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FOREWORD

ASME formed an Ad Hoc Task Group on Post-Construction in 1993 in response to an increased need for recognized and
generally accepted englneerlng standards for the 1nspect10n and mamtenance of pressure equipment after it has been
placgd-rsery 0 datioro ask-GrouptheBoard—o t otogy-Codesand-Standards
(BPT|CS) formed the Post-Construction Committee (PCC) in 1995. The scope of this committee was tq_deyelop and
mainftain 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 agldressing
issugs encountered after initial construction for equipment and piping covered by Pressure Technology Jodes and
Stanglards. The BPTCS covers non-nuclear boilers, pressure vessels (including heat exchangers), piping apd piping
components, pipelines, and storage tanks.

Thie requirements and recommendations established by the Committee are not to bednterpreted as appraving, rec-
ommending, or endorsing any proprietary or specific design or repair method, or as limiting in any way the frleedom to
choope any method of design or any form of repair that conforms to these requifenients and recommenddtions.

Thle Committee meets regularly to consider revisions, to develop new requirements and recommendations af dictated
by tefhnological development, Cases of the PCC Standards, and requests for interpretations. Only the Committg¢e has the
authgrity to provide official interpretations of these Standards. Requests\for revisions, new rules, Cases of the PCC
Stanglards, or interpretations shall be addressed to the Secretary in writing and shall give full particularg in order
to rgceive consideration and action (see Correspondence With the"PCC Committee). Proposed revisiops to the
Stanglard resulting from inquiries will be presented to the Cominittee for appropriate action. The actipn of the
Commmittee becomes effective only after confirmation by ballot,of the Committee and approval by ASME. Proposed
revisions to the Standards approved by the Committee are.Submitted to the American National Standardq Institute
(ANYD) and published at http://go.asme.org/BPVCPublicReview to invite comments from all interested| persons.
After| public review and final approval by ASME, revisiongare published in the next scheduled edition of the Standard.

Thie PCC selects standards to be developed based on identified needs and the availability of volunteers. The P¢C formed
the Jubcommittee on Inspection Planning and théSubcommittee on Flaw Evaluations in 1995. In 1998, a T4sk Group
undér the PCC began preparing Guidelines for Pressure Boundary Bolted Flange Joint Assembly. In 1999, the P(C formed
the Spbcommittee on Repair and Testing. In-2002, the Subcommittee on Flaw Evaluation was dissolved and replaced by
the Jpint ASME/API Committee on Fitness for Service. Other topics are under consideration and may be develpped into
future guideline documents.

Thie subcommittees were charged with preparing standards dealing with several aspects of the in-service ihspection
and rhaintenance of pressure equipment and piping. The Inspection Planning Standard provides guidance on th¢ prepara-
tion pf a risk-based inspection plan. Defects that are identified are then evaluated, when appropriate, using the proce-
durep provided in the Fitness for Service. Finally, if it is determined that repairs are required, guidance pn repair
procgdures is providediin, the Repair of Pressure Equipment and Piping Standard.

Ndne of these documents are codes. They provide recognized and generally accepted good practices that may pe used in
conjynction with Post-Construction Codes, such as API 510, API 570, and NB-23, and with jurisdictional requiirements.

Thie first edition of ASME PCC-1, Guidelines for Pressure Boundary Bolted Flange Joint Assembly, was appfoved for
publjcation {n/2000. ASME PCC-1-2000 was approved by the American National Standards Institute (ANSI) as an
Ametican-National Standard on November 15, 2000.

Thie firstedition of ASME PCC-3, Inspectlon Plannmg Using Risk-Based Methods, was approved for publication in 2007. It
was approvedby-ANSTas—an-Ameriea ationa afpdard-on—Oeteber4—200+~

The first edition of ASME PCC-2, Repair of Pressure Equipment and Piping, was approved for publication in 2004.
Subsequent editions were published in 2008, 2011, and 2015.

Starting with this 2018 edition, new editions are expected to be published on a four-year cycle. ASME PCC-2-2018 was
approved by ANSI as an American National Standard on August 8, 2018.

XV


https://asmenormdoc.com/api2/?name=ASME PCC-2 2018.pdf

ASME PRESSURE TECHNOLOGY
POST-CONSTRUCTION COMMITTEE

—

. Arnold, Niantic Bay Engineering, LLC
. Becht IV, Becht Engineering Co., Inc.
Bergeér, Consultant
ihg, Kiefner and Associates, Inc.
rown|) Integrity Engineering Solutions
. Farajpsso, KBR
. Hantg, Valero Energy Corp.
. King Furmanite America, Inc.
. Lay, Hytorc
. Peteys, Structural Integrity Associates
. Ray, Marathon Petroleum Corp.
. Reynglds, Intertek/Moody
Roberts, Shell Global Solutions US, Inc.
. Rodeyy, BP North American Products, Inc.

EXPOT
weF
w
[=]
=

OVTWoOUoOUoOWwWZ2
c!'”']c—]mg'-n-<

J. Taagepeya, Chair, Chevron Energy Technology. Co.
S. C. Robetts, Vice Chair, Shell Global Solutjons.US, Inc.
S. J. Rossi, [Secretary, The American Society of-Mechanical Engineers
L. P. Antalffy, Fluor

C. Becht 1V, Becht Engineering Co., Ihc.
M. A. Boripg, Kiefner and Associdtes) Inc.
P. N. Chakp, Lummus Technolégy, Inc.
N.
S.
B.
C.
D.

Y. Faramsso, KBR

J. Findlgn, Stone & Webster, Inc.
F. Hantg, Valero Enérgy Corp.

R. Harldy, GP Stratégies Corp.
M. King} Furnfanite America, Inc.

(The Tollowing 1S the ToSter ol The COMIMIttee at the Ume ol approval of this standard.)

STANDARDS COMMITTEE OFFICERS

C. Becht 1V, Chair
C. D. Rodery, Vice Chair
S. J. Rossi, Secretary

STANDARDS COMMITTEE PERSONNEL

REPAIR AND TESTING SUBCOMMITTEE (PCC)

S. J. Rossi, The American Society of Mechanical Engineers

I. Roux, Roux Engineering

C. W. Rowley, The . Wésley Corp.

J. Taagepera, Chevron Energy Technology Co.

G. M. Tanner, M&M Engineering Associates

K. Oyamada, Delegate, High Pressure Gas Safety Institute of]
(KHK)

T. Tahara, Delegate, T & T Technology

J. Batey, Contributing Member, Consultant

C..D. Cowfer, Contributing Member, Consultant

Japan

E."Michalopoulos, Contributing Member, City of Kozani, Gredce
K. Mokhtarian, Contributing Member, K. Mokhtarian Consultinlg, LLC

C. Neely, Contributing Member, Becht Engineering Co., Inc.
J. R. Sims, Contributing Member, Consultant

J. A. Morton, Williams Co.

J. T. Reynolds, Intertek/Moody

B. D. Ray, Marathon Petroleum Corp.

C. D. Rodery, BP North American Products, Inc.
C. W. Rowley, The Wesley Corp.

E. Upitis, Upitis & Associates, Inc.

H. ]J. Dammeyer, Contributing Member, Consultant
K. Mokhtarian, Contributing Member, K. Mokhtarian Consultin|
W. Newell, Jr., Contributing Member, Euroweld Ltd.

D. B. Stewart, Contributing Member, Kansas City Deaerator
T. Tahara, Contributing Member, T & T Technology

5, LLC

SUBGROUP ON EXAMINATION AND TESTING

C. R. Harley, Chair, GP Strategies Corp.

M. Ellis, Vice Chair, Applied Technical Services

C. Dinic, Technical Standards and Safety Authority
M. Edel, BakerRisk

N. Y. Faransso, KBR

XVi

J. A. Morton, Williams Co.
J. T. Reynolds, Intertek/Moody
S. C. Roberts, Shell Global Solutions US, Inc.

K. Mokhtarian, Contributing Member, K. Mokhtarian Consulting, LLC


https://asmenormdoc.com/api2/?name=ASME PCC-2 2018.pdf

SUBGROUP ON MECHANICAL REPAIR

A. Thistlethwaite, Chair, Team-Furmanite
C. Becht 1V, Becht Engineering Co., Inc.
H. J. Dammeyer, Consultant

M. Faulkner, Exxon Mobil Chemical Co.
D. M. King, Furmanite America, Inc.
C. D. Rodery, BP North American Products, Inc.

SUBGROUP ON NONMETALLIC REPAIR

K. Wachholder, Chair, Sargent & Lundy
D. Peguero, Vice Chair, NRI

J. M. Souza, Pipe Wrap, LLC
R._H. Walker, Citadel Technologies

(@]
>
=
o)

xander, ADV Integrity, Inc.

Farrag, Gas Technology Institute

Frost, Walker Technical Resources Ltd.
ill, Furmanite America, Inc.

igba, U.S. Department of Transportation

A.

R.

S.

Ki

Ohfarriz, Belzona
R

S

S

as, Chevron ETC
W.|Rowley, The Wesley Corp.
choler, HJ3 Composite Technologies
héets, Stress Engineering Services, Inc.

CTZOZETYV R

o

(@)

>

Boring, Chair, Kiefner and Associates, Inc.
. Antalffy, Fluor

alvin, Nooter Construction Co.

. Lhaku, Lummus Technology, Inc.
Findlan, Stone & Webster, Inc.

. Hantz, Valero Energy Corp.

TymmrE=
mTZ20w

J. M. Wilson, T. D. Williamson, Inc.

F. Worth, Air Logistics Corp.

D. Zamani, Consultant

M. Green, Alternate, Neptune Research, Inc,

M. Kiani, Alternate, Citadel Technologies

R. E. Rhea, Alternate, Air Logistics Corp.

G. Urukalo, Alternate, Walker Technical Resources Ltd.
U. Weinheimer, Alternate, Team Industrial Services

C. Whalen, Alternate, Millikendnfrastructure Solutions,

SUBGROUP ON WELDED REPAIR

J. Penso, Shell"Rrojects and Technology

B. D. Ray,(Mardthon Petroleum Corp.

I. Roux; ‘Roux Engineering

A. Seijas, Phillips 66 Co.

J. Taagepera, Chevron Energy Technology Co.
E:Upitis, Upitis & Associates, Inc.

LLC

xXvii


https://asmenormdoc.com/api2/?name=ASME PCC-2 2018.pdf

(18)

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 by requesting interpretations, proposing

revisions

a | ke . Val adeds, 4t Fal u 1 141 . ke
Ul a Ldot, alltl atttilUullly GUIIITIIIITTTHIIITTLIITES. WUTTTOPUITUTIILT STIIUUIU DT aUultsostu tu.

Secretary, PCC Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

New York, NY 10016-5990
http://go.asme.org/Inquiry

Propo

or desirable, as demonstrated by the experience gained from the application of the Standard Approved revisions w
published periodically.

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

Proposing a Case. Cases may be issued to provide alternative rules when justified, to permit early implementati

an approy
immediat

Reques
Standard
existing (
Case app

Interpn
Standard
Committg

Reques
form is ag
automati

If the I
Committg
ommend

Subject:
Edition:
Question

ing Revisions. Revisions are made periodically to the Standard to incorporate changées that appear nece

red revision when the need is urgent, or to provide rules not covered by existing provisions. Cases are effg
ely upon ASME approval and shall be posted on the ASME’Committee web page.
ts for Cases shall provide a Statement of Need and Background Information. The request should identif
and the paragraph, figure, or table number(s), and be\written as a Question and Reply in the same fornj
ases. Requests for Cases should also indicate the applicable edition(s) of the Standard to which the prog
ies.

etations. Upon request, the PCC Standards,Committee will render an interpretation of any requirement

€.

cessible at http://go.asme.org/InterpretationRequest. Upon submittal of the form, the Inquirer will recei
c e-mail confirming receipt.

e at the above address.-The request for an interpretation should be clear and unambiguous. It is furthe
ed that the Inquirer.submit his/her request in the following format:

Cite the applicable paragraph number(s) and the topic of the inquiry in one or two wi
Cite the applicable edition of the Standard for which the interpretation is being reque
Phrase the question as a request for an interpretation of a specific requirement suitabl

general understanding and use, not as a request for an approval of a proprietary desi

ts for interpretation should preferably be submitted through the online Interpretation Submittal Form|

Esary
ill be

Kible,
osal,

on of
ctive

y the

at as
osed

fthe

Interpretations can only be rendered ih response to a written request sent to the Secretary of the PCC Standlards

The
Ve an

hquirer is unable to use.thé online form, he/she may mail the request to the Secretary of the PCC Standlards

[ rec-

brds.
sted.

e for
bn or

Proposed Reply(ies):

situation. Please provide a condensed and precise qUestion, composed M suciaway
“yes” or “no” reply is acceptable.

entering replies to more than one question, please number the questions and rep

ata

Provide a proposed reply(ies) in the form of “Yes” or “No,” with explanation as needed. If

lies.

Background Information: Provide the Committee with any background information that will assist the Committee in

understanding the inquiry. The Inquirer may also include any plans or drawings tha
necessary to explain the question; however, they should not contain proprietary nam
information.

xviii

tare
esor
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Requests thatare notin the format described above may be rewritten in the appropriate format by the Committee prior
to being answered, which may inadvertently change the intent of the original request.

Moreover, ASME does not act as a consultant for specific engineering problems or for the general application or
understanding of the Standard requirements. If, based on the inquiry information submitted, it is the opinion of
the Committee that the Inquirer should seek assistance, the inquiry will be returned with the recommendation
that such assistance be obtained.

ASME procedures provide for reconsideration of any interpretation when or if additional information that might affect
an interpretation is available. Further, persons aggrieved by an interpretation may appeal to the cognizant ASME
Committee or Subcommittee. ASME does not “approve,” “
devige;oractvity:

» o«

certify,” “rate,” or “endorse” any item, construction, proprietary

Attending Committee Meetings. The PCC Standards Committee regularly holds meetings and/or telephone confer-
ence$ that are open to the public. Persons wishing to attend any meeting and/or telephone conference should contact the
Secrgtary of the PCC Standards Committee.
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ASME PCC-2-2018
SUMMARY OF CHANGES

ASMEDP ommittee and ASM nda

andards Institute on August 8, 2018.

> he ed by
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ASME PC(-2-2018 includes the following changes identified by a margin note, (18). In addition, articles and@ll'assodiated
appendicps have been redesignated with a new identifying article number. Paragraphs now carry that unique numbdrasa
prefix, with the figures and tables identified with the specific paragraph number to which they belong. For'example, Fjgure
1 in formjer Article 2.1 is now designated as Figure 201-3.5-1.

Page Location Change
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xviii Correspondence With the PCC Former “Preparation of Technieal Inquiries” replaced with
Committee “Correspondence With thé.PCC Committee
1 101-1 First sentence revised and third paragraph added
1 101-2 (1) Subparagraph (a)yrevised
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2 101-3.4 Revised in its‘entirety
2 101-3.7 Second apd-third sentences revised
4 201-3.8 Subparagraph (b) revised
5 Figure 201-3.8-1 Note (5) revised
6 Figure 201-3.8-2 Note (5) revised
15 202-7 Updated
16 203-1.1 First sentence revised
16 203-1.3 Fourth sentence revised
16 203-2.3 Second sentence revised
17 203-5 Revised in its entirety
18 203-7 Updated
23 Article 205 Added
29 Figure(206-1.1.1-1 Callouts “Carrier pipe” and “Groove weld optional” added
30 Figure 206-1.1.2-1 Callout “Carrier pipe” added
29 206-2.10 Title revised
29 206-3.2 Revised
30 206-3.5 Subparagraph (b) revised
32 Figure 206-3.5-1 Revised
32 Figure 206-3.5-2 Revised
33 206-4.6 First sentence revised
33 206-4.7 Title and paragraph revised
33 206-5.3 Revised
33 206-5.5 Revised
33 206-6 Revised

XX
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139 306-7 Updated
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195 401-H-3 Revised
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PART 1
SCOPE, ORGANIZATION, AND INTENT

Article 101

101-1 SCOPE

is Standard provides methods for repair of equip-
menf{, piping, pipelines, and associated ancillary equip-
ment within the scope of ASME Pressure Technology
Codds and Standards® after they have been placed in
service. These repair methods include relevant design,
fabrifation, examination, and testing practices and may
be temporary or permanent, depending on the

inspection and flaw evaluation methods are not
ed in this Standard, but are covered in othef
post{construction codes and standards.

Thiis Standard does not purport to address all<of the
safety concerns, if any, associated with its usexIt is the
resppnsibility of the user of this Standard to establish
apprppriate safety and health practices, and determine
the gpplicability of regulatory limitations prior to use.

Only technical procedures and‘information are
proviided; administrative or policy requirements are
outside of the scope of this Standard.

methodsS involving metal deposit.

Introduction

(e) Part5 covers examination aiid testing methods and
techniques.

101-3 INTENT
101-3.1 General

This Standard provides technical informatign, proce-
dures, and\recommendations for repair methods that
were detérmined by consensus to be recognized and
generally accepted good engineering practice. Where
equipment repair is subject to jurisdictional r¢gulation,
jurisdictional approvals may be required.

101-3.2 Definitions

The words may, shall, and should are used in the 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 [an action
that is an essential element of the repair method that
cannot be eliminated.

should: an action that is not mandatory. It indicates an
action that when performed, is generally consiidered to
be good practice; however, there are some circumstances
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 ngt manda-
tory unless so specified by others in the appljcation of
these articles.

(c) Part 3 covers mechanical repairs, with or without
sealant, such as bolted clamps or fixtures and includes all
repair methods not covered in Part 2 or Part 4.

(d) Part4 coversrepairs 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 pipelines) and piping
components (such as valves), boilers, pressure vessels (including
heat exchangers), and storage tanks.

101=3:3Administrative 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
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after it has been placed in service, and may include the
references to the original construction code. Examples
of post-construction codes include NB-23, API 510, API
570, and API 653.

101-3.4 Application

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

an appropriate opportunity. The anticipated life of a
repair depends on many circumstances, and could
include consideration of risk. As such, this Standard
does not classify repair methods as permanent or
temporary. Rather, technical considerations that affect
the expected life of the repair are stated in the individual
articles.

101-3.8 Code References

may not|necessarily be suitable for all applications.
Precautignary considerations are provided, but should
not be cdnsidered all inclusive. Sound engineering prac-
tices and judgment should be used to determine the applic-
ability of & specific method or part of a method to a specific
applicati¢n. The phrase engineering practices and judg-
ment refdrs to technical judgments made by knowledge-
able engiheers or subject-matter experts experienced in
the appli¢ation of repair practices. Engineering judgments
shall be donsistent with good engineering practices, and
such judgments shall never be used to overrule mandatory
requirenients or specific prohibitions of this Standard.
Each repgir should be subject to an appropriate review
by qualified personnel, and this review should consider
subsequent deterioration of the repaired component.

(b) Additional limitations and considerations are
contained in section 2 of the individual articles.

(c) The repair methods provided in the articles in this
Standard|are applicable to a variety of damage mechan-
isms. Examples of damage mechanisms may be found in
API Recommended Practice 571. Other applications,_af
repair fof damage mechanisms are provided for in.indi-
vidual articles.

101-3.5 |Alternative Use

While this Standard covers repair of équipment within
the scople of ASME Pressure Technology Codes and
Standardp, it may be used on equipment constructed in
accordanfe with other Codes and) Standards.

101-3.6 [Articles’ Independence

Individual articles.ih this Standard may be used inde-
pendently of otherdtticles, except when otherwise noted.
However] this Part(Part 1) applies to all articles in this
Standard

101-3.7 Re

Many of the repair techniques included in this Standard
are considered to be permanent, intended to remain in
place for the life of the repaired component. Others
may only be suitable for short-term service, and
should be replaced with a more permanent repair at

Reference to specific codes is generally avoided,in this
Standard because the equipment or piping could fhave
been constructed in accordance with anumbeyof different
codes. Where such a reference is provided) it'is gengrally
the intent to include, by reference, a“specific technical
provision.

101-3.9 Welding

Requirements for welding; including qualificatipn of
welding procedures, welders, and welding operators
should generally follow an applicable constru¢tion
code or post-construction code, except when othefrwise
specified hereih.

101-3.10_Allowable Stress

Calculations involving the allowable stress usge the
allowable stress from the original construction cogle or
post-construction code, unless otherwise specified in} spe-
eific articles.

101-3.11 Examination

When qualifications of examiners, methods of exathina-
tion, extent of examination, and acceptance criteria aije not
specified, they should follow the requirements of ah ap-
plicable construction code or post-construction codle.

101-3.12 Records

The owner should keep records that documerI the
repair. Specific requirements for documentatiop are
not provided in this Standard. The owner should retain
records that comply with applicable jurisdictiona] and
post-construction code requirements. Documentftion
may include such items as a description of the condition
that required attention and its cause, repair procedures
that were used, photos prior to and after the repair, exam-

test records, and the names of the persons/firms
performing the repair and examination and their certifi-
cation. The documentation forms part of the history of the
pressure component and should be retained aslong asitis
relevant.
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PART 2
WELDED REPAIRS

Article 201

2011 DESCRIPTION

20141.1 General Considerations

Thie repair of pressure components by butt-welded

inse

't plates involves the replacement of pressure

bourjdary material in a pressure component with an
inseft plate attached by full penetration butt welds.

This

repair method is applicable to cylindrical, spherical,

and donical shells and to flat pressure components. It may
be uded for single and double curvature shells. It may also

be u
head
curv
thes
cons
smal

ed on other pressure components (such as formed
5) if the curvature of the replaced section matches the
ture of the original pressure part. It is not limited by
ze of the pressure component, except where practieal
derations preclude the use of an insert, such ason
| diameter pipe or tube. It may be used on small

diamleter pressure components if special carevis taken
to erjsure a close fit of the insert plate and‘the existing

pres
comyj
plica

sure component and that the repaired pressure
onent meets the tolerance requifements of the ap-
pble construction code.

201-1.2 Replacement of Local Areas in Pressure

Vessel Shells or Pipe Walls

Thiis repair method.is\intended to be used to replace

port
wallg
ning
isms
many

201-I-3 Reptacement of Entire Component

Re

ons of pressure-retaining vessel shells or pipe
that have been damaged by cracks, local wall thin-
from ergsion, corrosion, and other damage mechan-
The inSert plate may contain one or more nozzles/
vays.

Butt-Welded Insert Plates in Pressure Components

201-2 LIMITATIONS
201-2.1 Part 1 of This Standard

Part 1 of this Standard contains additional
ments and limitatiens. This Article shall bg
conjunction with~Part 1.

201-2.2 Additional Considerations and
Limitations

When applying this repair method, considera
becgiven to compatibility of materials, operati
tions for the intended life of the component, fi
welding to minimize the residual stresses and dji
and any limitations on nondestructive examin
pressure testing.

201-2.3 Loadings

This method may be used for equipment g
either internal or external pressure. If the
component is subject to external pressure, 3
consideration shall also be given to any loss of
strength as a result of permanent distortions or
ment in the repaired component. If the pressuj
nent is subject to cyclic loading, additional con{
shall be given to the effect of permanent distorti
fatigue life of the repaired component.

201-2.4 Corrosion-Resistant Weld Overla
Cladding

This repair method may also be used in vesse

require-
used in

tion shall
hg condi-
tting and
stortions,
htion and

ubject to
pressure
dditional
buckling
misalign-
e compo-
ideration
ns on the

y or

s that are

placement 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.

elther clad with corrosion-resistantiining or wel

d overlay.

The insert plate cladding or weld overlay shall be compa-

tible with the existing materials and suitabl
intended service. Consideration shall also be

e for the
given to

the use of weld details and welding procedures suitable

for the intended service.
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201-2.5 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 compo-
nent and shall be carefully evaluated for compatibility
between the dissimilar materials and the service environ-
ment, both internal and external. If thermal fatigue is a
possibility, consideration shall be given to the potential
for accelerated fatigue cracking in the dissimilar me
combinatfion.

201-3 DESIGN

201-3.1 |Construction Code

The inert plate thickness, material, and welds shall
meet the design requirements in the applicable construc-
tion codelfor the existing pressure component into which
it is being installed and shall be consistent with the joint
efficiency or joint quality factors used in the original
design, ejceptas permitted in para. 201-3.3. The allowable
stresses ghall be the same as in the applicable construction
code for the existing component.

201-3.2 |Materials

Insert plates and welds should be of the same material
as the exigting pressure component, or of another material
that has pt least equal notch toughness and allowable
stress, cqnforms to the requirements of the applicable
construdtion code, and is suitable for the intended
service. Where ASME materials are used, the replacement
material $hould have the same ASME P-Number designa-
tion as tHe pressure component material into ‘which the
insert is peing installed.

201-3.3 |Insert Plate Thickness

The ingert plate thickness shouldjbe not less than the
nominal thickness of the material it welds into. If a thinner
insert pldte than the nominal\thickness of the material it
welds info must be used, it' shall be evaluated for the
intended|service (suchas fatigue due to cyclic loading)
using thq rules in the.applicable construction code for
the pressphire component, or the applicable post-construc-
tion codd. See-para. 201-4.1.5.

201-3.5 Flush Inserts

Flush inserts in pipe or tube may be round or oblong
cutouts, as shown in Figure 201-3.5-1, or rectangular
cutouts with rounded corners.

201-3.6 Insert Plate Size

The insert plate shall be of sufficient size to replace the
entire area of the existing pressure component that has
. g fi imuedoperation and

to ensure that all welds are in sound material,

201-3.6.1 Minimum Size of Insert Plates.| The
minimum diameter, or length and width dimensiopns of
nonpostweld heat-treated, butt-weldéd jcarbon and low
alloy steel insert plates shall be the lesser of 1Pt or
380 mm (15 in.) (where t is the thickness of the
parent material). See para. 201:3.8.

201-3.7 Structural Stability at Cutouts

Consideration should'be given to structural stability and
possible distortiofiof the unsupported plate edges offlarge
openings (cutouts) in the vessel shell. An assessment
should be made for the need of temporary supports
around theyunsupported edges of such openings djiring
removal of the shell section to be replaced with an
insert'plate. The assessment shall consider all logding
conditions that may occur on the vessel and the compo-
nent during the repair, including structural stabiljty of
vessels during PWHT.

201-3.8 Insert Plates With Nozzles

The nozzle/manway reinforcementin insert plateq with
nozzles shall meet the design requirements and weld
details of the applicable construction code for the pregsure
component. The minimum diameter of insert plate with a
nozzle shall be the larger of the following:

(a) for all nozzle/manway assemblies, the diameter of
the nozzle/manway penetration plus the width needg¢d for
nozzle reinforcement and any edge bevels

(b) for carbon and low alloy steel nozzle/manway
assemblies for which the nozzle-to-butt patch (ghell)
weld is not postweld heat treated before or aftef the
assembly is welded into the shell, the diameter df the
insert plate needed to maintain a minimum distanice of
150 mm (6 in.) between the nozzle attachment weld

201-3.4 [Rectangular and Square Insert Plates

Rectangular and square insert plates shall have corners
rounded to a radius, except when the entire shell plate is
replaced. Rectangular and square insert plates 13 mm (%
in.) thick and up to and including 25 mm (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.

and the nearest edge of the insert plate butt weld.
However, the diameter of the insert plate for nozzles
having an outside diameter 300 mm (12 in.) or smaller
need not be larger than 2 times the outside diameter
of the nozzle. (See also Figures 201-3.8-1 and 201-3.8-2.)
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Figure 201-3.5-1 Flush Insert in Pipe or Tube

25 deg to
35 deg (Typ.)

Figure 201-3.8-1 Flush Insert Plate (With or

Without

Nozzle/Manway) With Its Butt Weld Intersecting Existing

Butt Weld in Shells or Heads

a

Note (2)

Note(1)x

~— |

(a) Note (1)

25 deg to 35 deg (Typ.)

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

N

(d) Note (4)

:

de view of cutout in pipe or tube with edge beveéls: (Figure 201-
5-1 shows single-grooved joint detail with 25 degto 35 degedge
bvel in pipe or tube. Other joint details and edge bevels may be
bed, as appropriate for a particular weld joint.)

an view of insert with edge bevels.(Figure 201-3.5-1 shows an
sert with one-sided joint detail.)

de view of the insert with edge-bevels. (Other joint details and
ige bevels may be usedsas-appropriate for a particular weld
int.)

de view of welded insert in pipe or tube.

g (e

Note (3)

Note (3]

SRS

NOTES:

(1) Existingbuttweldinvesselshell orhead. (Figure 201-
butt weld in a cylindrical shell.)

(2) Thirty deg minimum angle.

(3) Full RT or UT, or MT or PT both sides of existing buf
mm (4 in.) min. each side of intersection with inse

(4) Insert plate butt weld. Full RT or UT, or MT or PT b
weld.

(5) See para. 201-3.8.

Note (4)

.8-1shows

It weld, 100
t plate.
bth sides of

(18)
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Figure 201-3.8-2 Intersecting “Doghouse” Type Insert
Plate Butt Weld (With or Without Nozzle/Manway) With
Shell Butt Weld in Vessel Shells and Heads

|

Note(1)\‘

hasbeen 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 be repaired. Thicker
pipe or tube inserts may be used, provided they meet the
requirements of para. 201-4.1.5.

201-4.1.3 Forming Strains in Carbon and Low Alloy
Steels. Carbon steel and low alloy steel insert plates
should be heat treated (stress relieved, normalized, or

1
Note (2)

4t

;— Note (3)

Note (4)

L @§

S

NOTES:

(1) Existinjgbuttweld invessel shell or head. (Figure 201-3.8-2 shows
butt wgld in a cylindrical shell.)

(2) Lengthof cutin shell butt weld, 150 mm (6 in.) minimum on each
side of] intersecting insert plate butt weld.

(3) Insert plate butt weld.

(4) Cut existing shell butt weld to 150 mm (6 in.) minimum on each
side offintersecting insert plate butt weld and bevel edges(or arc
gouge ¢dges) to the desired edge bevels. Reweld aftepconipletion
of inse[t plate butt weld. Full RT or UT, or MT or PT beth sides of
new weld.

(5) See pafa. 201-3.8.

201-4 FABRICATION

201-4.1 |Cutting and Forming

201-4.].1 Edge Bevels. Edge bevels in the insert plate
and in the pressure eemponent may be prepared by
thermal futting, arc\gouging, machining, or grinding.
The method should be appropriate for the material
and weldling process(es) used.

All edgps.prepared for welding shall be examined to the

requirements of the nppli(‘nhlp construction cade aor post-

quenched and tempered, if appropriate) subsequpntly
when the resulting extreme fiber elongation.duyring
cold forming is more than 5%, as determined by the
following formulas:

(a) For single curvature shells (cylinders)

S0t R
percent extreme fiber elongation's —| 1 — - , 9
Rf R,

(b) For double curvature{heads and spherical shells),

75t R
percent extreme fiber elongation = Ri(l - —f), 9%

f Ro
where
Ry = final centerline radius, mm (in.)
R, #priginal centerline radius, mm (in.). (R3dius
equals infinity for flat plate.)
t = plate thickness, mm (in.)

As an alternative, the rules of the original construjction
code may be used.

201-4.1.4 Forming Strains in Other Materials. [old-
forming strains (e.g., from bending) in materials ¢ther
than carbon and low alloy steel shall not exceed the limita-
tions in the applicable construction code without a syibse-
quent heat treatment.

201-4.1.5 Alignment at Edges of Insert Plate] The
alignment at edges of the insert plate butt weld [shall
be such that the maximum offset is within the limitaftions
of the applicable construction code for the pregsure
component. If the insert plate thickness exceeds these
limitations, the edge(s) of the insert plate shall have a
tapered transition having a length not less thjan 3
times the offset between the adjacent surfaces of abytting
sections.

construction code for the pressure component being
repaired. All unacceptable indications shall be repaired
to the requirements of the applicable construction
code or post-construction code.

201-4.1.2 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

201-4.2 Welding

201-4.2.1 Welded Joints. The weld between the insert
plate and the existing pressure component shall be a full
penetration butt weld. Where possible, double-welded
butt joints should be used.
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201-4.2.2 Strength of Welded Joints. The welded
joints (weld metal and heat-affected zones) shall meet
the minimum strength® and toughness requirements
and other requirements in the current edition of the ap-
plicable construction code for the pressure component.

201-4.2.3 Qualification of Welding Procedures and
Welders. Welding procedures, welders, and welding
operators shall be qualified in accordance with the re-
quirements of the applicable construction code or

2010-4.2.9 Weld Contour. The accessible surfaces of
insert plate butt welds shall preferably be ground” to a
smooth contour, or flush if warranted by the service condi-
tions. 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.

posticonstruction code. Welding procedure qualifications
shall|include impact tests as required by the applicable
consfruction code for the pressure component. Vessel
(prodluction) impact tests are not required.

20(1-4.2.4 Welding Materials. Welding materials and
processes shall be as currently permitted by the applicable
consfruction code or post-construction code for the pres-
sure [component. Welding of carbon and low alloy steels
with low hydrogen electrodes and processes is
recommended.

20(1-4.2.5 Weldsin Damaged Areas. All welds between
the ihsert plate and the existing shell should be in sound
matefrial. In some cases, the welds may be in a damaged
area,|provided any damage is considered in the design of
the rppair, and the damage has been evaluated and is ac-
ceptgble by the rules of the applicable post-construction
code

20[1-4.2.6 Cleaning of Areas to Be Welded. Oil, grease;
paint, scale, and other foreign material shall be removed
from|the area adjacent to the weld and a sufficient distance
away from the weld to avoid contamination,

-4.2.7 Fit-Up of Insert Plates. Fit-up of insert
platds is important to the integrity of the repair. The

tube por other pressure components that do not allow two-
sidedl weldings-gas tungsten arc welding, or another
welding procéss that provides an acceptable weld on
the ¢ppesite side should be used for the initial pass
joinipgtheé insert to the pipe wall. Subsequent passes

201-4.3 Weld Spacing Between Nonintergecting
Adjacent Butt Welds in Carbon Steel and
Low Alloy Steel Pressure Components

201-4.3.1 Minimum Spacing Befween Nonpostweld
Heat-Treated Butt Welds. Nonpostweld heaft-treated
butt welds around the periphery of insert plates shall
be spaced no closer tonéxisting nonpostw¢ld heat-
treated butt welds gr reinforcing plate atfachment
welds than
(a) for t,, < 135mm (% in.), 150 mm (6 in.)
(b) fort,, ¥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.)

201-4.3.2 Alternative Spacing Between Nonpostweld
Heat-Treated Butt Welds. The spacing betweer] adjacent
nonpostweld heat-treated carbon and low alloy|steel butt
welds may be reduced to the lesser of 8t,, or 200 tnm (8 in.)
for t,, < 40 mm (1% in.), provided both butt yelds are
ground smooth, 100% RT or UT examined apd 100%
MT or PT examined after completion of welding in
areas where the spacing between the adja¢ent butt
welds is less than that specified in para. 201}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 exam-
ined in place of the 100% RT or UT examination require-
ment above. The butt welds with thicknesses legs than 13
mm (% in.) need only be MT or PT examined. [See para.
201-5.1.

201-4.3.3 Spacing Betwen Stress-Relieyed Butt
Welds. The spacing between the adjacent b:EVtt welds

shall be not less than 2t,, if the first butt weld has
been stress-relieved before making the second butt weld.

may be Lumplewd 'Uy BdS CUMZSTEIT dIC Ol amotireT
welding process. Short Circuit Mode of Gas Metal Arc
is not recommended for these types of welds.

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

201-4.4 Intersecting Butt Welds in Carbon and Low
Alloy Steel Pressure Components

201-4.4.1 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

2 Grinding welds to a smooth contour reduces stress concentrations at
weld discontinuities.


https://asmenormdoc.com/api2/?name=ASME PCC-2 2018.pdf

ASME PCC-2-2018

insert plate butt weld should be placed such that it inter-
sects the existing butt weld atan angle notless than 30 deg,
as shown in Figure 201-3.8-1. Alternatively, the insert
plate may be sized such that it intersects the existing
butt weld at a 90 deg angle, as shown in Figure 201-
3.8-2.

201-4.4.2 Examination. Unless 100% RT or UT exam-
inationisrequired by the applicable construction code, the
insert plate butt weld and 100 mm (4 in.) of the existing

201-5.2 Finished Welded Surfaces

Unless 100% RT or UT examination is required, all
finished welded surfaces shall be examined by magnetic
particle (MT) or liquid-penetrant (PT) methods.
Examination by the MT or PT methods is recommended
for the root pass of single-groove welds and for the back-
gouge of double-groove welds. No crack-like indications,
incomplete fusion, or incomplete penetration are
permissible

ination shall be performed on the full length
weld along the existing shell butt joint. See
para. 201-5.1.

201-4.5 |Postweld Heat Treatment

201-4.5.1 General Considerations. The butt welds
between the insert plate and the existing pressure compo-
nent and|the weld between the nozzle/manway and the
insert plate shall be postweld heat treated (PWHT) when
required [by the original construction code or the appli-
cable po$t-construction code, or for process reasons,
except ag permitted by the applicable post-construction
code. Proper precautions should be taken during the
PWHT to| avoid distortion of the welded assembly.

201-4.5.2 Repairs. Repairs to pressure equipment that
require PWHT based on service conditions shall be post=
weld heaf treated, unless other means (e.g., engineering
evaluation) are provided to ensure that the as:welded
joints will be suitable for the service conditions, or as
permittedl by the applicable post-construction code.

201-4.%.3 PWHT. For the repaired pressure parts that
require PWHT (either Code-mandated or dependent upon
service donditions), the PWHT $hall be performed in
accordamce with the applicable construction code,
unless the owner requiresia more stringent PWHT
(e.g., higher PWHT temperature or longer hold time).

201-5 EXAMINATION OF WELDS
201-5.1 |Insert-Plate Welds

All ins¢rt\plate welds to the existing pressure compo-

201-5.3 Piping

For piping, all nondestructive examinatioh require-
ments shall be in accordance with the current require-
ments in the applicable construgtion code or post-
construction code.

201-5.4 Additional Examihation Requirements for
Carbon and Low Alloy Steels

201-5.4.1 Rectangular and Square Insert Plates. For
rectangular or square-insert plates, the welds around the
rounded corner$,'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 completed
weld shall'be either MT or PT examined.

201-5.4.2 Closely Spaced and Intersecting Welds. See
patas. 201-4.3 and 201-4.4 for additional examinatign re-
quirements for closely spaced welds and interserting
welds.

201-6 PRESSURE TESTING

201-6.1 General Considerations

If the vessel or pipe can be isolated for pressure testing,
and ifitis practical to do so, all insert plate welds shoyld be
pressure tested as required in the applicable post-
construction code. Alternatively, nondestructive exampina-
tion may be performed in place of pressure testing if
permitted by the applicable post-construction cofle at
the location of the pressure equipment, when contamnina-
tion of the pressure-retaining item by liquids is possible or
when pressure testing is not practical.

201-6.2 Notch Toughness Considerations

nent in pressure vessels shall be examined by radio-
graphic (RT) or ultrasonic (UT) examination methods
to the extent required by the applicable construction
code or post-construction code for the pressure compo-
nent. Where UT is used, examination of the root pass by
either magnetic particle (MT) or liquid-penetrant (PT)
methods is recommended. The procedures, personnel
qualifications, and acceptance criteria shall be in accor-
dance with the applicable construction code or post-
construction code.

fe]—€onsideration—shotdd-be—given—to—the—effect of
service deterioration and embrittlement from prior
service conditions on notch toughness characteristics
of the pressure component before pressure testing.
The personnel shall maintain a safe distance from the
pressure component when the pressure is increased
for the first time.

(b) Additional safety precautions shall be taken in case
of a pneumatic test to reduce the risk of brittle fracture.
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(c) Consideration should also be given to any hazards
that might be associated with the test medium (toxicity,
flammability, explosiveness, etc.).

201-6.3 Leak Test

A separate leak test (visual, bubble-forming solutions,
sniffer, etc.) may be desirable to check for leaks before
pressurizing the component to the maximum test pres-
sure. Such a leak test should be performed at a safe pres-

pressure by pressurizing the component to a desired pres-
sure and reducing the pressure to the leak test pressure
before performing the leak test.

201-6.4 Vessels and Piping With Insulation or
Coating

All testing and inspections should be performed prior to
application of insulation or coatings.

sure|that is substantially less than the maximum test
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Article 202
External Weld Buildup to Repair Internal Thinning

202-1.1 |Introduction

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

202-1.2 |Restoration of Wall Thickness

When appropriate, applying a weld buildup repair to
the exterijor of a thinning pressure component (pipe/pres-
sure vesdel) can provide the necessary structural rein-
forcemenjt and can eliminate the need for either total
replacement of the component or an internal weld
repair. Specifically, a weld buildup procedure can be
used to dtructurally restore steel (carbon, low alloy, or
austenitif stainless steel materials suitable for welded
constructfion) components to the appropriate wall thiek-
ness without resorting to replacement efforts.-kisome
cases, it if possible to perform a repair while the/compo-
nent is infoperation. The use of a weld buildiip a’s a perma-
nent repgir shall include considerationof the thinning
mechanigm.

202-2 LJMITATIONS
202-2.1

Part 1|of this Standard contains additional require-
ments and limitations. This Article shall be used in
conjunctipn with\Pdrt 1.

Additional Requirements

202-2.2 | Cracking

lium
ould

without a thorough understanding of the ,me
contained within the pressure component. This' st
also include an evaluation of the medium for potg¢ntial
reactions with the base material due_to the heat [from
welding. Examples of process media-that' should be prop-
erly flushed from the system prior’to repair in¢lude
hydrogen, hydrogen cyanideoxygen, alkaline/caustic
materials, butadiene, acetylénic compounds, |H,S,
chlorine, and acids. In sofne ‘cases, cleaning procedures
may be necessary to prepare a pressure compdnent
system for repair.

202-2.4 Operation in Creep Temperature Range

Buildup repairs of components that are operated|at or
near the ereep temperature range should only be quallified
throughyan engineered design approach as describpd in
section 3 of this Article.

202-2.5 Blocked-in Liquid-Filled Components

Blocked-in liquid-filled components should n¢t be
repaired due to the potential for pressure inciease
from thermal expansion.

202-3 DESIGN

Figure 202-3-1 depicts the weld buildup dimenfions
referred to in this section.

202-3.1 Buildup Design

The weld buildup shall meet the requirements of
202-3.1.1 through 202-3.2.2.2.

202-3.1.1 Weld Metal

aras.

202-3.1.1.1 Chemistry. The nominal chemistry ¢f the
deposited weld metal shall match the base materigl.

A weld buildup shall not be used for structural rein-
forcement when there is indication of any form of
cracking.

202-2.3 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
welding process. In no case should welding be performed

10

202-3.I.1.2 Tensite Strength. Tie tensite 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.

202-3.1.1.3 Alternative Filler Metals. Alternative
filler metals (to those specified above) may be used
with appropriate design calculations and fitness for
service evaluations.
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Figure 202-3-1 Weld Buildup Profile
t

.
10

202-3.1.2.8 Thickness. The thickness of the
completed buildup, dimension w in Figure 202-3-1,
shall not exceed the nominal thickness of the pressure
component.

202-3.1.2.9 Other Configurations. Configurations
not meeting the requirements of paras. 202-3.1.1 and
202-3.1.2 shall be evaluated based on engineering analysis
(para. 202-3.1.3.2) or testing (para. 202-3.1.3.3).

VA J

u Inside T
surface

20p-3.1.2 Buildup Geometry General Requirements

P02-3.1.2.1 Postrepair Examination. The design of
the Buildup shall not hinder postrepair examinations
and evaluations or any preservice examinations.

p02-3.1.2.2 Extension Beyond Base Metal. The weld
extend, at full thickness, a minimum distance, B, in
direction beyond the affected base metal (unless
wise justified by a fitness for service assessment).

B= 3/ 4+ Rtnom

shall
each
othe

whet

= @

outer radius of the component, or %D
nominal wall thickness éf the component

tnc m

p02-3.1.2.3 Edge Taper. The edges of the weld
buildups shall be tapered.to.the existing pressure compo-
nent|surface at a maxiratim angle, @, of 45 deg.

P02-3.1.2.4 Life of Repair. The thickness shall be
ient to maintain the predicted life of the repair.

p02-3.1:25’ Corner Radius. All corners of the buildup
have aradius, r, not less than the buildup thickness.

suffi

shall

P02-3.1.2.6 Corrosion Allowance. Any corrosion

202-3-1.3 BuitdupQuatificatiom Requirements. The
design of the weld buildup shall meet one ofithefollowing:

(a) guidelines for prequalified design‘in ppra. 202-
3.1.3.1

(b) guidelines for engineered-design in p
3.1.3.2

(c) guidelines for proof (butst)testin para.2(2-3.1.3.3

hra. 202-

202-3.1.3.1 Prequalifiéd Design. Applicatiqn of weld

buildups on straight piping sections and associated welds
to correct limited \degradation may be congidered a
prequalified design and shall be exempt from| an engi-
neered design qualification or a proof test qudlification
if all of thefollowing conditions are met:

(a) Allefthe requirements of paras. 202-3.1.1
3.1.2 are met.

(b)\ The maximum design temperature does njot exceed
340°C (650°F).

(c) The specified nominal thickness of the exi$ting base
metal is at least Schedule 40 or Standard Wall, whichever
is less.

(d) The maximum angle of the taper does not
deg (« in Figure 202-3-1).

(e) The finished buildup is circular, oval, full circumfer-
ential, or rectangular in shape.

(f) For each repair, the maximum dimension [(L, length
along axis) compensated by a circular, oval, or rectangular
buildup does not exceed the lesser of one-half thg nominal
outside diameter of the pressure component or 200 mm (8
in.).

(g) Rectangular buildups are aligned parallg
perpendicular to the axis of the pressure co
and corners are rounded with radii not less
buildup thickness.

(h) Oval buildups shall have end radii not [less than

3/4 /Rtpom and the axis of the buildup shall be aligned
s of the

and 202-

bxceed 30

I with or
mponent,
than the

parallel with or perpendicular to the ax

allowance that is determined to be necessary shall be
added to these dimensions. The predicted maximum
degradation of the built-up pressure component, and
the buildup, over the design life of the restoration
shall be analyzed.

202-3.1.2.7 Spacing. In addition, two or more
buildups shall not be spaced any closer than

3/4 /Rt,om between the toe of each buildup.

11

compotrent:

(i) The minimum thickness of the buildup shall be suffi-
cient to restore the nominal wall thickness of the pressure
component. This can be accomplished by subtracting the
remaining thickness from the nominal thickness of the
component to obtain the required buildup thickness.

(i) The thickness of the buildup shall be relatively
uniform except for the tapered edges.
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(k) If flexibility analysis was required by the original
construction code, the effect of the weld buildup shall
be reconciled with the original analysis or qualified in
accordance with para. 202-3.1.3.2.

202-3.1.3.2 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 consid-
ered in the design:

(i) The nominal diameter is not less than one-half or
more than 2 times the diameter of mock-up tested.

