplier.

(b) Where elevated temperatures are requirefl for cur-
ing, the temperature shall be monitored throughout the
curing process and adhere to Repair System supplier’s
guidance.

(c) The time for full cure is dependent on the type of
polymer used in the repair and ambient conditjons. The
extent of cure achieved during installation shall be the
same as that assumed in the design.

(d) If the process system pressure has been| reduced
prior to repair, then the repaired component [shall not
be returned to its normal operating pressure uhtil satis-
factory cure has been achieved.

VIII-5 DOCUMENTATION

fied the alternative as part of a different Repair System.

VIII-3 LAMINATE LAY-UP

Where appropriate, these details shall include the
following;:

(a) in-fill compounds

(b) primer application

(c) polymer/load transfer material (if needed)/
primer layer (if needed) preparation

173

(a) A record for each repair should be made and
retained for the repair life.
(b) A unique identifier should be assigned to each
repair.
(c) The design records that should be kept include
the following;:
(1) layers and orientation of reinforcement
(2) preparation procedure
(3) cure procedure
(4) postcure

(15)
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(5) number of layers

(6) axial extent of repair

(7) design data (Mandatory Appendix I of
Article 4.1) and calculations

(8) location of repair

(d) The material records that should be kept include

the following;:

(1) Repair System supplier

ASME PCC-2-2015

(e) The quality control records that should be kept

include the following:

(1) repair reference number

(2) visual inspection report (see acceptable defects
listed in Table 6 of Article 4.1)

(3) thickness measurement

(4) repair dimensions

(5) personnel completing the installation

(6) Barcol or Shore hardness measurement (if

(2) polymer type and quantity
(3) teinforcement type and quantity
(4) batch numbers for materials

specified)
(7) T, measurement (if specified)
(f) The details of future service inspectioniintervals
should be kept.
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Article 4.1, Nonmandatory Appendix A
Glossary of Terms and Acronyms

A-1 _GLOSSARY OF TERMS load transfer materigl: material nsed to repair external
. . o . L. surface imperfections prior to the applicatiorief compos-
anistropic: exhibiting different properties in different .
dire¢tions. . - ) .
) modified qualified Repair System: a Repair,System, devel-
Barc .l hardness: measure of surface hardness using a sur- oped by modifying one or more elements of a pfeviously
face [impresser. qualified Repair System, for which the qualificdtion test-

composite: a thermoset plastic (polymer) that is reinforced
by fipbers.

continuous (fiber): unbroken fiber lengths throughout the
struqture.

cure pr curing: setting of a thermosetting polymer by an
irreversible chemical reaction.

delatpination: separation of layers within a composite
lamipate or between the laminate and the host pipe.

design life: expected maximum service period of the
repajr under the design conditions.

design life data: information necessary to support a
“dedign life” for a repair. This information could include
longtterm strength, long-term modulus, cyclic fatigite,
cherhical exposure, temperature, and impact and.abra-
sion|resistance.

diffgrential scanning calorimetry (DSG): ymethod of
detefmining the glass transition temperature of a ther-
mosgtting polymer.

disbpndment: separation of the Taminate from the
subsftrate.

glass
mer

hard

cure

transition temperatuyestemperature at which a poly-
undergoes a magked change in physical properties.

ner: componentadded to an polymer resin to affect
(curing ageént).

heat Wistortiqutemperature: temperature at which a stan-
dard test'bar deflects a specified amount under a
giveh load.

ing recommended by Nonmandatory Apper|dix B of
this Article has been completed.

owner: the company or entity that owns or is re
for the substrate being repaired.

ponsible

pipeline: pipe with components (e.g., bends/ flanges,
valves) subject'to the same design conditjons and
typically used to transport fluids between plantg, usually
buried.

pipework: interconnected piping subject to the[same set

orsets of design conditions.
piping: assemblies of piping components (e.g.,|pipe, fit-
tings, flanges, gaskets, bolting, valves) used tp convey

fluids within a plant, often above ground but sgmetimes
buried.

ply: a single wrap or layer (lamina) of a repair Jaminate.

postcure: additional elevated temperature curel

qualified Repair System: a Repair System for which the
qualification testing mandated by this Article has been
completed.