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

202-3.2.1.2 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

(a) thq effects of three-dimensional shrinkage

(b) thd effects of flexibility, stress concentration, and
section ppoperties

(c) strgssconcentrations from the pressure component
internal gurface configuration

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

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

(f) thg potential for creep degradation for service
temperatjures above 340°C (650°F)

202-B.1.3.3 Proof Test Qualification. As an alterna-
tive to tHe prequalified design or engineered design, a
proof testlqualification may be performed through a satis-
factory burst test mock-up. The details of the mock-up
configurdtion and considerations are in para. 202-3.2.

202-3.2

202-3.2.1 Proof Test Qualification Requirements. As
an alterngtive to the engineered design approach, a burst
test of a fnock-up buildup may be performed to qualify'a
weld buildup design.

Burst Test Procedures

202-B.2.1.1 General Requirements. A satisfactory

mock-up| burst test may be used to qualify the weld
buildup dlesign for application in the §ame orientation
on the same type of item, and the samé location on fittings,
when thq following conditions aré met:

(a) Thie base metal is of the same P-No. and Group
number 3s the mock-up base.material tested.

(b) Thp specified minimum tensile strength of the item
does not ¢xceed that of the mock-up base material tested.

(c) The¢ average thickness of the buildup area(s) is at
least the thicknes$6fthe mock-up plug, u, in Figure 202-3-
1.

(d) Thg everlap on the full thickness of base metal, B, is
at least that

C) and location of thinning or pitting to be compengated
for by 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 pgrma-
nently applied, shall be full-penetration ' welded arpund
the opening and flush with the outside surface of the pres-
sure component. Alternatively, an{equivalent volune of
base metal may be removed«from the inside surface of
the mock-up by machining-or grinding, withouf the
need for welding in a closure plug.

202-3.2.1.3 Buildup Thickness. Buildup seftion
thickness (deposit + base metal), represented by the
dimension uand/w in Figure 202-3-1, for the thinned
area of themock-up shall be not greater than 87.9% of
the nominal wall thickness. This is intended to pr¢vide
a conservative thickness for the qualification off the
buildup design.

202-3.2.1.4 Burst Pressure. To qualify a r¢pair
design for general application (on pressure compohents

in the same orientation or at the same location on fittings),
burst pressure shall be not less than:
po 2t S
D
where
D = outside diameter of the pressure compopent,
mm (in.)
P = minimum acceptable burst pressure, MPa|(psi)
Sact = reportedactual tensile strength, MPa (psi), pfthe
base material tested
t = minimum specified thickness (excluding manu-

facturing tolerance) of base material tested, mm

(in)

202-3.2.1.5 Flexibility Analysis. If flexibility an

was required hy the m‘iginnl construction caode, the

lysis
effect

e

rat-of-the-moeckup-

(e) The transition angle at the outer edges of the
overlay, @, is not greater than that of the mock-up.

(f) The buildup surface is similar to or smoother than
that tested.

(9) The maximum axial dimension/diameter ratio,L/D,
is not more than that tested.

(h) The maximum circumferential dimension/
diameter ratio, C/D, is not more than that tested.

12

of the weld buildup shall be reconciled with the original
analysis or qualified in accordance with para. 202-3.1.3.2.

202-3.2.2 Burst Testing Method

WARNING: Hydrostatic burst testing has the potential to
cause loss of life and damage to property. All tests shall
be thoroughly evaluated for safety and control of debris
from component failure.
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202-3.2.2.1 Pump Selection. The pump station used
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.

202-3.2.2.2 Burst Test Fittings and Gages. All

202-4.2 Prerepair Surface Preparation

202-4.2.1 General. The surface to be built up shall be
free from rust, scale, paint, coatings, or other contami-
nants. Grinding or wire brushing may be necessary to
remove surface oxides or protective coatings.

202-4.2.2 Solvent Cleaning. Immediately prior to
welding, the final weld surface should be thoroughly
cleaned using a solvent, such as acetone, to remove

fittings, hoses, and gages shall be rated for a working pres-
sure|equal to or greater than the pump rating. Fittings
attadhed 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 pres-
sure rating and shall be calibrated to a pressure standard,
tracgable to the National Institute of Standards and
Techhology (NIST), or equivalent, by a reputable labora-
tory.[The expected burst pressure of the component being
tested shall fall within one-fourth to two-thirds of the gage
rating, so as to be in the most accurate portion of the gage
meagurement range.

20244 FABRICATION

Thiis section describes application methods and techni-
ques|for applying weld buildups on degraded or thinning
steel[pressure components. This section should be consid-
ered|as general requirements for weld building and shall
be uged in conjunction with the requirements of the ap-
plicaple construction code or post-construction code.

202-4.1 Prerepair Inspection Requirements

202-4.1.1 Evaluation of Base Material. The material
benepth the surface to be weld built-up:shall be evaluated
to esfablish the average wall thickness and the extent and
configuration of thinning to be réinforced by the weld
buildup. Consideration should also be given to the
caus¢ and rate of deterigration. (If the cause of the thin-
ning [is not known or understood, then a materials engi-
neer ghould be constilted to approve the repair techniques
and procedures tgensure that the repair will not cause an
unacfeptable/change in the deterioration mechanism.)

202-4.1.2*Volumetric Examination. The user shall
detefmin€ that cracking has not occurred prior to

any traces ol o1l or grease. This procedure |will also
help in removing traces of moisture. Surfacejconfaminants
may lead to porosity and other welding defects, which may
adversely affect the welding quality.A cléan sufrface will
also assist in permitting more aceurate nondgstructive
examination assessment of the ‘pressure component
wall degradation.

202-4.2.3 Leakage Repair. All leakage(shall be
repaired prior to performing the weld buildyp repair.
If sufficient material»i§ available, peening may be used
to close off theleakage and permit seal welding.
Another option iS application of a series of overlapping
weld beads immediately adjacent to the leakage. Once
sufficient{material is available, peen to clode off the
leakagerand perform final seal welding.

202-4.2.4 Special Considerations. Seal weld¢d repairs
cohducted on-line, or to systems containing hazardous
materials, may require special considerationg that are
outside the scope of this Article.

202-4.3 Weld Buildup Placement

202-4.3.1 Mapping of Degraded Area. The area that is
determined to be degraded below the allowpble wall
thickness should be clearly mapped-out on the|pressure
component surface, using a scribe or other| suitable
marking technique.

202-4.4 Electrode Size and Filler

202-4.4.1 Weld Metal Requirements. The
weld metal shall conform to para. 202-3.1.1.

202-4.4.2 Wall Thickness Determination{ Prior to
initiation of welding, the remaining wall thicknhess shall
be determined to ensure that the proper electirode size
is used to prevent burn-through of the pressure compo-
nent wall.

required

comtrrericing tire repair- Thearea of theexisting pressure
component, to which the weld buildup is to be applied,
should be volumetrically examined prior to performing
the weld buildup.

202-4.1.3 Surface Examination. The entire surface, to
which the weld buildup is to be applied, shall be examined
using appropriate NDE technique(s) to verify surface
quality prior to welding. Acceptance criteria shall be in
accordance with the applicable construction code or
post-construction code.
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202-4.4.3 Minimizing Penetration. It is necessary to
minimize penetration during the first layer, thus
smaller diameter electrodes should be used. If in doubt
about the accuracy of the wall thickness, such as in the
case of pitting, the smallest possible electrode should
be selected.

202-4.4.4 Electrode Size. The electrode size should
not exceed the remaining base material wall thickness.
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202-4.4.5 Burn-Through. The potential for burn-
through and consequences thereof, shall be evaluated.

202-4.5 Welding Process and Techniques

202-4.5.1 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 construction
code or post-construction code.

202-4.5.9.1 Considerations Prior to Welding. Once
the 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.

202-4.5.9.2 Initial Welding Pass. The first weld
f the

vassfes) - should follow the outer verimeter o
1 o) ) 34

202-4.5.2 Welder Qualification. Welders performing
buildup welds shall be qualified in accordance with
ASME BPWVC, Section IX, or as required by the applicable
construction code or post-construction code.

202-4|5.3 Welding Processes. Typical welding
processe$ for these repairs include, but are not limited
to, SMAW and GTAW.

202-4.5.4 Wall Thickness Considerations. Pressure
componehts with wall thickness less than the diameter
of the elertrode should be depressurized before welding.

202-4.
given to
Alternati
(e.g., as 0

202-4.5.6 Heat Treatment. Heat treatment shall be
performed in accordance with the applicable construction
code or post-construction code, or engineering design.
Heat treptments shall only be applied to equipment
that is r¢paired while not in service. In some cases;
heattreajment may be required to meet service conditions
or process and may not be required by construetion code
(e.g., for H,S cracking).

202-4/5.7 Temper Bead TechniquexTemper bead
techniqugs, as permitted in the applicable’post-construc-
tion codef, may be used on carbon.steel or low alloy steel
to avoid the need for high temperature heat treatments.
Avoid usk of temper bead niethods where process or
service cpnditions mandate\usSe of heat treatment (e.g.,
H,S, HCN, HF).

202-4.5.8 Bead Querlap. A bead overlap of approxi-
mately 5% should be maintained to reduce the potential
for burn-through*and to assist in obtaining proper bead

placemer]t.dn some cases, wastage may have progressed
hurningo hranah-th

5.5 Depressurization. Consideration should be
depressurizing the system before welding.
yely, appropriate in-service welding techniques
rovided in API RP 2201) should be used.

weld buildup location to

(a) provide an outer gage for the welder.

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

202-4.5.9.3 Subsequent Welding Pasjses.
Subsequent weldingpasses may be completed|in a
normal fashion; however, care should be taken |with
the weld passes-at.the edges of the buildup to maiptain
the edge angl€, ortaper, to equal or less than that qualified.
An edge angle of 30 deg is recommended and meets dne of
the provisiens for a prequalified design. The taper anfgle is
important as it minimizes the stress intensifying effect of
the'buildup due to the changes in surface geometry.

202-4.5.9.4 Edge Taper Angle. The maximum ajlow-
able edge taper angle is 45 deg.

202-5 EXAMINATION

The inspections specified in paras. 202-5.1 thrpugh
202-5.4 apply to weld buildup repairs.

202-5.1 Surface Examination

The completed weld buildup shall be examined
the liquid penetrant or magnetic particle method and
satisfy the surface examination acceptance criteria
applicable construction code or post-construction

1sing
shall
f the
rode.

202-5.2 Buildup Thickness

Adequate wall thickness of weld buildup and rel¢vant
existing base metal shall be verified by ultrasonic thick-
ness measurement.

to the point-where-there-isrisk-of-burningthrough-the
component when depositing the first layer(s). To
prevent burn-through in such situations, the first bead
should be deposited where the remaining thickness is
greater, then subsequent beads should be overlapped
to step across the thinner area.

202-4.5.9 Welding Techniques. The techniques speci-
fied in paras. 202-4.5.9.1 through 202-4.5.9.4 may be used.

14

202-5.3 Volumetric Examination

When volumetric examination is required by the appli-
cable construction code or post-construction code, the full
volume of the finished buildup, excluding the tapered
edges, but including the volume of base metal required
for the design life of the buildup, shall be examined by
either the ultrasonic or radiographic method. The
repair shall satisfy the acceptance criteria for girth
welds of the applicable construction code or post-
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construction code, if there are no acceptance criteria for
structural buildups, butters, or cladding.

202-5.4 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.

202-6.3 Insulation and Coating

All testing and examinations shall be performed prior to
application of insulation or coatings.
202-7 REFERENCES

The following is a list of publications referenced in this
Article. Unless otherwise specified, the latest edition shall

apply.

20216 TESTING
20246.1 Pressure Testing

If fhe pressure component can be isolated for pressure
testihg, all repair locations shall be pressure tested if
requlired by the applicable post-construction code.
Speclal safety precautions shall be taken when performing
pnel.]rnatic testing to minimize the risk of brittle fracture.

6

.2 Volumetric Examination in Place of
Pressure Testing

202

Vdlumetric nondestructive examination may be
perfgrmed in place of pressure testing, when pressure
testihg is not practical. Leak testing may be required
to saltisfy post-construction code requirements.

API 510, Pressure Vessel Inspection CodeyMalntenance
Inspection, Rating, Repair, and Alteration

API 570, Piping Inspection Code: Inspéctior}, Repair,
Alteration, and Rerating of In-Seryice Piping Systems

APIRP 2201, Safe Hot Tapping Practices in the Hetroleum
& Petrochemical Industries

Publisher: American Petrgleum Institute (API

Street, NW, Washington; DC 20005 (www.ag

, 1220 L
i.org)

ASME Boiler and Pressure Vessel Code, Sectjon IX —
Welding, Brazing, and Fusing Qualifications
Publisher: Thé . American Society of Mechanical Engineers
(ASME),Two Park Avenue, New York, NY 10016-5990

(www.asme.org)

National Board Inspection Code, NB-23
Publisher: National Board of Boiler and Pressyre Vessel
Inspectors (NBBI), 1055 Crupper Avenue, Jolumbus,
OH 43229 (www.nationalboard.org)
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Article 203
Seal-Welded Threaded Connections and Seal Weld Repairs

203-1 DESCRIPTION

203-1.1 |Introduction

Where
equipmel
mechani
be suffici
some Sys
high pres
tive; or fl
solely on

203-1.2

When
desired,
required
used. Se
engaged.
by the thy]

203-1.3

Seal w
installed
design. O
a mainte
thathave
connectiq
need to b
integrity

203-2 L

203-2.1
Part 1

piping systems, pressure vessels, and process
it are assembled by threaded connections, the
al seal of standard tapered pipe threads can
ent for many industrial applications. However,
tems handling fluids at high temperatures or
sures; fluids that are flammable, toxic, or reac-
hids requiring very low leak rates, may not rely
threaded joints for leak tightness.

Seal Welds

the convenience of a threaded connection is
nd the reliable seal of a welded connection is
a seal-welded threaded joint is sometimes
nl welds are applied after the threads are
The mechanical strength of the joint is provided
eads, while the seal weld provides leak tightness.

How Seal Welds Are Used

blds are used in two different ways.(Some are
in new construction, as part of the original
ther seal welds are used after eenstruction, as
hance procedure to seal threaded connections
leaked. Finally, older plants might have threaded
ns that were permitted.in.past specifications but
e upgraded today by-seal welding as part of an
management program.

MITATIONS

Additional Requirements

of this Standard contains additional require-

ments a

ddimitations. This Article shall he nsed in

203-2.3 Consideration of Hazards

Before seal welding an existing threaded)cehne
consideration should be given to the potential hd
of the existing system, the ability to isolate the conne

tion,
zard
ction

while the plant is still running, persénnel exposure o the

system contents, and the consequénces of an unsche

luled

plant shutdown. Also, without dattention to the detafils in

this Article, seal-welded threaded connections are
to cracking and leakage.Upon careful evaluation of
considerations, it may‘be concluded that a more aj
priate action is to peplace the component(s) containir
threaded connections.

203-2.4 Potential Contaminants

For repair of leaking threaded connections, the or
thread sealant compound, thread lubricant, and pr
fluid contamination can make seal welding difficul
result in cracking of welds.

203-2.5 Welding and Material Consideration

For all seal welds, careful evaluation of the jo
needed. Some threaded connections are made of mat
that are difficult to weld, such as cast iron. Joints

rone
hese
hpro-
gthe

ginal
hcess
r and

5

nt is
brials
may

require high preheat, stainless or chrome-moly

welding fillers, or other special welding requirem
based on the materials of construction and service

203-2.6 Removal of Coatings

It is essential that coatings, including zinc galvan
be removed from the weld zone before welding. Recol
the joint area, after welding and testing are complete,
be considered.

203-2.7 Welding Effect on Adjacent Compon

ents,

1zing,
ating
shall

ents

conjuncti

203-2.2

on with Part 1.

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.

16

trseat-wetding of threadedcommections,; comsider
shall be given to the possible damaging effects of we

ation

lding

on adjacent components, such as soft seats in threaded

valves.
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203-3 DESIGN
203-3.1 Applicable Codes

For repair of original seal welds, consult the original
construction code or applicable post-construction code.
The requirements specified in (a) and (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

203-4.5 Prior Seal Welded Joints

For repair or replacement of original seal welds

(a) ifinstalling 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

203-4.6 Welding Existing Connections Without

(a] The seal weld shall only be used to provide the
hernjetic seal, not the mechanical strength to the joint.

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

20343.2 Application to Existing Joints

Fof repair of leaking threaded connections that are not
origihally seal welded, it may not be possible to meet the
condjtions of para. 203-3.1(a) or 203-3.1(b). Seal welds
applied over existing threaded joints may be less reliable
than|new construction, so the user must evaluate the
safety and reliability of each application individually.

203-3.3 Joint Reassembly

If
with

the joint is disassembled, it shall be reassembled
ut the use of any tape, lubricants, or joint compound.

20343.4 Two Pass Welds

Thie use of two pass welds over all exposed threads shall
be cqnsidered. Two pass welds increase the reliability of
the jpint.

20344 FABRICATION
20344.1 Cleaning

Rejmove the system from service/and drain the process
fluid]Make the system safe forhot work. This may be done
by pyirging with steam, nitrogen, or other inert gas.

20344.2 Cleaning-of-Joints

Pr
all sy

or to seal welding, joints shall be cleaned to remove

Disassembly

For seal welding original threaded connectionfs without
disassembly,

(a) remove as much old thread sealing joint cpompound
as possible. A wire brush, grinder; ortorch may be needed.

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

(c) grind out any poresity or other defects and reweld.
Repeat as necessary_until weld is leak tight.

203-5 EXAMINATION

203-5.1/Visual Examination

All thread seal welding shall be examined
examination (VT).

by visual

203-5.2 Magnetic Particle and Liquid Pe
Examination

netrant

penetrant
er assur-

Magnetic particle examination (MT) or liquid
examination (PT) may be used to provide grea
ance of leak tightness as applicable.

203-5.3 Acceptance Standards

Acceptance criteria shall be in accordance with the ap-
plicable construction code or post-construction code.

203-6 TESTING

203-6.1 Initial Service Testing

For most applications, an initial service legk test, in
which the joints are examined for leakage yhen the

rface cofitamination. . Lo -
system is returned to service, is sufficient. Where the
: P ossibility of leakage during an initial service|leak test
20344.3"Welding Qualifications p y ¢ g ,
is unacceptable, additional NDE, or a hydrostati¢ or pneu-
2| 1d: 2| laoll 1. Lead CEN. | 1 1 111 £ 1 - :
raCt Satrtrwertmg proceaturesSiramoequantetpet TITALIC IedK (Est siouid 0e pertormea prior to placing the

W]J

ASME BPVC, Section IX, or other applicable construction
code or post-construction code.

203-4.4 Fatigue Considerations

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

17

system in service.
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203-6.2 Leak Testing

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

NOTE: The user is cautioned to consider any hazards that might
be associated with the test medium (e.g., toxicity, flammability,

reactivity, explosibility), pressure level of fluid, and coincident
stress level/temperature of the components

203-7 REFERENCES

The following is a list of publications referenced in this
Article. Unless otherwise specified, the latest edition shall

apply.

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

ASME B31.1, Power Piping

ASME B31.3, Process Piping L

Publisher: The American Society of Mechanical Engineers
(ASME), Two Park Avenue, New York, NY/10016-5990
(www.asme.org)
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Article 204
Welded Leak Box Repair

20441 DESCRIPTION

(a] A welded leak box consists of an enclosure used to
seal ¢ff or reinforce a component. An example of aleak box
is illgstrated in Figure 204-1-1.

(b) Leak boxes are commonly used to seal repair-
leakihg components or reinforce damaged components.

(c) Leak repair boxes can have a variety of shapes (e.g.,
cylinfrical, rectangular, with either flat or formed heads),
ofter] following the contour of the pipe or component
being repaired. Leak repair boxes can also be used to
encldse components such as flanges and valves or fittings,
branghes, nozzles, or vents and drains.

(d) Leak repair boxes are typically custom-made by
weldfng split pipe, pipe caps, or plates.

(e} The annular space between the leak repair box and
the repaired component can be left empty, or filled or lined
with|epoxy, sealant, fiber, refractory materials, or other
compounds.

(f)| Aleak box can be nonstructural (designed to contain
leaks) or structural (designed to reinforce and(hold
together a damaged component).

20442 LIMITATIONS
20442.1 General

Pajrt 1 of this Standard, “Scope, Organization, and
Inter]t,” contains additional requirements and limitations.
This |Article shall be used-in_conjunction with Part 1.

20442.2 Crack Repair

Ndrmally, leak.boxes are used to contain leaks at pack-
ings,[and at flange and gasketed joints, or to contain leaks
(or pptentialleaks) due tolocal thinning. Since the leak box
may pot prevent the propagation of a crack in the pipe or
component, leak repair boxes shall not be used when

(c) the crackis circumferential and the repairvfis a struc-
tural 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/compongent

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

204-2.3 Qualifications

Installation, welding-and sealant injection, where nec-
essary, shall be performed by personnel qualified under
conditions representative of the field applicatipn.

204-2.4/Safety

Personnel shall be aware of hazards in w¢lding on
degraded components, and shall take the necessary
precautions to avoid unacceptable risks.

(a) A hazard review should be undertakern] prior to
starting the work to address all credible problems that
could arise.

(b) If the component is leaking or has the pqtential to
leak during installation, and if the contents are hpzardous,
additional precautions should be taken and they should be
addressed during the prejob hazard review megting (e.g.,
need for fresh air suit, etc.).

204-3 DESIGN
204-3.1 Materials

Materials for the leak box shall be listed in the construc-
tion or post-construction code, and be compatible with the
fluid, pressure, and temperature, with due congideration
for the stagnant condition created by aleak of flujd into the
box. Generally, the material of construction of the leak box
should be similar to the repaired component andjweldable
to the existing pressure boundary. The leak box design and

cracks are present, unless

(a) the conditions that led 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 leak repair
box closure weld

construction, including material selection, shal be done
considering the deterioration mode thatled to the need for
the repair. The leak box shall be suitable for resisting this
deterioration mode for the life of the repair.

204-3.2 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 leak box
and welds.
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Figure 204-1-1 Example of a Welded Leak Box Repair of a Tee

Failure Modes

pilure modes in the boxed component. F
X0

%
@&5 Design Conditions

k design shall consider the potential introduction ’\Q) Leak repair boxes and attachment welds sha

designed for design conditions and anticipated tran

11 be
sient

example, loads imposed on the repaired pipe or compohent,
(a) external parts of the repaired componen@bow following the design requirements of the construgtion
enclosed py the box, such as flange bolts, can si \tantly or post-construction code.
degrade, crack, or corrode if in contact with-the leaking
fluid. ' 204-3.6 Qualification
(b) befause the leak repair bOXC)® eata .lower In cases where there are no applicable design require-
temperafure than the componen ondensation of ments, the principles of the applicable construction|code
leakage dases can crea.te corro ffects or post-construction code shall be followed. Compohents
(c) thgbox can modify the erature of the compo- of the leak repair box that are fabricated by machlning
nent ar.ld ead to higher cor rate, or cause dew point standard fittings (such as cutting-out an opening in [stan-
corrosion. % . . dard pipe caps to make end pieces) shall be qualifi¢d by
@ te'rlperatur.e f@ psulated bolting can 1ncrease analysis or testing, as provided in the applicable congtruc-
and bolti 1g cany. N sa ljesult of the contact with the tion code or post-construction code, and be reinforg¢ed if
process fluid or insulating effect of the box. necessary.
(e) thgde mer'lt of opc::-ratmg anc} residual stresses The leak repair box shall not be welded to the knpickle
due to cdn ned differential expansion. region of end caps or formed heads unless the design is
204-3.4 Temperature and Toughness qualified by analysis or proof testing, including considera-

The leak box materials shall satisfy the minimum
temperature and, where applicable, minimum toughness

requirem

ents of the applicable construction code or post-

construction code.

20

tion of fatigue cycling.

204-3.7 Corrosion Allowance

The design of the leak box shall include the applicable
corrosion allowance, consistent with the service and the

design life of the repair.
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204-3.8 Design Loads

The design of the welded leak box for normal operating
conditions shall consider

(a) the coincident maximum and minimum pressures
and temperatures of the system, unless means are
provided to limit the pressure in the leak repair box.
Designing the box for a lower range of design and oper-
ating temperatures than the component may be accept-
able if justified by heat transfer analysis

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

(b] the load imposed by the weight of the leak repair
box, fincluding the entrapped leaking fluid and annular
spac¢ material.

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

204-

Thie design of the welded leak box for anticipated tran-
sient loads shall consider

(a] thrust loads, in case of full circumferential separa-
tion ¢f the pipe or component. Design for the axial thrust
resulting from full circumferential separation may be
waived, provided the calculated remaining strengthof
the degraded component at the end of the design life
(inclpding expected continuing degradation in sétvice)
is ddtermined to be sufficient. Additional restraints
may |be added to the pipe or component torreduce the
loadg on the leak box.

(b} wind, earthquake, or fluid transients (fluid hammer
or liquid slug), as applicable.

(c) other applicable design conditions.

204

(a] When repairing.a\leaking component, the leak box
assembly should bé.designed with vents and drains to
pernjit venting the_leak while assembling the box, then
drairfing the @nnulus as necessary.

(b] Theyentor drain should include a threaded cap, a
flange, or-a valve that will be opened during welding to
precjude internal pressure buildup, and closed after

3.9 Transient Loads

3.10 Vents and Drains

204-3.11 Sound Metal

The leak box shall be sufficiently long to extend to a
sound area of the repaired component. The component
to be repaired shall be examined to ensure that there
is sufficient wall thickness at the weld locations to
avoid burn-through during welding of the box to the
component.

204-3.12 Sealant Pressure

If using sealant injection, the possibility_df inward
collapse of the repaired component due to th¢ annulus
pressure of the injected sealant shall.beconsidered.

Consideration should be given to off“gassing pf sealant
compounds as they cure.

204-3.13 Sealant Seepage

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

204-3.14 Joints

Leakboxes over expansion joints, slip joints, Qall joints,
etc..are special cases that shall require analypis of the
loads in the pipe system, anchors, and component
nozzles with the box installed, with due consjideration
for thermal-induced movements in operating and shut-
down conditions.

204-4 FABRICATION

204-4.1 Preparation

The component to which the box will be welddd shall be
free of loose corrosion deposits, dirt, paint, imsulation,
mastics, and other coatings in the vicinity of| the box-
to-component welds.

204-4.2 Leak Box Installation

(a) Iftheleak boxistoo large to be lifted by hand, lifting
devices may be necessary.

(b) During installation, care shall be taken sd
damage the box, especially the weld bevels.

(c) For small leaks, the leak box may be placed directly
over the leak. Larger or higher pressure installations may
require the leak hoxhe assembled on the companent to the

as not to

welding, inspection, and testing. This same vent or
drain may be used to vent or drain the leak repair box
in the future.

(c) Ifleak sealant material is to be injected into the leak
repair box, these vent and drain connections may be used,
or separate injections may be provided.

21

side of the leak and then slid and welded over the leak.

204-4.3 Welding

The weld procedure and welder shall be qualified to
perform the repair under the applicable construction
code or post-construction code.
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204-4.4 In-Service Welding

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

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

204-5.3 Surface Examination

Welds that cannot be examined by radiographic or
ultrasonic methods because of weld geometry should
be examined by liquid penetrant or magnetic particle
methods, and the joint efficiency factor assigned in
design of the leak box shall be consistent with the

204-4.5

If the domponent is leaking prior to repair, considera-
tion shoulld be given to stopping the leak prior to welding
the leak box.

Leaking Component

204-4.6]| Heat Treatment

Prewelld and postweld heat treatment shall conform to
the applicable construction code or post-construction
code, unjess deviations are justified by a fitness for
service gnalysis. Based on the service conditions, the
need for [preweld and postweld heat treatment beyond
the requjrements of the applicable construction code
or post-cpnstruction code should be considered.

204-5 EXAMINATION

204-5.1

Nonde
nation p1
accordar
post-con
5.2and 2
or joint g

Qualifications

tructive examination (NDE) personnel, exami-
ocedures, and acceptance criteria shall be in
ce with the applicable construction code*or
truction code, except as noted in paras~204-
4-5.3, and be consistent with the jointefficiency
uality factors used in design.

204-5.2

NDE cgnfirmation of full penetration’ of welds may be
omitted if justified for the serviee.conditions, such as in
case of

(a) loy-calculated stresses.for normal and anticipated
transient|loads; for examiple; below half the design allow-
able stres$s at operating temperature

NDE Exemptions

method and extent of examination.

204-5.4 Evaluation

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

204-6 TESTING
204-6.1 Test Pressure

The designer shall\determine the type of pressufe or
leak test to be~conducted after installation, oj the

basis of risk{lik€lihood and consequence) of failure of
the repaired component when pressurizing the
annulus between the box and the component.
204-6.2 Test Method

The test may consist of one of the following:

(a) an in-service leak test (if the consequence of gn in-

service leak out of the box is acceptable)

(b) a hydrostatic test if there is no risk of overhepting
the test water above flashing temperature at atmospheric
pressure

(c) a pneumatic pressure test

(d) a sensitive leak test (such as air with bubble
tion, or helium leak test)

solu-

204-6.3 External Pressure

The potential for external pressure collapse of the
carrier pipe during the test should be considered in gpeci-
fying the test pressure.

22
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Article 205
Weld Ring Gaskets (Welded Lip Seals)

2051 DESCRIPTION

(a) A weld ring gasket consists of a pair of metallic
ringg. Each individual ring is welded to its respective
flange face before assembly. Upon assembly of the
joint| the two rings are welded together at their outer
periphery. Use of weld ring gaskets is an option when
conventional gaskets are considered undesirable and
the need for disassembly of the joint is infrequent.
Thesk gaskets are generally described as being semide-
tachpble, as the welded sealing joint needs to be
unddne as well as the flange bolts.

(b) Several types of weld ring gaskets are available
incluyding membrane weld ring gaskets (Figure 205-1-
1), Weld ring gaskets (Figure 205-1-2), and hollow-lip
weld| ring gaskets (Figure 205-1-3).

(c] Weld ring gaskets have been most commonly
refefred to as welded lip seals in the United States.
The ferm “ring” is also used in this Article to refer to
weld| ring gaskets.

20542 LIMITATIONS
20542.1 Additional Requirements

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

Figure 205-1-1 Membrane Weld Ring Gaskets

205-2.2 Additional Considerations and
Limitations

This Article is limited to weld ring' gasket corstruction
similar to that described in section 205-1. The s¢al manu-
facturer’s specific recommendations and reqyirements
should be followed for installation, repair, or reglacement
of weld ring gaskets.

NOTE: Some weld ring-gasket manufacturers will provide
guidance regarding maximum number of times that a given
pair of weld ring gaskets may be cut and rewelded |before re-
placement is required; the manufacturers should bel consulted
for their reedmmendation and disassembly procedufe if appli-
cable. If reuse of the rings is attempted, a lack of dare in the
cutting\of the rings for disassembly could damage them
beyond-the ability to repair them successfully.

205-3 DESIGN

(a) This Article applies to the removal and reglacement
of failed weld ring gaskets or the installation of weld ring
gaskets to replace conventional gaskets.

(b) Membrane weld ring gaskets consist of tyo similar
rings each of which is typically about 4-mm [0.16-in.)
thick. The gasket material is generally magle of the
same or related material as the flange to acgount for
issues such as chemical and weld compatibility,
thermal conductivity, and radial differential ekpansion.
Each ring is individually welded to its mating [flange by
an inside joint weld. Upon joint assembly, p second
welding operation joins the two rings at their outer
diameter, which provides for a fully welded jojint.

(c) Membrane weld ring gaskets and weld ring gaskets
cannot accommodate much radial differential egkpansion.
Depending upon the style of the gasket, the radial differ-
ential movement can be as little as 0.1 mm (0.004 in.) but
not more than 0.5 mm (0.02 in.).

See para. 205-3(h) [

~
1/
A\

(d) Welds associated with weld ring gaskets are seal
welds and not strength welds. Weld ring gasket width
should be designed to resist the internal pressure in
the hoop direction.

(e) Weld ring gaskets and hollow-lip weld ring gaskets
typically have a seal body thickness of about 15 mm (0.59
in.) (Figures 205-1-2 and 205-1-3).

(f) Hollow-lip weld ring gaskets offer improved stress
conditions in the seal weld at the outer periphery and have
increased ability to absorb movement. Hollow-lip weld
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Figure 205-1-2 Weld Ring Gaskets

Seal body
thickness

K.\ |

(1) The materials of construction that the lip weld
ring welds to or the lip weld ring itself has significantly
different coefficients of expansion, or the flanges have
significantly different thermal mass and the operating
temperature exceeds 93°C (200°F).

(2) The operating temperature exceeds 176°C
(350°F).

(h) A review should be made to determine if there is
sufficient room to perform the seal weld on the outer

T

o=

Figufe 205-1-3 Hollow-Lip Weld Ring Gaskets

/)

Seal body
thickness

S

T”T\

ring gasets“should be used for joint assembly where
flange ditferential thermal radial expansion can occur

PeTipiTery of the wetd Ting gasket. If Sutficient Joom
does not exist with traditional flanges, then splecial
flanges incorporating beveling of the flangés\betyveen
the mating surfaces may be required (Figure’205-1-1).

NOTE: An example of a flange bevel is shown ih Figure 20p-1-1.
However, the flange bevel may also be applied to Figure 2(|5-1-2
or Figure 205-1-3 if determined to bie/nécessary.

(i) When used as a replacément for conventjonal
gaskets in an existing joint;*the following should be
considered:

(1) Weld ring gaskets do not require any compres-
sive stress to maintainthe seal in flange design termspince
they are self-energized seals. Therefore, the only flange
bolting required is for hydrostatic end loading and
external axial and moment loads. When usgd to
replace conventional gaskets, the existing flangeg and
bolting<should be assessed in accordance with the 4ppli-
cable‘code to ensure they are adequate.

(2) The outside diameter of the seal body is typjcally
lTocated at or just beyond the outside of the flange f3cing.
The seal lips should extend beyond the main body af the
seal; therefore, clearance between the seal body anfd the
bolting should be provided. If there is insufficient ¢lear-
ance, locating the seal body outside diameter inside the
flange facing outside diameter should be considered; this
alternate approach does not work with membrane [weld
ring gasket designs.

(3) Slight beveling of the flanges may be requirfed to
provide adequate clearance for welding the lips [see (h)]. A
review of the flange design should be made considgring
the location of the seal and any flange beveling to emsure
the flanges are adequate.

(4) Follow para. 205-4.3 when replacing conjven-
tional gaskets with weld ring gaskets.

205-4 FABRICATION

Hollow-lip weld ring gaskets can accommodate up to 5
mm (0.2 in.) radial differential expansion depending on
the geometry of the torus.

(g) Finite difference or finite element analysis should
be performed on the flanges associated with a given joint
to determine the relative radial flange movement and the
effect on the stress in the lip weld ring welds if the
following conditions exist:

205-4.1 Preparation

Although some design information is available from
weld ring gasket manufacturers, weld ring gaskets are
predominantly custom designed to suit the specific
application.
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205-4.2 Disassembly Procedure for an Existing
Weld-Ring Gasket

Step 1. Before disassembly, mark four bolt holes per
flange at 90 deg to each other. Bolt holes should be
marked on the same stud hole per flange with
numbers 1, 2, 3, and 4. If it is possible to re-install the
flange in more than one orientation, the flange should
also be marked to ensure that it is re-installed with
the q

riginal orientation

205-4.3 Assembly Procedure for a New Weld Ring
Gasket

Step 1. Ensure that the flange gasket surface is clean
and free of foreign material that may affect the fit-up
or weld quality.

Step 2. Check the flange surface for flatness in accor-
dance with ASME PCC-1, Appendix D. The flatness should
be better than hard gasket criterion.

Step-3 Install four centerinapnins-into-the fou
r or

r marked

Step 2. If the flange assembly has 16 or more studs,
remg@ve studs, leaving every fourth stud. On smaller
flanges with less than 16 studs, remove every other stud.

Stap 3. Using a cutting wheel or cut-off disc, carefully
grind the seal weld at the edge of the seal lips between
studg that have been left in place. Grinding should be the
minijpum amount necessary to remove the weld. Grinding
fixtufes are available from some of the seal manufacturers
to asist in grinding the welds.

NOTH
poter
those

Stdp 4. Use liquid penetrant examination, or an alter-
nate pxamination technique such as a feeler gauge, around
the efdge of the seal to ensure the weld has been removed.
Damage to the seal will occur if the weld is not completely
remdved prior to completely separating the connection.

Step 5. If the flange assembly has 16 or more studs,
instdll studs in the center hole of each group of bolt
hole$ from which studs were previously removed in
Step R. Every other hole now should have a stud installed.
On smaller flanges with less than 16 studs,.inStall studs
backfinto the holes from which studs were rémoved in Step
2.

: In the case of hollow-lip weld ring gaskets, there is a
tial that some residual contents may be present and
contents can still be under some residual pressure.

Step 6. The reinstalled studs should*be tightened or
tensipned to a load not exceeding'the original assembly
load.

Stgp 7. Remove studs that-were originally left installed
in Step 2.

Stdp 8. Grind and inspect seal lips of the remainder of
the geal as specified in*Steps 3 and 4.

Stdp 9. Remove remaining studs and separate the joint.

Step 10. Protect the seal surfaces during any mainte-
nande and hawdling activities to avoid damage to the
weld| ring gasket.

Stap\PZ. If the weld ring gasket is attached to a flange

holes on the flange identified in para. 205-4.2,/Step 1, and
center the pin in the hole.

Step 4. Place a ring gasket on one of|the flqnges and
locate the ring inside the centering pins with [the lip of
the ring forming a gap between/the flange and the
outside of the weld ring (Figure-205-4.3-1).

Step 5. Center the ring on the flange using feeler gauges
between the centering pinis'and the weld ring uItil all the
gaps are equal [+0.25 mm (0.01 in.)]. Clamp the ring in
place using a sufficient number of clamps to|hold the
seal in place on the flange. The clamps should hold the
seal tightly dgainst the flange surface. If thejre is any
gap between/the seal and the flange surface, when the
joint is.assembled, the attachment welds may fail and
joint leakage can occur.

Step 6. Weld the ring to the flange as follows:

(a) Tack the weld ring to the flange on the inside
diameter of the ring, then completely weld the ring to
the flange on the inside diameter of the ring (Figure
205-4.3-2).

(b) Careshould be taken atall weld startingfand stop-
ping points to prevent weld defects, which can chuse joint
leakage.

(c) Welding procedures, welders, and
operators should be qualified in accordance
current requirements of the applicable con
code or post-construction code.

(d) Ifthe weld ring gasket is attached to a flange with
a weld-overlaid surface, refer to the informatiop in para.
205-4.2, Step 11. If the flange involves a low alloy chrome-
moly base metal, care should be taken to minimize the heat
input to mitigate the need for postweld heat tfeatment.

(e) If not otherwise specified, ASME Bgiler and
Pressure Vessel Code, Section 1X, AWS D1.1/ID1.1M, or
AWS D1.6/D1.6M, as applicable, may be used flor proce-
dure and performance qualifications.

welding
with the
struction

with a weld-overlaid surface, the weld overlay should be
examined to ensure that it remains intact from the seal
removal operation, or that no defects in the fillet
welds exist that could compromise future operation.
An examination method using a copper sulfate solution
or similar method should be used to ensure the integrity
of the weld overlay.

25

Sten 7 Remove centering pins

Step 8. Examine the weld both visually and by the liquid
penetrant method.

Step 9. Repeat Steps 1 through 7 using the mating weld
ring gasket and flange.

Step 10. Carefully clean and inspect the seal mating
surfaces for foreign material or damage — do not
proceed if damage is visible.

Step 11. Position the flange/seal joint for assembly.

Step 12. Install a lubricated stud in every other bolt
hole.
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Figure 205-4.3-1 Centering Pin Arrangement

Centering

1 pins

Weld ring
gasket

4 Bore

Step 15. Check the gap between the weld rings using a
0.25 mm (0.01 in.) feeler gauge. Repeat this around the
flange checking where studs are not installed. If the gap
exceeds 0.25 mm (0.01 in.), or a suitable gap is determined
during the weld procedure qualification, perform one of
the following:

(a) Increase load on the studs.
(b) Install the remaining studs over the area where
the gap exceeds 0.25 mm (0.01 in.) or a suitable width

S

"

Figure 205-4.3-2 Clamped Lip Seal

eh=——r))
— Centering pin
Weld ring r
gasket il
Welded area

Step 13. Check the radial‘alignment of the weld rings,
0.75 mm|(0.03 in.) maximaum misalignment is allowed.

Step 14. Once the Wweld rings are radially aligned, the
studs shopuld be tightented in accordance with ASME PCC-1,
section 1P or oné:0fthe alternative tightening procedures
of ASME PCC¢1,Appendix F. Target bolt pre-stress should
be deterqlined in accordance with ASME PCC-1, Appendix

deteTTined quring tire werd procedure quattficgtion.
When performing the weld on the outer periphefry of
the welding lip in Step 16, remove one stud‘at a|time
and weld the lip. Replace the stud and repedt ovefr the
next segment.
(c) Mechanically deform the gasket to reducg the
gap.
Step 16. Weld the outside periphery of the lip df the
weld ring between studs, and ‘examine the weld |both
visually and by the liquid)penetrant method (Figure
205-4.3-3).
Step 17. Install lubricated studs into remaining bolt
holes and tighten‘the studs using the method indigated
in Step 14.
Step 18. Remove the original studs installed in St¢p 12
and complete the welding of the outside periphery ¢f the
lip in between studs, and examine the weld both viqually
and<by the liquid penetrant method.
Step 19. Install studs in remaining holes and tightgn the
studs using a bolting pattern as indicated in Step 14.
Step 20. Check and adjust the bolt preload of all qtuds.
Complete circular passes or additional tensioning passes
until nuts no longer turn at the target bolt stress.

205-4.4 Procedure for Weld Ring Gasket ang
Membrane Weld Ring Gasket Seal
Replacement

When it has been determined that a weld ring ghsket
needs to bereplaced, Steps 1 through 6 should be follqwed.

NOTE: Reasons for replacement of a weld ring gasket include, but
are not limited to the following:

(a) the recommendation of the weld ring manufacture after
consideration of the specific conditions
(b) damage of the rings upon disassembly such that the|rings
cannot be successfully reassembled and rewelded
(c) for welded lip seals, when the lip extends less than 1/5 mm
(0.06 in.) from the body of the seal ring

O using the Tollowing criteria:

(a) a gasket seating stress of 10 ksi (69 MPa)

(b) aminimum gasket seating stress of 5 ksi (34 MPa)

(c) a minimum gasket operating stress of 2 ksi (14
MPa)

(d) a maximum gasket stress of 60 ksi (414 MPa)

(e) an assembly flange rotation limit of 1 deg (unless
further assessment of the effect on the weld stress levels is
conducted).

Step 1. Disassemble the joint per para. 205-4.2.

Step 2. Carefully grind off the fillet welds that attach the
seal halves to the flanges. Grind the welds until the seal
halves release from the flanges, but be careful not to gouge
the flange facing. Very slight grinding below the flange
surface will not affect sealing.

Step 3. Remove the seal halves. Do not pry seal to break
welds as tearing of the flange surface could occur.
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Figure 205-4.3-3 Assembled Lip Seal
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205-5.4 Acceptance Criteria

205-5.4.1 VT Acceptance Criteria. All surfaces shall be
free of cracks, incomplete fusion, undercut, slag, and
porosity.

205-5.4.2 PT Acceptance Criteria. No relevant
indications.

205-5.4.3 UT Acceptance Criteria. The acceptance

criteria shall satisfy the applicable construction code

Stdp 4. Grind any weld remaining on the flange surfaces
flush|with the flange surface. The flange surface should be
checked for flatness in accordance with ASME PCC-1,
Appdndix D. The flatness should be better than hard
gasket criterion. If the weld ring gasket is attached to
a flange with a weld-overlaid surface, the weld overlay
shou]d be examined to ensure that it remains intact, or
that ho defects in the fillet welds exist that could compro-
mise| future operation. An examination method using a
coppler sulfate solution or similar method should be
used|to ensure the integrity of the weld overlay.

Step 5. Install a new seal half on each flange per para.
205-#.3, Steps 1 through 8.

Stgp 6. Assemble the joint per para. 205-4.3, Steps 9
throggh 19.

20515 NDE EXAMINATIONS

ASME Boiler and Pressure Vessel Code, SectionM.should
be used for NDE examination methods.

20545.1 Visual Examination

Allweld ring gasket fit-ups should be'visually examined
prior to welding. All finished welds, including repair
welds, for weld ring gaskets should be visually (VT)
exanjined.

20545.2 Liquid Penetrant Examination

Allfinished welds/including repair welds, for weld ring
gaskets should be examined using liquid penetrant exam-
inatipn (PT):

20545.3~Ultrasonic Examination

or post-construction code. The user should |consider
the consequences of a leak in the selection of the appro-
priate extent of examination and acceptance cfiteria.

205-6 TESTING

(a) After the flange joint iSa'eassembled in the field, it
should be subjected to a l¢aktest prior to being|placed in
service, or an in-service:leak test.

(b) An in-servicedeak test is one in which the joint is
monitored for leakage as pressure is increasged in the
system.

(c) Theselection of the most appropriate testing
method should consider the hazard of the sefvice and
any jurisdictional requirements.

(d)For general guidance on flanged joint leakitightness
testing, refer to Article 501 and ASME PCC-1, s¢ction 13.

205-7 REFERENCES

The following is a list of publications referended in this
Standard. Unless otherwise specified, the latet edition
shall apply:

ASME Boiler and Pressure Vessel Code, S
Nondestructive Examination

ASME Boiler and Pressure Vessel Code, Section IX,
Qualification Standard for Welding, Brazing, and
Fusing Procedures; Welders; Brazers; and |Welding,
Brazing, and Fusing Operators

ASME PCC-1, Guidelines for Pressure Boundafy Bolted
Flange Joint Assembly

Publisher: The American Society of Mechanical Engineers
(ASME), Two Park Avenue, New York, NY 10016-5990
(www.asme.org)

bction V,

Steel
Stainless

AWS D1.1/D1.1M, Structural Welding Code —
AWS D1.6/D1.6M, Structural Welding Code —

For hollow-lip weld ring gaskets, if it is possible to volu-
metrically examine the butt weld on the outer periphery of
the torus, the butt weld should be ultrasonically examined
Uum.

27

Steel
Publisher: American Welding Society (AWS), 8669 NW 36
Street, No. 130, Miami, FL 33166-6672 (www.aws.org)
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Article 206
Full Encirclement Steel Reinforcing Sleeves for Piping

206-1 dESCRIPTION

This Ax

ticle applies to the design and installation of full-

encirclenjent welded steel sleeves for piping or pipelines.

The sleey
reinforce
Full enci
effective
external

206-1.1

Full en
shell plag
welded a
Figures 2,
of sleeve
Sleeves ¢

206-1.]
welded ¢
Figure 2
containin
ment for
of defects
to grow (
and grow

206-1.
welded d
in Figurg
containin
welded t
to repair
leak and
the axial

206-2 Q

es can be designed for non-pressure-containing
ment or for pressure-containing reinforcement.
Fclement reinforcement sleeves have proven
in the repair of a wide variety of internal and
Hefects.

Full Encirclement Steel Sleeve

circlement steel sleeves consist of a cylindrical
ed around the pipe section to be repaired and
ong the two longitudinal seams, as illustrated in
06-1.1.1-1 and 206-1.1.2-1. There are two types
5, herein referred to as “Type A” and “Type B.”
hn be made from pipe or rolled plate material.

.1 Type A Sleeve. Type A sleeve ends are not
rcumferentially to the carrier pipe, as shown in
6-1.1.1-1. The Type A sleeve is not capable_of
g internal pressure but functions as reinforce-
a defective area. It is only used for the kepair
that are not leaking and that are nof expected
uring service, or when the damage ‘mechanism
th rate are fully understood.

1.2 Type B Sleeve. Type(B)sleeve ends are
ircumferentially to the €agrier pipe, as shown

206-1.1.2-1. A Type_B sleeve is capable of
g internal pressure‘bécause the ends are fillet
b the carrier pijpexType B sleeves can be used
leaking defects or defects that may eventually
to strengthen pipe having defects that reduce
load carrying capability of the pipe.

AUTIONS AND LIMITATIONS

206-2.2 Regulations

The piping and pipeline regulations reganding r
and piping and pipeline design code restrictions rega
repair shall be followed.

206-2.3 Leaking Defects

For Type B sleeves with leaking defects, special co
erations shall be taken to iSeldate the leak prior to we

206-2.4 Cyclic Operation

If a sleeve repair is applied to a system subject

Ppair
rding

nsid-
ding.

ed to

frequent pressufe cycles, a fatigue evaluation of the

component\should be in accordance with para. 20

When'a Type B sleeve is subject to cyclic through
thermaligradients, a fatigue evaluation of the sleey
pipé.fillet welds should be conducted to establis
service life of the repair, in accordance with para. 20

206-2.5 Circumferential Defects

Type A sleeves may not be appropriate for the rep
circumferentially oriented defects because they wi
resist axial loads on the pipe.

206-2.6 Undersleeve Corrosion

For Type A sleeves, measures shall be taken to pr
corrosion due to the migration of moisture throug
unwelded ends into the space between the pip4
sleeve. Such measures may include the use of a s
or coating suitable for the operating environment.

206-2.7 Weld Reinforcement

The presence of a girth weld or longitudinal seam
having a prominent weld reinforcement may inte

b-3.8.
-wall
e-to-
h the
b-3.8.

hir of
I not

bvent
h the

and
alant

weld
rfere

with achieving a tight fit-up of the sleeve. If it is nece

Ssary

206-2.1
Part 1

Additional Requirements

of this Standard contains additional require-

ments and limitations. This Article shall be used in

conjuncti

on with Part 1.

28

to remove the weld reinforcement by grinding to achi

evea

good fit, the weld shall be examined by RT or UT prior to
grinding or the pressure shall be reduced. This examina-
tion is particularly important when the line is in service.
Alternatively, sleeves may be fabricated with a circumfer-

ential bulge to bridge the weld, as shown in Figure
2.7-1. The weld root gap shall be uniform along le
including bulge.

206-
ngth,
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Figure 206-1.1.1-1 Type A Sleeve

Sleeve

Relief Groove

20642.8 Sleeve Size Requirements

Arpas that do not meet Fitness'For Service (FFS) criteria
shou|d be fully covered by\the repair sleeve. For Type B
sleevies, the end fillet.welds shall only be made in areas
whefte sufficient wall<thickness exists to prevent burn-
throygh.

20642.9 Welding

Welds shall be installed by qualified welders in accor-
dancke_with qnnliﬁpd prnrpdnrpq rpﬂprfing actual field

Carrier pipe
Longitudinal weld seam
Carrier pipe
Fillet welds
Gap
Groove weld optional
No Backing Strip Backing Strip Backing Strip Overlapping
and With No Side Strip

Relief Groove

lation or pumped in between the sleeve and catrier pipe
annulus after the sleeve is in place.

206-3 DESIGN
206-3.1 Type A Sleeves

Type Asleeves shall be fabricated or manufactyired from
steel meeting the material specifications of the construc-
tion code, and should have a thickness equal to at least
two-thirds the thickness of the carrier plipe. The

conditions.

206-2.10 Filler Material

If ahardenable filler material is used between the sleeve
and carrier pipe, it shall be compatible with the intended
application. The material shall be suitable for the service
temperature and, for Type B sleeves, compatible with the
fluid. Filler material may be applied prior to sleeve instal-

carrier pipe longitudinal stresses shall meet the require-
ments of the applicable construction code.

206-3.2 Type B Sleeves

Type B pressure containing sleeves shall have a wall
thickness equal to or greater than the wall thickness
required for the maximum allowable design pressure
or, if required by the engineering design, the full equiva-
lent strength of the pipe being repaired. For tight-fitting
sleeves, the engineering design shall be based on the
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Figure 206-1.1.2-1 Type B Sleeve

End fillet weld

End fillet weld

.
)

No Backing Strip Backing Strip

and
Relief Groove

nominal yall thickness of the carrier'pipe. A longitudinal
weld joing efficiency factor of 0.80,shall be applied when
calculatir]g the required thicknessunless the weld is 100%
examined by ultrasonic exarhination, in which case a joint
efficiency factor of 1.00°may be applied. If the Type B
sleeve is|intended to (provide axial reinforcement, such
as at a defective, girth weld, it shall be designed to
carry axigl and bending loads acting at the sleeve location.

206-3.3 | Pressure Design

Carrier pipe

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

AN

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

Carrier pipe

206-3.4 Sleeve Dimensions

Types A and B sleeves shall be at least 100 mm (f in.)
long and extend beyond the defectby atleast 50 mm (2 in.).

206-3.5 Type B Sleeve Fillet Welds

The fillet weld leg size for circumferential end weldls for
a Type B sleeve shall be as follows:
(a) A complete fillet weld if the sleeve thickness if less
than or equal to 1.4 times the nominal carrier pipg wall

The pressure design calculations of the applicable
construction code shall apply for calculating the required
sleeve thickness. Sleeve material and allowable design
stress shall comply with the applicable construction
code requirements. Corrosion allowances applied shall
be in accordance with the engineering design.

thickmess,asshowm i Figure 206-3-5-1-

(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 may be left as is or chamfered
as shown in Figure 206-3.5-2.

The toe of the weld on the carrier pipe shall smoothly
transition from the carrier pipe to weld in order to mini-
mize the level of stress intensification. The included angle
between the weld toe and the carrier pipe shall not createa
sharp notch, and defects such as undercut are not allowed.

(18)
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Figure 206-2.7-1 Welded Split Sleeve for Use Over a Girth
Weld

[ L

sleeve to the inner pipe, shall be performed in accordance
with API 579-1/ASME FFS-1.

206-3.9 Restraint of Pipe Bulging

Local wall thinning or damage defects, such as dents,
weaken the carrier pipe and typically bulge outward
prior to failure under increasing pressure. The effective-
ness of repair sleeves relies on their capability to restrain
the outward bulging of a pipe defect prior to its failure. The

Fit Over Existing
Circumferential Weld

20613.6 External Pressure

Exfernal pressure loading of the pipe within Type B
sleeyes should be considered by the engineering
design. Fitting the sleeve as tightly as possible to
ensufe load transfer from the pipe to the sleeve should
minimize the annulus volume. If this is not possible,
the gnnulus volume should be filled with hardenable
fillef material (see para. 206-2.9) or the pressuré
should be balanced by hot tapping the pipe under ‘the
sleeye. A vent or drain may be provided in the ‘design.
If the annulus is to be left unfilled, it should be:verified
that the stagnant fluid between the sleeve and'the carrier
pipe |will not cause corrosion.

20643.7 External Damage

If ¢xternal damage is repaired ‘with a Type A or Type B
sleeyle, the damage shall be filled with a hardenable filler
matejrial with compressiye strength adequate to transfer
the lpad to the sleeve, The'use of a hardenable material
should be applied tofill' voids or cavities present between
the Type B sleevé and the carrier pipe.

20643.8 Cyclic Operation

(a] If the system is subjected to greater than 400 pres-
sure ky¢les, where the change in pressure, during a cycle

design shall consider if it is necessary
(a) touseahardenable filler material (epoxy ¢r equiva-
lent) under the sleeve to fill the voids when the defect is
external
(b) to reduce the line pressureat time of injstallation

206-3.10 Type A Sleeve Filler Material

For Type A sleeves, it is\n€cessary to achievg intimate
contact between the pipe‘and the sleeve at the lpcation of
the defect being repaired and an appropriate filler mate-
rial should be used‘to ensure that the sleeve prqvides the
desired pressure load reinforcement.

206-3.11<Differential Thermal Expansion

Differential thermal expansion between the cafrrier pipe
and, the reinforcing sleeve shall be considergd in the
design and application of both Type A and Type B sleeves.

206-4 FABRICATION
206-4.1 Installation

For installation of a Type A or Type B sleeve, the entire
circumference of the carrier pipe in the area to bg covered
by the sleeve shall be cleaned to bare metal. If hardenable
fill material is to be used, the filler shall be appllied to all
indentations, pits, voids, and depressions. The slgeve shall
be fitted tightly around the carrier pipe. Mé¢chanical
clamping by means of hydraulic equipmept, draw
bolts, or other devices may be used to ensure|fit. A “no
gap” fit should generally be achieved; however, a
radial gap of up to 2.5 mm (%, in.) maximurh may be
allowed. For sleeves with welded ends, weld| size and
welder technique adjustments, such as buttering
passes, may be required if the gap is excessivg.

206-4.2 Filler Materials

exceeds 20% of the design pressure, then a detailed
fatigue analysis of the component, considering fit-up of
the sleeve to the inner pipe, shall be performed in accor-
dance with API 579-1/ASME FFS-1.

(b) If a Type B sleeve is subjected to changes in
temperature where the difference in mean metal 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

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. Pumping
filler material into the annulus after the sleeve has been
welded in place eliminates this problem, provided the
annular gaps are large enough to allow the filler to
flow into all voids.
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(18) Figure 206-3.5-1 Type B Sleeve Fillet Weld Size for Sleeve Thickness Less Than or Equal to 1.4 Times the Carrier Pipe

Thickness

'

Ts=14T,

Type B sleeve $

G

Gap

3

Tf

Carrier pipe <~

G =gap

T, = carrier pipe required minimum wall thickness

Ts = Type B sleeve nominal wall thickness

(18) Figure 206-3.5-2 Type B Sleeve Fillet Weld Size for Sleeve Thickness Greater Than 1.4 Times the Carrier Pipe Thickness

Optional chamfer<——>4/ ////
/////
Ts>1.4Tp Type B sleeve
1.4Tp
' !
:l G Gap
 §
14T, + G -+

Tp Carrier pipe

G=gap

P

206-4.3| Leaking Defects

For a lpaking defect, the defect area shall be isolated
prior to welding. For lines with flammable contents,
the sleevg shall be purged with nitrogen or other inert
gas to prevent the formation of a combustible mixture
under th¢ sleeyeé:

206-4.4| Welds

[, = carrier pipe required minimum wall thickness

Ts = Type B sleeve nominal wall thickness

backing strips, see para. 206-4.5. If the circumfergntial
welds are not made, Type A, the longitudinal s¢ams
may consist of a groove butt weld or fillet-weldefl lap
joint, as shown in Figure 206-1.1.1-1.

206-4.5 Reduced Pressure

Reducing the carrier piping or pipeline operating pres-
sure, and maintaining flow, while the repair is being jnade

If circumferential fillet end welds are made, the sleeve’s
longitudinal seams shall be butt welded to full penetration,
as shown in Figure 206-1.1.2-1. Provision for venting
during the final closure weld shall be made. The
welding procedures for the circumferential fillet welds
shall be suitable for the materials and conditions of
weld-cooling severity at the installed location in the
piping or pipelines, in accordance with the construction
code or post-construction code. A low hydrogen welding
technique should be used. For longitudinal welds without

isTecommended:See APTRP-220tfor recommendations
on welding pipe in service. The piping or pipelines may
also be taken out of service to make the repair; however,
burn-through shall be considered. Recommended pres-
sure during sleeve installation for piping or pipelines
is between 50% to 80% of operating pressure.
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206-4.6 In-Service Welding

Article 210 shall be consulted for in-service welding
issues. 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

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

after 48 hr of welding per API 1104, Appendix B, 20th
Edition, should be considered.

206-5.4 In-Process Examination

The owner may require full “in-process” visual exam-
ination, as described in para. 344.7 of ASME B31.3, of the
sleeve weld installation. When “in-process” examination is
performed, the results shall be documented. Examinations
shall be performed by personnel meeting the qualification

sleeve and pipe materials
(c) possible burn-through of the pipe

20644.7 Welding Procedures and Welder

Qualifications

Welding procedures, welders, and welding operators
shall be qualified in accordance with current post-
consfruction code. If not otherwise specified, ASME
BPV |Code Section IX shall be used for procedure and
perfarmance qualification. Guidance for preheat and/or
postyveld heat treatment, and for in-service welding, as
applicable, shall be taken from the applicable construction
code|or post-construction code.

20615 EXAMINATION

206-

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

5.1 Visual Examination

206-

For Type A sleeves, the weld root area shall‘be visually
exanjined during welding to verify proper penetration and
fusiop. The longitudinal welds shall bé\liquid penetrant,
maghetic particle, or ultrasonically examined after
completion.

5.2 Type A Sleeves

206+

Fof Type B sleeves, the'earrier pipe base material shall
be ultrasonically examined for thickness, cracks, and
possible laminatidn in the area where the circumferential
weldk are to be applied. Sufficient wall thickness shall exist
to pilevent burn-through. If a backing strip is not used
unddr the longitudinal weld, the area under it shall
also|berultrasonically examined prior to welding.

5.3 Type B Sleeves

requirements specified by the applicable cenjstruction
code or post-construction code.

206-5.5 Nondestructive Examination

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

206-6 TESTING

A Tightness Testshould be performed on Type B sleeves
in accordancerwith (a) or (b), as required by the owner.
Article 501 provides additional guidance.

(a) PerformatestofaType Bsleeve by pressurizing the
annulus.between the sleeve and the carrier pipe} in accor-
dance 'with the applicable construction or post-construc-
tiofYcode. The test pressure shall be selected sudh that the
inner pipe will not collapse due to external pressure.

(b) Perform a Sensitive Leak Test as describedl in ASME
B31.3, para. 345.8 or other recognized national standard.

206-7 REFERENCES

The following is a list of publications referended in this
Article. Unless otherwise specified, the latest ed]tion shall

apply.

AGA, American Gas Association, Pipeline Repaif Manual,
December 31, 1994
AGA, American Gas Association, 6th Symposiuth on Line
Research Defect Repair Procedures, . F. Kiefngr October
29, 1979
Publisher: American Gas Association (AGA), 400 North
Capitol Street, NW, Washington, D¢ 20001
(www.aga.org)

API 579-1/ASME FFS-1, Fitness-for-Service
API RP 2201, Safe Hot Tapping Practices in the Betroleum

Longitudinal seams shall be Inspected aiter compietion.
The first pass and the final pass of the circumferential
fillet welds should be magnetic particle or liquid penetrant
examined after welding. Where delayed weld cracking is a
concern, nondestructive examination of the circumferen-
tial fillet weld should be performed not less than 24 hr
after welding has been completed. Alternatively, a
welding procedure qualified under high cooling rate,
higher carbon equivalent (CE), and testing completed

33

and Petrochemical Industries

API Standard 1104, Welding of Pipelines and Related
Facilities

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

ASME B31.3, Process Piping
ASME Boiler and Pressure Vessel Code, Section V —
Nondestructive Examination

(18)
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ASME Boiler and Pressure Vessel Code, Section IX — Publisher: The American Society of Mechanical Engineers
Welding, Brazing, and Fusing Qualifications (ASME), Two Park Avenue, New York, NY 10016-5990
(www.asme.org)
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Article 207
Fillet Welded Patches With Reinforcing Plug Welds

20741 DESCRIPTION

(a)] This repair method describes the selection criteria,
application limitations, design, fabrication, examination,
and festing of fillet welded surface patches with reinfor-
cing plugwelds to pressure-retaining components. Similar
fillet|welded surface patch repair methods without rein-
forcing plug welds are provided in another Article of this
Standlard.

(b] This repair method consists of fitting a repair plate
to clpsely match the original component’s exterior or
interfior surface. The repair plate is sized to cover the
area§ exhibiting damage, both at the time of repair and
that pnticipated for the repair’s design life.

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

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

(e} This repair method is generally suitable fot.service
temperatures above the nil-ductility temperature of the
matgrials of construction up to a maxinium design
temperature of 345°C (650°F). Use of this repair
metHod for lower temperatures requires evaluation of
notch toughness, nonductile fractture-and other applicable
low femperature effects. Use~of .this repair method for
highpr temperatures requirxes evaluation of thermal
fatighie, creep, and other applicable high temperature
effects.

(f)| Figure 207-121"shows a typical application on a
vessel with a nearby structural discontinuity (in this
case|a nozzle).»The plan view on top shows two of
many possible repair patch configurations, which are
genejrally’rectilinear in shape with rounded corners.
The hottom sectional view shows the curvature matchin
aspect of each repair plate.

207-2 LIMITATIONS

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

35

(b) This repair method is not limited by thecamponent
size. However, a sleeve type repair may be\morg suitable
for those applications where axisymmetric bghavior is
important.

(c) This repair method shall not be used
service applications or where the damage md
the extent of damage, or/likely future damag
be characterized. This.répair method may b
certain cases on areas‘with local crack-like flaws|

(1) the growth has stopped, been arrested,
accurately predicted for all propagation mode

(2) the éffect of the flaw is evaluated usin
analyses.

for lethal
chanism,
e cannot
e used in
provided
or can be
, and

b detailed

207-3)DESIGN
207-3.1 General

(a) Thedesignapproach for this repair method is based
in part on standard pressure component desigh calcula-
tions, such as those in the ASME BPV Code, Se¢tion VIII,
Division 1. The application limitations imposed jn section
207-2 apply to the governing load case resulfing from
internal pressure where the resultant stress is njembrane
stress. However, if the component to be repaired|is subject
to bending, torsion, wind loads, or to fatigue, the design
shall include evaluation of these conditions usihg appro-
priate methods of analysis. In all cases, an engineering
analysis shall be performed.

(b) In general, the patch material and welding filler
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. Repair mate-
rial selection shall consider, as a minimum, chargcteristics
such as chemistry, weldability, physical propefties (e.g.,
coefficient of thermal expansion), mechanical groperties

e.g., strength, ductility, notch toughness), and compat-
ibility with the process medium.

(c) The thickness of the patch plate is dependent on
material mechanical properties and the calculated attach-
ment 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 encompassing
the damaged area(s) (see Figure 207-1-1). The repair
plate shall also be large enough to encompass any addi-
tional area(s) anticipated to experience similar or related
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Figure 207-1-1 Typical Shell Repair Near Discontinuity
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damage during the life of the repair. The patch plate,
including reinforcing plug welds, should overlap sound

base

metal by at least 25 mm (1 in.).

(e) This repair method is generally used on the outside
surface of components subject to internal pressure. For

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

applications under external pressure, a separate analysis <~ 6 0 o M
to evaluate buckling and other instability considerations -— 5 5
shall be performed. - o l—»

(f) In as§es§ing the‘applicabil‘it}{‘a‘nd service life of thi§ - ° o >~
repajr I.Ilth.IlU(.l, (,UIlbl(,leI‘dLlU-Il SIldll [J.e .glV(:!II LO IMdierial - [e) o
compatibility, future operating conditions, thermal and -5
shrirfkage effects of welding, the introduction of crevices -] o]
and ptructural discontinuities, thermal transients and Fro < | o o
temperature differentials between the patch plate and cP o o v E
the cpmponent, and other application limits such as exam- -~ o —>
ination and testing constraints. If the damage to be <~ ° >
patched is, or is expected to be, through-wall, the <« ©° 9,0 0 )| 5
effects of fluids (e.g., entrapment, concentration, corro-
sion,|etc.) that may accumulate between the vessel and
the patch plate shall be assessed. If this repair method Fip
is to pe implemented during component operation, addi-
tiongdl precautions may need to be taken for personnel Fip= PDy, )
safety. 4

(g] The design may consider the combined strength of
the patch plate and the underlying shell, taking into where
accolint the strength of the fillet weld and plug weld E p' = longitudinal force due to internal pressure, N/
joints, including joint efficiency. Consideration may mm (Ib/in.)

also

be given to excess thickness available adjacent to

the damaged shell using applicable code area replacement
ruleq for nozzles. No credit shall be taken for material

requ

red for future corrosion allowance.

(18) 20743.2 Internal Pressure Loads

(b) If other loads are applicable (such as|bending,
torsion, wind, etc.), they shall be determined and
added to the pressure load such that

Fc = Fcp + Fco

(a)] Forcylindrical components subjectto internal pres- and
sure|loads, applied forces on the repair patch shall be Fp=Fp+Fo
detefmined as follows:
1) Circumferential Load.“Unit forces in hoop where
diredtion: F¢ = total circumferential force from all loagls, N/mm
Fep £ Fep (lb/in.)
A Fco = circumferential force due to other applicable
loads, N/mm (lb/in.)
YYYYYYYYYYY F, = totallongitudinal force from allloads, N/mm (lb/
in.)
F;o = longitudinal force due to other applicapble loads,
\ N/mm (Ib/in.)
\ {C) Appropriate alternative force calculations for sphe-
¢ rical, torispherical, or ellipsoidal pressure components
shall be used when applicable.
Fop = £0m &)
2 207-3.3 Structural Discontinuity Evaluation
where (a) For stresses near a nozzle or other structural
D,, = diameter at mid-wall of component, mm (in.) discontinuity to be insignificant, the minimum distance

Fcp = circumferential force due to internal pressure,

!
I

N/mm (Ib/in.)
internal design pressure, MPa (psi)

between the fillet welded patch plate and the existing
discontinuity should be

37
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Lnin = Z(Rmt)l/2 (3)
where
Lmin = plate setback distance (see Figure 207-1-1),
mm (in.)
R, = radius at mid-wall of component, mm (in.)
t = wall thickness of component, mm (in.)

The factor of 2 applies the setback distance (R,,t)"* to

(b) Alternatively, the perimeter weld edge preparation
may be beveled to increase the weld’s effective throat
thickness. In no case shall the effective throat exceed
the thickness of the repair plate or the original component
thickness.

207-3.5 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

]cjllostc}(l)rfgrel CI:; L;:ﬁ ;;)ebgactck};“pl:;z.m ST ST RS CiI:CUlal" plug weld in either shear or tension shall be deter-
This pjroximity limit also applies to the distance mined by
between fdjacent fillet welded patch plates, in those appli- (SI Units)
cations where more than one is employed on a given
componeht. n ; Fp = 0635,(d - 6)* )
(b) In [those applications where the patch plate is to (U.S. Customary Units)
attach to|existing nozzle reinforcement pads, the patch -
plate may be contoured to match the reinforcement Fp = 0.63S,(dv< 1/4)2
pad perimeter and welded thereto with a full penetration
joint. And the allowable working load on a slot weld shall be
(c) In those applications where the damaged shell is  determined by
within L};, of a nozzle or other structural discontinuity, (SI Units)
the patch|plate should be designed as a reinforcement pad
extendinlg 360 deg around the nozzle/opening, and E =08S,[(W — 6)(L — 6) — 0.86R”] (6)
welded|thereto with a full penetration joint.
Alternatjvely, additional detailed analysis shall be  (U.S. Customary Units)
performed to evaluate local stresses. E = 08S,[(W — 1/4)(L — 1/4) — 0.86R%]
207-3.4|Allowable Load on Perimeter Fillet Weld .. ¢,
(a) The perimeter weld shall be sized such that the d = thebottom diameter of the hole in which thejweld
allowablp load on the weld exceeds the longitudinal is made, mm (in.)
and circudmferential loads. Fp = total allowable working load on the plug wgld, N
Wmin (]b)
F; = total allowable working load on the slot w¢ld, N
s (Ib)
%A L = the bottom length of the slot in which the weld is
made, mm (in.)
T R = the radius of the slot ends in which the we¢ld is
made (R = W/2), mm (in.)
W = the bottom width of the slot in which the wld is
Fp = WminES, ) made, mm (in.)
where (b) Plug welds are required in all cases to minjmize
E o weld joint efficiency factor (0.55) stress at the root of the perimeter fillet weldg and
F4 F allowable force on fillet welds, N/mm (lb/in.);  5qdress load path eccentricity considerations in the|peri-
F:‘l‘ d Ff ‘an‘d F . L meter welds. Plug weld holes should have a diametdr not
Sa =attowabtebase-metatstress, MPa{psi) Tessthan T+ 6 mm (/in.) and not more than 27 + 6 mm (%,
Wmin = minimum weld leg dimension, mm (in.)

NOTE: The maximum design fillet weld size shall not exceed the
thickness of the thinner material being joined nor 40 mm (1.5
in.).

! Compatible weld metal shall be of equal or greater strength.
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in.). Plug welds shall be set back from the edge of the patch
plate by not less than 2T nor more than 4T. Plug welds
should be spaced to carry their proportion of the load, but
their pitch (center-to-center spacing) 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 (% in.), the holes should be filled to a depth of at
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least 4T or % of the hole diameter, whichever is larger,
but in no case less than 8 mm (% in.).

(d) For plug welds smaller than 19 mm (¥, in.)
diameter, slotted or obround plug welds may be used
to minimize weld quality difficulties arising from acces-
sibility 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
orie
edge| Set-back and spacing shall meet the requirements
of (b).

20743.6 Cold Forming Limits

(a)] Carbon and low alloy steel patch plates fabricated
by cdld forming shall not exceed 5% extreme fiber elonga-
tion.[The extreme fiber elongation shall be determined as
folloys:

1) For double curvature

R
5

RO
= final centerline radius of patch plate, mm (in.)
original centerline radius of patch plate (equals
infinity for flat plate), mm (in.)
thickness of the patch plate, mm (in.)

75T
Ry

] < 5% (7)

&P
In 1

~
1

For single curvature
R

SO 2| <o
Rf Ro

(b) Patches cold formed beyond these limits may be

used| provided they receive appropriate postforming
stresp relief prior to installation:

(8)

20744 FABRICATION

(a] Plate edges maybe cut to shape and size by mechan-
ical means such as~thachining, shearing, grinding, or by
therpal means.such as flame or arc cutting. If thermal
means are uséd,a minimum of 1.5 mm (% in.) additional
material shall be removed by grinding or machining. If the
repalr plate is greater than 25 mm (1 1n) thick, and the

prep edges shall be examlned by magnetlc partlcle (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 accor-
dance 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
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shall be removed by grinding or machining. If the repair
plate is greater than 25 mm (1 in.) thick, and the 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 laminations.
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
material.
Where required due to repair plate size ornacog¢ss/inter-
ference considerations, split sections may ‘be uged when
joined by full penetration welds.

(d) Parts to be fillet welded shall be fit as
practical to the surface to be welded and in
shall be separated by more thah'5’mm (% in.).
aration at the faying edge of the plate is 1.5 mm (|
greater, the size of the. perimeter fillet weld
increased by the amouft of the separation.

(e) Welding procedures, welders, and weldipg opera-
tors shall be qualified in accordance with the cfirrent re-
quirements,.of(the applicable construction cod¢ or post-
constructigh.code. If not otherwise specified, ASME BPV
Code, Section IX may be used for procedure and perfor-
marnice qualification. Guidance for preheat and/or post-
weld heat treatment, and for in-service welding, as
applicable, shall be taken from the applicable corjstruction
code or post-construction code.

(f) Field repair activities should conform to the
following sequence:

(1) Paint, scale, rust, liquids, and other foreign mate-
rial 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 byf the new
patch plate, existing shell seam or girth weld$ shall be
ground flush with the vessel or pipe 0.D. and shall be
examined by the MT or PT method.

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

(4) Anyseams within the patchitself, shoul
first. The perimeter fillet weld may then be c
Clamps or wedges may be used to ensure pr(
alignment and fit-up.

(g) Exposed metal surfaces shall be recoateqd
cable, after completion of all examination and

(h) To preclude gas pressure bulldup bet

3 ary, provi-
sions for Ventlng during the final closure weld or, if ap-
plicable, 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.

tightly as
no event
f the sep-
Y6 in.) or
shall be

position

l be made
mpleted.
per joint

, if appli-
testing.
ween the
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207-5 EXAMINATION

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

the remoyal areas shall be examined by MT or PT methods.

(c) Wdldsjoining sections of patch plates made of sepa-
rate pieces should be surface contoured and volumetri-
cally exgmined by either radiographic or ultrasonic
examinatjon methods to the extent possible. If not prac-
ticable, thultilayer PT or MT examinations should be
performeld.

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

(e) Thg¢ examination acceptance criteria of the applica-
ble consfruction code or post-construction code shall

apply.

207-6 TESTING

(a) Tepting shall be performed in accordance with the
applicablp post-construction code.

(b) Thle pressure component and installed patch
plate(s) ghould be leak tested in accordance with the ap-
plicable post-construction code. Special safety. pfecau-

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.

(d) Testmg and inspections should be performed prior
2 g, as
apphcable

207-7 REFERENCES

The following is a list of publications referenced in this
Article. Unless otherwise specified,the/latest edition|shall

apply.

API 579-1 /ASME FFS-1, Fitness-for-Service, June 5, 007
Publisher: American Petsoleum Institute (API), 1420 L
Street NW, Washington, DC 20005 (www.api.org)

ASME Boiler and<Pressure Vessel Code, Section|V —
Nondestruetive’ Examination
ASME Boiler and Pressure Vessel Code, Section|VIII,
Divisién. — Rules for Construction of Pressure Vdssels
ASMEBoiler and Pressure Vessel Code, Sectiopn IX,
Welding, Brazing, and Fusing Qualifications
Publisher: The American Society of Mechanical Engineers
(ASME), Two Park Avenue, New York, NY 10016-5990

(www.asme.org)
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Article 208
Alternatives to Traditional Welding Preheat

20841 DESCRIPTION

Prgheating involves heating pieces to be welded to some
templerature above their ambient temperatures prior to
and ¢luring welding. Construction and post-construction
codef often require preheat. However, under certain
condjfitions it may be possible to use other alternatives
to preheat. Whether preheat is required or not,
prehpat can provide any combination of the following
benefits:

(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 critical
temperature range, preventing excessive hardening and
redufed ductility of both the weld and heat-affected zone
(HAZ)

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

Copsiderations such as the presence of nearby coatings
or other components can make preheat required by the
origihal construction code inadvisable or inipractical to
applly. However, if welding heat inputs near the
maximum allowed by the qualified, procedures are
used| heat that is transferred to the.mass of the assembly
may be balanced by the welding heatinput, resulting in the
affecfed metal being heated up-to 0t beyond the minimum
prehgat requirement, therefore’permitting relaxed appli-
catiqn of preheat from{external means. This Article
cons]ders application«of alternate preheat strategies or
alternatives to traditionally specified preheat that
might be permitted by careful selection and control of
the welding process, consumables, and technique such
as by weld.bedd sequencing.

20842 LIMITATIONS

208-2.3 Inappropriate Cases

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

208-2.4 Limited Access

Limited access may-prevent the use of techhiques or
welding processes necéssary for satisfactory performance
of welding with dower preheat.

208-2.5 Welding

All welding shall be in accordance with an dpplicable
construction or post-construction code, ihcluding
welding procedures.

208-3 DESIGN

The following strategies and considerations may be
permissible alternatives to the original conptruction
code 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

208-3.1 Groove Geometry

Groove geometry and volume of weld metal $hould be
minimized to reduce residual stresses, but not to the
extent that the ability to weld is compromised oy cracking
results.

(a) Minimize residual stresses on weld and HAZ. It is
difficult to avoid residual stresses when weldipg. As the

208-2.1 General

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

208-2.2 Prohibited Reduction

Reduction in preheat may also be prohibited by user
requirements, service conditions, or construction codes.

molten puddle solidifies, it reduces in size and thus creates
residual stresses as shown in Figure 208-3.1-1.

(b) Thin, wide bead shapes with minimal thickness or
cross section are more prone to cracking from reduced
preheating than more rounded or conical shapes.
Welded joints with greater transverse shrinkage, as
shown in Figure 208-3.1-2, are more susceptible to
cracking. Welds that exhibit wider groove angles and
greater weld volume normally also exhibit higher
levels of residual stress.
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Figure 208-3.1-1 Typical Residual Stresses in a Weld

Figure 208-3.1-2 Effect of Weld Area on Transverse
Shrinkage
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208-3.2|Welding Process

Weldinlg processes that minimize dilution.and are “low
hydrogen” in application should be considered.

(a) GMAW and GTAW are particularly well suited to
control djlution and do not typically,introduce hydrogen
into the yveld deposit. These processes should be candi-
dates where reduced preheat is desirable.

(b) SMAW, FCAW, or, SAW may also be used where
increased deposition and Iower shrinkage is important.
Care shall be observed“during qualification of welding
procedurgs to evaluate heat input and avoid parameters
that woyld create excessive penetration, dilution, or
shrinkagg.

between the weld metal, heat-affected zones, and|base
metals. Most commercial weldr metal is formulated to
compensate for dilution and#orpostweld heat treatments
under a variety of condition§)Therefore, most weld njetals
exhibit strengths much ‘higher than their specificption
minimums. This can(be very important when designing
and implementing repair welding. A comparis¢n of
typical weld anetal strengths for selected consumpbles
is shown i Table 208-3.3-1. Where this approalch is
used, actual properties of the weld metal should be|veri-
fied from either certified material test reports or rgpre-
sentative test coupons.

208-3.4 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 atleast 24 hr should
be considered to identify any delayed cracking.

208-3.3 Welding Consumables

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 overmatching properties (lower strength,
minimized carbon ferritics, nonferrous, etc.) should be
considered to avoid mismatch in strength levels

208-3.5 Cracking Parameter (Pcm)

Where carbon content is equal to or less than 0.17 wt.%
or where high-strength steels are involved, the Ito &
Bessyo Cracking Parameter (Pcm) can be used. This
approach provides a more accurate prediction for
when preheat will be needed, when preheat is mandatory,
and at what recommended temperature.

Where [Pcm in wt. %]:
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Table 208-3.3-1 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-Al 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)]
E901§-B3 90 [Note (Z2]] 77 [Note (Z]] T4T TZ7 TUT [Note (1]] 87 [Nofe (1)]
E9015-B9 90 [Note (3)] 77 [Note (3)] 210 120 [Note (4)] 100, [Nbte (4)]
ER70p-2 70 58 74 60 .
ER70p-6 72 60 94 [Note (5)] 75 [Note (5)] 85 [Notes (1), (5)] 71 [ Note§(1), (5)]
ER80p-D2 80 68 110 79 100 [Note (2] 86 [Note (2)]
ER70p-A1l 80 [Note (6)] 68 [Note (6)] 92 79 90 [Note (2)] 72 [Nofe (2)]
ER90p-B3 90 [Note (2)] 78 [Note (2)] 104 [NOte’(2)] 93 [Nofe (2)]
NOTEP:
(1) Stress relieved @ 621°C (1,150°F) for 1 h.
(2) Stress relieved @ 690°C (1,275°F) for 1 h.
(3) Stress relieved @ 746°C (1,375°F) for 1 h.
(4) Stress relieved @ 760°C (1,400°F) for 1 h.
(5) GTAW process.
(6) SGMo DIN 8575, Wks. No. 1.5424.

Pchh = C + St + Mn + Cu + Cr + Ni | Mo + v introduce hydrogen can be chosen over othef options.

30 20 60 15 10

+ 5B2

Pcm < 0.15%; preheat is normally optional
0.15% < Pcm < 0.26% to 0.28%; preheat 200°E\to 400°F

Pcm > 0.26% to 0.28%; preheat 400°F to 700°F

20843.6 Controlled Deposition Welding

(a] Use of controlled deposition (temper bead) proce-
durep can be useful to génerate fine grain heat-affected
zongs and improve«notch toughness. This method
should be considered~when either elevated preheat or
codefrequired pestweld heat treatment cannot be used.
Rulep for qudlification of procedures are included in
API 10, 7Z.2:3; ASME BPVC, Section IX, QW-290; and
ANSI| NB-23:

(b] Where similar composition weld metal is used, this

€ertain techniques can minimize or reduce|residual
stresses. Careful monitoring should be done to ensure
that alternatives are employed properly. The following
describe or are important for successful implerpentation
of these techniques.

208-4.1 Cleanliness

Contaminants (dirt, grease, moisture, etc|) should
always be removed prior to application of anyl welding.

208-4.2 Welding Technique

The technique used during welding has a sjgnificant
effect on shrinkage, resulting residual stresses, cpntrolling
heat input, and avoiding cracking issues.

(a) Short versus long beads typically minimiize longi-
tudinal shrinkage. Back stepping (Figure 20844.2-1) or
special sequencing to reduce residual stregses may
need to be employed.

(b) Control or minimize heat input. Stringer beads with

method will NOT lower residual stresses. An evaluation to
consider the effect of welding residual stresses should be
conducted where this method is to be used.

208-4 FABRICATION

In order to use alternative preheating strategies, fabri-
cation techniques should be carefully controlled to avoid
the problems that preheat would be employed to mitigate.
Welding processes and consumables that are less likely to

43

minor oscillation versus wide weave beads should be used
(see Figure 208-4.2-2).

208-4.3 Peening

Peening can be an effective technique for minimizing
shrinkage and distortion. It is not normally used or
permitted on the root and final passes of a weld. For
peening to be effective, the metal should be deformed
and yield. Creating dimples in the surface with a
needle gun, etc., is NOT equivalent to peening.


https://asmenormdoc.com/api2/?name=ASME PCC-2 2018.pdf

ASME PCC-2-2018

Figure 208-4.2-1 Typical Back Stepping Weld Sequence

monitored and validated. Monitoring the surface tempera-
ture a predetermined distance away from the weld edge is
normally adequate for most applications. It is never ac-
ceptable to make or take readings that would result in
contamination of the weld groove.

(a) Temperature Indicating Crayons. These crayons or
pencil-like devices are designed to melt at specific
temperatures. This method can be used as a simple
and economical way of determining that a minimum

Figure 2(8-4.2-2 Difference Between Oscillated Stringer
Begdds (Left) and Wide Weave Beads (Right)

208-4.4| Minimizing Cracking

Crater|and weld bead cracking can be minimized or
eliminated by implementing proper workmanship
techniqué¢s.

(a) W¢ld beads with round cross sections versus thin;
wide beafls should be deposited as shown in Figure-208-
4.4-1 to minimize cracking.

(b) Abrupt start/stops should be avoided.“Use up/
down slope techniques with either process‘manipulation
and bead ghaping or via electronic mean§ with the welding
power sdurce.

(c) Sufficient material should (be deposited to avoid
cracking from shrinkage and normal construction influ-
ences. A good rule of thumbto.avoid cracking from insuf-
ficient wleld metal deposited (and required in many
constructfion codes) is"a minimum of 10 mm (% in.) or
25% of the weld greove thickness.

208-4.5| Prelieat Methods

ing“may be conducted with flame (air-fuel or

TEMPETature 1as DEeIT aclieved; 1., tIe crayorn melts.
One limitation is that the temperature of the compgnent
above the melting temperature of the crayon.is unkrjown.
Where excessive temperature is a concern, multiple
crayons with different temperatures should’be emplpyed.

(b) Electrical/Electronic Temperature Monitoring. For
preheat and welding operationsginstantaneous devices
such as contact pyrometers or direct-reading therm¢cou-
ples with analog or digital readotit can be used. All dejvices
shall be calibrated or hayve-Some means of verifying|their
ability to measure the desired temperature range. Be¢ause
of their ability to provide continuous monitoring and data
storage, thermoceuples using chart recorders or|data
acquisition systems should be used over instantarjeous
measuringdevices for both preheatand PWHT operations.

208-5EXAMINATION

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

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

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

(d) The examination should be documented and
include, as a minimum: type of examination, what was
examined, who performed the examination, whien it
was performed, and results of the examination.

208-6 TESTING

Testing shall be performed in accordance with ap ap-
plicable construction code or post-construction code.

oxy-fuel), electrical resistance, or electrical induction
methods in both the shop and field. Regardless of the
method, heating should be uniform and through thickness
unless otherwise specified.

208-4.6 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

208-7 REFERENCES

The following is a list of publications referenced in this
Article. Unless otherwise specified, the latest edition shall

apply.

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)

(18)
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Figure 208-4.4-1 Effect of Weld Bead Cross Section on Cracking
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Article 209
Alternatives to Postweld Heat Treatment

20941 DESCRIPTION

20941.1 General Considerations

Thiis Article addresses alternatives to postweld heat
treatinent for repair welds. Under certain service condi-
tiony, PWHT of a repair weld in accordance with the
consfruction code can be inadvisable or impractical. An
exan|ple of such a condition would be a penetration or
embpdment surrounded by reinforced concrete or
liquid media that could be damaged or create an
unsafe condition by application of PWHT temperatures.
In addition, inspection of pressure vessels, tanks, and
piping which have been in service can reveal defects
or dgmage that require weld repair but not redesign of
the ifem containing the defect. The original construction
code| or owner can require postweld heat treatment
(PWHT).

20941.2 Factors Affecting Selection

(a] Postweld heat treatment is applied to ferritie welds
and yvelded components to reduce high levels ofiresidual
stregs, provide tempering to reduce hardhess, and to
diffupe hydrogen.

(b) Time and temperatures for PWHT are specified
with|respect to individual types/of*material and are
selecgted to be performed below thejlower (critical) trans-
formption temperature of the material.

(c] Alternatives to postweld heat treatment can involve
application of elevated preheat and/or implementation of
speciific welding techniques, bead sequencing, and
incrdased controlsof ‘the welding process.

20942 LIMITATIONS
20942:1 Post-Construction Code

209-2.3 Suitability Tests

Tests to demonstrate suitability of thehepair g
may be needed if service conditions are spibject to
hydrogen embrittlement or at{temperatures in the
creep range or if the alternative is being considered
for “on-stream” repairs or<hot tapping” on piping
systems. Testing may belin accordance with owner
criteria, the construction.code or post-construction code.

rocedure

209-2.4 Resistance to Service Conditions

If resistanceto hydrogen or sulfide or stress cracking is
a service requirement, test evidence shall be developed
appropriate to the risk involved to show that a
maxinmium hardness in weld metal and heat}affected
base metal is not exceeded when qualifying & specific
Welding Procedure Specification (WPS). Maximum hard-
ness shall be as required by the owner, the corstruction
code or post-construction code.

209-2.5 Residual Stress Reduction

If reduction of residual stresses in weldments is
required for successful operation in services gubject to
stress corrosion cracking (e.g.,, where amines/ caustics,
or carbonates are involved), then alternatives to[postweld
heat treatment shall be evaluated and determihed to be
acceptable for the intended service prior to uge.

209-2.6 Altering Material Properties

Some steels are susceptible to metallurgical change
such that loss of notch toughness can occlir in the
weld heat-affected zone and in the base mefal. Weld
metal can also experience a loss of toughnegs and/or
strength when subjected to PWHT. In other stegls, inter-
granular cracking (often called reheat or stress relief
cracking) can occur in the weld heat-affecked zone

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

209-2.2 Methods

Only methods that are recognized in an applicable
construction code or post-construction code, qualified,
or as justified through performance of a risk assessment
evaluation, shall be used.
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during PWHT while excessive postweld heat treatment
(temperature and hold times) can also cause loss of
strength in the weld and/or base metal.
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Table 209-4.1-1 Summary of Postweld Heat Treatment Requirements and Potential Alternatives

Code Location

API 510
ASME BPVC, Section |

ASME BPVC, Section I1I-NB/NC/ND/NE/NF/
NG/NH

Paragraph 7.3.2
PW-39, PW-40
Although the Subsections of ASME BPVC, Section III have rules for PWHT and

alternatives (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)

ASME BPVC, Section VIII, Division 1

UCS-56, UHT-56, UHA-32, UHA-105, UNF-56, UCL-34, ULW-26, ULT-56

ASME BPVC, Section VIII, Division 2
(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 B31.1
ASME B31.3
AWS DJL.1
AWS DJ10.8 Paragraph 6 and Table 4
AWS DJ10.10 Paragraph 13.2
NBIC; §B-23 Part 3

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

Paragraph 132.3, Tables 132 and 132.1
Paragraph 331.2.2, Table 331.1.1
Paragraphs 5.8.2 and 5.8.3

209-3 IJESIGN
209-3.1 |Dissimilar Metal Welds

Weldinlg involving dissimilar materials shall be sepa-
rately evgluated unless specifically addressed by the ap-
plicable gost-construction code. Guidance in this area is
provided|in Method 5, NBIC, of ANSI/NB-23.

209-3.2 | Procedures

Requirgments for implementing alternatives.to.post-
weld heat treatment should be outlined in specific docu-
mented ihstructions that are accompanied‘hy a qualified
Welding Procedure Specification.

209-4 FABRICATION

209-4.1|Application of Elevated Preheat

Many dodes of construction or post-construction codes
permit yse of elevated preheat as an alternative to
performing postweld heat treatment. Examples of alter-
natives cpn be_found in API 510; ASME BPVC, Section I
(PW-39);] ASMEBPVC, Section VIII; ASME B31.1 (Table
132); and ANSI/NB-23. Criteria are expressed as a func-

209-4.2 Alternative Welding Methods

209-4.2.1.Temper Bead Welding. Tempering of
deposits‘miay be accomplished by implementing spgecial
weld~sequences and techniques. Controlled depodition
techniques such as temper bead welding, for example,
are offered in many construction or post-construgtion
codes as an alternative to postweld heat treatment.

weld

used
and
table

209-4.2.2 Satisfying Properties. The method
shall produce weldments that satisfy mechanica
corrosion properties in accordance with the appli
construction code or post-construction code.

209-4.2.3 Absence of Code Rules. When no condtruc-
tion code or post-construction code is specified, the frules
in API 510, 7.2.3; ASME BPVC, Section IX, QW-290; or
ANSI/NB-23, Part 3, may be used as rules for contrjolled
deposition welding techniques.

209-4.3 Requiring Additional Methods

Application of alternative methods may requirg that
reliable preheat maintenance techniques, low hydrjogen
welding consumables, and optimum materials starage
practices be implemented.

tion of base metal specification, type, grade, and thickness.
Table 209-4.1-1 lists a variety of PWHT methods and alter-
nates from potential applicable codes. The table is not all-
inclusive and should be used as a guide for selecting an
alternative to postweld heat treat for work that is to be
conducted with a specific construction code or post-
construction code.
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209-5 EXAMINATION

Examination shall be in accordance with the applicable
construction code or post-construction code.

209-6 TESTING

Testing shall be in accordance with the applicable
construction code or post-construction code.
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(18) 209-7 REFERENCES
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Article. Unless otherwise specified, the latest edition shall
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ANSI /NB-23-2007, National Board Inspection Code
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Publisher: American\Welding Society (AWS), 8669 NW 36
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Recommended Practices for Local Heating of
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Article 210

In-Service Welding Onto Carbon

Steel Pressure Components or

Pipelines

210-1 DESCRIPTION

This Article addresses the requirements and precau-
tions ass¢ciated with welding onto pressure components
or pipelihes while the system is still in operation. In-
service pyessure components or pipelines include pres-
sure equlpment and piping and are defined as systems
in which|the contents may or may not be pressurized
and/or flowing but affect the way the weld cools. This
Article is|intended to be used in conjunction with Part
2 of this|Standard or another applicable construction
code or pgost-construction code.