reinforcement: a high strength fiber imbedded in| the plas-
tic (polymer), resulting in mechanical properties supe-
rior to those of the base polymer.

resin system: all of the components that make up the
matrix (plastic or polymer) portion of a composjte. Often
this is a resin, filler(s), pigment, mechanical |property
modifiers, and catalyst or hardener.

risk: a term encompassing what can happen (s
its likelihood (probability), and its level of]

(cansequences)

cenario),
damage

laminate: the part of a Repair System that is the compos-
ite. Most composites considered in this document are
composed of discrete lamina or layers, which are
wrapped or stacked, one on top of the other. This stacked
construction is the “laminate.”

leak: this does not refer to a fluid leaking through a hole
or breach in the pipe. Rather, this refers to a condition
of a pipe (substrate) wall that could or does allow the
contents of a pipe to make contact with and act directly
upon the (composite) repair laminate.

175

Shore hardness: measure of surface hardness using a sur-
face impresser or durometer.

substrate: the original component to be modified.
supplier: the company or entity taking responsibility for
testing and qualifying a Repair System; usually the man-
ufacturer, but possibly a provider of private-relabeled
product.

thermoset polymer: plastics that cannot be resoftened fol-
lowing polymerization.
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A-2 GLOSSARY OF ACRONYMS

API: American Petroleum Institute

ASME: The American Society of Mechanical Engineers
ASTM: American Society for Testing and Materials
AWWA: American Water Works Association

BS (BSI): British Standards Institute

COSHH: Control of Substances Hazardous to Health

FRP: Fiber Reinforced Plastic/Polymer

HDT: Heat Distortion Temperature

ISO: International Standards Organization
MAOP: Maximum Allowable Operating Pressure
MAWP: Maximum Allowable Working Pressure
MSDS: Materials Safety Data Sheets

NDT- Nlondestriictive Testin g

Regulatipns

CSWIP: Lertification Scheme for Welding Inspection
Personngl

DSC: Differential Scanning Calorimetry

OSHA: Occupational Safety and Health Act
PD: Pressure Directive
SMYS: Specified Minimum Yield Strength
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GENERAL

s common for a Repair System supplier to develop a

mojiﬁed composite Repair System by changing selected

ents of an existing Repair System. This
mandatory Appendix provides, in Table B-1, some
ral guidance regarding the minimum amount of
ting that must be performed for requalification
h a Repair System is developed by changing an
ent of an existing Repair System.

MODIFIED REPAIR SYSTEM

an element of an existing Repair System has been
ged in order to develop a modified Repair System,
the amount of recommended retesting for requalifi-
n includes the retesting recommended in Table B-1
lation to each of the modified elements.

B-3 ENGINEERING JUDGMENT
It is impossible for the ASME Post“Cons

truction

Committee to conceive, in advance, of all of the many

possible ways in which a particular Repair Sys
plier may develop a new Repair System by n
an element of a specific £xisting Repair Syst|
predict precisely how eaclt’ change of an eler
specific Repair Systetrmay affect its performd

tem sup-
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forming the recommended retesting idenjtified in

Table B-1 does notynecessarily imply that the ne
System has been requalified adequately. W
retesting secommended in Table B-1 is nece|
requalification, in some situations, it may not
cient.It'is solely the responsibility of the Repa
suypplier to judge whether any additional 1
beyond that recommended in Table B-1 may b
for a new Repair System to become req
adequately.
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Table B-1 Recommended Testing for Requalification of a Modified Qualified Repair System

Modified Component

Illustrative (Nonlimiting)
Examples

Minimum Recommended
Retesting

Substrate

The Repair System has been qualified
for use on stainless steel pipes by
using a representative stainless
steel type of material during initial
qualification testing. The manufac-
turer now wants to qualify it for use

e Lap shear adhesion
strength (e.g., tempera-
ture, aging)

e Cathodic disbondment
(only if to be used for

Surface pr¢paration

Matrix polymer of
compositp material

Auxiliary ifjgredients
with a role primarily in

the manyfacturing pro-

cess usedl in matrix
polymer formulation

Auxiliary|ingredients
with a fole primarily
in affedting the end-
use pefformance
used ir] matrix_poly*
mer formulation

on carbon steel pipes by using a rep-

resentative carbon steel material in
additional testing.