There are two primary concerns when performing in-
service welding. The first concern is “burn-through,” also
referred fo as “blowout.” A burn-through occurs when the
unmelted base material under the weld pool loses the
ability to fontain the contents of the pressure components
or pipelirfe allowing the contents to be expelled. Welding
onto pressure components or pipelines with thin walls
[e.g., 4.8|mm (0.188 in.) or less] is possible as long as
precautidns are taken. Such precautions include.control-
ling the heat input or penetration of the welding process
and using smaller diameter electrodes [e.g., 2.4 mm (0.094
in.)] wheh the wall thickness is less than®.4 mm (0.250
in.). Safetly aspects and contingency planning aspects for
an occurfence of burn-through should-be planned for in
accordanfe with company practices, industry standards
(e.g., API Recommended Practice-2201), or post-construc-
tion codq.

The sefond concern is’hydrogen cracking. Hydrogen
cracking pccurs when.tensile stresses are acting on the
weld, hyfirogen is present in the weld and, when the
weld soljdifies, th€ resultant weld microstructure is
crack susceptible. If any of the three conditions is elimi-
nated or feduced below a threshold level, then hydrogen

The likelihood of developing microstructurés sugcep-
tible to hydrogen cracking can be high-becausk in-
service welds tend to have accelerated cooling fates
due to the ability of the pressure components or pigeline
contents to pull heat from the weld region. The charjce of
developing a crack-susceptible’/microstructure cgn be
reduced by using welding-procedures that over¢ome
the cooling effect of the pressure components or pipeline
contents or by altering the pressure components or pipe-
line operating conditions during in-service welding.|Such
welding procedures include using sufficiently high| heat
input levels*or by using specific weld deposjtion
sequences The most common in-service welding prac-
tices used'to reduce hydrogen cracking concerns incprpo-
ratesboth a low-hydrogen welding process and a welding
procédure that reduces the susceptibility of formjng a
erack-susceptible microstructure. The use of prehg¢at is
another technique that is commonly used to reduce
the susceptibility of forming a crack-susceptible nficro-
structure but it may be difficult to apply to in-sefvice
welding applications because of the ability of the pregsure
components or pipeline contents to cool the pipe|l wall
especially for thin-walled applications. The copling
effect of the pressure components or pipeline confents
can interfere with achieving the proper preheating
temperature.

Successful application of in-service welding procedures
requires a balance between the probability of Qurn-
through and reducing the probability of hydrpgen
cracking. For example, when welding onto a pipgline
less than 6.4 mm (0.250 in.) thick it may be necegsary
to reduce the welding heat input to lower the probapility
of burn-through; however, the lower welding heat |nput
could resultin a weld microstructure that is susceptible to
hvdrngpn rrnr‘king When the maximum rpqnirpd wel ding

cracking will not occur. Tensile stresses can always be
assumed due to the shrinkage of the weld upon
cooling. Hydrogen, typically, cannot be eliminated but
can be reduced by using proper low hydrogen welding
processes such as shielded metal arc welding with
EXX18 or EXX15 type electrodes. Crack-susceptible micro-
structures typically have high microstructure hardness
and are controlled by the carbon equivalence of the mate-
rial and the rate at which the weld cools.
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heat input to eliminate the probability of burn-through is
lower than the minimum required heat input to protect
against hydrogen cracking then alternative precautions
need to be taken (e.g., welding procedure that included
a temper bead deposition sequence).
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210-2 LIMITATIONS
210-2.1 Additional Requirements

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

210-2.2 Piping and Pipeline Modifications

weldiing. Though this Article covers in-service welding
aspefts, notall aspects of pressure components or pipeline
modifications that are performed to modify or expand a
pipinlg system (e.g., the hot tapping procedure that may
folloy the in-service weld) are covered by this Article. This
Artidle should be used in conjunction with another appli-
cablg construction code or post-construction code that
deald with the specifics of the pressure components or
pipeline modification (e.g., for hot tapping, refer to API
Recommended Practice 2201).

210-2.3 Pressure Components or Pipeline Material

Thiis Article shall be limited to in-service welding onto
all cgrbon steel pressure components or pipelines. This
Artidle excludes welding onto stainless steels, alloyed
steelf (e.g., Cr-Mo), or nonferrous materials.

2102.4 Pressure Components or Pipeline
Contents

Before performing any in-service welding, thesxowner
shall| evaluate the effect that in-service welding could
have|on the contents of the pressure components or pipe-
line fystem (e.g., combustion, explosion, and increased
susceptibility to corrosion or embrittlement). In-
service welding should only be performed on pressure
components or pipelines where the evaluation indicates
that fhere is not a significant riSk.associated with potential
metalllurgical degradation ¢r cthemical reaction from the
in-service welding procéss and not a significant risk of
ical reaction in the-process fluid as a result of poten-
ntact with high metal temperatures.

210-2.5 Operating Pressure

An adjustment in the pressure during in-service
weldjngyniay not be required from a welding perspective

210-2.6 Operating Flow

An adjustment in flow during in-service welding may
increase hydrogen cracking risk (e.g., increase flow) or
burn-through risk (e.g., reduce flow). An adjustment in
flow should be addressed prior to in-service welding.

210-2.7 Postweld Heat Treatment (PWHT)

PWHT is difficult to perform while the pressure compo-
ipett ST fce. i PWHT is
concerns

U PIPC C Y% C C d Cl'V .
required, the owner shall address all additional
to assure the welding and subsequent PWH[' will be
completed in a safe manner. If this cannot be fachieved,
then an alternative repair method.shall be evqluated.

210-3 DESIGN
210-3.1 In-Service Fillet'Weld Procedure

Anin-service filletweld procedure is defined as a proce-
dure that is used-to join additional material onjto the in-
service pressurecomponents or pipeline to rginforce a
damaged afea“(e.g., full encirclement sleeves gnd patch
plate repairs) or to facilitate a modification (e.g}, proprie-
tary fullkencirclement hot-tap fitting). The fillet yeld shall
be designed in accordance with an applicable corlstruction
code or post-construction code.

210-3.2 In-Service Attachment Weld Proc¢edure

An in-service attachment weld procedure is dgfined as a
procedure that is used to make a modification tp existing
pressure components or pipeline and usually ihcludes a
groove weld joint. The attachment weld shall be|designed
under one of the following two criteria:

(a) Ifthe attachment provides adequate reinfprcement
in accordance with an applicable construction code or
post-construction code, no further reinforcdement is
required.

(b) If the attachment does not provide adeqate rein-
forcement in accordance with an applicable corstruction
code or post-construction code, additional reinfprcement
is required.

210-3.3 In-Service Weld Metal Buildup Procedure

An in-service weld metal buildup procedure {s defined
as a procedure that is used to deposit weld metal onto the

but ntay be Tecessary to increase the satety of the welder if
a burn-through does occur. Safety aspects and contin-
gency planning aspects for an occurrence of a burn-
through should be planned for in accordance with
company practices, industry standards (e.g., API
Recommended Practice 2201), or post-construction code.
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surface of the pressure components or pipeline to rein-
force a thinned area (e.g., metal loss due to corrosion or
erosion). The weld metal buildup shall be designed in
accordance with an applicable construction code or
post-construction code.
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210-4 FABRICATION
210-4.1 Welding Procedure Qualification: Welding

When approved by the welding engineer or welding
inspector, a welding procedure qualified to the applicable
new construction code or post-construction code may be
used for in-service welding applications. However, the
welding procedures that are to be used for welding
onto in-service pressure components or pipeline shall
address the probability of burn-through and hydrogen
cracking| When required by the welding engineer or
welding inspector, the welding procedure shall be qual-
ified usirlg the set-up outlined in Mandatory Appendix
210-1 and the testing in para. 210-4.2. The essential vari-
ables for [the welding procedure qualification shall be in
accordanfe with an applicable construction code or post-
construcfion code and should include the in-service
welding ¢ssential variables listed in para. 210-4.1.1.

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

210-4.1.1 In-Service Welding Essential Variables. The
in-servic¢ welding essential variables are specific require-
ments forf in-service welding that should be used in addi-
tion to ghe essential variables from an applicable
construction code or post-construction code.

.1.1.1 Weld Type. In-service welds shall.be
into one of the following three types and qualified

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

210-#.1.1.2 Cooling Potential. The rate at which a
weld cools, or cooling potential,-is an essential variable
[e.g., codling time from 800°C to 500°C (1,472°F to
932°F) (sec) or cooling rate at 556°C (1,000°F)
(°/sec)]. An increase (in)the cooling potential of the in-
service gressure cemponent or pipeline greater than
the cooling potential used during the qualification of
the welding(procedure requires requalification. The
cooling pptential may be determined by direct measure-
ment, calculation, computer models, or a combination o
these methods.

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

210-4.1.1.3 Carbon Equivalence. The in-service
welding procedure should be grouped according to
carbon equivalence of the material. Carbon equivalence
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is specified separately for the in-service pressure compo-
nents or pipeline and the second base material (e.g., full-
encirclement sleeve or attachment material). An in-
service welding procedure qualified on a specific
carbon equivalent material may also be adequate for
lower carbon equivalent materials assuming the
cooling potentials are the same. A procedure qualified
on lower carbon equivalent material can be used in a
repair application on a higher carbon equivalent material
plica-
tionislessthan the cooling potential of the qualified proce-
dure and there is no increase in hydrogen‘\crag¢king
susceptibility. The carbon equivalent should be' calcuflated
using the following formula with the elements expré¢ssed
in weight percent amounts:

CE=C+&+ Cr+ Mo+V " Ni + Cu
6 S 15

210-4.1.1.4 Welding Process. A change in the

welding process shall¢require requalification.

210-4.1.1.5 Welding Consumable. An increase in the
diffusible hydrogen level of the welding consumablg¢ or a
change in the'€lectrode type as defined by ASME BPVC,
Section IX, Table QW-432, or another applicable congtruc-
tion code or post-construction code, shall require
requalification.

210-4.1.1.6 HeatlInput. The heatinputrange is deter-
mined by the weld procedure qualification and is the fange
that will produce a weld that will not burn through and has
a low likelihood of producing a crack-susceptible nficro-
structure. A change in the heat input range shall refjuire
requalification. The heat input should be calculatgd in
accordance with ASME BPVC(, Section IX, QW-409.1(a)
or QW-409.1(b), or another applicable construgtion
code or post-construction code.
(a) An increase in the heat input over the range gpeci-
fied in the in-service procedure qualification or spe¢ified
in the in-service welding procedure shall be evaluatgd for
burn-through risk. The probability of burn-thrpugh
should be evaluated experimentally, by computer sifpula-
tion, or a combination of these methods.
(b) A decrease in the heat input below the range gpeci-
fied in the in-service procedure qualification or spe¢ified
in the in-service welding procedure shall require r¢qua-
lification to determine the probability of hydrpgen
CracKing susceptibility. Hydrogen cracking susceptibility
should be evaluated using the test outlined in para. 210-
4.2.

210-4.1.1.7 Welding Current. A change in the range of
welding current used in the procedure qualification or
specified in the welding procedure shall require
requalification.
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Table 210-4.2.1-1 Type and Number of Test Specimens Required for an In-Service Welding Procedure Qualification

Tests

Wall Thickness In-Service Weld Type Face Bend Side Bend Nick-Break Metallography Hardness
<12.7 mm Fillet 4 4 2 2
(0.500 in.) Attachment 4 4 2 2

Weld metal buildup 4 2 2
>12.7 mm Fillet 4 4 2
(0.50f 1] Aftachment 7 7 Z

Weld metal buildup 2 2 2

p10-4.1.1.8 Postweld Bakeout. A reduction of the construction code and should include/the ip-service
temylerature or time of the application of a postweld welding essential variables listedin-para. 21044.1.1.

bakeolut. shall require requalification, Wh?n specified, 210-4.2.1 Destructive Test’Methods. I-service
the inimum soaking temperature and time shall be .
welding procedure test samples shall be taken from

specjfied. Any potential effect the postweld bakeout e e
R the procedure qualification#veld coupon as specified in
has ¢n the pressure components or pipeline contents e
para. 210-4.2.2. The-procedure shall be qudlified by
shall|be evaluated. i e
successful completioir of the tests specified [in paras.
P10-4.1.1.9 Preheat. A reduction of the temperature 210-4.2.1.1 through 210-4.2.1.4. The numbef of tests
or time of application of a preheat requirement shall for each in-service welding procedure is giver] in Table
requjre requalification. When specified, the minimum 210-4.2.1-1, Two procedure qualification weld coupons
soakjng temperature and time shall be specified. Any should bedabricated if there is not enough matejrial avail-
potential effect the preheat requirement has on the pres- able forall of the test samples in one procedure|qualifica-
sure components or pipeline contents shall be evaluated. tion. The destructive test specimens shall be mgdchined in
)10-4.1.1.10 Hydrogen Bakeout. A change in the accordance with AWS B4.0 or other applicable [standard.

temperature or time of application of the hydrogen 210-4.2.1.1 Macro-Section Test. The macio-section
bakeout procedure shall require requalification. Ahy~ test samples shall be removed and machined using
potential effect the hydrogen bakeout requirement has nonthermal methods. The macro-section teqt sample
on thhe pressure components or pipeline contents.shall should be in accordance with ASTM E3 or anoth¢r equiva-
be eyaluated. lent document to give a clear representation of the weld
region. Visual examination of the macro-sedtion test
samples shall show
(a) complete fusion
(b) no cracks

P10-4.1.1.11 Surface Bead Placement..Any change in
weld bead position or deposition sequence of the in-
service welding procedure shall require requalification.

210-4.2 Weld Procedure Quatification: Testing (c) noundercut exceeding 0.8 mm (0.031in.) pr10% of
the simulated in-service pressure components of pipeline

Welding procedures that'are to be used to weld onto in- wall thickness, whichever is smaller
service pressure compenients or pipelines shall address (d) for fillet welding procedures only, the fillet weld leg

the grobability of burh-through and hydrogen cracking lengths are at least equal to the leg length specified in the
susceptibility. The probability of burn-through should  welding procedure or other applicable proceds control
be eyaluated experimentally, by computer simulation, document
or a icombination of these methods. Hydrogen cracking
susceptibility should be evaluated by destructive and
nondestructive testing. When approved by the welding
engi S{SImv "‘I; pe l-"";l""'!l-
ified to the applicable new construction code or post-
construction code may be used for in-service welding
applications. When required by the welding engineer
or welding inspector, the welding procedure shall be qual-
ified using the set-up outlined in Mandatory Appendix

210-4.2.1.2 Hardness Test. The hardpess test
samples shall be tested in accordance with A§TM E384
or another equivalent document. A minimum of five
Vickers hardness indents, using a 10-kg load, shall be
made in the coarse-grained heat-affected zone of the
weld toe in accordance with Figure 210-4.2.1.2-1. The
macro-section test samples may be used for the hardness
test samples after the metallographic analysis has been

210-1 and testing in para. 210-4.2. The essential variables completed.
for the welding procedure qualification shall be in accor- 210-4.2.1.3 Nick-Break Test. Nick-break test
dance with an applicable construction code or post- samples shall be removed and machined using

nonthermal methods, and shall be tested according to
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Figure 210-4.2.1.2-1 Heat-Affected Zone Hardness Indent Locations

GENERAL NOTES:

‘l" \?'77 &
s ¢ Ss 5P
g g amn R,
e R

L Q

S

(a) Indentf are spaced 0.2 mm (0.008 in.) from fusion lineand*0.6 mm (0.024 in.) apart. Initial indentislocated 0.6 mm (0.024 in.) from weld toe.

(b) The fidure is not to scale.

AWS B4.( or another equivalent document. Visual inspec-
tion of thie nick-break test sample fracture surfaces shall
show

(a) comnplete fusion.

(b) nolsingle pore exceeds.¥.6 mm (0.063 in.) in size,
and the cpmbined area of allpores does not exceed 2% of
the expoged fracture Supface area.

(c) no|slag inclision exceeds 0.8 mm (0.031 in.) in
depth and 3.2 mmn(0.125 in.) or one-half the nominal
pipe wall thickness in length, whichever one is smaller.
The distdnce~between adjacent slag inclusions shall not

equivalent document.! The bend test samples sjould
be bent in a guided-bend test jig or equivalent equipinent.
For face bends, the bend test sample shall be placed|with
the face of the weld opposite the mandrel (Figure|210-
4.2.1.4-1). The weld reinforcement should be removed
prior to bending. The remaining weld should not
exceed 1.6 mm (0.063 in.). The bend test sample [shall
be bent until the curvature of the bend test specjmen
is approximately a U-shape (Figure 210-4.2.1.4-2).
Visual inspection of the bend test specimens shall show

(a) no cracks or other weld flaws exceeding 3.2 mm

be less than IZ.7 mm (0.500 1n.J.
(d) fisheyes, as defined in AWS A3.0, should not be
cause for rejection.

210-4.2.1.4 Face or Side Bend Test. The bend test
samples shall be machined using nonthermal methods,
and shall be tested according to AWS B4.0 or another

(0-TZ5 1n.J 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 unless an
obvious weld flaw is present

! The simulated in-service pressure components or pipeline nick-break
test sample for a fillet or attachment welding procedure can be used for
the face bend test sample.
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Figure 210-4.2.1.4-1 Mandrel Location Relative to the Weld Toe When Doing Face Bend Test for a Typical In-Service
Fillet Weld

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

®
N F
ol
O

(a) The dashed portion of the completed weld needs to be removed prior to testing. &
(b) The figure is not to scale. %
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210-4.2.2 Sample Location. The locations of the in-
service welding procedure test samples for a fillet
weld should be taken from equally spaced intervals
around the procedure qualification weld coupon as
shown in Figure 210-4.2.2-1. The locations of the in-
service welding procedure test samples for an attachment
weld should be taken from equal spaced intervals around
the procedure qualification weld coupon with samples
taken from both the crotch and saddle portions of the

tion code or post-construction code with the additional
ability to locate weld flaws including hydrogen cracking
since itis amajor concern for in-service welding under the
service conditions (e.g., operating temperature). The
acceptance criteria for the NDE examination shall be in
accordance with an applicable construction code 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

weld as ghowmr i Figure 210-472-2=2"The tocations of
the in-sqrvice welding procedure test samples for a
weld buildup weld coupon should be taken as shown
in Figure|210-4.2.2-3.

210-4.3 |Welder Performance Qualification

Weldefs that are to perform in-service welding onto
pressure| components or pipelines shall demonstrate
the ability to deposit welds that produce microstructures
that are |not crack susceptible and/or avoid burning
through the pressure component or pipeline. This may
be demdnstrated by successfully depositing an in-
service weld or by qualifying a welder using the set-up
detailed ih Mandatory Appendix 210-Iand testing require-
ments outlined in para. 210-4.2.

210-5 EXAMINATION
210-5.1 [NDE Method

The in-gervice weld, made in the field, shall be examined
after welfling has been completed. The method of exam-
ination sHall be in accordance with an applicable construc-

tiredefect.

When NDE procedures are applied after in-sefvice
welding, special procedures may be necessary where
the components are operating at temperatufes signifi-
cantly above ambient.

210-5.2 Examination Time

When hydrogen cracking is,a€oncern, in-service yelds
should be examined 24 hr t0'72 hr after welding has|been
completed.

210-6 TESTING

Testing should.be completed in accordance with an ap-
plicable construction code or post-construction code. If
hydrotesting of a hot tapping component after installption
is contemplated, the user is advised to considef the
temperature of the operating component in ordpr to
avoid having the test fluid flash to steam.

Figure 210-4.2.2-1 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

T
P

MS

GENERAL NOTES:

\

Fillet weld

(a) NB = nick-break test sample; FB = face bend test sample; MS = metallographic test sample

(b) Not to scale.
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Figure 210-4.2.2.2-2 Test Sample Locations for In-Service Attachment Welding Procedure Qualification Assuming
Equal Spacing Around the Circumference to Obtain ALl the Required Test Specimens

FB NB
MS

FB| [NB

Attachment weld

GENERAL NOTES:
(a) NB = nick-break test sample; FB = face bend test sample; MS = metallographic test sample
(b) Npt to scale.
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Figure 210-4.2.2-3 Test Sample Locations for In-Service Weld Metal Buildup Welding Procedure Qualification

GENERAL NOTES:

(a) SB = s|de bend test s@i; FB = face bend test sample; MS = metallographic test sample.
(b) The fidure is not t e.

210-7 REFE ES

The fol’o ing is a list of publications referenced in this

API 579-1/ASME FFS-1, Fitness-For-Service
API Standard 1104, Welding of Pipelines and Re|ated
Facilities

Article. UnTess otherwise specilied, the latest edition shall
apply.

AGA Pipeline Repair Manual, December 31, 1994

Publisher: American Gas Association (AGA), 400 North
Capitol Street NW, Suite 450, Washington, DC 20001
(www.aga.org)

API Recommended Practice 2201, Safe Hot Tapping
Practices in the Petroleum & Petrochemical Industries
API Recommended Practice 579-1

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

ANSI/AWS A3.0, Standard Definitions; Including Terms
for Adhesive Bonding, Brazing, Soldering, Thermal
Cutting, and Thermal Spraying

ANSI/AWS B4.0, Standard Methods for Mechanical
Testing Welds

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

ASME B31.1, Pressure Piping

ASME B31.3, Process Piping

ASME B31.4, Pipeline Transportation Systems for Liquid
Hydrocarbons and Other Liquids

ASME B31.8, Gas Transmission and Distribution Piping
Sy stems

ASTM E3, Standard Practice for Preparation of
Metallographic Specimens

ASTM E384, Standard Test Method for Microindentation
Hardness of Materials

Publisher: American Society for Testing and Materials
(ASTM International), 100 Barr Harbor Drive, P.O.
Box C700, West Conshohocken, PA 19428-2959
(www.astm.org)

CSA _Standard 7667, Qil and Gas Dipn]inn chfnms

ASME Boiler and Pressure Vessel Code, 2007 Edition,
Sefction IX, Welding and Brazing Qualifications;
Anticle I — Welding Procedure Qualifications;
Article III — Welding Performance Qualifications

Publfsher: The American Society of Mechanical Engineers
(APME), Two Park Avenue, New York, NY 10016-5990
(Mww.asme.org)

Publisher: Canadian Standards Association)((SA), 178
Rexdale Boulevard, Toronto, OntarioMPW 1R3,
Canada (www.csagroup.org)
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Mandatory Appendix 210-I
In-Service Welding Procedure/Welder Performance
Qualification Setup

The inflent of producing a simulated in-service welding
procedurk qualification is to make welds that will be more
likely to produce hydrogen cracking during the qualifica-
tion thanfin the field. This can be done by making welds on
higher carbon equivalent carbon steel, by using a higher

cooling plotential, or by incorporating both variables to
have a mlore conservatively qualified procedure.
The sirpulated in-service setup used for the in-service

procedurk qualification can be any applicable joint config-
uration, Hut it is imperative that the in-service procedure
qualificdtion weld coupon be more susceptible to
hydrogen cracking. It is good practice to simulate the
actual figld weld that will be made using the in-service
welding [procedure. It is common for the in-service
productjon qualification weld to be made using a
higher cqrbon equivalent carbon steel pipe with water

Figure 210-1-1 Procedure and Welder Qualification Test Assembly for an In-Service Fillet Weld

backing because water has been shown to|cool welds
faster than any other cooling medium. ‘It is impoftant
to note that using water as the cooling medium|may
make the welding procedure overly.conservative tp the
point of making it impossible to successfully qyalify
the weld coupon.

The in-service procedure-qualification coupon smould
have sufficient length to-remove all of the required
test specimens. More\than one assembly may be |used
if all the required specimens cannot be removed [from
a single assembly) The cooling medium should be ¢ircu-
lated through<the test assembly prior to welding| The
simulated ixi~service setup should be prepared as follows:

(a) The simulated in-service setup for an in-sefvice
fillettweld should be prepared in a manner similar to
Figure 210-I-1 or an alternative position that would

TV Simulated intservice
sleeve weld

GENERAL NOTE: The longitudinal weld seam is not considered an in-service weld unless the longitudinal seam weld fuses to the simulated in-

service pipe.
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Figure 210-1-2 Procedure and Welder Qualification Test Assembly for an In-Service Attachment Weld

Simulated in-service

Attachment weld

O

simullate the in-service welding application. T §1eeve

shoy

specjial design sleeve fitting is to be

prio

[see Note to Figure 210-I-1].

(b)
atta
simil
woul
tack
alon
shall

The simulated in-serviee
hment weld shoul
ar to Figure 210-1-
d simulate the i
welds shoul

be tak m the tack locations.

Q
o

ld have a close fit to the carrier pi,%ﬂnless a
ifi

qua

ed. The

improve fit-up

sleeye longitudinal groove welds should be welded
to the in-service fillet wel

tup for an in-service
repared in a manner
n alternative position that
vice welding application. The
round to assure complete fusion

b the entirs gth of the weld. No test samples

(c) The simulated in-service setup for an in-service

weld metal buildup weld should be prepd

red in a

manner similar to Figure 210-I-1 but without jusing the

sleeve. The weld will be deposited directly
pipe wall. Itis common to mechanically remove 3

onto the
specified

amount of wall to simulate corrosion loss. The probability

of burn-through shall be evaluated before w
buildup is performed using the qualified pro
the field.

bld metal
redure in

After completion of the procedure qualificaI@'on weld,

the cooling medium shall continue until t
assembly has achieved a uniform equ
temperature.

e entire
librium
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Article 211
Weld Buildup, Weld Overlay, and Clad Restoration

211-1 DESCRIPTION

211-1.1 Introduction

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

211-1.2 Scope

Repair$ to weld overlay or cladding can involve replace-
ment of fhe entire thickness of the cladding or weld
overlay, ¢r a partial thickness of the weld overlay.

211-1.3 Pamaged Base Metal

In carljon steel or low alloy steel applications, weld
overlay gr weld buildup can be used to rebuild areas
that are worn from erosion, corrosion, or flow-accelerated
corrosior] (FAC), or which have been ground out to remove
defects spich as cracks. The original pressure boundary
integrity [of the base metal can be restored.

211-1.4 Damaged Weld Overlay and Cladding

Corrosjon resistant weld overlay can beused to replace
damaged|areas that originally had similar‘overlay, or that
originallyf had corrosion resistantcladding over carbon
steel or low alloy steel material:“Corrosion resistant
weld ovelrlay can also be uséd)yto back-clad seams that
have beeh repaired on clad\material with carbon steel
or low alloy steel base-méetal.

211-1.5 Definitions

211-1.5.1 Weld Overlay. For the purpose of this Article,
weld overllay.refers to the application of corrosion resis-

overlay or cladding. The original cladding could|have
been applied by methods such as roll bonding orexplpsion
bonding.

211-1.5.4 Back Cladding. Back cladding refers tp the
application of corrosion resistant weld metal on a cqrbon
steel or low alloy steel weld in claddnaterial that has|been
repaired.

211-1.5.5 Effective Depth. The depth below the
finished weld surface at"which weld metal chemical
analysis is performed;*For the purpose of this Article,
the effective depth’is as defined in ASME BPVC, Section
IX, Figure QW-462.5(a).

211-2 LIMITATIONS

211-2.1 Additional Requirements

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

211-2.2 Base Metal Condition

This Article shall apply to wall thinning and doef not
specifically address other types of surface defectd. See
Article 304, “Flaw Excavation and Weld Repair’ for
other types of surface defects. The remaining [base
metal thickness shall be adequate to accommddate
weld buildup.

211-3 DESIGN

211-3.1 Cause of Damage

Prior to repair welding, determination should be made
of the causes of the damage to the weld overlay, cladding,
or base metal. The use of weld overlay or weld buildup as a

tant wel

211-1.5.2 Weld Buildup. Weld buildup refers specifi-
cally to the application of carbon steel or low alloy
weld metal, applied for the purpose of restoring base
metal thickness.

fal 1N s 1 1 11 N o |
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211-1.5.3 Clad Restoration. Clad restoration refers to
the application of corrosion resistant weld metal on
carbon steel or low alloy base metal, for the purpose
of restoring the original corrosion resistant weld

permanent repair should include consideration of the
thinning mechanism and its prevention. Consideration
should be given to replacement of all or part of the
weld overlay in case there is damage to the cladding
or weld overlay (corrosion, embrittlement and cracking,
etc.).
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211-3.2 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 qualifica-
tion tests.

211-3.3 Weld Thickness

211-3.8.2 Galvanic Corrosion. The possibility of
galvanic corrosion should be considered in the base
metal at the edge of high alloy or nonferrous weld overlay.

211-4 FABRICATION

211-4.1 Surface Preparation

Surfaces to be welded shall be free of rust, scale, paint,
coatings, and other contaminants, and shall have a smooth

total depth of overlay or back cladding shall be 3
mm (% in.) or greater in thickness, unless otherwise speci-
fied. [n all cases, the weld overlay thickness and the base
metall thickness shall atleast equal the minimum thickness
of the undamaged metal.

.6 Corrosion Protection

ere weld overlay is applied for corrosion protection,
s stainless steel overlay'on carbon steel or low alloy
etal, appropriate weld.chemistry (such as Type 309
ed by Type 308 filler metal) should be specified.

.7 Design Catculations

shalll b€ in accordance with the original construction

contour. If surfaces are to be prepared by blasting, media
should be free of silica that would interferéswith subse-
quent welding operations.

211-4.2 Welding Procedure Qualification

Welding procedures, welders;-and welding pperators
shall be qualified in accordance with the curren require-
ments of the applicablé\construction code|or post-
construction code. If'not otherwise specifigd, ASME
BPVC, Section IX may be used for procedure arnd perfor-
mance qualificatighs. Typically, semiautomati¢ welding
processes such as GMAW are used to maximiz¢ produc-
tivity and-te_minimize heat input. For larger aieas to be
welded;, machine approaches using welding equipment
mounted on tracks for better control and prqductivity
rates may be appropriate.

211-4.3 Weld Overlay

211-4.3.1 Heat Input. Application of the firdt overlay
pass in thin shells shall be such that penetration, and
thus the potential for burn-through, is minimized. In
general, heat input shall be minimized to|prevent
burn-through and distortion.

211-4.3.2 Weld Overlay Thickness. Weld overlay
thickness shall be verified by actual measurement of
the exposed edge at weld joint preparations jor repair
cavities. Questions regarding overlay thicknegs should
be resolved by thickness measurements. Consultation
with an NDE specialist may be necessary.

211-4.4 Back Cladding

211-4.4.1 Weld Groove Preparation. (Typjcal weld
joint details for back cladding are shown in Figure
211-4.4.1-1)
Prior to back cladding butt joints, the weld gropve in the

code or, when none exists, they may be based on
ASME BPVC, Section VIII, Division 1, UCL-23.

211-3.8 Other Considerations

211-3.8.1 Differential Thermal Expansion.
Consideration should be given to differential thermal
expansion between the base metal and weld overlay.

63

backing material shall be Tlled approximately flush with,
but not more than 1.5 mm (% in.) below the weld overlay
fusion line or the clad bond line adjacent to the weld
groove prior to back cladding. Care shall be taken to
avoid cross-contaminating the cladding and backing mate-
rial weld metal. Any suspected areas of cross-contamina-
tion shall be etched with either a nitric acid or copper
sulfate solution to confirm the location of the clad/
substrate interface.
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Figure 211-4.4.1-1 Weld Seam With Back Cladding

6mm(/ in. )_>
(Typ.)

A\ el

Alloy cladding

H/

Weld groove to be
approximately flush

%

L

Alloy weld metal
back cladding

211-4.4.2 Strip Back. Prior to back cladding butt joints,
cladding $hall be stripped back a minimumof6é mm (% in.)
from the|edge of the plate, pipe, or fitfing.

211-4.5 |Special Considerations for Low Alloy

Steels

211-4.5.1 Dehydrogenation Heat Treatment. Prior to
any repajrs being performed, consideration should be
given to the need for.a-dehydrogenation heat treatment
of vesselq or parts’that have been exposed to products or
process¢s containing hydrogen to avoid hydrogen
cracking fluringrepairs. Dehydrogenation heat treatment
may be performed as outlined within API RP 934.

(a) Weld Joint Preparation

\ Carbon or low alloy

steel base metal

1.5.mm (1/45 in.) max.

F

(b) Finished Weld Seam With Back Clad

reduce the risk of cracking in embrittled base mletals
during welding repairs.

211-4.5.3 Intermediate PWHT. After performingfweld
repairs tolow alloy steel base metal, but before application
of weld overlay (if applicable), a dehydrogenation|heat
treatment or an intermediate PWHT should be cojnsid-
ered, especially if the base metal is 2',Cr or higher
alloy, or heavy wall (greater than 38 mm or 1% in. thick).

211-4.5.4 Hardness and Toughness. Consideration
should be given to the maximum hardness and touglness
needed in weld metal and in base metal heat-aff¢cted
zones for the intended service.

211-4.5.2 Embrittlement. Some materials may have
been exposed to service conditions that cause embrittle-
ment of these materials. Consideration should be given to
the prior service conditions and the potential damage in
materials resulting from these service conditions. This
may require special welding procedures and techniques
to minimize the risk of cracking during welded repairs. For
example, the use of welding procedures that provide
controlled deposition and low welding heat input

64

211-4.6 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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211-4.7 Heat Treatment

211-4.7.1 General. Heat treatment shall be performed
in accordance with the applicable construction code or
post-construction code, or owner-user specification. As
an alternative to heat treatment, and if allowed by the
applicable construction code or post-construction code
and approved by the owner, consideration may be
given to the use of alternatives such as temper bead
welding procedures

211-5.2 Copper Sulfate Solution Testing

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

211-5.3 Liquid Penetrant Examination of Weld
Overlay and Back Cladding

21]1-4.7.3 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 (% in.) of the
first|layer of the corrosion resistant weld deposit
(unlgss another depth is qualified). Final PWHT may
be pgqrformed either before or after the deposition of addi-
tiondl layers of overlay since only the first layer of weld
deposit will cause a HAZ in the base metal. Subsequent
layefs of welding would not be expected to create a
new [HAZ in the base metal.

penetrant, ultrasonic, or surface eddy current may be
utilized in accordance with the applicable construction
code or post-construction code. Welds on base metal
over 9.5 mm (% in.) thick should be examined by volu-
metric examination methods such as radiographic or
ultrasonic testing. The acceptance criteria shall be in
accordance with the applicable construction code or
post-construction code.

211-5.3.1 Multiple-Layer Welds. For multijple-layer
weld overlay or back cladding, liquid penetrant|examina-
tion should be performed on the first layer of|the weld
overlay.

211-5.3.2 Finished Surfaces!.The final surfage of weld
overlays, back cladding, and welds joining attachments to
weld overlays or integraltcladding should be liquid pene-
trant examined to ansappropriate extent.

211-5.3.3 Examination and Acceptance Stfandards.
Examination and.acceptance standards shall be| in accor-
dance with-the applicable construction code or post-
constructiphvcode. If no standard is specified Hy the ap-
plicablé.construction code or post-construction|code, the
examination may be conducted in accordance with ASME
BRVC, Section V, and acceptance criteria may bq in accor-
dance with ASME BPVC, Section VIII, Diyision 1,
Mandatory Appendix 8. Defective areas shall bg repaired
and reexamined.

211-6 TESTING
211-6.1 Chemical Analysis

211-6.1.1 Procedure Qualification. The chemical
composition at the “effective depth” of the operlay or
back cladding should be included in welding grocedure
qualification tests.

211-6.1.2 Production Welding. Alternatively, the
chemical composition at the “effective depth” of the
overlay or back cladding shall be reported for pfoduction
welding, when specified by the owner. The a¢ceptance
criteria for production overlay and back cladding shall
be in accordance with the owner’s specificatign except
as noted in this Standard.

iteTesting

(a) The number of samples for chemical analysis for all
types of weld overlay and back cladding, and number of
ferrite measurements for austenitic stainless steel
deposits shall be as specified by the owner. When
required, test samples should be removed, or in situ
tests should be conducted, prior to final PWHT (if appli-
cable) at locations selected by the field inspector. Testing
after PWHT is not required unless otherwise specified by
the owner.
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(1) For machine weld overlay, one sample or test
from each girth weld and component (such as head, tube-
sheet, connection, etc.), and each back-clad seam is rec-
ommended. For manual weld overlay, two samples or
tests from each girth weld and equipment component
(such as head, tubesheet, connection, etc.), and each
back-clad seam are recommended.

(2) For back-clad seams < 600 mm (24 in.) in
diameter, one sample for each 24 diametral-inch, or

tion, instrument calibration should be verified on at least
two standards (calibration test blocks) with a minimum
ferrite spread of 5 FN. At least one of these standards
should have a FN of 4 to 10.
(b) These standards should be one of the following:

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

(2) samples with certified chemical analyses refer-
enced to the WRC-1992 (FN) Diagram or the DeLong

part theeof, s Tecommended: T e 24 dtametrat-imncir
measurement is cumulative for all back-clad seams
600 mm |(24 in.) diameter and smaller employing the
same welding procedure, process, and filler metal.

EXAMPLE} One 20 in. manway and three 8 in. nozzles = 44
diametralfinches; or one 500 mm manway and three 200
mm nozzlps = 1 100 mm diameter measurement. Therefore,
two tests hre required.

(b) Fo
matic we
mm (24
may be
above. H
procedur
submerg
Authoriz3

" repetitive manual, semi-automatic, and auto-
ld overlay operations on components > 600
n.) diameter, two tests per welder per week
substituted for the requirements of (a)(1)
pwever, there shall be no change in welding
e, filler metal classification, batch number of
bd arc or electroslag flux, or welding position.
tion shall be at the discretion of the owner.

211-6.2 [Chemical Composition of Austenitic

Stainless Steel Weld Deposits

The chpmical analysis shall be within the range speci-
fied in the original construction code, or in ASME BPV(;
Section Il, Part C.

211-6.3 |Ferrite Testing of Austenitic Stainless

Steel Weld Deposits

Suggested requirements for austenitic’stainless steel
ferrite nymbers are as follows:

(a) Th ferrite content of the deposited weld overlay or
back cladding at the effective depth (as defined in section
211-1) should be as follows:

(1) For Type 304, 304L, 316, 316L, and 317L, the FN
range should be 4 to 10!
(2) For Types347, the FN range should be 3 to 10.

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

(1) The™actual, as-deposited chemical composition

(FNJDragram
(3) samples with ferrite content measured byetal-
lographic techniques

211-6.5 Ferricyanide Testing of Ni-Cu/(Alloy
and Cu-Ni Alloys

(a) Ferricyanide testing should be performed qn all
nickel-copper [Alloy 400 (Monel), 67Ni-30Cu] and
copper-nickel (70Cu-30Ni,~90Cu-10Ni) alloy oveflays
and back cladding.

(b) Ferricyanide tests should be performed on 10
finished nickel-copper or copper-nickel overlayy
back cladding deposits. The results should not ind
the presence‘ef free iron.

The suggested test procedure is as follows:

(1) The surface to be examined should be prepared
by amiethod that does not cause contamination by free
iren~A solvent or detergent solution should remove
oil, grease, and dirt. A pickling solution may be uspd to
remove oxides. The surface should be thoroyghly
rinsed after pickling or detergent cleaning, using distilled
or de-ionized water. If mechanical surface preparatjon is
required, new emery paper or grinding wheels| and
nonferritic buffing wheels and brushes should be ysed.

(2) Suggested composition of the test solution|is as
follows:

(-a) 90% by volume potassium ferricyanide
solution)

(-b) 10% by volume solution consisting of 1 part
concentrated hydrochloric acid (36% to 38% by weight
HCI) and 9 parts distilled water

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

(4) The testing solution’s reaction should be che
on samples of nickel-copper or copper-nickel and cg
steel. A blue color should appear immediately on cqrbon
steel. No color should appear on nickel-copper or cogper-

#00)

% of
and
icate

(4%

cked
rbon

and the WRC-1992 Constitution Diagram
(2) Magnetic instrument as listed in AWS A4.2/
A4.2M.

211-6.4 Calibration of Magnetic Ferrite Testing
Gages

(a) Magnetic gages should be calibrated and certified
per AWS A4.2/A4.2M. An annual calibration certification
should be available to the inspector. Prior to use in produc-
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nickel within 10 min. If color does appear, the solution is
too acidic, and new solution should be formulated.

(5) Solution should be applied to the tested surface
by spraying (using an atomizer) or drop-by-drop (using an
eyedropper). Appearance of a definite blue color within 2
min indicates the presence of free iron. A light blue tint
should be considered insignificant.
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(6) Questions regarding determination of iron
content based on the degree of blueness should be
resolved by spot chemical analysis. The iron content
should not exceed 6%.

211-6.6 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 needed for

ASME Boiler and Pressure Vessel Code, 2007 Edition,
Section V — Nondestructive Examination

ASME Boiler and Pressure Vessel Code, 2007 Edition,
Section VIII, Division 1 — Rules for Construction of
Pressure Vessels

ASME Boiler and Pressure Vessel Code, 2007 Edition,
Section IX — Welding and Brazing Qualifications

Publisher: The American Society of Mechanical Engineers
(ASME), Two Park Avenue, New York, NY 10016-5990

weld|buildup and restoration type repairs, but if specified,
should be in accordance with the construction code or
posticonstruction code.

211-f REFERENCES

Thie following is a list of publications referenced in this
Article. Unless otherwise specified, the latest edition shall

apply.

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

(Mww.ansi.org)

API RP 582, Welding Guidelines for the Chemical, Oil and
Gak Industries

API RP 934, Materials and Fabrication Requirements for
24,Cr-1Mo and 3Cr-1Mo Steel Heavy Wall Pressure
Vessels for High Temperature, High Pressurge
Hyldrogen Service

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

ASME Boiler and Pressure Vessel Code, (2007 Edition,
Seftion II, Part C — Specifications for Welding Rods,
Elgctrodes, and Filler Metals

(wwwoasme.org)

ASTM A380, Standard Practice for Cleaning;Desdaling, and
Passivation of Stainless Steel Parts; Equipment, and
Systems

Publisher: American Society for(Testing and Materials
(ASTM International), 100, Barr Harbor Dfive, P.O.
Box C700, West Conshohocken, PA 194{28-2959
(www.astm.org)

AWS A4.2/A4.2M:2006 1SO 8249:2000), §tandard
Practice for Calibrating Magnetic Instruments to
Measure the Delta Ferritic Content of Austgnitic and
Duplex Eérritic-Austenitic Stainless Steel Wgld Metal

Publishef:/American Welding Society (AWS), 8669 NW 36
Street;.No. 130, Miami, FL 33166 (www.awg.org)

Repairs of Deaerators
Publisher: Electric Power Research Institute (EHRI), 3420
Hillview Avenue, Palo Alto, CA 94304 (www.ppri.com)

Baker, K., Jr. R. Sloan, J. R. Sloan, and E Upitis. Repair of a
2Y,Cr-1Mo Petrochemical Reactor WRC|Bulletin
412:95-105

WRC-1992,Constitution Diagram for Stainless Steel Weld
Metals; Kotecki, D.J. and Siewert, T.A.
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Article 212
Fillet Welded Patches

212-1 D
(a) Th

ESCRIPTION

s repair method describes the selection criteria,
applicatign limitations, design, fabrication, examination,
and testing of fillet welded surface patches to pres-
sure-retppining components. Similar fillet welded
surface patch repair methods with reinforcing plug
welds ar¢ provided in Article 207.

(b) This 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 exlfibiting damage, both at the time of repair and
that anti¢ipated for the repair’s design life.

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

(d) Thiis repair method is applicable to cylindrical,
sphericalf flat, and conical shells as well as other pressure
componehts.

(e) This repair method is generally suitable for service
temperatlures above the nil-ductility temperature of.the
materials of construction up to a maximum-design
temperature of 345°C (650°F). Use of this/repair
method flor lower temperatures requirest«evaluation of
notch toughness, nonductile fracture and-other applicable
low temperature effects. Use of thisrepair method for
higher t¢mperatures requires evaltfation of thermal
fatigue, dqreep, and other applicable high temperature
effects.

(f) Figure 212-1-1 shows a typical application on a
vessel wjth a nearby stftuctural discontinuity (in this
case a npzzle). The.plan view on top shows two of
many popsible repdir patch configurations, which are
generally rectilin€ar in shape with rounded corners.
The bottdm seCtional view shows the curvature matching
aspect of{each repair plate.

(c) This repair method shall not be used wherg the
damage mechanism, the extent of damagg,\or ljkely
future damage cannot be characterized. This r¢pair
method may be used in certain cases,on areas [with
local crack-like flaws, provided

(1) the growth has stopped, been‘arrested, or c
accurately predicted for all propagation modes

(2) the effect of the flaw\is‘evaluated using defailed
analyses

hn be

212-3 DESIGN

212-3.1 General

ased
cula-
VIII,
d in
Iting
ss is
o be
s, or
hese
n all

(a) Thedesign approach for thisrepair methodish
in part on.standard pressure component design ca
tions;such as those in the ASME BPVC, Section
Division 1. The application limitations impos¢
section 212-2 apply to the governing load case resy
from internal pressure where the resultant strd
membrane stress. However, if the component t
repaired is subject to bending, torsion, wind load
to fatigue, the design shall include evaluation of
conditions using appropriate methods of analysis.
cases, an engineering analysis shall be performed.

(b) In general, the patch material and welding [filler
metal should be the same or very similar (e.g., comjposi-
tional, physical, and mechanical properties) to that ¢f the
pressure component’s original construction. Repair mate-
rial selection shall consider, as a minimum, characterjstics
such as chemistry, weldability, physical properties {such
as coefficient of thermal expansion), mechanical prpper-
ties (such as strength, ductility, notch toughness)| and
compatibility with the process medium.

(c) The thickness of the patch plate is dependent on
material mechanical properties and the calculated attach-
ment weld sizes.

212-2 LIMITATIONS

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

(b) Thisrepair method is notlimited by the component
size. However, a sleeve type repair may be more suitable
for those applications where axisymmetric behavior is
important.
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(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 encompassing
the damaged area(s) (see Figure 212-1-1). The repair
plate shall also be large enough to encompass any addi-
tional area(s) anticipated to experience similar or related
damage during thelife of the repair. The patch plate should
overlap sound base metal by at least 25 mm (1 in.).
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Figure 212-1-1 Typical Shell Repair Near Discontinuity
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(e) This repair method is generally used on the outside

shall be performed.

tempera

safety.

(2) Longitudinal Load. Unit forces in longitudinal

surface of components subject to internal pressure. For direction:
applications under external pressure, a separate analysis Fip
to evaluate buckling and other instability considerations I T T T T
(f) In assessing the applicability and service life of this - L >
repair method, consideration shall be given to material P I
compatibility, future operating conditions, thermal and - L
shrinkage effects of welding, the introduction of crevices - >
and strufturat disconmtmuities, therrat transents and
. . ~—
t];lre differentials between the patch plate and -
the comppnent, and other application limits such as exam- -
ination dnd testing constraints. If the damage to be Fro <
patched|is, or is expected to be, through-wall, the P > I3
effects off fluids (e.g., entrapment, concentration, corro- ~ = ol
sion, etc.) that may accumulate between the vessel and ~] >
the patcH plate shall be assessed. If this repair method ~ —>
is to be ihplemented during component operation, addi-
tional prgcautions may need to be taken for personnel
) _ , Fip
(g) Thp design may consider the combined strength of
the patch|plate (considering also the strength of the fillet
weld joinfs, including joint efficiency) and the underlying Fip= PDy, )
shell. Conlsideration may also be given to excess thickness 4
available|adjacent to the damaged shell using applicable
code aregreplacement rules for nozzles. No credit shall be where
taken fdr material required for future corrosion Ei= longi(tlltl)(jina)l force due to internal pressurg, N/
mm in.

allowance.

(18) 212-3.2

Internal Pressure Loads

(a) Fof cylindrical components subjectto internalpres-
sure loads, applied forces on the repair patch shall be
determingd as follows:

(1)

direction

Circumferential Load. Unit forces in hoop

Fep P Fep

(b) If other loads are applicable (such as bending,
torsion, wind, etc.), they shall be determined| and
added to the pressure load such that

Fc = Fcp + Fco

and
F,=Fp+ Fo
where
F¢ = total circumferential force from all loads, Nj/mm

(Ib/in.)

Fco = circumferential force due to other appligable
loads, N/mm (Ib/in.)

F; = totallongitudinal force fromall loads, N/mm (Ib/
in.)

F1o = longitudinal force due to other applicable Ipads,
N/mm (Ib/in.)

Fcp=—m1" &

diameter at mid-wall of component, mm (in.)
circumferential force due to internal pressure,
N/mm (Ib/in.)

internal design pressure, MPa (psi)

(c) Appropriate alternative force calculations for sphe-
rical, torispherical, or ellipsoidal pressure components
shall be used when applicable.

212-3.3 Structural Discontinuity Evaluation

(a) For stresses near a nozzle or other structural
discontinuity to be insignificant, the minimum distance
between the fillet welded patch plate and the existing
discontinuity should be

70
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Linin = Z(Rmt>1/2 (3)
where
Lmin = plate setback distance (see Figure 212-1-1),
mm (in.)
R,, = radius at mid-wall of component, mm (in.)
t = wall thickness of component, mm (in.)

Equation (3) applies the setback distance (R,t)*/? to

(b) Alternatively, the perimeter weld edge preparation
may be beveled to increase the weld’s effective throat
thickness. In no case shall the effective throat exceed
the nominal thickness of the repair plate or the original
nominal component thickness.

(c) Inaddition, load path eccentricity of the hoop stress
in the shell plate and patch plate shall be considered. The
perimeter welds bearing circumferential loads shall be
sized suc}ﬂ that

both tllt‘ CAibtills llULLIC (Ul UtllCl billli‘ldl btl uLtul dl
discdntinuity) and the patch plate.

THis proximity limit also applies to the distance
betwleen adjacent fillet welded patch plates, in those appli-
catigns where more than one is employed on a given
component.

In those applications where the patch plate is to
to existing nozzle reinforcement pads, the patch

ed thereto with a full penetration joint.
Altefrnatively, additional detailed analysis may be
perfdqrmed to evaluate local stresses.

212-3.4 Allowable Load on Perimeter Fillet Weld

(a) The perimeter weld shall be sized such that,the
allowable load on the weld exceeds the longitudinal

and ¢ircumferential loads in accordance with(eq. (4).
Wmin

1
,

v

FA = WminESa (4)

whete
E = weld/joint efficiency factor (0.55)

< >

772
A
e

12
_f Optionalbevel
- 2 (5)
Sw= (BD,/2T) + (3PDyye/T?)
where
e = load”path eccentricity (T + t)/2, mm (jn.)
S, =Jcalculated weld stress, MPa (psi); S, § 1.55,
T.=" wall thickness of patch plate, mm (in.]

212-3.5 Cold Forming Limits

(a) Carbon and low alloy steel patch plates fabricated
by cold forming shall not exceed 5% extreme fib¢r elonga-
tion. The extreme fiber elongation shall be determined as
follows:

(1) For double curvature

R
E[l - —f] < 5% ©)
Rf Ro

where
Ry = final centerline radius of patch plate, ;nm (in.)
R, = 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

Whin = minimum weld leg dimension, mm (in.)

NOTE: The maximum design fillet weld size shall not exceed the
thickness of the thinner material being joined nor 40 mm (1.5
in.).

! Compatible weld metal shall be of equal or greater strength.

f', = allowable force on fillet welds, N/mm (Ib/in.); 50T R¢
FA > FC and FL R—[l - R_) < 5% (7)
S—= attowabltebasemetatstress; MPa (pbi)l F s

(b) Patches cold formed beyond these limits may be
used provided they receive appropriate postforming
stress relief prior to installation.

212-4 FABRICATION

(a) Plate edges may be cutto shape and size by mechan-
ical means such as machining, shearing, grinding, or by
thermal means such as flame or arc cutting. If thermal
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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
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 accor-
dance with API 579-1/ASME FFS-1.

212-5 EXAMINATION

(a) Patch plate attachment welds shall be examined in
accordance with the applicable construction code or post-
construction code by either the MT or PT methods if not
temperature limited by the test methods. If not otherwise
specified by the applicable construction code or post-
construction code, NDE shall be performed using proce-

dures written and qualified in accordance with ASME
BPVC Section \

(b) Thppatcir ptate mmay be formmed to the required
shape by] any process that will not unduly impair the
mechanifcal properties of the patch plate material.
Where rdquired due to repair plate size or access/inter-
ference cpnsiderations, split sections may be used when
joined by full penetration welds.

(c) Pafts to be fillet welded shall be fit as tightly as prac-
tical to the surface to be welded and in no event shall be
separated by more than 5 mm (% in.). If the separation at
the faying edge of the plate is 1.5 mm (% in.) or greater,
the size ¢f the perimeter weld shall be recalculated by
adding tHe amount of the separation to the eccentricity,
e.

(d) W4lding procedures, welders, and welding opera-
tors shalllbe qualified in accordance with the current re-
quiremerjts of the applicable construction code or post-
construction code. If not otherwise specified, ASME BPV
Code, Sedtion IX may be used for procedure and perfor-
mance qyalification. Article 210 should be consulted for
in-servic{welding issues; Article 214 should be consulted
for field heat treating issues.

(e) Fi¢ld repair activities should conform to the
following sequence:

(1) Paint, scale, rust, liquids and other foreign'mate-
rial shall pe 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 covened by the new
patch pldte, existing shell seam or ‘girth welds should
be groupd flush with the vessel ‘or pipe 0.D. and
should b¢ examined by the MT\or PT method.

(3) The new patch platesmay be placed in position
using any suitable method.

(4) pny seams within the patch itself should be made
first. The [perimetersweld may then be completed. Clamps
or wedgels may bedused to ensure proper joint alignment
and fit-up.

(f) Expgosedmetal surfaces should be recoated, if appli-

(b) Iflifting lugs are used and left in place, theifaftach-
ment welds shall be examined by MT or PT methods. At all
locations where temporary lifting lugs, wélded clqmps,
and/or wedges are removed after patch plate installgtion,
the removal areas shall be examined byMT or PT methods.

(c) Weldsjoining sections of pateh.plates made of sepa-
rate pieces should be surface contoured and volunpetri-
cally examined by either radiographic or ultragonic
examination methods to tlie extent possible. If not prac-
ticable, multilayer PT orMT examinations should be
performed.

(d) If postweld‘heat treatment is required, the exam-
ination shall bé petformed after application of PWHT.

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

apply.

212-6 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 thle ap-
plicable post-construction code. Special safety pr¢cau-
tions should be taken when pneumatic leak testing 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 ffter
the pressure component has returned to normal operpting
pressure and temperature, if these were reduced while
welding was performed.

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

cable, afterctomptetiomrof attexamimatiomramd-testing:

(g) To preclude gas pressure buildup between the
patch plate and the pressure component boundary, provi-
sions for venting during the final closure weld or, if ap-
plicable, 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.
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212-7 REFERENCES

The following is a list of publications referenced in this
Article. Unless otherwise specified, the latest edition shall

apply.

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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ASME Boiler and Pressure Vessel Code, Section V — ASME Boiler and Pressure Vessel Code, Section IX —
Nondestructive Examination Welding, Brazing, and Fusing Qualifications

ASME Boiler and Pressure Vessel Code, Section VIII, Publisher: The American Society of Mechanical Engineers
Division 1 — Rules for Construction of Pressure Vessels (ASME), Two Park Avenue, New York, NY 10016-5990

(www.asme.org)
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Article 213
Threaded or Welded Plug Repairs

213-1 DESCRIPTION

This rgpair method describes restoration of a compo-
nent or system by removing a flaw or defect through the
drilling gr machining of a hole without replacing the
compongnt material. Leak and pressure tightness is
achieved by inserting a solid or threaded plug and
applying a seal weld. The presence or removal of
defects ngeed not be involved. This method may also be
used to gain access to a component, inside or outside,
for inspeftion or other purposes.

213-2 L|MITATIONS
213-2.1 |General

Part 1|of this Standard, “Scope, Organization, and
Intent,” contains additional requirements and limitations.
This Artigle shall be used in conjunction with Part 1.

213-2.2 [Repairs

It is nof intended for this Article to be used for routine
repair of yveld defects or for situations where the condition
can be rgmoved by excavating material and leaving the
componeht as is.

213-2.3 |Corrosion

This rdpair method generally cfeates a crevice and is
therefor¢ not suitable for service environments that
may be spbject to crevice corrosion.

213-3 DESIGN

213-3.1 |Design‘Review

A thorpugh-engineering review of the design shall be
undertakento validate the applicability of this method

213-3.2 Material Properties

Plug material should have similar strength, thgrmal
expansion properties, and alloy content’ as the original
component material. Use of dissimilatr materials should
be avoided unless evaluated and.justified in the pngi-
neering review.

213-3.3 Opening Reinforcement

Reinforcement of the/opening shall be designed to
comply with the applicable construction or post-condtruc-
tion code.

213-3.4 Strength Requirements

Thread’size, pitch, engagement, etc. (for threpded
plugs)iand weld size (for unthreaded plugs) shall
prowide satisfactory load carrying ability to meeft the
strength requirements of the applicable construftion
or post-construction code.

213-3.5 Strength and Corrosion Consequencgs

Strength and corrosion (crevice, dissimilar materials,
etc.) consequences should be evaluated with respgct to
using solid versus threaded plugs. The effect of sefrvice
on deteriorated threads versus a pressure-retajning
weld should be considered.

213-3.6 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.

213-3.7 Finish Dimensions

for restoring integrity to a component or system. As a
minimum, the following shall be considered:

(a) need for seal welding vs. threaded plug

(b) unreinforced vs. reinforced configurations

(c) consideration of use of gamma plugs used for radio-
graphic inspection

Figure 213-3.1-1 illustrates a typical plug arrangement.

The finish hole diameter or configuration (after drilling,
threading, or tapering, etc.) shall be determined by engi-
neering analysis.

213-4 FABRICATION
213-4.1 Flaw Location

The flaw or area of interest shall be located, character-
ized and sized by ultrasonic or other suitable means.
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213-4.2 Flaw Removal

The flaw or general area should be removed by drilling
or machining a circular, through-thickness hole.

213-4.3 Plug Fabrication

A plug shall be fabricated in accordance with the design
specification.

213-5.3 Documentation

The inspection, as specified in the governing project
documents, shall be documented.
213-6 TESTING

Leak, tightness, or pressure (hydrostatic or pneumatic)
testing shall be performed in accordance with and, if
required, by the applicable construction or post-construc-

213'-]474—kﬁbfiea‘h(ﬁ
Thiread lubricant or tape is generally not used with

thredded plugs in elevated temperature service.

213-4.5 Plug Insertion

Ingertion (or screw) of the plug shall be verified for fit-
up apnd/or tightness in accordance with the design
specffication.

213-4.6 Seal or Fillet Welding

A deal weld or strength fillet weld shall be applied using
a quglified welding procedure in accordance with the ap-
plicaple construction or post-construction code.

213-5 EXAMINATION

213-5.1 Flaw Removal Verification

Where a hole and subsequent plug are used to eliminate
a flay or defect, removal shall be verified as required-by
the gpplicable construction or post-construction code.

213-p.2 Surface Examination

A purface examination shall be performed on the
completed seal or reinforcing fillet weld in accordance
with|and if required by the applicable construction or

post{construction code.

tion code. Preservice inspection for leaks during startup
may be performed as an alternative if permittgd by the
applicable code (see Article 501).

213-7 REFERENCES

The following is a list of publications referended in this
Article. Unless otherwise specified, the latest ed]tion shall
apply.

ASME Boiler and Pressure Vessel Code, 2007
Section I, Power.Boilers

ASME Boiler¢and Pressure Vessel Code, 2007
Section¥/III, Division 1, Rules for Constr
Pressuré Vessels

ASME-Boiler and Pressure Vessel Code, 2007 Edition,
Section IX, Welding and Brazing Qualificatiops

ASME B31.1-2007, Power Piping

ASME B31.3-2006, Process Piping

Publisher: The American Society of Mechanical Engineers
(ASME), Two Park Avenue, New York, NY 10P16-5990
(www.asme.org)

Edition,

Edition,
iction of

PFI ES-16, Access Holes, Bosses and Plugs for
Radiographic Inspection of Pipe Welds

Publisher: Pipe Fabrication Institute (PFI), 511 fAvenue of
the Americas, New York, NY 10011
(www.pfi-institute.org)
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Figure 213-3.1-1 Typical Plug Arrangement

After 0.25 in. seal weld is
completed, weld counterbore
a minimum of two passes

Minimum two passes
seal weld

1]

%
v e )

(a) Plug Welded in Position

+0.000 in.
Tube -0.031in.
dia. +0.250 in.
Outside o - Counterbofe

of drum

X |

Oy
Inside/ ‘/ L 0.31in.

of drum \_ 45 deg approx.

(b) Plug Arrangement-for Tube Holes With Inside Counterbore

F 45 deg approx.

Inside
of drum D

B 1§§

]
+0'0m Counterbore

Outside Tube -0.031 in.
of drum dia. +0.125 in.
. S——

(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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Article 214
Field Heat Treating of Vessels

2141 DESCRIPTION

21441.1 Introduction

Hdat treating operations in the field are commonly
perfgrmed 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.

214-1.2 Scope

Thiis Article provides guidance to reduce the probability
of causing damage to the vessel as a result of the heat
treatjng operation.

214-1.3 Application

Thiis Article applies to field heat treating operations for
presgure vessels. This heat treating operation can be
requfired due to welded repairs or alterations or for
service environment reasons. It is applicable to postweld
heat|treating operations as well as other heat treating
operfitions such as dehydrogenation heat treating.

2142 LIMITATIONS

214-2.1 Additional Requirements

Pafrt 1 of this Standard, ?Scope, Organization, and
Intent,” contains additionalreguirements and limitations.
This |Article shall be usgd in conjunction with Part 1.

21442.2 Work Location

Thiis Article shall apply to in-situ field heat treating
operfitions.

214+2:3 Codes and Standards

214-3 DESIGN
214-3.1 Methods

Methods of applying heat in a field heat treatirlg process
include internal or external firing, electric rgsistance
heating, and induction heating. Heat treafment of
vessels can consist of h¢attreating the entife vessel,
heat treating a full circumferential band of the vessel,
or heat treating a localized area of the vesse| without
heating the entire ‘circumference (“spot” qr “bull’s
eye”). Stress and-stability evaluations of the proposed
heat treatment are dependent on the type of heating
method e€mployed. Local heating will generally cause
more thermal stress than heating a circumiferential
band, but can provide the benefit of better structural
stability.

214-3.1.1 Heating Methods. External firing |s accom-
plished via burners external to the vessel. Heatel air from
these burnersis ducted inside the vessel to accorhplish the
heat treatment. When access permits, internal firing is
accomplished via burners internal to the vdssel that
provide radiant and convective heat to the area being
heat treated. Internal insulating bulkheads cam be used
with both external and internal firing to isplate the
area being heat treated. Electric resistance Heating is
accomplished through the application of| electric
heating pads to the components being|heated.
Induction heating is carried out by inducing fheat into
the components via electromagnetic devices. [Each has
specific advantages and disadvantages as well|as safety
considerations. An individual or organizatior] familiar
with these methods should be consulted to guidejthe selec-
tion of a method for a particular application.

214-3.1.2 Calculations and Acceptance [Criteria.
Guidelines for designing a heat treatment strjategy for

The technical requirements for heat treating shall be
derived from applicable new and post-construction
codes and standards. Examples include ASME BPVC,
Section VIII, NB-23, and API 510.

local heat treatments can be found in WRC Bulletin
452 and API 510. These documents provide information
for the design of the required soak band, heated band, and
gradient control band. Temperature gradient, band-
widths, and stress and stability evaluations can be calcu-
lated manually or by using linear or nonlinear finite
element analysis (FEA) techniques. Residual stresses
may be omitted in these calculations. WRC Bulletin
452 provides guidelines for acceptable stress levels.
However, the criteria for selecting and establishing
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acceptable stress levels should consider the parameters of
the component and its service environment.

214-3.2 Thermal Expansion

All items subject to heat treating operations will be
subject to thermal expansion. The extent of this expansion
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 expan-

tion for radial growth of the vessel and connections to
adjoining vessels and structures. Handrails and midrails
on adjoining platforms should also be checked to ensure
that they do notrestrict 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.

214-3.2.2.2 Saddles. In the case ofahorizontal vessel

sion of darbon and low alloy steels at typical PWHT
temperatjure of 650°C (1,200°F) may be estimated as 8

214-3.2.1 LocalRestraint. Local restraint can be devel-
oped in mlany ways. Heat treating a spot or “bull’s eye” area
on a vessgl rather than a band around the circumference
will resullt in stresses being developed within the shell as
the soak|zone and adjoining lower temperature zones
have different thermal growth.

Evaludtion of this type of heat treatment usually
requires the use of FEA performed by an engineer experi-
enced in fhe 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 starfing 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 bg¢ing heat treated. As the shell expands due to
thermal growth, the relatively cold head restrains the
growth. Determining the suitability of a heat treating
strategy that involves local restraint should be performed
by engingers experienced in this type of analysis.

214-3.2.2 Other Restraint. Restraint imposed on an
expanding vessel from components other than the pres-
sure-retajning components can lead to substantial forces
and stresges in a vessel that is undergpingheat treatment.

compon
saddles, ¢

tural conjpenents that restrict free thermal expansion of
the vesse RO hred o

loosened to allow unrestricted thermal growth.
Internal structural components include vessel internals
such as catalyst bed support systems, trays, distributors,
outlet collectors, impingement plates, etc. Welded internal
structures can require individual heating elements and
monitoring to ensure compatible thermal expansion if
they are left in place during the heat treatment.
External structural components include ladders and plat-
forms. Evaluation of platforms should include considera-

78

on saddles, the baseplate of one saddle typically has
slotted anchor bolt holes to allow for fitup and‘\thgrmal
movement at the vessel’s design tempénature| The
thermal expansion between saddles shall be deternpined
and the available slot length checked(to;ensure thdt the
saddle 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 oyerall
length of the slots. The baseplate and structural
bearing plate should beiehecked for corrosion to yerify
that they are free to.tmove relative to each other.|Thin
sheets of stainless’stee€l can be placed between the pase-
plate and bearing plate in between the anchor bolts. These
sheets reducé{riction to allow easier movement. Fihally,
the nuts on.the anchor bolts should be verified to be Joose
enough net'to hinder movement. One means of verifying
this.js.to tighten the nut until it contacts the top df the
baseplate, then back the nut off one-half of a furn.
Another means of allowing for thermal growth is fo lift
one saddle and place rollers (solid rods or small diarheter
pipe) between the saddle and bearing plate. Rollers should
be placed in locations where they will not roll intp the
anchor bolts.

214-3.2.2.3 Skirts. In most cases, skirts are
enough such that the baseplate is not impacted b
temperature gradient from the heat treatnjent.
However, for short skirts, free movement should be|veri-
fied. Anchor-bolt-to-slot or hole gaps and baseplate-to-
bearing-plate issues similar to that of a sliding saddle
should be evaluated. For skirt supported vesselq, the
axial thermal gradient at the top can be critical. If the
skirt is not insulated, the temperature drop can bg too
steep and cause yielding.
Consideration should be given to add an insulating pulk-
head below the bottom head to introduce a “hot|box”
keeping the top portion of the skirt hot. In such dases,
ki esi eski ated.

long
y the
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214-3.2.2.4 Other Vessel Supports. Some vessels are
supported by legs, lugs, or other attachments. These
supports should be evaluated to ensure that they do
not restrict the thermal growth of the vessel.

214-3.2.2.5 Piping. Piping is frequently routed along
vessels. This piping should be checked, and where appro-
priate, flanges or other connections disconnected to avoid
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the possibility of inhibiting the free thermal growth of the
vessel.

214-3.2.2.6 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

ofter} has sufficient slack to allow for growth but this
should be checked as well. Consideration should be
giver to the temperature that the conduit may achieve
in r¢lation 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
condpit is often sufficient to keep the conduit at tolerable
temperatures when heat is applied through firing or elec-
tric fesistance. Induction heating can heat conduit to
temperatures sufficient to cause damage to wiring insula-
tion [regardless of the presence of thermal insulation
betwleen the vessel and conduit.

P14-3.2.2.7 Restraint Due to Insulation. Insulation
sheathing (jacketing) and bands should be loosened up
to aljow for thermal growth. Some bands have spring
type fonnectors; these should be verified to have adequate
roonj to expand. Riveted or screwed sheathing can require
that the rivets or screws be removed to allow for tnrest-
raingd growth. The type of insulation can play arole in this
evalyation. Flexible insulation such as mineralwool can be
mor¢ forgiving than rigid insulation such as calcium
silicate.

2143.3 Materials Considerations

Temperatures achieved-during heat treatment of a
vess¢l can have detrimental“effects on the steel as well
as other materials utilized in the fabrication and operation
of the vessel.

heat treatment is within limits determined for the vessel.

214-3.3.1.1 Time Dependent Degradation.
Performing heat treatment on vessels can require
special considerations related to heat treatment condi-
tions and thermal gradients in vessels where loss of tough-
ness and ductility can occur after along time in service. For
example, hydrogen environments are a common source of
in-service embrittlement effects.

214-3.3.1.2 Effect of Heat Treating on Material
Properties. For some materials, such as high strength
carbon steels and low alloy steels, the effect of additional
heat treatment time on the material properties should be
evaluated. This can require the review of past heat treat-
ments, material test reports if available, published litera-
ture, and the taking of hardness readings on the applicable
vessel base material and weld material.

214-3.3.1.3 Creep Strength Enhanced Ferritic Steel.
Creep Strength Enhanced Ferritic Steels (CSEFS)|are parti-
cularly vulnerable to degradation of material droperties
with improper heat treatments. A matéfials engineer or
specialist familiar with CSEFS should be consultgd to eval-
uate the effects of any proposed (heat treatmeit.

214-3.3.2 Cladding and Lining: The effect of Heat treat-
ment and thermal expansion’ on lined or claf vessels
should be considered. A.materials engineer or [specialist
should be consulted te“yerify that sensitization] or other
degradation mechanisims potentially caused by the heat
treatment will netimpact the beneficial effect offthe lining
or cladding, Strip-lined and glass-lined vessels can exhibit
damage to'the lining due to the differential thernjal expan-
sion characteristics of the lining and base matgrial.

214-3.3.3 Fireproofing and Refractory. Firg¢proofing
and refractory linings can spall or crack djyie to the
thermal growth of the underlying steel. Partidular care
should be given to ensure that no liquid frgm either
the process or condensation remains between| the shell
or head and refractory. Repairs to or replacement of fire-
proofing and refractory linings in the vicinity of the soak
zone or gradient zones should be anticipated.

214-3.3.4 Insulation. Insulation on vessels $ubject to
heat treatment should be verified to ensure [that it is
suitable for and will not degrade at the prop¢sed heat
treating temperature range.

214-3.3.5 Coatings. Internal and external coatings are
frequently applied to vessels. It should be recoghized that
these can degrade at heat treating tempgratures.
Consideration should be given to the health ifnpacts of
any gaseous byproducts. In addition, the visupl impact
of smoke is undesirable and can be cause foff concern
by personnel not directly involved with the heat treating
process including members of the public.

.4 Structural Considerations

The temperatures necessary for a heat treatment proce-
dure 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.

214-3.4.1 Stability Evaluation. Evaluation of the
structural integrity of a vessel undergoing heat treatment
should include consideration for the deformation of the
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shell and supports as well as the reduced material proper-
ties at the heat treatment temperature. One source of
guidance for performing such an evaluation 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 typi-
cally considered include dead weight of the vessel, insula-
tion or refractory, appurtenances such as ladders and
platformg; piping;
can be bgneficial to remove items that contribute to
the loading. Seismic loadings may be omitted. A wind
loading that provides some margin against that which
would bg¢ expected for a given location and a given
time of year should be included in the evaluation.
Commonfly used wind speeds are in the range of 10
m/s to 45 m/s (25 mph to 60 mph).The maximum
wind spegd should be clearly identified in the field proce-
dure alonlg with procedures for reducing the temperature
if maximyim design wind speeds are attained during the
heat treafment process.

BtT,, a5 Welt a

W (1. O € CdSE

214-3.4.2 External Support. It is sometimes necessary
to providp additional support for vessels undergoing heat
treatment. This can be provided by either connections to
adjacent ptructures, vessels, or cranes.

214-B.4.2.1 Adjacent Structures and Vessels. On
occasion|a vessel subject to field heat treatment may
be locatef in the vicinity of structures or other vessels.
Alternatiyvely, temporary structures can be erected to
provide $upport. The suitability of providing support
to a vessgl undergoing heat treatment by riggingto an
adjacent ftructure or vessel should be evaluated by engi-
neers familiar with both structures and vessels. This
evaluatioh may require a team effort to complete.

214-B.4.2.2 Cranes. Another mreans of providing
external [support is to use a crape to provide enough
tension fo reduce the compressive load at the region
being heft treated to an acceptable level. Care should
be taken| in determiningsthe appropriate load in the
crane caple. Note that\Operating cranes under high
wind spdeds can beshazardous and as such they may
be of little benefit.if. the vessel’s stability is limited by
wind. Lifting deviCes such as lugs or other means of
attaching| thé-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
inspected to ensure that they and their welds are in
good condition.
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214-4 FABRICATION

214-4.1 Heat Treat Contractor’s Procedure

Aprocedure detailing the proposed heat treating opera-
tion shall be developed by the heat treating contractor.
This procedure should be reviewed and approved by
the owner’s engineer prior to the installation of any
heat treating apparatus. An example procedure providing
suggested topics of coverage is included in Mandatory
Appendix 214-1.

214-4.2 Instrumentation of Heat Treatment

Heat treatment operations should hayessufficient in-
strumentation to record metal temperatures throughout
the heat treating cycle. Redundantsensors and recording
devices should be used in ordepto ensure that the prpcess
is controlled correctly and that.a' record of the procegss is
retained. These sensors should be of sufficient quantjity to
positively verify that, the various zones of heating are
achieving, but not exceeding their target temperature
ranges and gradients. Particular attention should be
given to plaging instrumentation in the vicinify of
nozzles, rings)and other appurtenances that can|heat
up or caelydown at a rate different than the adjgcent
shell op head. Care should be taken not to place fesis-
tance-welded thermocouples on welds or the heat-
affected zone (HAZ) of welds. Thermocouples or ¢ther
temperature sensors should have calibration redords
current within six months of the heat treatment date.

214-4.3 Special Considerations

It can be difficult to maintain temperature gradients in
thick walled pressure vessels. Therefore in develgping
heat treatment procedures, consideration should be
given to applying heat inside and outside of the viessel
such that harmful through-wall temperature gradjients
are not induced. Additional attention should be given
to the possibility of inadvertent heating of componpents
such as adjacent ladders, platforms, piping, etc., when
induction heating is being used.

214-4.4 Monitoring

Heat treatment operations should be continu
monitored by personnel capable of modifying the
inpu
profiles.

usly
heat

necessa 0 achieve the required temperature

214-4.5 Record Retention

A detailed work description of the heat treatment as
well as temperature recordings (charts) shall be provided
by the contractor and should be retained in the owner/
user’s equipment file. The heat treat contractor’s proce-
durereferredtoin para.214-4.1 may serve as the record of
work performed when amended with actual conditions
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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 sche-
matic illustrating the size and location of the soak zone,
heat zones, and gradient control zones relative to promi-
nent vessel features such as nozzles, location of heaters,
thermocouple locations, and other items significant to the
process should be included. Temperature recordings
(cha
scanned or transcribed into more readily archived

EXAMINATION

.1 Vessel

Upon completion of heat treatment, the vessel shall be
checked for damage. This examination shall include a
visudl examination. Other forms of nondestructive exam-
inatipn may be used to confirm the absence of cracks or
othef damage. Vessel supports should be checked for
potejntial damage, and vertical vessels should be
chedked for plumbness. In situ hardness checking
should be performed to verify that requirements of the
consfruction code and/or post-construction codes have
been| achieved. If the vessel has a lining it should be
chedked to verify that its integrity has not been
compromised.

.2 Structures

Internal structural components should be\visually
checked for damage and to ensure that apy\installation
hardpvare that is required is present. External structural
conngctions should be checked as wellito ensure that all
components that were disconnected have been recon-
nectgd. Care should be given tojverifying that these
components are not reinstalled in a manner that
would restrict the thermal growth of the vessel at
design or operating tempegrature. For example, ladders
should be supported-at one elevation and guided at
othefs; platformand handrail connections to other
vesdels or structures should be free to grow
independently:

214-F.3 Piping

214-5.5 Insulation

Insulation should be visually verified not to have
degraded during the heat treatment process. 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 prevent the intrusion of rain water under the insulation.

G

Testing may be required by the apphicable post-
construction code or standard such-as)NBIC or API
510. Article 501 of this Standard provides guidelines
for pressure testing of thesvessel and| piping.
Instrument and electrical connections should pe tested
for continuity and proper operation prior to the vessel
being returned to servic€, In some cases fleld heat
treated vessels that have 'material toughness require-
ments should have.simulated heat treatment] coupons
or have coupons:attached to the heat treat¢d vessel
section to ensure-that specified toughness reqyirements
are achieved-dfter heat treatment. Coupons may be made
from mat€rial from nozzle cut-outs, cut and weldpd using a
weld procedure representative of that used on the vessel.

214-7 REFERENCES

The following is a list of publications referended in this
Article. Unless otherwise specified, the latest ed]tion shall

apply.

API 510-2006, Pressure Vessel Inspection Code: In-
Service Inspection, Rating, Repair, and Alterption

API 579-1/ASME FFS-1-2007, Fitness For Seryice

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

ASME PCC-1, Guidelines for Pressure Boundafy Bolted
Flange Joint Assembly
Publisher: The American Society of Mechanical Engineers
(ASME), Two Park Avenue, New York NY 10016-5990
(www.asme.org)

NB-23, National Board Inspection Code
Publisher: National Board of Boiler and Pressyre Vessel
Inspectors (NBBI), 1055 Crupper Avenue, Jolumbus,
OH 43229 (www.nationalboard.org)

Piping that was disconnected should be checked to
ensure that it has been reconnected. Flange assembly
guidelines are available in ASME PCC-1.

214-5.4 Instrumentation and Electrical

Instrumentation and electrical connections should be
visually checked to ensure that wiring connections are
sound. This should be followed by a visual check to
ensure that conduits that were loosened have been recon-
nected and box covers have been closed.

WRC Bulletin 452 (2000), Recommended Practices for
Local Heating of Welds in Pressure Vessels

Publisher: Welding Research Council (WRC), P.O. Box
201547, Shaker Heights, OH 44120
(www.forengineers.org/wrc)

AWS D10.10-2009, Recommended Practices for Local
Heating of Welds in Piping and Tubing

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

(18)
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Mandatory Appendix 214-I
Developing a Heat Treatment Procedure

owing are topics to be included in developing a
fment procedure:

pe

(1) purpose [explain why the heat treatment (HT) is

being pel
)
(-
(-
(-
(-
(-¢
induction
(-
tolerance
(-4
(-
(-1
(b) Sk

(1)
readily id
(2)
readily id
(3) 1

etc.

(c) Sod
(1) 1
2) 1

(d) Te

formed]
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
entifiable points on the vessel such as nozzles
ocation(s) of all thermocouple(s) relative*to
entifiable points on the vessel such as nezzles
ocation(s) and details of insulation, bulkheads,

k, gradient, and heating bands
ocation

emperature targets and tolerances
mperature measurement and control

(1) make and model of thermocouples,or
temperature sensing devices
(2) calibration procedure and most recent ca
tion date of thermocouples or other, tempera
sensing devices
(3) make and model of contpolers and reco
device
(e) Heating plan
(1) target heating anid-cooling rates with tole}
for each section (soak zene, gradient, etc.)
(2) targethold times with tolerances for each sf
the process
(3) contingency plans
(-a)..complete or partial loss of power, gas
which impacts heating ability
{-b) high winds
(-¢) plant emergency
{f) Stability evaluation
(g) Required items or support provided by othe
(1) permits
(2) utilities
(3) lighting
(4) shelter
(5) 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

ther

ibra-
ure-

ding

ance

ep of

etc,,

mer/
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Mandatory Appendix 214-II
Typical Hot Box Design

gure 214-1I-1 illustrates a typical hot box design.

83
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Figure 214-1I-1 Typical Hot Box Design

Hot-Box Cavity — this space to be
left free of insulation and vents

Dimension established based
on thermal stress analysis

Typical segmented ring
Dimension established based
on thermal stress analysis .
[nsulation

| Typical vent

Optional fireproofing—<_]
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Article 215

a5y Repair Welding Considerations for Cr-Mo Steel Pressure Vessels

215-1 DESCRIPTION
215-1.1 Scope

Repair welding considerations in this Article are appli-
cablg¢ to pressure vessels for refinery, petrochemical,
powgr generation, and other services where the require-
men{s of this Article apply. Table 215-1.1-1 provides
guidance for the applicability of repair welding for Cr-
Mo steel pressure vessels.

215-1.2 Application

(a)] This Article describes weld repair considerations
for pressure vessels made from Cr-Mo steels. The
purppse of this Article is to provide a high-level overview
of deterioration mechanisms and the subsequent factors
that peed to be considered in developing a detailed repair,
exanfination, and testing plan for the successful repair of
Cr-Mo pressure vessels.

(b] The Cr-Mo materials listed in Table 215-1.2-1-of
this Article are susceptible to certain types of damage
in elevated-temperature service (e.g., see WRC
Bullgtins 488, 489, and 490).

(c) The repair of creep-damaged Cr-Mo“steels, creep-
enhanced ferritic steels, vanadium-medified steels, or
stainjess steel cladding or weld ovérlay are not included
in thjs Article. See Article 211 forjinformation on weld
over|ay and clad restoration; creep will be covered in
a sepjarate Article in a future)edition of this Standard.

(d) API RP 571 and+API 579-1/ASME FFS-1 provide
further information“on temper embrittlement and
other aging effects~on the fracture toughness of Cr-Mo
steelf.

215-1.3 Design Temperature

Thle nraximum design temperatures of Cr-Mo materials

215-2 LIMITATIONS

Part 1 of this Standard contains additional require-
ments. This Article shall be used in) conjunction with
Part 1.

215-3 DESIGN

215-3.1 Feasibility Study of Repair Welding

(a) The material§ listed in Table 215-1.2-1 may be
repair welded (rovided an investigation has been
performed todetermine the cause of the dampge to be
repairedsand provided appropriate weld repdir proce-
dures dre ‘used.

(b)The following should be assessed |prior to
performing repair welding:

(1) the structural integrity of the pressurg vessel
(2) the feasibility of the repairs
(3) the suitability of the pressure vessgl for the
intended service after the repairs are completgd

The serviceability or fitness-for-service aspessment
should be based on API 579-1/ASME FFS-1, as shown
in Figure 215-3.1-1.

215-3.2 Consideration of In-Service Degradation

(a) In-service degradation (see Table 215-8.2-1 and
Figure 215-3.3-1) shall be considered before dgveloping
a repair welding procedure.

(b) Typical considerations for in-service degradation
for weld repair are shown in Table 215-3.2-2.

(c) Further information on in-service degrgdation is
provided in API RP 571 and in WRC Bulletins 488,
489, and 490.

215-3.3 Examples of Damage

210 2 2D 1

are as listed in the applicable codes ol construction.

215-1.4 Applicable Materials

Typical Cr-Mo materials and their ASME designations
are indicated in Table 215-1.2-1; however, equivalent
international standard materials may also be used.

Figure 215-3-3-1-shows-examplesef-damage that can
occur in Cr-Mo pressure vessels with or without stainless
steel cladding or weld overlay. The examples are typical of
high-temperature, high-pressure (HTHP) pressure
vessels in refining service.

215-3.4 Development of Weld Repair Procedures

(a) The selection of weld repair method should be
based on the reliability of the repaired area considering
the future operation period, as shown in Figure 215-3.4-1.
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(b) Sleeve repair and partial patch repair methods (see
Table 215-3.5-1) are normally applied temporarily and
are not recommended for periods beyond the next
upcoming shutdown or outage without appropriate
nondestructive examination (NDE) and applicable
fitness-for-service assessment.

215-3.5 Repair Welding Methods Applicable to Cr-
Mo Vessels

215-4.4 Preheating and Post-Heating

(a) To prevent hardening of welds and cold cracking,
preheating, post-heating, and dehydrogenation heat treat-
ment (DHT) shall be mandatory unless paras. 215-4.5
through 215-4.7 stipulate otherwise.

(b) Typical preheating and welding interpass tempera-
tures are indicated in Table 215-4.4-1.

215-4.5 De-Embrittlement Heat Treatment

Some gpplicable repair welding approaches and alter-
natives td postweld heat treatment (PWHT) and the ASME
PCC-2 Articles in which they are described are listed in
Table 215-3.5-1, along with some additional limitations
and cons|derations.

215-3.6

When the actual aged condition of the component to be
repaired fannot be sufficiently evaluated for development
of a repaif welding procedure, a bead-on plate test should
be used fo verify the repair welding procedure.

Welding and Preheat

NOTE: A Head-on plate test is a type of self-restraint weld test
used to evdluate the cracking sensitivity of the base materials and
arc welding consumables. Refer to Kayano etal. and Yamamoto et
al. (see seftion 215-7).

215-4 FABRICATION

215-4.1 (Weld Repair Procedures

(a) W¢ld repair procedures may be developed as indi-
cated in Table 215-4.1-1.

(b) Thewelding procedure specification (WPS)shall be
qualified |[in accordance with ASME BPVC, Section IX, as
applicablg, and/or the requirements imposSed by the ap-
plicable donstruction code.

215-4.2

(a) For shielded metal arcwelding (SMAW), drying of
electrodes shall be carried out'to minimize the potential
for hydrdgen cracking.

(b) W4lding bevel.surfaces shall be clean, dry, and free
of oil, pant, or othét tontaminants.

Preparation for Welding

215-4.3

(a) Tolprevent hardening of welds, weld beads less

Welding Conditions

When the materials are severely embrittled,)a de-
embrittlement heat treatment operation may be [used
to recover toughness of material, as shown in Table
215-4.5-1.

215-4.6 Dehydrogenation Heat Freatment
until
5 are
bpair

The preheat temperature should be maintained
PWHT or DHT is performed* When the material
required to cool to ambient temperature after r
welding, dehydrogenation heating shall be carrie¢l out
at a minimum of 300°C (570°F) for a minimum of 1 h,
or for a durationto be agreed upon between the purchaser
and fabricatory/to prevent cold cracking.

215-4.7<Postweld Heat Treatment

(@).. PWHT should be performed when required pg
plicable construction codes or standards.

(b) Temper bead and other welding methods as
detailed in Article 209 may be applicable to some|low-
chrome steels when corresponding WPSs or procgdure
qualification records (PQRs) are developed specifically
for the welding repair considering welding posfition
and welding circumstances.

(c) Temper bead methods are usually not appropriate
for 2/,Cr-1Mo and higher-chrome materials usef for
hydrogen service because of the high weld-meta] and
heat-affected zone (HAZ) hardnesses generated by the
welding process.

(d) In case of local PWHT, the PWHT procedure devel-
oped shall include the arrangement of thermocouplep and
insulation to minimize the thermal stresses generated
during the PWHT operation. AWS D10.10 and WRC
Bulletin 452 provide guidelines for developing a PWHT
plan with specific band widths (soak band, hdated
band, and gradient control band) to ensure|that

r ap-

agradiantc ara ot hoya a1
oHer Fe-hHotartur

than 50 mm (2 in.) in length should be avoided.

(b) Special precaution shall be taken to guard against
brittle fracture due to local thermal temperature
gradients.

(c) For one-side repair welding of piping, back
shielding should be considered for 2Y/,Cr-1Mo and
higher alloy steels.

(d) The temper bead welding method may be consid-
ered after evaluation in some cases for low alloy welds
when PWHT will not be carried out. See para. 215-4.7.
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215-5 EXAMINATION

(a) NDE, as indicated in Table 215-4.1-1, shall be
considered at each appropriate step of repair welding
work. The appropriate NDE procedure(s) for the applica-
ble repair shall be selected to meet the requirements of the
applicable construction code and to provide the level of
examination necessary for the repair.
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(b) NDE procedures shall be in accordance with ASME
BPVC, Section V and applicable construction codes and
standards.

(c) NDE before repair welding of pressure boundary
shall include the following:

(1) The entire area of the pressure vessel that is to be
repair welded shall be examined by means of visual exam-
ination (VT) or other NDE methods as may be applicable to
ensure that the area is free of any defect harmful to the

conditions and shall be no higher than the vessel operating
pressure.

(f) When a pressure test is to be carried out, considera-
tion shall be given to the pressure train that the pressure
vessel is located in, the possibility of isolation of compo-
nents within that train, and the need for pressure testing
the entire train.

215-7 REFERENCES

repajT Operation, Witc Ay nciude wetding, PWHT, amd
presgure testing.

[2) The need for carrying out pressure testing after
rs as well as the pressure used in pressure testing
shall|be evaluated in consideration of service conditions.

(d] NDE after weld repair and after pressure test shall
include the following:

[1) Complete NDE shall be performed in an area that
east the maximum of either 2T, where T is the thick-
of material, or 100 mm (4 in.) from the edge of the
r-welded, preheated, or postweld heat-treated area,
sure the area is free of defects.

[2) NDE of the area described in (1) shall also be
perfgrmed after any pressure test is carried out.

(e} Acoustic emission testing may also be an effective
means of examination following completion of repairs.

(f)] Where possible, in-service NDE monitoring during
operation is recommended for the repaired areas.

(g] Insome instances, NDE may be used in lieu of pres-
sure [testing for repairs. Refer to Article 502.

(h] Follow-up NDE after the pressure vessel is returned
to sefvice shall be performed based on fitness-for-Service
asseysment requirements or applicable interiational
surveys industry (ISI) codes.

repa

isat
ness
repa
to ern

21546 PRESSURE TESTING
(aj

test

The requirement for the applicability of a pressure
ubsequent to weld repaits shall be evaluated.

(b] If apressure test is détérmined to be required after
the repair welding of preSsure-bearing parts is completed,
the gressure vessel.dr-vessel part should be pressure
tested in accordaneé‘with the requirements of the appli-
cabl¢ constructioh-code. If the applicable construction
code] has nodsuch pressure test requirements, Article

The following is a list of publications referénded in this
Article. Unless otherwise specified, the latest'ed{tion shall

apply.

API RP 571, 2011, Damage Mechanisms Affecting Fixed
Equipment in the Refining Industry

API 579-1 /ASME FFS-1 200% Fitness-For-Ser

API RP 934-A, Materials«aud Fabrication of 214Cr—1M0,
2Y,Cr-1Mo-"/,V, 3Ci=Mo, and 3Cr-1Mo-},V Steel
Heavy Wall Pressure Vessels for High-Temperature,
High-Pressure Hydrogen Service

API RP 934-C; Materials and Fabrication of 1%4Cr-%Mo
Steel Heavy*Wall Pressure Vessels for HighiPressure
Hydrogen Service Operating at or Below 825°F (441°C)

API RP\934-E, Recommended Practice for Mat¢rials and
Fabrication of 1%,Cr-"4Mo Steel Pressure Vgssels for
Sérvice Above 825°F (440°C)

API RP 941, Steels for Hydrogen Service at[Elevated
Temperatures and Pressures in Petroleum Refineries
and Petrochemical Plants

API TR 934-D, Technical Report on the Matgrials and
Fabrication Issues of 1Y/,Cr-"4Mo and 1€r-'4,Mo
Steel Pressure Vessels

Publisher: American Petroleum Institute (API
Street, NW, Washington, DC 20005 (www.af

yice

, 1220 L
i.org)

ASME Boiler and Pressure Vessel Code, S
Nondestructive Examination

ASME Boiler and Pressure Vessel Code, Section IX,
Welding, Brazing, and Fusing Qualifications

ASME PCC-3, Inspection Planning Using Ri
Methods

Kayano, R., Abe, M., and Hirai, Y., “Guidelines fpr Repair
Welding of Pressure Equipment in Refingries and
Chemical Plants: Part 3 — Carbon Steel, High Tensile

bction V,

sk-Based

501 ;h01}111d ae followed. h i hall Steel and Cr-Mo Steel,” paper no. PVP2011-57079
(c] J@ pressure test, w en required, shall be from the Proceedings of the ASME 2011 [Pressure
perf rmed at a temperature hlghpr than the fracture

appearance transition temperature (FATT) and at or
above the minimum temperature specified by the appli-
cable construction code, to prevent brittle fracture during
the pressure test.

(d) The toughness value of degraded materials shall be
evaluated based on accumulated material database or
samples obtained from vessel parts.