A specific surface cleaning procedure
had been used during initial qualifi-
cation testing. The Repair System
supplier now wants to change the
surface cleaning procedure.

An epoxy matrix polymer had been
used during initial_gualification test-
ing. The Repair/System supplier now
wants to qualify a version of the
product, using a polyurethane matrix
polymer:

Thevtype and/or amount of a resin,
curing agent, catalyst, initiator, sur-
factant, fiber sizing, etc., is modified
(Add example of procurement
source.)

An ingredient such as a fire
retardant, impact modifier, curing
agent (which results in a different
molecular architecture for the
cured thermoset network), etc., is
incorporated, or its type and/or
amount (in weight percent or vol-

cathodically protectefd
pipes)

e Impact performance gnd
energy release rate (pnly
if to(beyused for leak
repairs)

e ['ap shear adhesion
strength (e.g., tempefra-
ture, aging)

e Cathodic disbondme
(only if to be used fd
cathodically protecte|
pipes)

T = =

® Impact performance gnd
energy release rate (pnly
if to be used for leal
repairs)

Consider the modified fcom-
posite material to bela
completely new comgosite
material. Repeat the ¢om-
plete qualification tedting
program stipulated by this
Article.

e Uniaxial tension (both in-
plane directions)

® Hardness

® T, or HDT

e Uniaxial tension (both in-
plane directions)

e Hardness

e T, or HDT

£ RSP
e peircentSTmoaiteas
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Add;t;ulla: tCDt;IIs tILI t
may help assess the
intended type of effect of
the ingredient (e.g., fire
retardancy testing if a fire
retardant has been added
or impact performance
testing if an impact modif-
ier has been added)
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Table B-1 Recommended Testing for Requalification of a Modified Qualified Repair System (Cont’d)

Modified Component

Illustrative (Nonlimiting)
Examples

Minimum Recommended

Retestin

g

Fiber type used in
composite material

Fiberglass had been used during ini-
tial qualification testing. The Repair
System supplier now wants to qual-
ify a version of the product using
carbon fibers.

Consider the mod

ified com-

posite material to be a

completely new
material. Repeat

composite
the com-

plete qualificaiton testing
program stipulated by this

Fiber [orientation used
in cpmposite material

Interlpminar adhesive
in alcomposite material
using precured plies

Load [transfer material

A particular biaxial orientation state
had been used during initial qualifi-
cation testing. The Repair System
supplier now wants to qualify a ver-
sion using a substantially different
biaxial orientation state or uniaxial
orientation

A particular epoxy polymer had been
used during initial qualification
testing.

The Repair System supplier now
wants to qualify a version using a
different epoxy polymer.

A particular epoxy polymer had been
used during initial qualification
testing.

The Repair System supplier now
wants to qualify a version using a
different epoxy polymer.

Article.

e Uniaxialctension
plane(directions

o/Short-term spod
test

e |ap shear adhe
strength (e.g., |
ture, aging)

e Cathodic disbor
(only if to be ug
cathodically prg
pipes)

® Impact perform
energy release
if to be used fo
repairs)

e Compressive m
the maximum if
use temperatur
repair system

¢ Short-term spog
test

® Measure compr
modulus of ne
transfer materig
maximum inten
temperature of
system. Is it at
high as 75% of
pressive modul
same temperaty
load transfer m
had been used

(both in-
)

| survival

bion
bmpera-

dment
ed for
tected

nce and
ate (only
I leak

dulus at
tended
of the

| survival

bssive
load

| at the
Hed use
he repair
east as
the com-
Is, at the
re, of the
hterial that
in the ini-

tial qualificatio

testing?
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If the answer is

“No,” also

perform a short-term
spool survival test.
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Table B-1 Recommended Testing for Requalification of a Modified Qualified Repair System (Cont’d)

Illustrative (Nonlimiting) Minimum Recommended
Modified Component Examples Retesting

Primer layer A particular type of primer layer had
been used during initial qualification

e Lap shear adhesion
strength (e.g., tempera-

testing. The Repair System supplier
now wants to qualify a version using
a different primer layer.