(e) For pressure vessels that operate in hydrogen
service and are to be hydrotested, the hydrotest pressure
shall be evaluated in consideration of hydrogen service
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Vesselsand Piping Conference, july 201t

Tahara, T., Antalffy, L. P., Kayano, R., and Tsutomu, K,
“Chronological Review of Manufacturing
Technologies and Considerations of Maintenance/
Inspection for Heavy Wall Hydroprocessing
Reactors,” paper no. PVP2013-97227 from the
Proceedings of the ASME 2013 Pressure Vessels and
Piping Conference, July 2013
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Yamamoto, E., Tahara, T., Matsushita, Y., and Minami, F.,
“Guidelines for Repair Welding of Pressure Equipment
in Refineries and Chemical Plants: Part 1 — General,”
paper no. PVP2011-57809 from the Proceedings of the
ASME 2011 Pressure Vessels and Piping Conference,
July 2011

Publisher: The American Society of Mechanical Engineers
(ASME), Two Park Avenue, New York, NY 10016-5990
(www.asme.org)

BS EN ISO 17642-2:2005, Destructive test on welds in
metallic materials — Cold cracking tests for weldments
— Arc welding processes, Part 2: Self-restraint tests

Publisher: British Standards Institution, Inc. (BSI), 12950
Worldgate Drive, Suite 800, Herndon, VA 20170
(www.bsigroup.com)

WRC Bulletin 452, Recommended Practices for Local
Heating of Welds in Pressure Vessels

WRC Bulletin 488 nnmngn Mechanisms AFFnr‘Hng Fixed

Atkins, 1) Thiessen, D., Nissley, N., and Adonyi, Y.,
“Welding Process Effects in Weldability Testing of
Steels,| Welding Journal, April 2002

AWSD10}10/D10.10M, Recommended Practices for Local
Heating of Welds in Piping and Tubing

Publishei: American Welding Society (AWS), 8669 NW 36
Street, |No. 130, Miami, FL 33166 (www.aws.org)

Equipment in the Pulp and Paper Industry
WRC Bulletin 489, Damage Mechanisms Affecting
Equipment in the Refining Industry
WRC Bulletin 490, Damage Mechanisms' Affecting
Equipment in the Fossil Electric Power Industry
Publisher: Welding Research Council (WRC), P.O
201547, Shaker Heights, OH-44122
(www.forengineers.org/weélding-research-council)

Fixed

Fixed

Box

88


https://asmenormdoc.com/api2/?name=ASME PCC-2 2018.pdf

ASME PCC-2-2018

Table 215-1.1-1 Guide for the Selection of Repair Technique

General
Wall Local Wall Circumferential Longitudinal
Article Number and Title Thinning  Thinning Pitting Gouges Blisters Laminations Cracks Cracks
Article 215 Repair Welding Y Y Y Y R R Y Y

Considerations for Cr-Mo
Steel Pressure Vessels

GENERAL NOTE:

Y = gqmeratty appropriate

R = njay be used but requires special cautions

Table 215-1.2-1 Cr-Mo Steels Applicable to This Article

ASME Designation

Vessel Piping

Typical Materials Plates Forgings Components

1Cr—l/zM0 SA-387-12, Cl. 1 and Cl. 2 SA-182-F12 SA-335-P12
SA-336+F12

1Yv,cr-%4Mo SA-387-11, Cl. 1 and CI. 2 SA-182-F11 SA-335-P11
SA-336-F11

21/4Cr—1M0 SA-387-22, Cl. 1 and,Cl.)2 SA-182-F22, Cl. 1 and CI. 3 SA-335-P22

SA-542-B, Cl. 4 SA-336-F22, Cl. 1 and CI. 3

SA-541-F22, CL. 3

3Cr-1Mo SA-387-21, Cl. 1 and Cl. 2 SA-182-F21 SA-335-P21
SA-336-F21, Cl. 1 and Cl. 3

5Cr-%Mo SA-387-5, Cl. 1 and Cl. 2 SA-182-F5 SA-335-P5

9Cr-1Mo SA-182-F9 SA-335-P9
SA-336-F9
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Figure 215-3.1-1 Standard Steps in Repair Welding
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Table 215-3.2-1 Typical In-Service Degradation

Type of Damage

Applicable Operating
Conditions

Degradation Phenomena

Typical Susceptible Materials

Temper embrittlement 370°C-580°C Toughness degradation in base metal 1Cr-%Mo
[Note (1)] (700°F-1,080°F) and welds through the intergranular 1Y,Cr-0.5Mo
microsegregation of impurity elements 2Y,Cr-1Mo
as measured by the ] factor for 3Cr-1Mo
ZIA;Cr and higher Cr base metals, and the | 5Cr-1Mo
X bar factor for weld metals and for
1Cr and 1Y%Cr base and weld metals
Creep[ETDTITHEMENT OVer 454°C (850°F) and CarbIae Precipitation and crack Mitration TCT=2; M0

with applied load

in the coarse grain HAZ of a localized
stressed area such as at a nozzle
attachment weld

1%,Ccr-%Mo

Hydrdgen attack

HTHP hydrogen
environment

Generation of methane bubbles,
blisters, and cracks [Note (2)]

Low-Cr materials in high-h

drogen,

partial-pressutre environthent

Hydrogen embrittlement

HTHP hydrogen environment,
and start-up and
shutdown conditions

Toughness degradation by hydrogen
absorption

1Cr-%Mo
1v,er2%Mo
2Y,Cr*1Mo
3Cr<1Mo

Thern

al fatigue

Large temperature gradients
during operation, and
start-up and shutdown
conditions

Fracture crack propagation

All materials

GENERAL NOTE:
HAZ = heat-affected zone
HTHP = high temperature, high pressure

NOTEE:
(1) Embrittlement manifests at lower temperatures during start-up and shutdown.
(2) S¢e API RP 941.

Table 215-3.2-2 Typical Considerations for Weld Repair of In-Service Degradation

Type of Damage

Main Concerns

Repair Considerations [Note (1)]

Templer embrittlement Low toughness at stakt-up and shutdown De-embrittled heat treatment above 600°C (1,100°F), then
Operating temperature limits rapid cooling
Weldability Use of welding materials with low impurity levels

Creep| embrittlement Detection by\NDE Elimination of stress riser, and higher-Cr material s¢lection
Flaw remoyal

Hydrggen attack Detection' by NDE Higher-Cr material selection [Note (2)]
Flaw_removal Stainless steel weld overlay cladding

Hydrdgen embrittlement _ [\Toughness at operating temp Dehydrogenation heat treatment above 300°C (570F),

Weldability

1 h min.

Low-hydrogen welding process

GENE
ND

RAL NOTE:

NOTE]

D:

E = nondeStructive examination

(1) Table includes prevention/mitigation for repair and/or replacement.
(2) Refer to API RP 941, Nelson chart.
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Figure 215-3.4-1 Flowchart for the Selection of Repair Welding Methods

Detection of defects

Assessment of failure cause

Determination of course of action

Y Y

No repair Repair Replace

Repair approach

y Y
Repairs to Repaits-beyond
next shutdown next:shutdown

Y

' Y

Sleeve repair

'

Partial patch Flaw éxcavation
and'weld

Butt-welded

welding repair welding g insert plates
restoration
Table 215-3.5-1 Repair Methods Applicable to Cr-Mo Vessels
Types of Repair Relevant Article Additional Considerationf
Sleefe repair Article 206 Replacement with Type B sleeve aff the first
available
opportunity is recommended
Oveflay welding and/or internal weld Article 211 In case of corrosion metal loss, welding
metal buildup materials
shall be selected considering cauge of
corrosion
Butf-welded insert plates Article 201 Thickness of insert plate shall generglly not be
thicker than shell or head
Altefnatives to PWHT Article 209 Refer to para. 215-4.7
Altefnatives to traditionaltwelding Article 208
pyeheat
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Table 215-4.1-1 Repair Approach Sequence

Sequence

Procedure

Remarks

1. Identification of flaws
[Note (1)]

NDE (PT, MT, and UT)

VT for identification of dimension and location, followed by

2. Removal

of flaws Grinding or gouging

Finish grinding is required

3. Examination of groove

MT or PT

Ensure complete removal of defects

4. Repair welding

Preheating [Note (2)]

Weld repair

Temperature shall be measured on both
sides at the preheated area [Note (3)]

— d>ee lable £215-5.2-1

— Materials: Use equivalent or better grade of materials
than those used during the original shop fabrication

— Process: GTAW, SMAW, or FCAW

Post-heating by burner, electric resistance, or induction
heating

Surface finishing by grinding

— WPS or PUR 1s required

— Low-hydrogen type materials shall be tsed
for SMAW and FCAW processes

— Interpass temperature and heat jfiput shal
be controlled

For the prevention of cold cracking

For the removal of stress risers

5. Examination MT, PT, UT, and RT Examination shall include ‘neighboring areas
outside of the repairs
6. Local PMHT As required by applicable codes [Note (4)] It may be necessaty to guard against harmful
thermal gradients
7. Examination MT, PT, and hardness checks Recheck fofidefécts
8. Pressure|test As required by applicable codes Heat pressure-retaining material before
and during pressurization to prevent
brittle fracture
GENERAL NOTE:
FCAW A flux-cored arc welding
GTAW { gas tungsten arc welding
MT {4 magnetic particle testing
PQR H procedure qualification record
PT {4 penetrant testing
PWHT 4 postweld heat treatment
RT 4 radiography
SMAW H shielded metal arc welding
UT A ultrasonic testing
VT A visual examination
WPS 3 weld procedure specification
NOTES:
(1) Identify flaw size, distribution, location, and‘depth.
(2) Preheating is mandatory for Cr-Mo steels.
(3) See Arficle 208.

(4) See W

C Bulletin 452 for additional guidelines.

Table 215-4.4-1 Typical Preheat and Interpass Temperatures

Minimum Preheating

Maximum Interpass

Steel P-No./Group Temperature, °C (°F) Temperature, °C (°F)
1Cr-'4Mg, 1% Cr<%Mo 4-1 120 (250) 300 (600)
2Y%,Cr-1Mo 5A-1 150 (300) 300 (600)
2Y%,Cr-1Mo 5C-1 177 (350) 300 (600)
3Cr-1Mo 5A-1 150 (300) 300 (600)
5Cr-"4Mo, 9Cr-1Mo 5B-1 200 (390) 300 (600)
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Table 215-4.5-1 De-Embrittlement Heat Treatment

Type of Degradation Materials and Services to Be Considered De-Embrittlement
Hydrogen attack All Cr-Mo steels at HTHP hydrogen services Not applicable due to irreversible phenomena
Creep embrittlement 1Cr-%Mo, 1%Cr-"4Mo at over 480°C (900°F) Not applicable due to irreversible phenomena

Temper embrittlement

Hydrogen embrittlement

2Y%,Cr-1Mo, 3Cr-1Mo at 370°C to 580°C (700°F to 1,080°F) Heating at not less than 600°C (1,120°F)

2Y%,Cr-1Mo, 3Cr-1Mo at high-temperature hydrogen services Dehydrogenation shutdown operation or heat
treatment at not less than 300°C (570°F)
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Article 216
Welded Hot Taps in Pressure Equipment or Pipelines

216-1 DESCRIPTION

(a) This Article provides requirements for design and
installatign of fittings by welding on equipment while in
-service welding).

(b) THhis Article may be used in conjunction with
owner/usger requirements and with other relevant docu-
ments pertaining to safe hot tapping practices.

(c) This Article may be used in conjunction with Article
210 on ip-service welding.

216-1.1 Hot Tapping Connections

(a) Hot tapping is used to install a branch connection
into piping, pipelines, pressure vessels or other pressure
equipment, and storage tanks while that equipment is in
service.

(b) Hof tapping involves hot work, including welding
on the sufface of a pressure vessel, pipe, or tank while in
service, dnd cutting through the pressure containment
wall matgrial.

(c) In-pervice hot tapping requires special considerar
tions for

(1) safety

(2) planning with competent personnel.and appro-
priate prpcedures

(3) the type of fluids

(4) pressure and temperature while in service

(5) the use of proper equiptent

(6) testing

(7) ¢xamination

216-1.2 |Hot Tap Dritling Machine

(a) THe drillings\machine generally consists of a
mechanidally driven telescoping boring bar that controls
a cutting toékthe cutting tool consists of a hole saw
(cutter), pilet-drill, or both (see Figure 216-1.2-1).

(e) In selecting a suitable drilling machine to_péexform
the hot tap, consideration shall be given to
(1) the system operating pressures and tem
tures during the performance of the hot,tap
(2) thewallthickness ofthe pipe; vessel, or tankjto be
cut through
(3) the wall material of pipe,‘vessel, or tank
(4) the size of the hottap.to be made
(5) the location oftthe hot tap and clearances
available
(f) The drilling amachine should be thoroughly
inspected before being operated to ensure that the cijitical
parts of the machine are not worn to the extent thaf they
might fail during the hot tapping operation.

pera-

216-1.3 Hot Tapping Activities

216-1.3.1 Hot Tap Construction Activities. Hot tap
design, fabrication, testing, and installation is a mulfidis-
ciplinary activity. Hot tap personnel should be experi-
enced and have knowledge of the construction cpdes,
the activities involved during the execution of hot|taps,
and recommended safe practices (e.g., API RP 4201,
API RP 2009).

216-1.3.2 Key Hot Tap Activities. The following lists
some activities that are not specifically addressg¢d in
detail in this Article, but can be important in the succgssful
execution of hot taps:

(a) review of system details, including fluid comjposi-
tions, pressures, temperatures, and flow rates of the
system to be hot tapped. This includes normal operjating
conditions as well as specific conditions during thg hot
tapping procedure.

(b) preparation of hot tap mechanical dg
drawing(s) and validation of the characteristi
the materials for long-term conditions and s

sign
rs of
hort-

(b) The drill bit is used to bore a pilot hole into the
vessel, pipe, or tank wall in order to center a hole saw
that cuts out the “coupon” or a curved section of the
vessel or pipeline wall.

(c) The cutting tool or drill bit also incorporates a
device to “catch” the coupon and to ensure its removal
from the pipeline, vessel, or tank.

(d) Small diameter taps sometimes employ a drill bit
rather than a hole saw.

96

term hot fap installation—conditions

(c) process surveillance that ensures process operating
variables, such as flow rates, are within the hot tapping
limitations while the hot tap operation is being executed.

(d) review of prior and new ultrasonic thickness
measurements and defects in the area to be hot tapped.

Hot tapping shall be approved by the owner prior to any
field work on the pressure equipment and shall follow a
written procedure that is approved by the owner.
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Figure 216-1.2-1 Typical Hot Tapping Setup
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216-2 LIMITATIONS
216-2.1 Additional Requirements

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

216-2.2 Nonwelded Fittings

Cutter
holder

Cutter

Hot tap valve

Line stop fitting
or tapping
fitting

Pipelire

RAL NOTE? This figure is courtesy of TDW.

tached to
ther than
binforced

FhisArticledoesnotaddressfittingsthatares
the vessel or piping while in service by methodsg
welding, such as bolted-on fittings or fiber-r
polymer-filled fittings.

216-2.3 Welding Concerns

For limitations associated with in-service welding, see
Article 210.

216-2.4 Conditions-and Applications for Which Hot
Tapping Is Not Recommended

Hot tapping should not be used for the follow
tions and,dpplications. The list below is not all
there may®be additional applications for which h
poses unacceptable risks.

{a)*vapor/air or vapor/oxygen mixtures wi
flammable explosive range

(b) oxygen or oxygen-enriched atmospheres

(c) temperature-sensitive, chemically
materials

(d) Monel piping handling sulfur compound

(e) stainless steel piping containing potassig
nate solutions

(f) pressure equipment that does not meet the impact
test requirements of the applicable construction code at
the operating temperature

(g) hydrogen service, unless an appropri
neering review has been performed to permi
on such equipment

(1) The metal temperature from the servic¢ environ-
ment during the hot tap operation shall be below the ap-
plicable curve in API RP 941, Fig. 1 to avoid hydrogen
damage at elevated temperature.

(2) Welding should not be done on car
equipment in-service containing hydrogen at
temperatures above 200°C (400°F).

(h) material requiring PWHT after hot tap wd
S £y O I

ng condi-
inclusive;
ttapping

thin their

reactive

3
m carbo-

ate engi-
welding

bon steel
bperating

Iding and
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where alternative welding methods are not acceptable

216-2.5 Conditions for Which Hot Tapping
Requires Special Precautions

Hot taps shall be performed under the following condi-
tions only if appropriate precautions are taken. The
precautions shall be specific to the condition and devel-
oped with input from appropriate subject matter experts:
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(a) on liquid-filled piping, vessels, or tanks with no
flow. In such cases, the fluid system should be evaluated
to determine if a vent system is required to allow the
egress of any vapors generated during the hot tapping
process.

(b) on a vapor line that contains an explosive mixture.

(c) on equipment operating in the creep range.

(d) on equipment for which the operating pressure is
less than atmospheric. For equipment containing flam-

sive stresses on the pipe inner diameter. This approach
should only be considered after a complete review of the
proposed hot tap is performed by an engineer knowledge-
able and experienced in pressure vessel or piping design,
welding, and construction.

(c) Controlled deposition techniques in lieu of PWHT,
such as described in Article 209, NB-23 Part 3, or in API
510 or AP1570, as applicable, and in ASME Section IX, QW-
290.

mable or combustibtetquidsand operating belfow atmo- fiForatr-ardemabte steets teg; Tv5er=Y5Mo; 2y, Cr-
spheric pfessure, special requirements should be made to 1Mo, 5Cr-Mo), where PWHT is required by the 4ppli-
prevent gir from entering the process. Air leak into the cable construction code or for service considerations, hot
process cpuld create a flammable or combustible mixture. tapping may be performed if the metal temperatyre is

(e) onlequipment subject to in-service conditions that maintained at or above the preheat,témperatfures

can causg

NOTE: Stajnless steel equipment that is susceptible to chloride
stress coifrosion cracking should be examined prior to hot
tapping to] ensure that pre-existing cracking is not present.

(f) on pquipment subject to in-service conditions that
can prO(ZEfe carburization, nitriding, or other forms of

degradation of the equipment.

embrittlement in the material to be welded. Such condi-
tions require that the welding procedure be evaluated
with respgect to process-side metal temperature to deter-
mine the potential for embrittlement. The embrittled
material [should be evaluated for weldability and suit-
ability fof continued operation and the test condition.

(g) on|pressure containments with concrete or refrac-
tory linings. In such cases, the potential for lining detach-
ment and| subsequent flow blockage, hot spots, or erosion
should b¢ evaluated.

(h) on| compressed-air and other compressed:gas
systems.

(i) on piping fittings and valves.

(j) onyessels, piping, or tanks that are in sour service or
amine sefvice, that transport or store causti¢s or acids, or
that are in use in other aggressive environments.

(k) onlequipment for use with any hydrocarbons (e.g.,
ethylene| ethylene oxide, propyléne oxide, acetonitrile
acetyleng) that can experience exothermic decomposition
due to high temperatures«caused by welding.

(1) on pipe or equipment-that is clad, overlaid, lined, or
internally coated.

216-2.6

The need-for' PWHT should be evaluated on an indivi-
1 Cancidaration chonld bha aivan tatha follavaing
dual basis- £ to-t viRE

Additional Requirements

listed in the applicable codes and~stahdards. In|such
cases, the minimum preheat tempépatdre should be tpain-
tained from the time of the hot tap until the next shutdown,
at which time PWHT of ¢he ‘connection should be
performed prior to recommissioning the line.

216-2.7 Additional-Requirements

Hot taps should not be performed on vessels or pjiping
that are subjéct to external pressure as a design require-
ment unless.consideration is given to the effects of distor-
tion froni\fabrication, including welding, on the budkling
strength’ of the vessel or pipe.

216-3 DESIGN
216-3.1 Hot Tap Checklist

(a) The organization performing the hot tap should
prepare a checklist of all the considerations that need
to be evaluated and satisfied prior to the start df the
hot tap.

(b) The checklist should include the considerations
listed in API RP 2201, Appendix A, Table 1.

216-3.2 Hot Tap Fittings

216-3.2.1 Pressure Vessel and Tank Fittings| Hot
tapping connections in pressure vessels and stqrage
tanks typically are nozzles with or without reinfofcing
plates.

216-3.2.2 Pressure Piping Fittings

(a) Connections to pressure piping may be of the

Consideration-should-be-given-to-thefollov
alternative methods:

(a) For ferritic steel piping where PWHT is required for
hardness concerns, it is possible to demonstrate the nec-
essary hardness limit by mock-up. In such cases, hot taps
may be performed, provided the demonstrated test condi-
tions and procedures are followed.

(b) For ferritic steel piping where PWHT is required for
residual stress concerns, it is possible to develop and
implement weld bead sequences that produce compres-
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following types:

(1) pipe necks with or without reinforcing plates

(2) integrally reinforced branch outlet fittings as
shown in MSS-SP-97

(3) split tees designed for the specified design pres-
sure at the specified design temperature

(b) The connections and attachment welds should also

be able to resist the loads and bending moments acting on
the pipe.
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(c) Consideration should be given to possible acceler-
ated corrosion in splittees and full encirclement reinforce-
ment due to the gap between the split tee and pipe wall.

216-3.3 Branch Design Requirements

(a) Hottapsinstalled in pressure vessels, storage tanks,
or piping systems shall meet the requirements (including
nozzle reinforcement requirements) of the original
construction code or the applicable post-construction

(d) The full encirclement sleeve shall be continuously
fillet welded at both ends of the run pipe. All weld sizes
shall be adequate for the applied loads and shall be in
accordance with the applicable construction code (see
para. 206-3.5).

(e) Longitudinal welds that will be covered by a full
encirclement sleeve or reinforcing pad shall be ground
flush for the full length of the hot tap fitting plus 3 in.
(75 mm) on either side of the sleeve or the pad plate.

code| and the owner requirements.

(b] Hot taps shall be designed for the specified vessel,
tank/or piping design pressure and temperature and other
equipment loads. Piping flexibility analysis should be
perfprmed on connecting piping to determine the
piping loads acting on hot tap fittings.

(c) Hot tap fittings and reinforcement should be of the
samg nominal chemical composition as the vessel, tank,
pipe or branch material.

(d) The hot-tapped connection attachment welds
shou|d be full penetration welds.

(e] A6-mm (%-in.) NPT venthole should be providedin
reinfprcement pads and plugged with grease after all hot
tapping operations are completed.

(f)| Hot taps NPS 2 and smaller should be self-reinfor-
cing [seamless nozzle, CL-6000 coupling, or welded-on
fitting

(9)
Guss
whel]

Gussets shall not be used for nozzle reinforcement.
bts shall only be used to brace small bore connections
necessary.

(h)] Vents and drains used on hot tap connections for
purg|ng and testing shall be positioned at high @and low
points.
()] The diameter of a set-on-branch should be at least
one rjominal pipe size smaller than the diameter of the run
pipe]In some cases, such as with line'stop, a size-on-size
branth is required. Special care should be taken for these
hot thps to avoid the potential-of the cutter inadvertently
cuttipg into or through the-run’ pipe.

~

2163.4 Full Encirclement Sleeves Design
Requirements

(a] Hottapsshould use a full encirclement sleeve when
the rptio of the diameters of the branch connection to the
run jripe eonnection is greater than 0.7.

(b} Hettaps using full encirclement sleeves should be

216-3.5 Hot Tap Length and Size

(a) Hot tap nozzle shall have sufficiefit lengtl and size
for the hot tap equipment to ensure a complete cut.

(b) Hottap nozzle shall have sufficient length|to permit
removal of flange bolts.

216-3.6 Hot Tap Location

(a) Hottaps may béperformed in any position, oratany
angle around the pressure equipment, as long gs there is
sufficient room toyperform the tap and install the fitting,
valve, and drilling machine.

(b) Hottaps should not be located on welded joints.
Wheresinstallation on an existing weld seam ¢annot be
avoided, examination in accordance with para. 216-
5.3 shall be completed before the hot tap ingtallation.

(c) Hot taps should be located

(1) away from the weld seam (weld toe to
by the lesser of the following lengths:
(-a) 150 mm (6 in.)
(-b) 8 times the wall thickness, ¢, of the
pressure equipment
(2) at least 5./Rt from flanges, small bor¢ connec-
tions, and riveted joints, where R is the insigle radius
of the pressure equipment at the location of the hot
tap, and t is the measured wall thickness.

The spacing between adjacent fittings listed
plicable design code for adjacent connections
maintained. This can lead to larger separation
adjacent connections.

(d) Ifitis not possible to locate the hot tap awjay from a
welded seam, then it should be centered on the wWeld seam
(see para. 216-5.1.3).

weld toe)

header or

n the ap-
hould be
between

216-3.7 Hot Tap Orientation

(a) Hot tap branch connections should be perpendi-

fabrlbdtcd ill tVVU ha}fblccvca. TllU luugitudiual VVU}d STAIILS
should be positioned 90 deg away from the penetration.

(c) Longitudinal weld seams shall be joined by a full
penetration groove weld designed to prevent welding
directly to the run pipe by using a backing strip or by
chamfering the back side of the weld preparation. A
backing strip shall be used for longitudinal seams in
split sleeves.
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cular (90 deg) to the vessel or tank axis, or to run pipe.

(b) Hottap connections made to an angle other than 90
deg to the axis of the vessel or tank, or to run pipe, should
be used only where other connections are not possible.
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216-3.8 Coupon Retention and Contamination
During Hot Tapping

216-3.8.1 Hot Taps Located on Top of Pipe

(a) Hot tapping from the top side of the pipe has the
highest probability of loss of the coupon and contamina-
tion. An acceptable method of coupon retention shall be
used with consideration given to product flow.

(b) Consideration should also be given to the contam-

(e) The gasket between the hot tap machine and the
valve should not project into the flow path such that it
interferes with the cutter. If a spiral-wound gasket is
used, the gasket shall have an inner ring.

NOTE: There have been incidents involving spiral-wound
gaskets without an inner ring where the cutter has caught
the innermost winding of the gasket and caused the gasket
to unravel. This has resulted in a gasket failure and release
of the piping contents.

ination of The pipe with metal shavings that fall Into the
pipe and|which can damage downstream equipment.

216-3.I.2 Hot Taps in Horizontal Position

(g W
position,
shavings
affecting

en choosing an angle at or below the horizontal
the designer should consider the tendency of the
pr chips (from cutout) to fall into the block valve
the operation and sealing of the block valve.
Selectior] of an appropriate block valve can mitigate
the advegse effect of shavings or chips.

(b) When tapping in the horizontal direction where the
machine [is parallel to the ground, the valve should be
inverted| with the valve stem pointing to the ground,
to minimjze the possibility of shavings or chips preventing
the valve|from seating properly. Such hot taps generally
should bg considered temporary until the valve is righted.

216-3.8.3 Hot Taps in Bottom Side of Pipe

(a) Ta
ability of|

(b) Th|
valve to
cutting h

bping from the bottom side has the lowest prob-
losing the coupon.

ere should be sufficient void space under the
hllow for the cuttings to fall and to retract-the
bad through the valve.

216-3.9 [Hot Tap Valve

(a) Thg hot tap valve should be fullport API 600, or
equivalent valve with a pressure rating not less than
that of the run pipe and the branch pipe.

(1) The valve should match.the highest flange rating
of the rup pipe and the branch’ pipe.

(2) The valve should also meet the piping material
specificatfion and gradé for the more severe of the run pipe

216-3.10 Flow Rate and Minimum Liquid Lele in
Pressure Equipment for Hot Tap

that
uip-

(a) Procedures should be developed to ensure
there is adequate flow or liquid head'in)pressure e
ment during welding.

(b) Anappropriate fluid flowrate should be maint
inthe pressure equipment thatisbeing hot tapped to
mize the risk of overheating-the liquids. A minimum| flow
rate should be 0.4 m/s (1:3 ft/sec) for liquid and gas.

(c) For liquids, consideration should also be given to a
maximum flow duting welding to minimize the risk of high
hardness in the'heat-affected zone due to fast coolingrate.
The maximum‘flow rate depends on the process tempera-
ture. The user should perform thermal modeling or r¢ly on
established procedures, proven through successful prac-
tice,fo determine the appropriate maximum flow|rate.
There generally is no restriction on maximum [flow
rate for gas lines.

(d) The flow rate during the cutting operation sh
maintained within the recommended limits of the h
equipment.

(e) Theliquidlevelin the vessels and tanks that ha
flow should be maintained atleast 1 m (3 ft) above th
tap location.

hined
mini-

hll be
t tap

Ve no
e hot

NOTE: Insufficient liquid height or flow can result in flamnable

mixture during the welding operation
ltrquid
o the

216-3.11 Wall Thickness to Prevent Burn-Through

(f) 1f there is no flow, or if there is insufficient
level above the hot tap, consideration shall be given
effect of overheating the process liquids.

(b) Thg hot tap¢alve packing shall be compatible with
the procdss service conditions. (a) Consideration shall be given to heat input,| wall
(c) The hottap drill diameter shall not interfere with thickness, depth of weld penetration, and operating cpndi-
valve seatTimgs: tions—whendetermining-bura-threughrislk—TheProb-

(d) The inside diameter of the hot tap valve shall
provide sufficient clearance for the outside diameter of
the cutter. There should be at least 3 mm (% in.) clearance.
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ability of burn-through increases when welding
components are less than 6.4-mm (%-in.) thick. To mini-
mize the risk of burn-thorough for such welding compo-
nents, the first pass should be made with 2.4 mm (¥, in.)
or smaller diameter electrodes.

(b) The minimum pressure equipment wall thickness
for hot taps should be

(1) 4.8 mm (%, in.) for set-on-type fittings used for

hot tap connections
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(2) 4 mm (%; in.) for forged pressure retention tee-
type connections
(c) Welding of hot tap fittings should not be performed
on thinner walls unless justified by mock-up, engineering
analysis, or prior successful experience with similar
welding procedures. The inside surface temperature of

where
the vessel or pipe wall should be below 980°C D = outside diameter
(1,800°F) during welding to prevent burn-through but D, = inside diameter
Elsqése tedTierLafgrf chlrllu?i f:céezj“’e for some products T, = operating temperature during hot talodu
' e e - T, = 750°C (1,380°F), the assumed temperature in the
Vegg: ) T}?i;ear(?l?tzonl]:z}millcilegeﬁ;:rﬁfntjg Sstltrllgglj’l?rslcgrlle depth of penetration plus recrystallization zone
ning [to ensure adequate thickness and soundness of the . .
platg:a or pipe wall ?hroughout the area to be welded (6) Establish the yield strength)of the cdmponent
’ 11 at the calculated tal t tiire, Tp,.
(e} Welding of hot tap fittings shall not be performed if wata (—aj %ahzu ?ele d S?::;aﬁf z;l:e?n 22{’5;: 7“1 I‘emam be
therg is not sufficient thickness to contain the internal . y ne P m M3y
presbure, and prevent burn-through in the vessel or obtained from ASME Boiler ‘and Pressure Vegsel Code,
[ ) Section II, Part D, Table\¥~1 for t t t
pipe wall during welding. If there is insufficient thickness efl 1.0nl di arl 0000; 5e38°C (;r emperatuyes lup ho
(1) the pressure should be reduced to a safe level to and Meucing -, ( ) For some matgrials, the
allow in-service weldin yield strength at highet temperatures can be|found in
2) an alternative gi ine desien should be consid- published literatute (see para. 216-7.3, refererce [4]).
d piping & (-b) The allowable design stress, S, for tHe compo-
ere r;)r th f hanical i b nent wall sifall'not exceed two-thirds of the yield strength
d) de use of a mechanical connection may be attempefature T, the hot tap temperature in th¢ vessel or
consl]dere pipe wall.
2163.12 ::l:xvl\lr:rdTngl;(f)wl-lzlzlia::t:irt:?;gzressure 216-3.13 Maximum Permissible External Pressure
) ) ) (a) The maximum allowable external test|pressure
(a) . Th; Cllna).ﬂmumlguowafblﬁ H;lternal p;-re.ssure }:hﬁtbls (without internal pressure) during the hot tap hydrostatic
permitted during we hg o the hot t.ap Ittings sha " testing on the pressure vessel, storage tank, or|pipe wall
calculated by the eguatlpn in the a.ppllcable construction shall be determined by use of the appropriaté formula
codefor by an engineering analysis. from the applicable construction code or post{construc-
(b} Theavailable thlcknes.s, the average metal tgmpera- tion code or standard, using the measured wall thickness
ture,land .the allowable tensile stress during welding may and the maximum expected operating temperatjire of the
be e_rtabllshed as follows: . . hot-tapped equipment,
_1) .Calculate the wall thickness, ¢, available to (b) The assessment of the allowable external pressure
contdin internal pressure as follows: to avoid buckling or plastic collapse may be caldulated by
t = measuredwallthickness—2.4mm(3/32 in.) use of the procedures and equation in the| original
construction code or by one of the following methods:
as a margin to preventtburn-through. (1) Inhottaps employing full encirclement §leevesor
[2) Adjust the, outside diameter to be used in the split tees, the maximum allowable external preqgsure may
calcdlation as follows: be determined by the requirements in ASME Hoiler and
D =/S 10D, — 48 3/ . Pressure Vessel Code, Section VIII, Division |1, UG-28
~(pipe orvessel O.D. —4.8 mm (5 in.) through UG-30, using the centerline length |between
3) G T, = service temperature and D, = inside the circumferential welds between the split tep and the
. e p e run pipe as length L, and the measured thi¢kness of
dlameter' tha mneacciie rar-anant + alenlata 1 i
the—pressure—ecemponent—to—ealewlate—thetatio D/t

(4) Assume the temperature in the depth of penetra-
tion plus recrystallization zone is T, and equal to 750°C
(1,380°F).

(5) Calculate the average temperature in the
remaining metal available for internal pressure contain-
ment, T,
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(where D is the outside diameter of the pressure compo-
nent subjected to external pressure and t is the measured
thickness).

(2) For hot taps on cylinders employing set-on-type
nozzles with or without reinforcing pads, the maximum
allowable external pressure to prevent buckling of the
pipe or vessel shell wall may be determined by the
following calculation:
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3
Etmin

12(1 - 1/2) D?

i<k2 - 1)

M

MAEP =

216-3.14.2 Piping Flexibility Analysis

(a) Consideration should be given to piping loads from
connecting piping systems.
(b) Piping flexibility analysis should be performed to

d for

mize

s the
f the

where
a = Y sector angle of the arc of the hot-tapped determine the acceptability of imposed nozzle loads
pipe, vessel, or tank shell within the inside  [°F future operating conditions. _
diameter of the hot tap fitting (c) The installation of the new pressure equipment
D. = outside diameter should not increase the existing pressure equipment
k |= factor determined by iteration: ..
k tan o cot ko = 1. or 216-3.15 Piping Supports
« 15 30 60 90 120 150 180 Adequate bracing or support should be provide
% 172 862 437 30 236 2.07 20 piping to support the increased loads from\the additional
— — : weight added as a result of the hot tap,and to min
M |= design margin, taken as 3.0 or greater vibration or impact on the line during cutting.
MAEP |= maximum allowable external pressure 216-3.15.1 Piping Transmiftéd Loads. A conventjional
tmin |= minimum measured wall thickness in test ;¢ stress analysis should'be performed to asses
area , ) effects of bending overssupports from weight o
v |[= Poisson’s ratio

NOTE: Thif equation is valid for R/t > 10 (where R = the radius of
the vessel| pipe, or a storage tank, and t is its thickness).

The
plastic cd
critical b
shell or
fitting by
tions and
original
external

(c) Co
lowest of
tions. Th
account
temperat

hllowable external pressure to avoid buckling or
llapse may also be assessed by calculating the
uckling pressure on that part of the vessel
pipe within the diameter of the new hot tap
generally accepted analytical methods or equa-
by applying a design margin consistent with the
onstruction code to determine the allowable
bressure.

nsideration shall be given to the highestand the
erating temperatures in making these.calcula-
e use of the highest operating temperature will
for reduction in the strength at the higher
ire.

216-3.14 Pressure Equipment Stresses From

Applied Loads on)Hot Tap Nozzles

Conneq
sing ofth
tions spe

216-3.

tions should be designed to prevent overstres-
pipe or vessél béing hot tapped due to the condi-
cified in paras. 216-3.14.1 and 216-3.14.2.

4.1 Hot\Tapping Loads

ing-hot tapping, the weight of the hot tap valve
2 d c, U CPC Y cU
could bend the pressure equipment and possibly buckle
the pressure equipment wall at the base of the branch.
(b) If the branch is not in the vertical plane, the canti-
levered weight of the valve and the drilling machine will
apply a bending moment to the pressure equipment.
(c) Thestressesinduced by theseloads should be calcu-
lated, multiplied by an appropriate dynamic factor (e.g.,

2.0), and combined with the internal pressure stresses.
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rmal
ed to

hot tap valve and additional valves or fittings, thd
expansion, etc., unless these loads are determin
be insignificant

216-4 FABRICATION

(a) &l connections should be welded to the vess
piping surface and examined, and pressure tested pr
cutting the hole.

el or
or to

(b) NDE in lieu of pressure testing may be used| only
when agreed to by the owner and the inspection agency (if
applicable).

216-4.1 Welding

216-4.1.1 General

(a) Welding materials shall be compatible with the
materials to be welded.

(1) Consideration should be given to carbon equiva-
lents of the materials to be welded, heat inputs and copling
rates to minimize the risk of developing cracks in thefweld
metal and heat-affected zones after welding.

(2) See Article 210 for additional welding
considerations.

(b) In-service welding requires additional consiflera-

tions, such as adequate preheat, gas purge (with dry
air, CO,, etc.), low hydrogen welding consumables| and
pecial-welding edres—to—preventmeistare and
reduce high weld quench rates to avoid the potential
for cracking of welds.
(c) Flame heating should not be used.

216-4.1.2 Qualifications. Welding procedures and
welders or welding operators shall be qualified in accor-
dance with the applicable construction code or post-
construction code.
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216-4.1.3 Welding Practices. The following welding
practices should be followed:

(a) Low hydrogen consumables or processes should be
used. For root passes, other electrode types may be used,
provided they match the nominal chemical composition of
the base metal and do not significantly increase the risk of
burn-through or hydrogen cracking.

(b) Small weld beads [2.5 mm (¥ in.) maximum elec-
trode diameter if SMAW is used] and a stringer bead tech-

niqup Witha TmaximrarT of -3 tes the etectrode core— 216-5 EXAMINATION

dianjeter should be used for all welds on pressure
party to minimize the heat input on the first passes.

(1) Larger diameter electrodes may be considered
for flll passes if the wall thickness is greater than or
equal to % in. (13 mm).

[2) Layer or bead thickness should be restricted to 5
mm [% in.) to promote interbead or layer tempering.

(c) Minimum amperage consistent with achieving an
acceptable weld should be used.

(d) Buttering or weld overlaying the pipe or vessel
surfdce prior to attaching a nozzle to 19-mm (%,-in.)
thicl or heavier pipe fabricated from plate should be
consfjdered to prevent lamellar tearing of the header
pipe|or vessel. See ASME Boiler and Pressure Vessel
Code| Section IX.

(e] For metal temperatures below the dew point, or
wheh welding could result in increased hardness,
prebeating or surface heating may be required to
redufe the risk of hydrogen-induced cracking.

()| All welds shall be within the design requirements-of
the fltting.

216-4.2 Execution of the Hot Tap

(a)] Hottapdrillingequipmentshall only.be operated by
qualified and experienced personnel.

(b] The equipment user shall establish procedures for
execEtion of the hot tap cutting operation. It is recom-
mendled that such procedures-include
1) verification thattthe€quipment is suitable for the
application
2) establishifig-the drilling machine boring bar
travdl distances for_the drill and cutter entry into the pipe
3) owngr approval to commence cutting operation
4) purging if necessary to eliminate air from the
equipment)prior to cutting

5)( detailed operational steps for completing the

(7) owner approval to remove the drilling equip-
ment from the hot tap valve

(8) verification of flow rate in piping

(c) The cutout coupon should be delivered to the owner

representative as evidence of the coupon removal. It is
also useful to provide the coupon to the owner’s inspec-
tion department for verification of pipe wall thickness and
internal pipe condition for their records.

216-5.1 Pre-Hot Tap Examination
216-5.1.1 General

(a) The area to be hot tapped inthe vessel or pipe shall
be examined using UT scanning, unless limited by
temperature, to determine the existing thickness and
any defects of the plate.or pipe wall.

(b) Hottaps should1tot be made in the areas where the
measured thickness\is less than the minimum [thickness
required for welding or in areas where defects ekist in the
vessel wall or¢ipe wall (laminations, etc.).

(c) Existing defects need not be removed if Jocated in
the pipe.orvessel material that will be removed dquring the
hot taproperation.

216-5.1.2 MT and PT Examination

(a) The area to be hot tapped should also be gxamined
by the MT or PT methods to check for surfade defects
where the examination in para. 216-5.1.1(a) [indicates
surface damage (e.g., corrosion, pitting), unlgss MT or
PT is limited by the operating conditions.

(b) The acceptance criteria for MT and PT sh¢uld be in
accordance with the original construction code. [[f there is
no acceptance criteria listed in the original corjstruction
code, the criterialisted in ASME Boiler and Pressiire Vessel
Code, Section VIII, Division 1 may be used.

216-5.1.3 Weld Seam Preparation

(a) If the hot tap is to be located on an existing weld
seam and if not limited by the maximum allowable
temperature for the intended examination tefhniques,
then the existing weld seam should be ground| flush.

(b) The weld seam should be subjected to|100% of
volumetric examination (e.g., UT) and 100% surface
examination (e.g.,, MT or PT) of the external qJurface in

cutting operation that includes

(-a) verifying the boring bar positons for drill and
cutter match those calculated prior to commencing the
equipment operation

(-b) verifying the pilot drill engagement to the
coupon

(-c) verifying the coupon cutout has been
completed

(6) methods for product venting or containment on

completion of the cutting operation

the area of the hot tap and for 75 mm to 100 mm (3
in. to 4 in.) on each side of the hot tap to ensure that
there are no detectable flaws in the area to be welded.

216-5.1.4 Covered Longitudinal Welds. Longitudinal
welds in the pipe that will be covered by full encirclement
sleeve or reinforcing pad shall be examined by radio-
graphic or ultrasonic examination prior to installing
the hot tap, unless limited by the operating conditions.
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216-5.2 Hot Tap Fitting Field Welds

(a) All welds should be examined by the UT method,
where possible, and by MT or PT methods after comple-
tion of welding.

(b) The root and the final passes of the nozzle-to-
header and nozzle-to-flange welds shall be 100% MT
or 100% PT examined, where possible, before applying
any required reinforcement.

(2) Prior to performing the pressure test, the
maximum pressure of the pressure test shall be confirmed
to be less than the maximum permissible external pres-
sure as specified in para. 216-3.13.

(b) When the cut is to be performed immediately after
the pressure test, the pressure test may be performed with
the hot tap valve and cutting equipment in place.

(c) When it is not possible or practical to perform the
cut immediately after the pressure test is performed, the

(c) The acceptance criteria shall be in accordance with . . . .. ]
. R pressure testinay be periormed witliout trie ot tdp valve
the applifable construction code. and cutting equipment in place.
ees N (1) Afollow-up leakage test shall be perfarmed prior
216-5.3 [Hot Tap Fitting Shop Fabrication Welds to the cut, which includes the hot tap valye land cytting
(a) Alllfull penetration, pressure-retaining welds made equipment in place to ensure that there’has bedn no
in shop shall be 100% RT or 100% UT examined in accor- damage to the fitting and the cutting-equipment] and
dance with the applicable construction code. to verify the flange joint assembly)
(b) All other welds shall be 100% MT or 100% PT (2) This leakage test shallde equal to or greater{than
examined. the operation pressure of the.vessel or pipe but not eceed
maximum permissible exterhal pressure on the vesgel or
216-6 PRESSURE TESTING pipe or maximum test pressure allowed by the hdt tap
valve or cutting equipment.
216-6.1 Cutting Equipment (d) Where a pressure test is determined not to be prac-
i . i tical or advisable/by subject matter experts and thp full
(a) The cuttm.g equipment should b.e sub]ectefi toa NDE specified*in paras. 216-5.1 and 216-5.2 has [been
pressure|test prior t? the hot tap cutting operation to satisfactorily completed, the appropriate subject matter
ensure that the equipment has no leaks when under experts, may waive the need for a pressure teft as
pressure, . allowed the original construction code and/of the
(b) Thjs pressure test should be performed indepen- repair/alteration post-construction code.
dently by the operator of the cutting equipment prior
to the st3rt of the hot tap operation. 216-6.4 Pressure Test Medium
(c) The¢ pressure test to be performed on the cutting
equipment shall be equal to or greater than the spegified (a) For operating temperatures of the vessel or pipe in
test presqure for the hot tap fitting, but notgreaterthanthe ~ the range 0°C to 90°C (32°F to 200°F), water should be
maximunj test pressure allowed by the cutting équipment ~ used to perform a hydrostatic test.
design. (b) At temperatures outside this range, an alternative
fluid such as a light oil, antifreeze, or silicone may be|used
216-6.2 [Hot Tap Valve to perform a hydrostatic test. Some possible alterrfative
; hydrostatic test fluids are as follows:
(a) Th e hot tap valve shoulq be sub]ec'ted to a pressure (1) Foroperating temperatures in the range —4¢°C to
test priof to the hot tap cutting.operation. 0°C (-40°F to 32°F), a 70% ethylene glycol and water|solu-
(1) This pressure test should be performed indepen- tion should be used.
denFly bylthe valve mapufacturer, orthe owner/user of the (2) For operating temperatures in the range 90°C to
equipment, or the gqu1pment operator prior to the start of 115°C (200°F to 240°F), steam or industrial grade pthy-
the hot t'1p operation: lene glycol may be used.
(2) The pressure test to be perfor'lr'led on the valve (3) For operating temperatures in the range 90°C to
shall be equal to'or.greaterthan the specified test pressure 290°C (200°F to 550°F), an appropriate grade of tufbine
for the hqt tap fitting, but not greater than the maximum oil may be used, or an appropriate grade of silicone]fluid

test pressure allowed by tne valve design.

216-6.3 Hot Tap Fitting — General Considerations

(a) Thehottap fitting should be subjected to atest pres-
sure above the design pressure after welding but prior to
cutting the hole in the header, or the vessel wall, or the
tank wall.

(1) This pressure test may be a hydrostatic test or a
pneumatic test.
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may be used.

(c) For operating temperatures of the vessel or pipe
over 290°C (550°F), pneumatic test with nitrogen gas
may be used.

(d) Consideration should be given to compatibility of
the test medium with the component materials. For
example, the chloride content of test water generally
should not exceed 50 ppm when working with stainless
steel.
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216-6.5 Hydrostatic Testing of Hot Tap Fittings
216-6.5.1 Test Pressure

(a) The hydrostatic test pressure should be performed
atatest pressure that is at least the test pressure required
by the original construction code or the applicable post-
construction code, but not greater than the lesser of
following:

(1) The lesser of 1.5 times the design pressure of the

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

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

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

line, prvessel, or tank; and 1-5 tmes te f1ange pressure— APLStandard 600, Steel Gate Valves—Flangedand Butt-
temperature rating listed in ASME B16.5 at the test Welded Ends, Bolted Bonnets .
temperature for hot tap fittings installed on a system AP RP 941, Steels for Hydrog.en Service at El.evat.ed
which includes B16.5 flanges. Temperatures and Pressures in Petroleum Refineries
2) The maximum permissible external pressure on and Petrochemical Plant.s ,
the vlessel or pipe (see para. 216-3.12) inside the hottap ~ AP! RP 2099' Safe Welding, Cutting, "fmd Hot W.ork
fittinfs at the test temperature. Practices in Petroleum and-Petrochemical Ir{dustries
(b] The test medium shall be selected such that local Publisher: Americar.l Petroleum Institute (API . 1220 L
boiling of the test medium does not occur when subjected Street, NW, Washington,-DC 20005 (www.api.org)
to opf:ratlng temperature of the vessel or pipe [see para. MSS SP-97-2006, Integrally Reinforced Branfh Outlet
216-p.4(a)l. Fittings-Socket*Welding, Threaded, and Butf{ Welding
. cees Ends
216:6.6 Pneumatic Test of Hot Tap Fittings Publisher:¢Publisher: Manufacturers Standardization
(a] Pneumatic test should not be used because of the Society.0f the Valve and Fittings Industry, Ipc. (MSS),
incrgased risk of stored energy. 127\Park Street, NE, Vienna, VA| 22180
(b] It is sometimes necessary to consider a pneumatic (wwrw.msshq.org)
test if it is not practical to perform a hydrostatic test (e.g.,
for t¢st temperatures above the boiling point of water or
othet liqui d‘;) 4 v 8P W 216-7.2 Related Codes and Standards
(c] A pneumatic test with air or other gases (e.gy The following is a list of publications referended in this
nitrogen) should only be performed when agreed o by Article. Unless otherwise specified, the latest ed]tion shall
the dwner. apply.
(d] The pneumatic test pressure shall not.exceed 1.1 . .
times the pressure rating of the hot tap fittingat the oper- ASME Boiler ?nd Pressulje Vessel Code, Section V,
ating temperature of the vessel or the. pipe. Nondestructive Examination
(e] See Article 501 for extenSive guidance on ~ ASME ASME B31.1, Process Piping
perfdrming pneumatic test. ASME ASME B31.3, Power Piping
ASME ASME B31.4, Pipeline Transportation Systems for
21647 REFERENCES Liquid Hydrocarbons and Other Liquids
ASME ASME B31.8, Gas Transmission and Didtribution
216-7.1 Referenced-Codes and Standards Piping Systems
R Y. o o Publisher: The American Society of Mechanical Engineers
The following isa 11§t of pul?l?catlons referen(?e.d in this (ASME), Two Park Avenue, New York, NY 10016-5990
Artllc e. Unless atherwise specified, the latest edition shall (www.asme.org)
apply.
ANSI Z49.1, Safety in Welding, Cutting anjd Allied
ASME Boiler and Pressure Vessel Code, Section VIII, Processes
Diwsion 1Rules: for Construction of Pressure Vessels Dol 1 A . ANt [T DR DHE SR Y
4 T OoIsner—Amerrcanivatioiar stancarasstrcuate (ANSI),

ASME Boiler and Pressure Vessel Code, Section [X, Brazing,
and Fusing Procedures; Welders; Brazers; and Welding,
Brazing, and Fusing Operations

ASME B16.5, Pipe Flanges and Flanged Fittings

Publisher: The American Society of Mechanical Engineers
(ASME), Two Park Avenue, New York, NY 10016-5990
(www.asme.org)

ANSI/NB-23 National Board Inspection Code, Part 3,
Repairs and Alterations.
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25 West 43rd Street, New York, NY 10036
(www.ansi.org)

API RP 577, Recommended Practice, Welding Inspection
and Metallurgy

API RP 582, Recommended Practice, Welding Guidelines
for the Chemical, Oil, and Gas Industries

API Standard 620, Design and Construction of Large,
Welded, Low-Pressure Storage Tanks

API Standard 650, Welded Steel Tanks for Oil Storage
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API Standard 653, Tank Inspection, Repair, Alteration, and
Reconstruction

API RP 2201, Safe Hot Tapping Practice 2201

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

NFPA 51B, Standard for Fire Prevention During Welding,
Cutting, and Other Hot Work

Publisher: National Fire Protection Association (NFPA), 1
Batte ymnrr‘h Park, Qnihr‘y[ MA 02169-7471

216-7.3 Related Technical Publications

[1] Piping and Pipeline Assessment Guide, A. Keith Escoe,
Section 7, Hot Tapping.

[2] Relaxation of In-Service Welding Procedure Flow
Restrictions, by M. A. Boring and Joe Sobilo,
Proceedings of IPC2008, 7th International Pipeline
Conference, September 29 - October 3, 2008,
Calgary, Alberta, Canada.

[3] Roark’s Formulas for Stress and Strain, Eighth Ed., W. C.

(www.hfpa.org)

Young, R. D. Budinas, and A. M. sadegh.
[4] Steels for Elevated Temperature Service, United.§
Steel, 1974 Edition.
[5] Welding Metallurgy, Second Edition, Sind6 Kou,

tates
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NONMANDATORY APPENDIX 216-A
GLOSSARY OF ACRONYMS

216JA-1 GLOSSARY OF ACRONYMS

216-
API
ASM
MSS

NB
NFP

A-1.1 Organizations

American Petroleum Institute
E The American Society of Mechanical Engineers

Manufacturers Standardization Society of the
Valve and Fittings Industry

National Board

A National Fire Protection Association

216-A-1.2 Terms

BPVC
IPC
MT
NPS
NPT
PT
PWHT
RP
Swarf
uT

Boiler and Pressure Vessel Code
International Pipeline Conféience
Magnetic particle testing
Nominal pipe size

National pipe threads

Liquid penetranttesting
Postweld(heat treatment

(API) recommended practice
Cutout produced during the cutting oper

Ultrasonic testing

tion
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PART 3
MECHANICAL REPAIRS

Article 301

301-1 DESCRIPTION

This Afticle applies to the replacement of pressure
equipment or piping components (such as vessels,
valves, inptruments, fittings, flange gaskets, etc.) or subas-
semblies [(such as pipe spools, vessel heads, shells, etc.).
The repldcement may be a replacement in kind (replace-
ment by|identical components) or a modification (a
change i1} materials, design, or fabrication).

301-2 L|MITATIONS

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

301-3 DrSIGN
301-3.1

If the rpplacement is due to deterioration, the cause of
the deterjoration and the need to make changes to miti-
gate futufe deterioration should be cohsidered.

Mitigation

301-3.2 |Engineering Evaluation

An eng|neering evaluation shall'be performed if there is
any change from the original\désign. The design engineer
shall spe¢ify the functiohal; material, and mechanical re-
quirements for the replacement component or subas-
sembly. [Functiohal requirements include process
variables| flow.characteristics, etc. Material requirements
include choic¢e“of materials compatible with the process
and with|the existing system, choice of material specifi-

Replacement of Pressure Components

301-3.4 Modifications

It may be necessary to modify the design of the existing
system to accommodate the replacement. For example,
replacing a valve with(ajheavier one may require
adding additional supports or large cutouts in vessel
shells or replacementyof shells may require tempgrary
restraints or supports.

301-4 FABRICATION
301-4.1 Safety

Plahning and implementation of replacement actiyities
shall thoroughly and clearly account for proper isoltion,
lockout and tagout, drainage, venting and cleanipg of
systems or components, in accordance with recoghized
and accepted engineering practices, regulations| and
appropriate safety procedures.

301-4.2 Welding

The welding (including welding process and procedure,
materials, qualification, preweld and postweld heat freat-
ment) or mechanical joining technique of the replacement
component or subassembly shall comply with the gppli-
cable construction code or post-construction code.

301-4.3 Tie-in Joint

The tie-in joint (joint between the replacement paift and
the existing component) shall be cleaned and pade
suitable for joining. The existing component at the tie-
in should exhibit no evidence of deterioration from the

cation, material quality, etc. Mechanical requirements
include wall thickness, pressure class, layout, supports,
etc.

301-3.3 Design Code

The mechanical design of the replacement component
or subassembly shall comply with the applicable construc-
tion code or post-construction code.

original material thickness, complying with the applicable
construction code or post-construction code, unless justi-
fied by an appropriate level of fitness-for-service
evaluation.

301-4.4 Bolted Joint

For the assembly of bolted joints, standards such as
ASME PCC-1 should be followed.
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301-5 EXAMINATION
301-5.1 Criteria

New joints and joints between new and old material
shall be examined in accordance with the applicable
construction code or post-construction code, including
type, extent and location of examination, and acceptance
criteria.

301-6.2.1 If pneumatic testing is performed, the
applied pressure shall not exceed that allowed by the ap-
plicable construction code or post-construction code and
all code-specified safety precautions shall be followed.

301-6.2.2 Where nondestructive examination is used
inlieu of pressure or leak testing welded tie-in joints, volu-
metric examination, such as RT or UT, shall be performed if
configuration allows for acceptable and meaningful
results. If volumetric examination cannot be performed,

301

Thie examination of mechanical tie-in joints (such as
flanges, threaded joints, swage or compression fitting,
and fube fittings) should be specified by the owner
and may consist of the verification of proper joining
process and final assembly, or tightness checks by
torqlie wrench or gages where applicable (go/no-go
gage$, torquing of flanges bolts).

.2 Mechanical Tie-in

3016 TESTING
301-6.1 Criteria

Thie new component or subassembly shall be pressure
testeld and/or examined as required or allowed by the

applicable construction code or post-construction code.

301-6.2 Alternative

Where it is impractical to perform a hydrostatic pres:
sure |test for the welded or mechanical tie-in joints, the
orgahization performing the work may substitute’the
hydrpstatic pressure test with a test method that will
verify the leak integrity of the joint. For example; an alter-
nativie test method for hydrostatic testing may be a pneu-
matic test (see para. 301-6.2.1). When all safety
precputions cannot be met or when pressure or leak
testifg is impractical to perforni, nondestructive exami-
natign may be used (see para. 301-6.2.2).

other methods, such as PT or MT, may be perforined prior
to, during, or after welding to the extent needed to verify
the weld contains no defects. Where nondestructive exam-
ination is used, the acceptance critetia, of the dpplicable
construction code or post-constriction code sHall apply.
For mechanical tie-in joints, the requirements|of paras.
301-4.4 and 301-5.2 should be followed.

301-6.2.3 Additional.pressure testing requjrements,
procedures, and re¢commendations are des¢ribed in
Article 501.

301-6.3 Design Change Monitoring

Following a change in design, the system| shall be
observed for signs of abnormal vibration, expansion,
contraction, or other signs of malfunction durjng initial
opération.

301-7 REFERENCES

The following publication is referenced in th
the latest edition shall apply.

s Article;

ASME PCC-1, Guidelines for Pressure Bounda
Flange Joint Assembly

Publisher: The American Society of Mechanical Engineers
(ASME), Two Park Avenue, New York, NY 10016-5990
(www.asme.org)

ry Bolted
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Article 302
Freeze Plugs

302-1 DESCRIPTION
302-1.1 [Technique

A freede plug operation is a technique for isolating a
section ¢f piping by cryogenically cooling the outer
wall of the pipe and freezing the contained liquid to
form a s¢lid plug. Carbon dioxide and liquid nitrogen
are the tyvo most commonly used freeze mediums.

302-1.2 |Application

A freeZe plug can be performed on water, water solu-
tions, sludlge, some hydrocarbons, some acids, some bases,
and somg other liquids. Freeze plugs have held 170 bar
(2,500 p4fi) for actual field repairs and successfully tested
as high as|680bar (10,000 psi). The success of a freeze plug
depends pn the freeze point of the liquid, the size of the
pipe, th¢ initial temperature, proximity of flow in
connecting pipes, and the piping arrangement.

302-1.3 |Risk Assessment

It should be recognized that while performing a freeze
plug, a fajlure could occur resulting in injury to personnel
or damagg to equipment. Therefore, the end users, in their
decision process, shall assess the benefits\of the freeze
plug technique against the possibility ‘of)a plug or pipe
failure.

302-1.4 |Basis

This Afticle is based on experience with freeze plugs in
metal piges.

302-2 LIMITATIONS
302-2.1 |[Additional Requirements

dures including checking the oxygen content of the€ gtmo-
sphere with an oxygen analyzer. Oxygen monit¢ring
equipment should have a visual indicator an|d an
audible alarm.

cryogenic liquids and solids thatéshould be minimized

302-2.2.2 Burns. Frost burns ate another hazat'd of
by the use of proper proceduses,and protective clothing.

302-2.2.3 Personnel. Pensonnel shall be trained and
experienced in the freeze' method and knowledge¢able
of the hazards of handling and using cryogenic liquids.
Personnel shall alsg follow proper precautions and pfoce-
dures relatedyto’ protective clothing, ventilatign in
confined spaces, monitoring of temperatures, monitpring
of oxygen.in'the air, emergencies, and first aid.

302-2.2.4 Confined Space Below Grade. For ffeeze
plugs'performed below grade, the freeze jacket should
be'installed in a separate excavation from the work
area. Doing so minimizes the number of individuals
exposed to nitrogen gas or liquid. If this is not posfible,
additional safety precautions shall be taken which| may
include confined space procedures for all personngl.

302-2.2.5 Venting Safety. Nitrogen vents should|be to
the outside or above grade and not into the confined space.
Airmovers or fans should be used to maintain the fregh air.

302-2.2.6 Coolant Leaks. Liquid nitrogen leaks |from
the freeze equipment should be corrected or minimized
whenever possible to protect personnel and equipinent.
Confined space procedures shall be followed when 4ppli-
cable. Work areas should be barricaded and isolated| with
tarps to protect personnel and equipment Wwhen
applicable.

302-2.3 Freeze Point

Itisimportanttoknow the freeze nointtemperature of
r r r

Part 1 of this—Stamdard comtains additiomat Tequire-
ments and limitations. This Article shall be used in
conjunction with Part 1.

302-2.2 Safety Considerations

302-2.2.1 Oxygen Deficient Atmosphere. The major
hazard of working with liquid nitrogen and carbon
dioxide for performing freeze plugs is the possibility of
asphyxiation in an oxygen deficient atmosphere. This
shall be minimized by following confined space proce-

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 references.
If this information is not available, a freeze point tempera-
ture test should be performed (see section 302-6).
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302-2.4 Hydrocarbon Precautions

A freeze plug operation on hydrocarbons shall be eval-
uated with special precautions. The plug gains strength
due to an increase in viscosity as the temperature
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
read ici
low 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 eval-
uatirlg this requirement.

30242.5 Light Ends

If the fluid mixture contains light ends that vaporize
wheh the downstream section is vented, the freeze
plug|will not hold. The feasibility of a freeze plug in
this fluid can be determined by performing a freeze
poin§ temperature test.

30242.6 Impact Loading

Thie piping system should not be subjected to any signif-
icant| dynamic or external loads during the freeze opera-
tion. For example, do not use hammer wrenches or impact
wrerjches to remove studs and nuts. The bolts or studs and
nuts|should be removed one at a time and cleaned or
repldced prior to the freeze plug operation to minimize
thesgq effects.

30242.7 Flow

Thie pipe to be frozen mustbe full of liquidatthe location
ofth¢ freeze plug and a “no flow” conditien must exist. The
mostcommon cause for failure to develop a solid plug and
a sugcessful freeze is flow in the pipe. This problem is
exacg¢rbated by the fact thatt is sometimes difficult to
detefmine whether theré is a flow. However, some
freezes can be performgd on small pipes, up to DN 100
(NPS 4) in size, with-alow flow.

302-2.8 Initial\Fluid Temperature

Geperally;the’liquid being frozen should be at an initial
temperature of 50°C (120°F) or below.

302-3 DESIGN

302-3.1 Pipe Materials

302-3.1.1 Successful Applications. Freeze plugs have
been successfully performed on all commercially available
metals. This includes metals that are brittle at normal,
intermediate, and cryogenic temperatures.

302-3.1.2 Ductility. Cryogenic temperatures may be

i Tti for some
materials. Loss of notch toughness is a special concern
for carbon steel, low alloy steels, ferritic @hd mpartensitic
stainless steels, and duplex (austenitic-fetritic)| stainless
steels. Copper, aluminum, austenitic,stainless steels, and
high nickel alloys lose some~ductility at cfyogenic
temperatures but generall§) retain sufficient notch
toughness.

302-3.2 Material Property Changes

As the temperature of the metal decreases, th¢ strength
of the material increases, but its fracture tpughness
decreases./The microstructure and physical properties
of a metal are unchanged after the metal has been
exposed.to cryogenic temperatures and retjurned to
normal temperatures.

302-3.3 Pressure

The pressure that a freeze plug can hold i$ directly
proportional to the strength of the plug, the|strength
of the plug is directly proportional to the length of the
plug, and the shear strength of the plug increases as
the temperature decreases. Ice contracts atf a faster
rate than steel as the temperature decreases, therefore,
the freeze plug exerts no pressure on the inside of the
pipe as the freeze plug forms.

302-3.4 Strength

Freeze plugs formed under higher presjsure are
stronger. If practical, the freeze plug should be formed
at the highest pressure to be encountered dpiring the
operation.

302-3.5 Location

The end user should evaluate the location of permanent
and temporary pipe supports to allow for expansion and

302-2:9AdjacentFtows
If the freeze plug is located near a tee, flow in the

connecting pipe may prevent the freeze, due to eddy
currents and the Bernoulli effect.

contraction during the freeze plug operation. The engi-
neering design of drains, vents, pressure relief points,
and isolation valves shall also be considered.

302-3.6 Liquid Nitrogen Freeze Plugs

302-3.6.1 Background. Liquid nitrogen is the most
common 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
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available, easily transported, easily stored, and easily
transferred to the freeze jacket.

302-3.6.2 Line Size. The boiling point for liquid
nitrogen is -196°C (-320°F). This is far below the
temperature required to freeze water and many other
liquids. Because of its capacity for high heat transfer
rates, liquid nitrogen can be used for freeze plugs in
pipe sizes up to DN 1 200 (NPS 48).

302-3.6-3—acketDesi 1 } - dioxide is introduced into the jacket, it forms dry ice.
) ’ The dry ice sublimes at —=78°C (-109°F) and cools the

B-1, is used for the freeze. The materials of
construdtion for freeze plug jackets are stainless,
aluminum, and fiberglass. The liquid nitrogen inlet
valves should be located at both the bottom and the
top of thp jacket. The valve at the bottom can also be
used as { liquid nitrogen drain.

302-3.6.4 Jacket Length. The length of the jacket used
should bgnot more than three pipe diameters long. Longer
jackets siould notbe used, because a double plug can form
within thg jacket resulting in a trapped liquid. Should this
occur, high pressure can develop between the plugs and
rupture ¢r damage the pipe. For the same reason, two
jackets placed end-to-end should not be used.

302-3.
designed
ating gas
the jacke

302-3.
jacket, h
cryogeni

302-3.6.7 Monitoring. The progress of the freeze plug
operatidn is monitored with a temperature gage
connectefl to the thermocouples located.oh. the pipe at
each end|of the jacket. An optional probg'in the center
of the jagket may be used to indicaté the jacket/pipe
temperatjure.

302-3.6.

6.5 Jacket Pressure. Freeze plug jackets are
to operate at atmospheric pressure. The evapor-
from the liquid nitrogen is vented out the top of
[ to a safe location in the atmosphere.

6.6 Component Materials. The freeze plug
ses, piping, and valves should be suitable for
temperatures.

302-316.8 Alarms. The €lectrical signal from the
temperafure gage can alse\be used to trigger audible
and visual alarms to warh©Operators and maintenance per-
sonnel of pither a nitregen level decrease or a temperature
increase pbove set,point, or both.

302-3.6.9 Critical Applications. In some critical appli-
cations aflditional measures may be taken, including the

302-3.7.2 Safety. Carbon dioxide is often used for
freeze plugs on water lines in buildings because of the
reduced safety risk. However, proper safety precautions
shall be followed, which may include confined space
procedures.

302-3.7.3 Jacket Design. The jacket for this technique
may be made of cloth wrapped around the pipe and held in
place by drawstrings on each end. When liquid carbon

pipe.
used
nger
form
 this
blugs
, two

302-3.7.4 Jacket Length. The length of the{jacket
should be not more than three pipe diameters long. Ld
jackets should not be used, because a double’plug can
within the jacket resulting in a trapped-iquid. Shoul
occur, high pressure can develop bétweéen the freeze
and rupture or damage the pipe’ For the same reasor]
jackets placed end to end should not be used.

302-3.7.5 Monitoring? A temperature mofitor
attached to thermocoliples at each end of the jacket is
used to monitor ahd control the freeze plug.

ns of
ntain

302-3.7.6 Maintaining Plug. Additional injectio
carbon dioxide'into the jacket may be required to mai
the freeze plug.

302-4 FABRICATION

302-4.1 Procedures

Written procedures, covering the freeze plug oper:
personnel requirements, safety, and contingency
should be prepared and reviewed by appropriate pe
nel prior to the start of the job.

ition,
blans
r'son-

302-4.2 Compatibility

The freeze point of the liquid in the pipe shall be
acceptable range consistent with the freeze mediunj
equipment being used.

in an
 and

302-4.3 Coolant Supply

An adequate supply of nitrogen or carbon di
should be available for performing the job. L
freezes or long hold times may require either aj
site storage tank or additional deliveries of nitrog
carbon dioxide, or both.

xide
arge
i on-
bn or

use of flowtmomitors, differentiat pressure momitors,amd
remote TV cameras to monitor various aspects of the
freeze.

302-3.7 Carbon Dioxide Freeze Plugs

302-3.7.1 Size Limit. Carbon dioxide is used for freeze
plugs in pipe sizes up to DN 100 (NPS 4).

112

302-4.4 Insulation and Coatings

Insulation and mastic coatings shall be removed from
the pipe in the area to be frozen to allow installation of the
jacket and thermocouples. It is not necessary to remove
thin coatings such as paint.
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Figure 302-3.6.3-1 Nitrogen Freeze Plug Assembly

Note (3)

NOTE
(1) T}
(2) N
(3) Li
(4) Ti

S:

ermocouples

trogen gas vents

Huid nitrogen supply.
ermocouple (optiphal)

(5) Frjeeze jacket

(6) Li
(7) Tg

uid nitgogén ‘supply and jacket drain
mperatuke monitor

Note (1)
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302-4.5 Environment

Environmental conditions may affect the freeze plug
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.

302-4.6 Closed Systems

Special precautions shall be taken to prevent damage to

302-4.11 Leakage

If process leakage is observed after draining the down-
stream portion of the pipe, the source of leakage shall be
identified. If the leakage is from the freeze plug, continue
the freeze. If from a different source, the leak should be
evaluated and corrected or if deemed tolerable, the work
can be performed.

302-4.12 Welding

the pipiggsystenr wiren the freeze ptugoperation s
located fhear a closed end such as a weld cap, blind When welding near the freeze plug, special procedures
flange, oy closed valve. Once the freeze plug is formed, and precautions shall be followed to prevent melting and
the diffeyential expansion of the ice forming from the failure of the plug.
liquid cah cause an increase in pressure in the closed
volume and damage the pipe. 302-4.13 Duration
302-4.7|Related Equipment The freeze plug operation shall centinue until the pjiping
system is secure and the equipment owner or his rgpre-
Evaluation of equipment, such as pumps that can cause a sentative authorizes stopping:
pressure [surge, should be made in the planning stage of
the freez¢ plug operation. Whenever possible, this equip- ~ 302-4.14 Testing
ment shduld be isolated for the duration of the job. Before putting£he system back in service, the ffeeze
302-4.8| Installation plug may be used)for pressure testing new comporjents.
The freeze plug equipment shall be installed on the pipe 302-4.15 ‘Return to Service
per the grocedure. When, the work is completed, the downstream|pipe
302-4.9 Monitoring Time Frame should be backfilled, the pressure equalized, andl the
airtin the pipe removed at a high point vent.
The frdeze plug operation shall be monitored continu-
ously frdm the time liquid nitrogen or liquid carbon 302-4.16 Thawing
dioxide i$ introduced into the jacket to the completion The recommended method for removing the freezd plug
of all work. is to allow it to thaw naturally. This will minimize the¢ risk
302-4.1Q Plug Verification of it moving downstream and damaging the piping syftem.
It is generally not recommended to apply heat to the pipe
Three |ndicators shall be verified to,ensure adequate to speed thawing of the plug.
strength [of the freeze plug before opening the system
and perf¢rming work. 302-5 EXAMINATION
(a) Thpprimaryindicatoris thetemperature readingat
each end fof the jacket, which§hall be at or below the pre-  302-5.1 Visual Inspection
established set point temperature. L . .
(b) Affll circli frost ring should develop on each end of . The pipe in the freeze plug location should be.v1sually
the jacke}. inspected for defects, gouges, ext.ernal corrosion 'and
(c) A test of thé Treeze plug shall be conducted at or other factors that could affect the integrity of the pipe.
above th¢ highest-pressure that will be encountered.. 302-5.2 Nondestructive Examination
The tegt of the freeze plug can be performed by cracking
aflange, dpening a valve, or hot tappingahole in the pipe to The pipe should be nondestructively inspected to deter-

release the pressure on the downstream side, thus
utilizing the pressure on the upstream side of the plug
for the test. In order to ensure the integrity of the
freeze plug before the pipe is fully opened and work
begins, the test shall be maintained for the time period
prescribed in the procedures. Hydrocarbon products
should be pressure tested for a longer period of time
to ensure that a freeze plug of adequate strength has
formed.
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mine the wall thickness and condition. Welds in or near the
freeze plug area should be inspected using radiographic or
ultrasonic techniques.

302-5.3 Evaluation

Based on these data, an evaluation and determination
should be made as to the suitability of a freeze in that
location. However, the condition of the pipe is not an
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absolute indicator that the pipe will or will not fail during a
freeze plug operation.

302-6 TESTING
302-6.1 Unknown Fluid Properties

A freeze point temperature test should be performed on
fluids of questionable or unknown freeze point or freeze

filled with a sample of the fluid and pressurized to 1%
times the operating pressure. After a freeze plug is
formed, the flange may be removed for inspecting and
evaluating the strength of the plug.

302-6.3 Temperature Monitor Calibration

The temperature monitor should be periodically cali-
brated. Additionally, it should be routinely checked by
comparison to ambient, ice water, or other reference

brated. It

range_to verify the suitability of the product for a freeze
plug [operation. This is particularly important for hydro- temperature before every job.
carbgn mixtures with varying viscosity or light ends that . . .
can Yaporize when the downstream side of the plug is ~ 302-6.4 Oxygen Monitor Calibration
depressured. Volatile components in th'e liquid may The oxygen monitor should be peribdically cal
prevent a successful freeze plug, and their effect must should be checked by comparison(to atmospherjic oxygen
be eyaluated. content before every job.
30246.2 Freeze Point Test
Thie freeze point temperature test can be performed
with|a small freeze jacket and associated equipment.

The jacket can be mounted on a short flanged spool

115
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Article 303
Damaged Threads in Tapped Holes

- that many of the requirements herein may not be applicaple or
303-1 DESCRIPTION
sufficient to cover those cases.
303-1.1 [Introduction
The depign requirements of equipment such as vessels, 303-2 LIMITATIONS
machineiy, valves, instruments, etc., where close coupling .. .
is requirgd because of operational, economic, or space 303-2.1 Additional Requirements
consider Fions, often dictate the use Qf tapped holes; Part 1 of this Standard confains additional require-
usually with a stud, but sometimes with a cap screw.  ments and limitations. This' Article shall be us¢d in
When a fstud is used, the stud is engaged within a  ¢opjunction with Part 1}
drilled afd tapped hole at one end and secured with a
nut at the other end. The threads in the tapped hole =~ 303-2.2 Retapping-Existing Holes
often have a tighter fit with the stud than do the . o )
threads in the nut. The tighter fit usually is specified Unless visualexamination of the threads in the stud hole
and the dtud is ustially bottomed in the tapped hole to’ indicates substantial damage to the threads, it is spme-
facilitat¢ removing the nut from the stud without times advar?tageous to attempt to retap the hol.es ising
removing the stud from the tapped hole. Threads in the sagae size tap, a process known as “chasing’ the
tapped ;oles often are damaged when studs are threads. Sometimes the only problem is that corrgsion
removed|after a period of service products and/or residue from the process pluggefl the
' threads.
303-1.2 |[Methods of Repair — Alternatives . .
P 303-2.3 Design Adequacy of Enlarging Stud Holes
This Afgticle is intended to cover the repair of damaged Enl £ existi d holes shall be
threads ih tapped blind holes in studded connectiens by n argemen.t 0 e.xwtmg stu ) oles S all not be c.)ne
one of the following methods: until an engineering analysis confirms the dgsign
(a) drilling and tapping the existing stud holes to a adequacy of the proposed assembly (see section 3(3-3).
la-rger sige, and replf'icmg the existifng'size fastener 303-2.4 Repair of Cracks
with one|sized accordingly
(b) drilling and tapping the existing stud holes to a If an examination of the stud holes reveals cracks gt the
larger sife, for the purpose 6f jinstalling helical-coil face of the hole opening (see section 303-5), those ctacks
threaded|inserts shall be repaired prior to enlargement of existing|stud
(c) filling the existing Stud holes with weld metal, holes, if the enlarged hole size is not sufficient to
redrilling and retapping‘the holes remove the cracks.
303-1.3 |RepairMethods Not Covered 303-2.5 Welding and Material Consideration$
Other fnethods that may be considered for repair of If repairs involve welding, with or without postweld
damaged thréads, but are not covered in this Article, heat treatment, the potential exists for warpage df the
include the Tollowing: assembly and possible leakage. For some materials

(a) retapping the existing stud holes with the same 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
specifically exclude applications such as holes that extend com-
pletely through the pressure component, the user is cautioned
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(such aslow alloy steels), subsequent postweld heat treat-
ment operations may adversely affect the material tough-
ness. Also, consideration shall be given to the potential for
cracking of materials that may have experienced temper
embrittlement. In these situations, either a welding or
materials specialist, or both, should be consulted prior
to commencing repairs.
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303-2.6 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 manufac-
turer’s recommendations, particularly with respect to
service conditions (internal, external), materials, and
loadings. ASME B18.29.1 provides additional information.

tion of increased bolt preload due to the larger fasteners
on flange stresses due to bolt up.

303-3.3.3 Tapered Studs. In some applications, it may
be possible to replace the existing studs with a custom
“tapered” stud (see Figure 303-3.3.3-1 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,

303-3_DESIGN avoids the need to drill larger holes in the mating
flange/cover, and permits the possible reuseof the nuts.
303-3.1 Applicable Codes L .
303-3.4 Hole Enlargement Implications op Design
Upgon completion of the repair, the design of the bolted
assembly shall be in accordance with the original When the existing tapped hole.is @rilled tq a larger
consfruction code or applicable post-construction code. diameter, material is removed from the component
containing the hole. The desigmnshall consider the implica-
30343.2 Thread Modification tions associated with this repair method to ensutfe that the
) i remaining material provides sufficient strength|to satisfy
A standard taper tap will produce incomplete tapped the intended design conditions. Mandatory Appendix 303-
thregds near th,e bottom. of the tapped hole; even .the II offers an example\of a check made to a studded outlet
use ¢f a bottoming tap will not ensure a complete final connection in a pressure vessel.
thredd. As a consequence, bottoming a fully threaded
stud|into a tapped hole that has incomplete threads 303-3.5 Design of Helical Coil Thread Inserts
near|the bottom damages the full threads on the end
of the stud. This almost ensures that the full threads in Heligal-coil threaded inserts shall satisfy the dlesign re-
the fapped hole will be damaged as the stud with quirements of the original construction code or gpplicable
dampged threads is backed out. A practice that has post-construction code for the specified loadiing to be
been| used successfully to prevent this from occurring , @pplied to the threaded connection. In general, the
is tolremove some of the threads from the studs and design is based on balancing the tensile strength of the
to inkrease the depth of the tapped holes accordingly. stud material against the shear strength of the cqmponent
A skptch with suggested dimensions is providéd in base material. For materials not listed in the¢ original
Mandlatory Appendix 303-1. construction code or applicable post-construction code,
primary stresses should not exceed the lessef of % of
30343.3 Enlargement of Existing Holes the minimum specified yield strength or A4 < of the
. . ) . minimum specified tensile strength of the applicable
Thie design considerations specified in paras. 303-3.3.1 material.
throfigh 303-3.3.3 are applicable fo\repair of damaged
thredds by enlarging the tapped hole diameter. 303-4 FABRICATION
30B-3.3.1 Check of Thread Engagement. Before enlar-
ging|the tapped hole diameéter, the length of thread  303-4.1 Hole Depth of Penetration
en.gagement shall beggstecked to. ensure compllal.lce Drilled holes to be tapped shall not exceed the fnaximum
with) the requirements of Fhe orlglnlal. C.OIlStI‘uCthIl depth of penetration through the thickness of thq pressure
codel [e.g., ASME BPVC_’ Section V_H,I’ _DWISIOH 1, UG-43 component, as defined by the original construdtion code
(8); ASME BPVC, Section VIII, Division 2, AD-740; or ., " AqME BPVC, Section VIII, Division 1, UGH43(d) or
ASME BPVC, Section VIII, Division 3, KD-615(b)] or appli- xqME Bpy(C, Section VIII, Division 2, AD-630], of applica-
cablq post=construction code. ble post-construction code.
NOTH-1fthe parts under consideration are not gaverned by the

rules of the ASME Code, another applicable construction code or
post-construction code, the design may refer to ASME B1.1
(Nonmandatory Appendix B, Thread Strength Design Formulas).

303-3.3.2 Check of Flange Stresses. If the fastener
diameter is increased, the flange stresses (including
the untapped mating flange/cover) shall be rechecked
to see if they remain within acceptable levels, given
the potential for increased loads generated by the
larger fastener diameter. This should include considera-
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303-4.2 Hole Preparation Before Welding

If the damaged threads are repaired by filling the
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.
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Figure 303-3.3.3-1 Example of Tapered Stud

457 mm (18 in.)

31/, in. 8 UNC Class 3 Fit

/31.5 mm (1/46 in.) radius
4

3in. 8 UNC Class 2 Fit (Standard)

75 mm (3in.) | |

\ ‘

143 mm (55/g in.)

NOTE: (1)|For other sizes, as needed to attain a 3:1 taper.

303-4.3

Weldin
where ug
original ¢
code.

Welding Procedures and Qualifications

g procedures, welders, or welding operators,
ed, shall be qualified in accordance with the
bnstruction code or applicable post-construction

303-4.4
Any sp

Welding and Material Considerations

pcial welding requirements, including preheat or
postweld|heat treatment, shall be in accordance with the
original cpnstruction code or applicable post-construction
code. Bedause of the potential for warpage of the compo-
nent, a welding/materials specialist should be consulted
regarding procedures/processes, preheat, and postweld
heat treafment.

303-4.5

If the g@sket contact surface has been warped as a result
of weld rfepairs or heat treatment, it may require refin-
ishing (s¢e Article 305).

Flange Refinishing

303-4.6 | Installation of Hélical Coil Thread Inserts

When helical-coil threaded inserts are used, they shall
be installed in accotdance with the manufacturer’s
instructidqns.

303-4.7 |Thread Galling and Lubrication

Special attention should be given to prevent thread

| 10 mm (3/g in.) [Note (1)]

165 mm (67/, in.)

303-5.2 Need for Additional NDE

Where material deterioration or damage is suspd
additional nondestructive examination sha
considered.

cted,
I be

303-5.3 Examination Procedures

Examination procedures shall be in accordance with the
originalconstruction code or applicable post-construiction
code:

303-6 TESTING

Testing requirements associated with modificatipn of
the flange assembly shall be in accordance with the ap-
plicable post-construction code.

303-7 REFERENCES

The following is a list of publications referenced i this
Article.

ASME B1.1-2003, Unified Inch Screw Threads (UN and
UNR Thread Form)

ASME B18.29.1-1993, Helical Coil Screw Thread Inse
Free Running and Screw Locking (Inch Ser
including Errata issued August 1995

ASME Boiler and Pressure Vessel Code, 2007 Ed
Section VIII, Division 1 — Rules for Constructipn of

Pressure Vessels; Section VIII, Division |2 —

[ts —
ies),

tion:

galling after assembly. In addition, lubricant should be
applied to the bolt thread surface in accordance with
ASME PCC-1, section 7.

303-5 EXAMINATION

303-5.1 Visual Examination

Drilled holes shall be visually examined for workman-
ship, cleanliness, and evidence of cracking.
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Alternative Rules; Section VIII, Division 3 —
Alternative Rules for Construction of High Pressure
Vessels

ASME PCC-1-2000, Guidelines for Pressure Boundary
Bolted Flange Joint Assembly

Publisher: The American Society of Mechanical Engineers
(ASME), Two Park Avenue, New York, NY 10016-5990
(www.asme.org)

(18)
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Mandatory Appendix 303-I
Recommended Detail for Stud Threads Modification to Prevent
Damage to Threads in Tapped Holes

Seg Figures 303-I-1 through 303-I-3.
Figure 303-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 £
<
o
1/16 in. X 45 deg chamfer , ' %
A
,/’ ll /) &
|_
= I (0O RIS
D
45 é’ < ,,,""(”l//
Hoin Inside surface
Stud engag.
Dimensions
A B c D E F G H )
5% - 11 UNC-2 e e e 1% 1 Y6 36 Per Sgction
#-10UNC-2 Y, A Y, 1%, 1% % e V[']Ié' 4Dst‘(16)1'
& - 9 UNC-2 ! e % 1% 1% Wie 1
1]- 8 UNC-2 7 s Yie 2% 16 % 1%s6
1/ - 8-UN-2 1 A e 2% 1%s Y 1%
1458-UN-2 1Y% A 56 276 1% % 1%
17, -8UN2 178 8 T AT 7% i 7%
1%, - 8 UN-2 1% A 176 2%, 2% A 1%6
2 - 8 UN-2 1% A 1% 3%6 276 A 2%6

GENERAL NOTES:

(a) Thetabulated dimensions satisfy ASME BPVC, Section VIII, Division 1, UG-43(g) requirements for stud materials having an allowable 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) + %, in.

(c) All dimensions in inches.
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Figure 303-1-2 Inch Thread Series (S| Units)

Emin
Tap drill depth
> J |
Fmin Gmax
0.D. thread x 45 deg chamfer Full thread depth | Imperfect

threads

1.5 mm X 45 deg chamfer

. /
A / N

—
—
—=
——<
—
=
—=
?
Tap| drill diam

=— (OO AImAS
4 c ll
45 deg l‘”l
Inside surface
Stud engag.
Dimensions
N B c D E F G H J

% - 1] UNC-2 13 17 11 40 25 14 21 Per Section]
%, -1 UNC-2 17 19 13 44 29 16 24 VIIL, Div. 1,
. UG-43(d
% - 9 JUNC-2 19 21 16 48 30 17 25
1-8 YNC-2 22 22 17 56 37 19 30
1% - 4 UN-2 25 22 21 59 40 19 33
1Y, - § UN-2 29 22 24 62 43 19 37
1Y% - 8 UN-2 35 22 30 68 49 19 43
1%, - ¢ UN-2 41 22 37 75 56 19 49
2 -81N-2 48 22 43 81 62 19 56

GENERAL NOTES:

(a) Thetalulated dimensions satisfy ASME BRVC, Section VIII, Division 1, UG-43(g) requirements for stud materials having an allowable stress of
173 MPa and tapped materials having an_allowable stress of 138 MPa at the design temperature for the joint. For materials having other
allowaple stresses, these dimensions must be adjusted accordingly.

(b) Overal] stud length may be determined by adding the Thickness of the Mating Flange + Nut Height + Gasket Thickness + E + Thickness|of the
Spacer] (if any) + 6 mm.

(c) Dimenpions in columns B_threugh H are in millimeters.
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Figure 303-1-3 Metric Thread Series (Sl Units)

0.D. thread X 45 deg chamfer

Emin

Tap drill depth
Fmin

Gmax

Full thread depth Im

threads

perfect

A
7

N

diam.

.

Il

E—
—
—=
——<
—
>
E—=
?
Tap| drill diam

B

45 deg ¢
Inside surface
Stud engag.
Dimensions
A B c D E E G H J
M14-2 12 17 10 36 22 14 19 Per Sgction
M16-2 14 17 12 39 25 14 22 VIIL Div. 1,
UG-§3(d)

M20-2.5 17 19 13 45 29 16 26

M24-3 21 22 16 55 36 19 29

M27-3 24 22 19 58 39 19 32

M30-3 28 22 23 61 42 19 35

M33-3 31 22 26, 63 44 19 38

M36-3 33 22 28 66 47 19 41

M39-3 36 22 31 69 50 19 44

M42-3 39 22 34 72 53 19 47

M45-3 42 22 37 75 56 19 50

M48-3 45 22 40 78 59 19 53

GENERAL NOTES:
(a) Thetabulated dimensionsSatisfy ASME BPVC, Section VIII, Division 1, UG-43(g) requirements for stud materials having an allowaple stress of

(b) O

() A

3 MPa and tapped materials having an allowable stress of 138 MPa at the design temperature for the joint. For materials h

lowable stresses,{hese dimensions must be adjusted accordingly.

verall stud length may be determined by adding the Thickness of the Mating Flange + Nut Height + Gasket Thickness + E + Thic

bacer (if any)-#.6 mm.
1 dimensions in millmeters.

hving other

kness of the
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Mandatory Appendix 303-II
An Illustrative Example Showing an Engineering Analysis
Associated With Enlarging a Tapped Hole

303-11-1| EXAMPLE 1 A, = area of excess thickness in the nozzlg wall
L ) . ) available for reinforcefent, in.? [see
The following is an illustrative example showing an ASME BPVC. Sectior VIII. Division 1
engineefing analysis associated with enlarging a UG-37(a)] ’ ’ '
tappgd hple: . . A; = areaavailable for reinforcement when the
Consider[the studding outlet fitting as shown below. nozzle extends.méide the vessel wall. in.2
41in. [see ASMEZBPVC, Section VIII, Division 1,
8.3125in. UG-37(a)]
| A, = crossysectional area of the stud holg, in.
! T T i ) A4 (3 in) = cross-sectional area of a stud hole psso-
A | 8.4508 in. 7?61t§iggm ciated with a 3 in. diameter stud, in.
.75 in ot | line (T/L) A4 (31 in). = cross-sectional area of a stud hole psso-
) ) i 8.8577 in. | ciated with a 3, in. dziameter stud) in.
A, ! 24.375 in. As = te.ns-ile stress area, in.
- AS; = minimum thread shear area for extgrnal
=TT threads, in.
A == - (- _¢ bs; = base length of that portion of n¢zzle
N - Ag ) 2.21141n. defining the area Az projecting inward
9o z . 4 from inner surface of vessel, in.
(83 = 8.9375 in. e : o
e d = finished diameter of the opening, in| [see
v 42.25in, ASME BPVC, Section VIII, Division 1}, UG-
ZO 37(a)]
veflay D; max. = maximum minor diameter of int¢rnal
61.1875 in. thread’ in.
D, = basic pitch diameter, in.
VESSEL DATA: d, min. = minimum pitch diameter of- e.xte ll”nal
) . thread for class of thread specified,|in.
(1) Destgn pressure: 2160 psigat'840°F d nominal diameter of the stud, in
(2) Shell: SA-387 Gr. D w/347'SS weld overlay g, doe dist f terli ’ f hd t
(3) Stugls: 3 in. 8 UN stu@ bolt, SA-193-B16 material edge distance Irom centeriine ot stud to
(4) Forging: SA-336-F22 w/347 SS weld overlay outer edge of the forging, in.
(5) Allgwable stress-of forging @ 840°F, Sr = 14,520 psi E, = joint efficiency of the nozzle neck
(6) Allgwable stress of stud bolt @ 840°F, Sg = 21,200 psi E; = jointefficiency of the shell [see E; in ASME
BPVC, Section VIII, Division 1, UG-3[7(a)]
NOTE: While removing the existing 3 in. diameter studs, some of F = correction factor that compensates fqr the
the stud h¢les'were found to have stripped threads. The calcula- variation in internal pressure stressks on
tions that follow are intended to assess the adequacy of the different planes With‘res ect to the axis of
design if the stud holes are enlarged to 3% in. p p .
apressure vessel [see ASME BPVC, Section
i N L VIII, Division 1, UG-37(a)]
303- -1.1A omenlc ature onal ed in th H = height of fundamental triangle,
= total cross-sectional area required in the 0.866025p. in
plane under consideration, in.? e p 10 ; L
’ hs = height of that portion of nozzle defining

A, = area of excess thickness in the vessel shell
available for reinforcement, in.? [see
ASME BPVC, Section VIII, Division 1,
UG-37(a)]
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the area A3 projecting inward from

inner surface of vessel, in.
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h; = height of inside of that portion of nozzle 303-11-1.2.1 Length of Engagement, L., Using Criteria
defining area A4, projecting outward from From ASME B1.1-2003, Nonmandatory Appendix B
outer surface of vessel, in. I

h, = height of outside of that portion of nozzle ¢
defining area A, projecting outward from _ 2(ASy)
outer surface of vessel, in. 1 .

L = inside spherical radius for hemispherical 3-1416D; max. [ /2 + 0-57735(1p)(dy min. — Dy max.)
head, in.

L. = length of engagement, in. (Dy 3H \2

P = thread pitcir {7/ mumberof threads per = 3‘1415\ > 16 )
inch), in.

P = design pressure, psi where

q = degree of plane with the longitudinal axis A, = tensile stress area of thread
of the vessel, (see ASME BPVC, Section AS; = minimum thread shear’area for external
VIII, Division 1, Figure UG-37) threads

R, = Insi(_ie rgdius of the nozzle under consid- D; max. = maximum mihor diameter of|internal
eration, in. thread, in.

Sp = allowable stress of stud bolt, psi D, = basic pitch-diameter

Sp = allowable stress of forging, psi d, min. = minimum/pitch diameter of external thread

Ss = allowable stress of shell, psi for €lass of thread specified, in.

t = specified vessel wall thickness, in. [see H = 0.866025404p = 0.866025404/8|= 0.1083
S(S;Né];(B)P])VC' Section VIII, Division 1, L./~ minimum length of engagement, |in.
-37(a

t- = required thickness of the shell, in. [see aNsO]TEE: ASME B1.1 defines length of epgagement
ASME BPVC, Section VIII, Division 1,

UG-37(a)] 1/p = number of threads per inch

t.n = required thickness of a seamless nozzle
wall, in. [see ASME BPVC, Section VIII, NOTE: The factor of 2 in the numerator of the above equation for
Division 1, UG-37(a)] L. means that it is assumed that the area in shear of fthe stud is

YA, = sum of areas contributing to reinforce- twice the tensile stress area to develop the full strepgth of the

ment, A; + A, + Az, in.

303411-1.2 Evaluate Length of Engagement, L.

 ASME BPVC, Section VIII, Division 1, UG-43(g) the
mum thread engagement lengthisthe larger of d; (the
nal diameter of the stud) of

Pe
mini}
nom

maximum allowable stress value of
stud material at design temperature

0.75d, x

maximumhallowable stress value of
tapped.material at design temperature

21,200

=0.75(3.25) x = 3.564 in.
14, 500
Sirjce this-value is larger than d, (3.25 in.), the required
length of 'ehgagement, L., is 3.564 in.

Sinceactualthread dppfh (41 4 in ) exceedscalculated L,

stud. This value is slightly larger than required and
small factor of safety against stripping.

For a 3% in. 8 UN stud bolt:

provides a

Class 2 Fit Class 3 Fit Comments
D, max.  3.140 3.1297 From ASME B1.1, Table 3A
d, min. 3.1575 3.1623 From ASME B1.1, Table 3A
D, 3.1688 3.1688 From ASME B1.1, Table 13

For a Class 2 fit:

3.1688  3(0.1083) 2

16

B in.

2
Ag = 3.1416 [ } = 8.089

Substitute the value of A, (tensile stress are
value of AS; (minimum thread shear area of
threads) and solve for the thread engagement

h) for the
internal
Lc

length of engagement is adequate.

NOTE: The required length of engagement will be checked with
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.