ture, aging)

e Cathodic disbondment
(only if to be used for

cathodically protecte
pipes)

e Impact performance
energy release rate (|
if to(beyused for leak
répairs)

d

hnd
bnly

Application method The Repair System was installed e Short-term pipe spod| sur-
manually during initial qualification vival test with samples
testing. The Repair System supplier prepared by modifigd
now wants to qualify an installation process
method where the installer is helped
by a machine that provides some e Cathodic disbondment
degree of automation to the installa- (only if to be used fdr
tion process. cathodically protected

pipes)

e Impact performance gnd
energy release rate (pnly
if to be used for leak
repairs)

Curing profocol A particular range of\thermal history e Hardness
(time and temperature of curing)
had been used-for curing during ini- e 7, or HDT
tial qualification testing. The Repair
System“supplier now wants to qual-
ify the-tse of a different range of
thermal history for curing.

GENERAL NOTE: Engineering properties and.test standards are defined in Table 1 of Article 4.1.
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Article 4.2
Nonmetallic Composite Repair Systems: Low-Risk
Applications

1 DESCRIPTION
1.1 [Scope

1.1.1 Repair Requirements. This Article provides
the fequirements for the repair of low-risk components
(e.g.| pipework, pipelines, tanks, and vessels) using a
qualjfied Repair System.

1L1.2 Definition of Repair System. The Repair
System is defined as a combination of the following
elements for which qualification testing has been
completed:

(af substrate (component)

(b} surface preparation

(c] composite material (repair laminate)

(d) load transfer material (filler material)

(e] primer layer adhesive (an adhesive used in some
repajr systems, attaching the composite laminate to the
substrate)

(f] application method (including sealing, coating,
etc., Jas needed)

(g} curing protocol
(h) interlaminar adhesive for Repair Systems that uti-
lize precurved plies

111.3 Allowed Materials. The composite materials
allowed for the Repair System are-engineering fiber (e.g.,
carbpn, glass, aramid) reinforcements in a thermoset
polyjmer matrix (e.g., polyester, polyurethane, phenolic,
viny|l ester, or epoxy). Fibers shall be continuous (i.e.,
chopped fibers shall nat-be used).

1.2 |Applicability

2.1 Example Applications. This Article addresses
the fepair.of\cOmponents originally designed in accor-
dande with*a variety of standards, including API 620,
API|650,"ASME BPV Code, ASME B31.1, ASME B31.3,

[y

(c) non-IDLH fluids

(d) less than 150 psig (1 MN/m?)
(e) less than 120°F (50°C)

(f) above 0°F (—20°C)

(¢) the leaking defect sizedyand design pressure, P,
satisfy the following relationship:
(1) PJd <150 psig_(i1)*°

(2) pJd < 0.5 MN/m'?
(3) the defect size shall be limited to d <{.25 x D

1.2.3 Applicable Defects.
defect maybe'repaired:
(a)<external corrosion
(b) external damage
(c) internal corrosion and/or erosion
(d) leaks
(e) manufacturing or fabrication defect

The following|types of

°2]

1.3 Risk Assessment

A determination shall be made as to wh¢ther the
repair is low risk, as defined in para. 1.2. The rigk assess-
ment should define the acceptable life of the rppair. An
assessment of the risks associated with the dgfect and
repair method should be completed.

NOTE: See Article 4.1 for guidance in risk assessmerjt.

The information and data describing any| hazards
shall be included in the risk assessment to bd used on
site.

1.4 Repair Life

The specified repair life shall be defined by the risk
assessment, and the achievable repair life will depend
on the Repair System. The useful service peripd of the

AWWA C200, AWWA C300, AWWA C301, AWWA C302,
AWWA C303, AWWA C400, AWWA C402, AWWA D100,
AWWA D103, BS EN 13121-2, ISO 15649, ISO 13623, and
PD 5500.

1.2.2 Definition of Low Risk. Low-risk applications,
for the purposes of this Article, are defined as those
applications where all of the following apply:

(a) nonhazardous fluids

(b) systems containing piping, tanks, and pressure
vessels not critical to the safety of workers

Repair-System-for-a-specific-application-canbé affected
by external and environmental exposures, active internal

corrosion/erosion, and external mechanical influences.

2 LIMITATIONS

2.1 Additional Requirements

Part 1 of this Standard contains additional require-
ments and limitations. This Article shall be used in con-
junction with Part 1.
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