123

2 X 8.0898
L 9

(4

3.1416 X 3.140 [1/2 +0.57735 X 8(3.1575 - 3.140)]
= 2.823 in.

For a Class 3 fit:

3.1688  3(0.1083)
16

2
A, = 3.1416 [ ] = 8.0898 in.>
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2 X 8.0898

3.1416 x 3.1297 [1/2 +0.57735 % 8(3.1623 — 3.1297)
= 2.529 in.

Since actual thread depth (4% in.) exceeds calculated L.,
length of engagement is adequate for either a Class 2 or 3

fit.
E

o\

Required reinforcement area, A

A = 0.5dt,F = 0.5 X 24.375 X 4.62 X 1.0 = 56.305 in.2

Available reinforcement
Ap=05d(t—t,) =05 X 24.375(4.625 - 4.62)

= 0.061 in.

S/

N

Check distance required from the edge of the nozzle
forging t¢ the centerline of the stud bolt

force generated by stud bolt = SpA

maximym allowed force on forging = g[(ZE)2 — d 2]SF

Assum|ng the new stud diameter 0f31/4 in., set the force
the maxifnum allowed force on the forging and solve for
the minithum edge distance, E

SpAs = %[(ZE)Z - dsz]SF

21,200 x 8.0898 = %[(2}3)2 - 3.252]14,520

E 2.523 in,

The acfual edge distance of-3.in. exceeds the required
minimunj edge distance, E.
NOTE: Enlhrgement of the eXisting 3 in. 8 UN Stud Bolt toa 3%, in.

8 UN Stud Bolt appearsito)be okay; however, nozzle opening
reinforcenpent should“be"verified.

303-11-1)3 Nozzle Reinforcement Calculation

1.

L/Z(ho + hi)(tn - trn)

1, x (1075 + 8.8577) X (83125 —1.99)
= 61.985 in.2

Ay

%]

Ay = Yybghy = 1, x 22114 x 86375 = 9.8822in

YA, = A+ Ay + Ay =.0:061 + 61.985 + 9.882]
= 71.928 in.>

Subtract stud holelarea from EA,;:
(a) For a 3 ip=stud bolt:

Ay = (dpX'stud depth) + [1/2 X ds X (ds/2 + tan 59)}

=3x 45) + (1/2 X 3 X 0.901) = 14.852 in.>
Therefore, available reinforcement

YA, — Ay = 71928 — 14.852 = 57.076 in.2 > A

(b) For a 3%, in. stud bolt:

A4 = (dg X stud depth) + [1/2 X dg X (ds/2 + tan 59

~
[S—]

=

= (325 X 4.5) + (1/2 X 325 X 0.976) = 16211 in.

Therefore, available reinforcement

YA, — Ay =71928 — 16211 = 55.72 in? <A
NOTE: If we consider on a given plane through the nozzle c¢nter-
line that only one stud hole is enlarged to 3%, in. while ain-

taining the opposite hole diameter at 3 in. we may be aple to
calculate the required reinforcement, 4, as follows:

A =2 X 56305 = 112.61 in.>

Minim 11T th;\,}\u\,ao Uf hblll;o}lh\:l;\,a} h\,au tr-
L 2160 X 61.1875

2SE,—02P (2% 14,520 X 1.0) — (0.2 X 2160)
= 4.62 in.

tr

Minimum thickness of nozzle neck, t,,

foo PRy 2160 X 12.1875
m SgE, —0.6P (14,520 X 1.0) — (0.6 X 2160)
= 1.99 in.

YA

2 X 71.928 — A4(31/4 in.) = A4(3 il’l.)
2 X 71.928 — 14.8 — 16.03 = 113.03 > 112.61

303-11-2 EXAMPLE 2

Example 1 in section 303-II-1 is for a centrally located
opening in a spherical shell. Example 2 has been modified
for an opening in a cylindrical shell, to illustrate the differ-
ence associated with studs that straddle the natural
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centerlines such that the required area for the nearest pair
of tapped holes would be in a plane of reduced required
reinforcement area. Only the reinforcement calculation is
repeated here, the preceding calculations involving length
of engagement and edge distance remain valid.

NOTE: Enlargement of the existing 3 in. 8 UN stud bolt to a 3% in.
8 UN Stud Bolt appears to be okay; however, nozzle opening

From ASME BPVC, Section VIII, Division 1, Figure UG-37,
for angle 6 of 11.25 deg, F = 0.98.
Required reinforcement area, A

A = 0.5dt,F = 0.5 X 24.375 X 4.62 X 0.98 = 55.181 in.2

Available reinforcement

reinforcement should be verified. A = 05d(t—t,) =05X% 24.375(4.625 - 4.62)
. . =0-06+in=
303~[:I-2.1 Nozzle Reinforcement Calculation
3p3-11-2.1.1 Minimum Thickness of Cylindrical Shell 1
L y ! Ay = /2(h0+hi)(tn_trn)
t.. Fpr the purposes of this illustrative example, the
minimum thickness of the cylindrical shell, t,, will be = 1/2 X (10.75 + 8.8577) X (83125 — 1.99)
assued to be the same as that for the spherical shell )
. = 61.98S in.
(4.67 in.).
3p3-11-2.1.2 Minimum Thickness of Nozzle Neck, t,, Ay = 1/2b3h3 = 1/2 x922114 x 8.9375 = 9.88D2 in.2
i = PR, _ 2160 X 12.1875
4= =
SpEp — 06P (14520 X 1.0) — (0.6 X 2160) YA, = A +% '+ Ay = 0.061 + 61.985 + 98822
= 199in. = 71.948 in.>
Thie nozzle in this example will be installed in the cy- Subtract stud hole area from ZA.:
lindrjcal shell such that the studs will straddle the natural (a) For a 3-in. stud bolt 8
centgrlines of the vessel. The reinforcement area will be
chec.<ed'in the'plane containing the hole closest to the = (ds % stud depth) + [1/2 x d, x (d,/2 +|tan 59)
longitudinal axis of the vessel.
= (3 x 45) + (1/2 X 3 X 0.901) = 14.852in.2
Therefore, available reinforcement
12 13 YA, — Ay = 71928 — 14.852 = 57.076 in2[> A
11.25 deg off
b Iongitl?dinal (b) For a 3%-in. stud bolt
axis 1
A4 =(d; X stud depth) + [ /2 X dg X (dg/2 + tan59)]
= (325 X 4.5) + (1/2 X 3.25 X 0.976) = 16211 in2
Therefore, available reinforcement
Thie forging contains 16 studs, thus the angle defined by YA, —A=71928 — 16211 = §5.72 in?3 A
adjadent studsi5:°360 + 16 = 22.5 deg.
Sirjce the $tud holes straddle the natural centerlines of
the viessel,the angle 0 from the longitudinal centerline to
the qdjacent stud hole is: 22.5 + 2 = 11.25 deg.
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Article 304
Flaw Excavation and Weld Repair

304-1 DESCRIPTION

Surfacg flaws see Figure 304-3.1-1, or embedded flaws
see [Figufe 304-3.1-2, illustration (a)] in base material or
welds thiat exceed the allowances of the applicable
ion code or post-construction code can be
removed by excavation [see Figure 304-3.1-1, illustration
(b); and Higure 304-3.1-2, illustration (b)]. The remaining
cavity can be filled with weld filler metal [see Figure 304-
3.1-1, illystration (c); and Figure 304-3.1-2, illustration
(c)], or left as-is, under conditions described in this
Article. Depending on the type and location of the flaw,
and the type of base metal or weld material, excavation
can be a¢complished by mechanical removal methods
(grinding, machining, lapping, honing, or flapping), or
by thermal removal methods (thermal gouging).
Descriptipns of these excavation techniques are provided
in Mandgqtory Appendix 304-I.

304-2 LJMITATIONS

304-2.1 |Additional Requirements

Part 1|of this Standard contains additionalrequire-
ments apd limitations. This Article shall be used in
conjunctipn with Part 1.

304-2.2|Grinding

304-2.2.1 Grinding wheels shall1iot be forced or over-

being grdund, leading\in’' some cases to the formation of
brittle urjtempered martensite, or tight, shallow surface
cracks. Abusive griffding and uneven and rough finish can
resultin leducedfatigue strength or premature failure due
to the intreduction of large surface residual tensile

304-2.2.2 Grinding or cutting consumables usgd on
carbon or low alloy steel materials will becofite impreg-
nated with residues of those materials and become unsui-
table for use with austenitic stainless steels. Abrasive
cutting or grinding consumables should be segregated
for use on carbon and low alloysteels from those|used
for austenitic stainless steel substrates. Surface corjtam-
ination of austenitic stainless steel with carbon oy low
alloy steel residues can fesult in surface corrosi¢n or
pitting of the austenitic stainless steel. To avoid such prob-
lems, only grinding wheels designated as austenitic §tain-
less steel grinding'wheels shall be used on these matdrials.

304-2.2.3 <WHhen grinding out stress corrosion cracks
in stainlesssteel, or in the case of steels that have suffered
from anodic stress corrosion cracking (such as amipe or
causticstress corrosion cracking), itis necessary to qialify
and eontrol the amount of heat generated to avoid making
the cracks deeper and longer as a result of excessive|heat.
Steel contaminated with caustic or amines can|also
recrack during welding repairs or thermal cufting.
Appropriate cleaning procedures shall be used prior to
excavation or repair.

304-2.2.4 Intight spaces, burring tools may be uged in
place of grinding wheels.

304-2.3 Machining

When cutting fluids are used, care shall be taken to
preventtheir contact on surfaces where they may be dletri-
mental. Furthermore, chips of the machined metal shhll be
controlled and kept from entering components where
their presence can be detrimental.

304-2.4 Honing

The honing speeds shall be adjusted as a functipn of
length-to-bore ratio of the component and its material

stresses and stress risers. These problems normally
can be avoided by using lighter grinding practices that
avoid surface oxidation, evident through discoloration.
[t may be necessary to preheat some high strength
alloy steels prior to grinding. Grinding wheels are manu-
factured to be used on specific materials (ferritic or auste-
nitic steels, masonry, etc.). Therefore, only grinding
wheels specifically designed to work on the material
being ground shall be used. Rotary files should be consid-
ered for nickel alloys.

hardness.

304-2.5 Flapping

304-2.5.1 Flapping should only be used to smooth or
polish a surface. Flapping is unsuitable for removing
defects other than superficial surface blemishes.

304-2.5.2 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
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Figure 304-3.1-1 Excavation and Weld Repair of Surface

(a)

to proceeding to the next finer grit. In this way, distortion
of the surface will be minimized and smooth surfaces can
be obtained.

304-2.6 Thermal Gouging

304-2.6.1 When thermal gouging by carbon arc or
plasma arc, the very rapid heating to molten temperatures
and subsequent quenching to ambient temperature can
resultin hardened or brittle heat-affected zones. This ther-
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(b)
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GENERAL NOTE:
A 3-td-1 taper is not required when the cavity will be filled with weld
metal

-

gure 304-3.1-2 Excavation and Weld Repair of.

Embedded Flaw
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mally affected material should be subsequently|removed
by a mechanical process, such as grinding’

304-2.6.2 For some materials it may be nedessary to
preheat the metal prior to arc gouging in order tp prevent
cracking, in particular materials-that are required to be
postweld heat treated by the-construction| code or
post-construction code.

304-2.7 Generalized-Damage

This repair teéhnique applies well to local defects.
Where damage is-eéxtensive, such as general stre¢ss corro-
sion cracking‘of stainless steel, replacement ghould be
consideréd.

304-3DESIGN
304-3.1 Excavation Without Weld Deposit

Material or weld flaws open to the surface [Figure 304-
3.1-1,illustration (a)] or embedded flaws [Figur¢ 304-3.1-
2, illustration (a)] are typically removed by a mechanical
(abrasive) method (Figure 304-3.1-3). If the rflemaining
wall thickness of the excavation, with allowance for
future corrosion, is greater than the minimum| required
wall thickness required by the applicable construction
code or post-construction code, such as the Jocal thin
area rules of API 579-1/ASME FFS-1, then the ¢xcavated
area may be blended to a 3:1 or smoother profile slope,
and left as-is for return to service.

304-3.2 Weld Deposition

When the removal of a flaw produces a remajning wall
thickness below the limit permitted by the applicable
construction code or post-construction code, ncluding
allowance for future corrosion, then the cavity shall be
repaired by deposition of weld metal [Figure|304-3.1-

N &

(c)

GENERAL NOTE:
A 3-to-1 taper is not required when the cavity will be filled with weld
metal.

T, 1lfustration (cJ and Figure 304-3.1-Z, 1llustration (c)]
or analyzed for fitness-for-service. When the depth of
material excavated necessitates a weld repair, the
cavity shall be prepared for welding. Either during or
following defect removal, the excavation shall be
shaped to provide adequate access for the welding opera-
tion in order to facilitate proper fusion, and avoid slag
entrapment, or lack of penetration. To minimize weld
shrinkage stresses, the width of the cavity should only
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Figure 304-3.1-3 Grinding of Weld Flaw

\\&avity using visual examination (VT) and liquid pen¢

be as widg as needed to ensure defect removal and to facil-

itate weldling as previously described.

304-3.3 |Mechanical Excavation QO
If the ekcavation is performed using a therma!;’e&oval

process (farbon arc or plasma arc gouging), an itional

1.5mm (}

ical remag
inspectio
to remov
carbon d

16 1n.) of material shall be removedby-a mechan-
val process such as grinding,ﬁ to the final
h and before welding begins: This is necessary
e any surface cracks, har material, scale, or

PpOSit. O
O

304-4 FABRICATION

304-4.1|Repair St
The requirem specified in paras. 304-4.1.1 through
304-4.1. erally followed to excavate a flaw.

he flaw. Char
flaw (size, depth, orientation) to the extent possible. If the
flaw is a crack, the crack tips may be rounded by drilling to
preclude crack from propagating during its excavation.

304-4.1.2 Remove the flaw by grinding, machining,
honing, or thermal gouging. In selecting and applying a
removal process, refer to the guidance in sections 304-
2 and 304-3.

128

& | T
i

$04-4.1.3 Verify defect removal by inspecting the
trant
eddy

the

testing (PT), magnetic particle testing (MT), or
current testing (ET) as appropriate. Measurg
remaining wall thickness of the excavated cavity fising
an approved thickness measurement techniqye. If
remaining is greater than the minimum required ;[hick-
ness as determined by a fitness-for-service evalugtion,
the excavation cavity need not be filled with weld
deposit, as provided in para. 304-3.1.

304-4.1.4 When required by design (section 3(
repair the cavity by welding according to a qua
welding procedure specification (WPS), using a qual
welder, as required by the applicable construction co
post-construction code.

4-3),
ified
lified
de or

304-4.1.5 Perform preheat or postweld heat freat-
ment, when required by the applicable construftion
code or post-construction code, as indicated by ow
USer specitication, or as

304-4.2 Special Fixtures

In some cases, special fixtures may be required to
accomplish precision work. In addition, it is often bene-
ficial to develop special gages to monitor the depth of
metal removal and to prevent excessive material from
being removed. Special contour templates or common
carpenter gages may be used and may be integrated
into special fixtures.


https://asmenormdoc.com/api2/?name=ASME PCC-2 2018.pdf

ASME PCC-2-2018

304-5 EXAMINATION

304-5.1 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 defect accep-
tance criteria of the applicable construction code or post-
construction code.

304-6.2 Test Method

If a leak test is performed, it may be hydrostatic, pneu-
matic, sensitive leak, or in-service as required by the ap-
plicable construction code or post-construction code.

304-6.3 Exemption

When the excavation does not fully penetrate the
component pressure boundary, leak testing may be

30415.2 Volumetric Examination

Volumetric examination (RT or UT) shall be considered
wheie there is a possibility of flaws introduced during
repajr welding, such as shrinkage cracks from deep
weld| repairs in thick sections.

304{5.3 Additional Examinations

Additional examinations shall be performed if required
for sjmilar welds by the applicable construction code or
post{construction code.

30416 TESTING
30446.1 Applicability

Generally, and unless specified otherwise in the appli-
cablg construction code or post-construction code, weld
repalrs that have fully penetrated the component wall
shou|d be subjected to either leak testing or volumetric
exanjination, or both, following the repair and any post-
weld| heat treatment to verify the integrity of thexepair.

waived:

304-7 REFERENCES

The following is a list of publicatioh$ refereng
Article. Unless otherwise specified, the latest ed

apply.

ed in this
tion shall

ANSI B7.1, Safety Requirements for the Use, |Care and
Protection of Abrasive-Wheels
ANSIB74.2, Specifications for Shapes and Sizes of Grinding
Wheels, and for Shapes, Sizes and Identification of
Mounted Wheels
ANSI B74.%3;Markings for Identifying Grinding Wheels

and Other’Bonded Abrasives

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

API 579-1/ASME FFS-1, Fitness-for-Service

Publisher: American Petroleum Institute (API|), 1220 L
Street, NW, Washington, DC 20005 (www.api.org)
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Mandatory Appendix 304-I
Metal Removal Process

304-1-1 [FLAPPING

Flapping is a metal removal process involving a rotating
tool fabrifated of abrasive papers. Flapper wheels come in
a variety pf grit sizes and should be worked from the more
coarse gifit to the finer grit.

304-1-2 [GRINDING

(a) Grinding is the process of abrading the surface of a
material for the purpose of removing portions of the mate-
rial. The process is used to remove localized cracks, pits,
deposits| hardened surfaces, etc. Equipment used for
includes pencil or small disc grinders to
remove lpcal defects, and large disc or wheel grinders
to remove larger defects. The grinding equipment can
be electfric or air-driven; with wheels of various
shapes, sjzes, and abrasive characteristics.

(b) Evpry grinding wheel has two constituents: the
abrasive [that does the cutting and the bond that holds
the abrasjive component. Variations of these components
can be sdlected to give a wide range of grinding charae-
teristics. The three American National Standards Institute
(ANSI) sthndards that provide specifications fof grinding
wheels afe as follows:

(1) ANSI B74.13, Markings for Identifying Grinding
Wheels ajnd Other Bonded Abrasives

(2) ANSIB74.2, Specifications for-Shapes and Sizes of
Grinding Wheels, and for Shapes;.Sizes and Identification
of Mounted Wheels

(3) ANSIB7.1, Safety Requirements for the Use, Care
and Protection of AbrasiveWheels

(c) Manual grinding is  generally divided into one of
three catpgories:

(1) tough grinding — relatively rapid removal of
excess we¢ld mietal or base material using coarse abrasives
(2) polishing and blending — achieving a semi-

(b) Honing tools are placed in the bore of the'co
nent and a radial load is applied such that &he'h
stones are in contact with the bore surfaces The
is then rotated in the bore, generating a’high-qy
surface.

(c) Honing stones generallysare’manufactur
aluminum oxide, silicon carbide, 'or diamond abr
grits, held together by vitzified clay, resin, or a 1
bond. The grain and grdde of abrasive to be us
based on the amount of Stock to be removed an
surface finish desiredySilicon carbide is generally
for cast iron, while aluminum oxide is generally
on steel. As with grinding discs and lapping comp
the finer the grit, the finer the surface finish.

mpo-
ning
hone
ality

bd of
Asive
hetal
ed is
l the
used
used
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304-1-4 LAPPING

(a) Lapping is a polishing technique that can be uged to
prepare surfaces requiring a very smooth finish. Lapping
is not economical for removing deep defects. A geheral
rule of thumb is that lapping methods are suitable for
shallow defects less than 0.05 mm (0.002 in.). Dgfects
located greater than this depth should be removgd by
other methods.

(b) Lapping machines are available as portab)
bench-type systems. In many cases, lapping is perfo
with special discs or plates made specifically for a given
type of application. These plates are normally very thjck to
maintain dimensional stability. After defect remova|, the
surface should be lapped to the finish and dimengions
specified by the design.

le or
rmed

304-1-5 MACHINING

(a) Machining using portable equipment can pr
for defect removal and weld preparation in a sjngle
step. Machining with mechanized cutting equipmgnt is

vide

smooth finish, using medium abrasives

(3) buffing — achieving a lustrous and reflective
finish, using fine abrasives usually in a paste or liquid
vehicle

304-1-3 HONING

(a) Honing is an abrasive process that is used to obtain
a fine finish on the inside surface of a cylindrical
component.

130

used to remove defects with precision. Machining equip-
ment used to remove defects or prepare a surface for
repair include boring bars, milling machines, magnetic
drills, flange facers (portable lathes), and pipe cutting
and beveling machines. Machining has the advantage
of cutting and forming the weld preparation with a
single piece of equipment while closely controlling dimen-
sional tolerances.
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(b) Portable boring bars have been used where circum-
ferential machining of a bore is required, such as in valve
maintenance. Other bars are available with accessories to
grind or mill unique geometries, and to drill and tap stud
holes.

(c) Portable milling machines can be used to remove
localized 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

(c) Boat sample cutters can be air powered or electric
motor driven. They are portable devices that are easily
mounted on the surface of the material to be excavated
by means of four anchoring bolts welded to the surface.
Shim spacers are used to adjust the width and depth of cut
by controlling the space between the saw mounting frame
and the surface of the plate.

(d) Once securely mounted on the anchor bolts, the
cutting process begins by making a single cut at the

restrfcted tocations: TUEE Of te matertat to be excavated. 11e curyed blade
(d) Machining generally involves the use of cutting is fed into the material until the desired depthiigachieved
fluid that perform several functions including lubrica- and the saw circumference is at right angles to|the joint.
tion, |cooling, and chip removal. The blade is then retracted, the saw rotated 180|deg and a
second cutis made. The two cuts meetattomaticplly in the

304-
(aj

sive
(carh
effec
(b}
proc
whic|
air o

I1-6 THERMAL GOUGING

In situations where defects are found to be exten-
hnd where accuracy is not critical, thermal gouging
on arc gouging or plasma arc gouging) can be used
ively.

Thermal gouging techniques are thermal removal
bsses that involve localized melting of the metal,
h is quickly swept away by the force of high velocity
[ gas jets.

304-
(a]

boat

I-7 BOAT SAMPLE CUTTING

Boat samples are metal samples in the shape of a
hull that are cut out from base metal, weldments, or
weld|heat-affected zones (Figure 304-1-7-1). The process
can be used for removal of weld defects, but is gnore
commonly used for obtaining samples of base.materials
or welds for metallurgical or mechanical testing.

(b] Boat sample cutters, sometimes refetred to as weld
probers or trepanning machines, are mechanical devices
designed to remove a portion of a-iweld or metal plate
by sdw cutting from the plate surface. The machine is
a say with a dished shape blade;“capable of excavating
and fremoving a boat-shaped specimen from a flat
surfdce in any position.

same plane and the excavationsis~complete.

(e) Boatsamples can be cuteither longitudinal or trans-
verse with respect to the weld joint. They are bopt shaped
and the cut sides have.a spherical curvature.| The size
varies in proportion tg)the thickness of the plate being
cut; however, speciniens can range from a small size of
Vs in. depth x 2% in. length x %, in. width to a large
size of 1 in."depth x 4%, in. length x 1'%, ih. width.
Larger specimens can be excavated with gpecially
designed equipment.

(f)~The excavated boat samples are large ¢
allow for various mechanical testing process
sections of the “boats” can be used for |
testing or metallographic inspection. Full-leng
mens can be machined for tensile testing, ben|
or Charpy V-notch impact testing.

(g) Once the boat sample has been removed,
can be detached from its mounted position and t!
bolts can be removed from the plate surface. The
by the removal of the excavated boat sample is ve
cive to repair welding. The tapered nature of {
ends and the sloping curvature of the cavity w|
complete and easy access for most welding pr

nough to
es. Cross
ardness
th speci-
d testing,

the cutter
he anchor
cavity left
ry condu-
he cavity
alls allow
pcesses.

131


https://asmenormdoc.com/api2/?name=ASME PCC-2 2018.pdf

ASME PCC-2-2018

Figure 304-1-7-1 Boat Sample

132
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Article 305
Flange Repair and Conversion

30541 DESCRIPTION
30541.1 Introduction

Thiis Article applies to the refinishing of flange faces to
repafr mechanical imperfections or damage from corro-
sion pr other damage in service, or to changing the flange
face [finish to enable the use of a different gasket. The
surfdce finish of a flange contact surface is essential to
the lpak tightness of the gasketed joint. When surface
finish deteriorates in service, it can become necessary
to either replace the flange or refinish the flange face.

305-1.2 Work Location

Thie repair can be performed in situ using a portable
machine tool, or the pipe section or equipment containing
the damaged flange can be removed and repaired in the
shop

30542 LIMITATIONS
30542.1 Additional Requirements

Pafrt 1 of this Standard contains additional require-
men{s and limitations. This Article shall be used in
conjunction with Part 1.

30542.2 Recurrence of Damage

Flgnge refinishing will restore the flange facing but may
not ¢liminate the causé of the initial imperfection or
damgge. Therefore,.the imperfection or damage may
recuy. Consideratienshall be given to the possible recur-
renc¢ of the origihal imperfection/damage mechanism.

30542.3 Remaining Thickness

Thie flange may not be sufficiently thick to permit metal

305-2.4 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 supsequent
dimensional distortion over.time. In such instances,
precautions such as performing a stress-relieying heat
treatment prior to finishaachining shall be c¢nsidered
to ensure final dimensional stability.

305-3 DESIGN
305-3.1 Raised Face

Under-thickness of a raised face due to refinishing shall
be aceeptable, provided the minimum finished|height of
theraised face is 0.8 mm (0.031 in.).

305-3.2 Thickness Evaluation

If flange refinishing necessitates removal of material
from other than the raised face such that the flange dimen-
sions no longer comply with the original design dimen-
sions minus the original corrosion allowange or the
requirements of an applicable specification or [standard,
the flange shall be evaluated to ensure that the removal of
material does not compromise design integrity. Design
evaluation methods of an applicable new construction
code (such as ASME BPVC, Section VIII, Diyvision 1,
Mandatory Appendix 2), or an applicable post-{construc-
tion code or standard shall be used.

305-3.3 Finish and Flatness

The gasket seating requirements in terms |of flange
surface finish and flatness shall be considered

305-3.3.1 Flatness. For example, API 660 and TEMA
permit deviations from flatness that exceed those that

removal by mactiming and stitt eet the i thick=
nessrequired for the design pressure rating. In such a case,
it will be necessary to increase the flange ring thickness by
weld metal buildup before remachining the surface. As an
alternative solution, a split ring flange may be added to the
back of the existing flange to compensate for reduced
flange ring thickness, where geometry and spacing
permits, and as qualified by the appropriate design
calculations.

are recommended for certain gasket types of materials
(e.g., flat metal). For guidance on flange face flatness toler-
ance, refer to ASME PCC-1, Nonmandatory Appendix D.

305-3.3.2 Finish. See TEMA Fig. F-4 for permissible
imperfections in flange-facing finish. The choice of
flange-facing finish shall be in accordance with the appli-
cable standard and compatible with the requirements
specified by the user or recommended by the gasket
manufacturer. For example, unless otherwise agreed to
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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 um (125 pin.) roughness.

(b) Ringjoint: notto exceed 1.6 pm (63 pin.) roughness.

(c) Other: Either a serrated concentric or serrated
spiral finish having a resulting surface finish from 3.2
pum to 6.4 pm (125 pin. to 250 pin.) average roughness
shall be
have an
radius al
2.2 grooy

approximate 1.5 mm (0.06 in.) or larger
1d there should be from 1.8 grooves/mm to
es/mm (45 grooves/in. to 55 grooves/in.).

305-4 FABRICATION

305-4.1

If eithe
both, are
machined
tion and
metal bu

Repair Without Welding

I the flange ring thickness or hub dimensions, or
sufficient, then the entire gasket surface may be
to remove the area of degradation or imperfec-
thus achieving the desired finish without weld
ldup.

305-4.2

In reps
weld me
scratch)
the base
the flang
the buil
residue,
would un
ical or ch
sonnel s
applicabl
Section I
standard
filler me
and heat
service a

Repair by Welding

iring a flange face, it may be necessary to use
al to either fill a local area (e.g., a gouge or a
or to restore thickness by a weld buildup of
metal or existing weld overlay face. Where
b is to be repaired by welding, the area where
dup is to be applied shall be free of any
basket material, corrosion deposits, etcs that
duly affect the weld. Cleaning may be by-mechan-
bmical procedures. Welding procedures-and per-
nall be qualified per the requirements of an
e new construction code (such as ASME BPVC,
X), or an applicable post-cénstruction code or
Where weld metal buildup is necessary, the
fal, welding technique, welder qualifications,
treatment (if anyJsshall be selected to meet
hd metallurgicahréquirements.

305-4.3
When

Postweld Heat Treatment

veld metal buildup is required, postweld heat
treatmept shall be performed prior to flange face
machining if’required by an applicable new construction

Tt ot o LyRe Joint to Raised Face

305-4.4 Machining

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.

305-4.5 Conversion of Flange Facing From Ring-

face
with
prt to
ntial
bd of
into
face
lard.
nmo-
ation
fthe
and

Ring-type joint flanges may be converted to raiseq
type flanges with the following considerations.along
relevant sections of this Article. The decisien to conv
raised face flanges can result from observed or potq
ring groove cracking or other reagons: One meth
conversion is performed by welding new materia
the ring groove and machining/to meet the raised
dimensions as called out in\the applicable stan
Special conversion gasketsthat can be used with an u
dified ring joint flangeanay also be used but consider]
needs to be given to the width of the gasket, location
gasket reaction-load, the effect of flange rotation|
surface finishvonvthe ability of the gasket to seal.

305-4,5:1.Considerations. Prior to converting f]
types, consideration shall be given to the impd
suchca@.change on the system design bases and sped
tions; including such negative potential consequend
sealing difficulties and gasket blowout. The impact
change with respect to system design bases and speq
tions should be considered. Gasket materials for the
gasket type should be selected with due consideratid
the service environment.

ange
ct of
ifica-
es as
f the
ifica-
new
n for

n the
rbe a
.For
lin a
steel
has a
base
bn to

305-4.5.2 Materials. The material used for filling
groove may match the base metal of the flange or may
different material suitable for the process condition
example, in some instances it may be desirable to fi
groove in a Cr-Mo flange using an austenitic stainless|
filler. If the groove is filled with a material that
different coefficient of thermal expansion than the
metal of the flange, consideration should be giv
the effects of differential thermal expansion. It is rgcog-
nized that some material may be removed from the bdttom
ofthe groove in order to prepare the surface for welding or
to remove cracks or other flaws. If material other than the
base material is used to fill in the groove, this material

or post-construction code. Postweld heat treatment is not
required if the thickness of the weld metal buildup is less
than the limits prescribed in the applicable new or post-
construction code or standard unless dimensional stabil-
ity is an issue, or postweld heat treatment is required for
process reasons.

134

Temoval can Tesult I the flange thickNess (See rlgure
305-4.5.2-1) composed of base metal being less than
that specified by the applicable standard. This is accept-
able if the depth of the weld does not exceed 10% of the
flange thickness. This 10% criterion 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.
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Figure 305-4.5.2-1 Flange Dimensions

Thickness of

Weld

Section VIII, Division 1, Mandatory Appendices 6 and
8, respectively, or other applicable construction code,
e.g., ASME BPVC, Section VIII, Division 2.

weld (para 4.3)  pepth of 305-5.3 Dimensions
_ 7_____‘._\(th‘a|d (para 4.5.2) After repair, the flange thickness and other dimensions
= A shall be verified for conformance to the required thickness
X A of the applicable standard or as established by design
i calculation.
| Flange
thickness

30p-4.5.3 Markings. Ifthe ringjoint flange thatis being
converted is marked on its edge with the letter “R” and the
corr¢sponding ring groove number (or other markings
identifying it as a ring joint), this marking shall be
remgved or defaced (such as by stamping a series of
X’s oper it).

30545 EXAMINATION

305{5.1 Gasket Surface

Thie finished surface shall be examined to comply with
the fequirements of the standard applicable tornew
flanges or as specified by the user. For example; ASME
B16.p requires that the surface finish be\judged by
visudl comparison with the Ra standards of ASME B46.1.

30515.2 Nondestructive Examination

In
the

cases where weld metal buildup is used in the repair,
rea to be repaired shall be examined prior to
perfqrming the weld buildup” using an appropriate NDE
metHod to determine.the integrity of the base metal.
Condideration shallbe given to examining each weld
pass for surface defects by either magnetic particle exam-
inatipn (MT),0or liquid penetrant examination (PT), as
apprppriateiz\For example, such examination should be
perfqrmédfor welds susceptible to cracking. The finished
macljined surface shall also be examined by MT or PT, and

305-6 TESTING

After the flange joint is reassembled’in thg field, it
should be subjected to a leak test-prior to beipg placed
in service, or an initial service-leak test. 4n initial
service leak test is one in which the joint is nmponitored
for leakage as pressure is/increased in the sygtem. The
selection of the most appropriate testing method shall
consider the hazard of'the service and any jurigdictional
requirements. For, géneral guidance on flanged joint leak
tightness testing, refer to Article 501 and ASME PCC-1,
section 13.

305-7-REFERENCES
305-7.1 Related Standards

The following is a list of publications refereng
Article. Unless otherwise specified, the latest ed

apply.

ed in this
tion shall

API 660, Shell and Tube Exchangers for Genera
Service

Publisher: American Petroleum Institute (API
Street, NW, Washington, DC 20005 (www.aj

Refinery

, 1220 L
i.org)

ASME B16.1, Cast Iron Pipe Flanges and Flanged Fittings

ASME B16.5, Pipe Flanges and Flanged Fitting$

ASME B16.24, Bronze Pipe Flanges and Flanged Fittings:
Class 150, 300, 400, 600, 900 and 1500

ASME B16.36, Orifice Flanges

ASME B16.47, Large Diameter Steel Flange
Through NPS 60

Publisher: The American Society of Mechanical Engineers
(ASME), Two Park Avenue, New York, NY 10016-5990
(www.asme.org)

5 NPS 26

Standards of Tubular FY(‘]’\;IthT‘ Manufhcturers

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 imperfec-
tion. Guidelines for nondestructive examination can be
found in ASME BPVC, Section V. The MT or PT examination
shall be conducted in accordance with ASME BPVC,
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Association

Publisher: Tubular Exchanger Manufacturers Association,
Inc. (TEMA), 25 North Broadway, Tarrytown, NY 10591
(www.tema.org)
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Article 306
Mechanical Clamp Repair

306-1 DESCRIPTION

A mechanical clamp consists of split fittings mechani-
cally joinged together to seal off or reinforce a component.

Examyles of mechanical clamps are illustrated in
Figures 306-1-1 and 306-1-2.

Mechanical clamps are commonly used to seal repair-
leaking cpmponents or reinforce damaged components.

Mechanical clamps can have a variety of shapes (e.g.,
cylindrig¢al, 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
enclose cpmponents such as flanges and valves or fittings,
branches| nozzles, or vents and drains.

306-2 LIMITATIONS
306-2.1 General

Part 1 of this Standard contains additional require-
ments and limitations. This Arti€le shall be us¢d in
conjunction with Part 1.

306-2.2 Applicability

Normally, mechanical clamps are used to contain Jeaks
at packings, and at flanged and gasketed joints, pr to
contain leaks (or{potential leaks) due to local thinning.
The clamp is notalways effective in preventing the propa-
gation of a crack in the pipe or component. Therefore] leak

Mechanical clamps are often available as catalog items clamps shall'hot be used when cracks are present, upless
or they cpn be custom-made of two half shells, a sealing (a) theconditions that lead to the crack formatiop and
gasket arfd bolts, or studs and nuts. propéagation have been eliminated so that the crack will

The anhular space between the mechanical clamp and not grow during the planned life of the repair;
the repaifed component can be left either empty or filled, (b) a fitness-for-service assessment shows that the
or lined with epoxy, sealant, fiber, refractory materials, or crack growth during the planned life is acceptable} and
other corthpounds. that the crack will not propagate across the clamp} or

A clamp can be nonstructural (designed to contain (c) the crackis circumferential and the clamp is a qtruc-
leaks) of structural (designed to reinforce and-hold  tyra] clamp, where the clamp is designed for the case ¢ffull
together p damaged component). circumferential separation of the cracked compondnt. A

separate strong-back assembly may be used to provide
structural integrity, while the clamp only provideq leak
seal. It is common for these two items to be indepenident,
Figurp 306-1-1 Example of a Mechanical Clamp though used in concert.

306-2.3 Qualifications

Installation and sealant injection, where necessary,
shall be performed by personnel qualified under cpndi-
tions representative of the field application.
306-2.4 Safety

Personnel shall be aware of hazards in installing clamps

136

on degraded components, and shall take the necessary
precautions to avoid unacceptable risks. A risk review
shall be conducted before a clamp is installed.
Personnel shall take any necessary precautions to
avoid unacceptable risks.
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Figure 306-1-2 Square Mechanical Clamp Over Drain Branch, With Sealant Injection Nozzle

E .h{ o

30642.5 Precautions

If }he component is leaking or has the potential to leak

during installation, and if the contents are hazardou
addifional precautions should be taken and those pre&a\}
tiong should be addressed during the prejob K@ard
revigw meeting (e.g., need for fresh air suit, ekg.
i

30643 DESIGN

S

in the construction or

06-1-1and 306-1-2, and
ressure, and temperature,

e stagnant condition created
e clamp. The mechanical clamp
sealipg elemen its lubricant may prevent its use
in high-temp l%re service. Generally, the material of
%f the clamp should be similar to the

consftructi
clampe onent. Clamps made of different materials
shalljbgacceptable if they are compatible with the process

30643.1 Materials

Clamp materials shall be liste
posticonstruction code, Fig
be cqmpatible with the flui
with [due consideratio
by alleak of fluid i

se@ing elements and, where used, the sealant. Some
lants lose their sealing properties as a hpt line is

$ cooled down, or the sealant can deteriorate dver 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.

306-3.3 Failure Modes

The clamp design shall consider the potential introduc-
tion of new failure modes in the clamped compgnent. For
example:

(a) External parts of the repaired comporjent, now
enclosed by the clamp, such as flange bolts, that could
significantly degrade, crack, or corrode if in contact
with the leaking fluid.

(b) Because the clamp can be at a lower tempperature
than the component, condensate from leakdge gases
should be considered for its corrosive effects.

(c) The clamp can cause the component tq run at a
different temperature, which can increase the forrosion
rate or cause dew-point corrosion.

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.

306-3.2 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, its

(d) Process fluid contact or the insulating effect of the
clamp may increase the temperature of encapsulated
bolting, causing it to yield.

(e) The developmentof operating and residual stresses
due to constrained differential expansion can cause the
clamp to leak.
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306-3.4 Temperature and Toughness

The clamp materials shall satisfy the minimum
temperature and, where applicable, minimum toughness
requirements of the applicable construction code or post-
construction code.

306-3.5 Design Conditions

Mechanical clamps, sealing surfaces, and bolting shall
be desigy i Tti Ci
sient loag
following
code or j

s imposed on the repaired pipe or component,
the design requirements of the construction
ost-construction code.

306-3.6

In case]
ments, thi
or post-c
of the me
standard
dard pipe

Qualification

s where there are no applicable design require-
e principles of the applicable construction code
nstruction code shall be followed. Components
chanical clamp that are fabricated by machining
fittings (such as cutting-out an opening in stan-
caps to make end pieces) shall be qualified by
analysis dr testing, as provided in the applicable construc-
tion code] or post-construction code, and be reinforced if
necessary.

306-3.7 |Corrosion Allowance

The de
COrrosio
the desig]

sign of the clamp shall include the applicable
h allowance, consistent with the service and
h life of the repair.

306-3.8

The de
ating con
(a) the
and tem
provide
clamp. D
and oper
ceptable
(b) th
includin
space m3
(c) thg

Design Loads

sign of the mechanical clamp for nogmal oper-
ditions shall consider the following:
coincident maximum and minimum pressures
peratures of the system, uhléss means are
I to limit the pressure inthe mechanical
psigning the clamp for.a\lower range of design
ating temperatures than the component is ac-
f justified by heat'transfer analysis.
e load imposed)by the weight of the clamp,
b the entrapped leaking fluid and annular
terial.

effects‘of expansion, including differential
expansioh orgcontraction, and the effect on the flexibility
of the pifje ‘Or-Component. On insulated lines and compo-

the degraded component at the end of the design 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
provided to prevent separation. Friction should not be
relied on to hold together damaged or separated compo-
ging to human tissues, or if the components operate
creep range, unless a risk analysis documents that th
of failure of the clamped joint is acceptable.

(b) wind, earthquake, or fluid transients(fluid han
or liquid slug), as applicable.

nmer

306-3.10 Vents and Drains

When repairing a leaking'component, the mech3
clamp assembly should,be designed with ventg
drains to permit venting the leak while assemblin
clamp, then draining‘the annulus as necessary.

(a) Vents should also be provided for mechanical
clamps installed Gnder water to avoid over-pressuiyizing
the water ttapped in the annulus as the clamp is tightgned.

(b) The'vent or drain should include a threaded ¢ap, a
flange,‘or a valve that will be opened to preclude internal
pressure buildup during assembly. This same veht or
drain may be used to vent or drain the clamp ip the
future. If leak sealant material is to be injected intp the
clamp, these vent and drain connections may be fised,
or separate injections may be provided.

nical
and
o the

306-3.11 Sound Metal

The clamp shall be sufficiently long to extend toa s
area of the repaired component. The clamped compg
shall be examined to ensure that there is sufficienf wall
thickness at the clamp contact points to carry the pregsure
and structural loads in the component, plus the additional
loads imposed by the clamp.

pund
nent

306-3.12 Sealant Pressure

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

Consideration should be given to off-gassing of seplant

nents the clamp may also be insulated to minimize difter-
ential expansion.

306-3.9 Transient Loads

Anticipated transient loads for use in the design of
structural clamps shall include, but are not limited to

(a) thrustloads, in case of full circumferential separa-
tion of the pipe or component. Design for the axial thrust
resulting from full circumferential separation may be
waived, provided the calculated remaining strength of

138

compounds as they cure.

306-3.13 Sealant Seepage

If using sealant injection, the possibility and conse-
quence of sealant seeping into the damaged component
shall be considered.
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306-3.14 Joints

Clamps 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 nozzles with the
clamp installed, with due consideration for thermal-
induced movements in operating and shutdown
conditions.

306-5 EXAMINATION

306-5.1 Applicability

The final bolting torque shall be checked where speci-
fied by design.

306-5.2 Visual Examination

The assembly shall be visually examined for confor-

onent. These substances can prevent the sealing
ces from seating properly against the pressure
component or otherwise generate a leak path under
the dealing surfaces. Clamps using sealant injection will
rally overcome these concerns.

44.2 Leak Box Installation

Cafe shall be taken so as not to damage the clamp, espe-
ciallyf the sealing surfaces. For small leaks, the clamp can
typidally 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 pf the leak and then slid and tightened over theleak.

306-

Pe
clam

4.3 Qualification

rsonnel shall be qualified for installing the repair
b and sealant injection, when sealant is applied.

30644.4 In-Service Installation

The clamp may be installed.when the system is out of
serv]ce or, with the necessary safety procedures, in
servike.

306-

If f mechanical clamp is installed over a thinned or
leaking component, consideration should be given to
wrapping_the component with fiberglass, composite, or
metalli¢ wraps such that the leak can be stopped prior

4.5 Leak Stoppage

aklatlo < H
TITAITCT™VWTTIT COTC U CSTEIT.

306-5.3 Evaluation

Results of examinations should becevaluated
the criteria of the applicable congtruction codg
construction code.

following
or post-

306-6 TESTING
306-6.1 Applicability

The designer shall determine the type of pressure or
leak test todbe conducted after installation, on the
basis of risk)— likelihood and consequence pf failure
of the.répaired component when pressurjzing the
annulusbetween the clamp and the component.

306-6.2 Test Method

The test may consist of one of the following:

(a) an in-service leak test if the consequencs
service leak out of the clamp is acceptable

(b) a hydrostatic test (when hydrostatically|
repair on a hot operating system, caution is
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)

of an in-

testing a
required

306-7 REFERENCES

The following is a list of publications refereng
Article. Unless otherwise specified, the latest ed

apply.

ed in this
tion shall

API 510, Pressure Vessel Inspection Code: Mai
Inspection, Rating, Repair and Alteration
API 570, Piping Inspection Code: Inspectior}, Repair,

Alteration, and Rerating of In-Service Piping Systems

htenance,

to installing the clamp. This will also prevent introducing
sealant into the process. This may also aid in future
sealing, if the perimeter starts leaking.

306-4.6 Welding

The mechanical clamp may be welded to the compo-
nent. In this case, the welding, examination, and
testing provisions for leak repair boxes shall be reviewed
for applicability to the repair.

139

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

ASME Boiler and Pressure Vessel Code, Section VIII —
Rules for Construction of Pressure Vessels

Publisher: The American Society of Mechanical Engineers
(ASME), Two Park Avenue, New York, NY 10016-5990
(www.asme.org)
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Article 307
Pipe Straightening or Alignment Bending

307-1 DLESCRIPTION

This A
for the st
bending
up, or rep]
achieved
cooling.

ticle addresses the requirements and cautions
raightening of bent metallic pipe and intentional
f metallic pipe to accommodate alignment, fit-
air. Straightening and alignment bending can be
by hot bending, cold bending, or by heating and

307-2 L|MITATIONS

307-2.1

Part 1
ments af
conjuncti

General

of this Standard contains additional require-
nd limitations. This Article shall be used in
pn with Part 1.

307-2.2
Ifthep

Buckling Prevention

peislined oris prone to buckling (e.g., ifits outer
diameter|divided by its wall thickness D/t is larger than
100), an ¢ngineering evaluation shall be performed prior
to attempting the straightening operation.

307-2.3 |Materials

An eng|
date that
adversely
2.3.1 and

307-2.
cause thd
as the se

neering evaluation should be conducted to vali-
the pipe and weld material pfoperties are not
affected by heating or bending. See paras. 307-
307-2.3.2.

B.1 Heating or deformation of the pipe may
loss of corrosion ‘0r“cracking resistance, such
sitization of selution-annealed austenitic stain-

their final-hea a
mechanical properties.

307-2.4 Linings and Coatings

The bending operation may damage internal linings or
external coatings.

140

307-2.5 Hazards Review

The need for a hazards review should be)censidered
prior to hot or cold bending, to address the limitations
in this Article, and other facility and System-sp¢cific
considerations.

307-3 DESIGN

307-3.1 Preventing Recurrence

An investigation into the cause of damage should be
completed and appropriate corrective action shou]d be
implementedto\prevent future damage.

307-3.2. Analysis

The straightening operation should be designed by an
experienced piping design engineer. The operation|shall
avoid placing significant loads on nozzles, equipinent,
components, or supports in excess of their design capfhcity.
This may be achieved by applying the planned movement
to a stress analysis model of the piping, obtaining reajction
forces at nozzles, equipment, components, and supports
and verifying that these remain within acceptable ljmits,
as specified by equipment, component, and support mjanu-
facturer or by the design rules of the applicable congtruc-
tion code or post-construction code. Calculated stresses in
the pipe itself and at pipe welds may be large, becauge the
bending process will plastically deform the pipe. large
stresses in the pipe itself or in the pipe weld, away
from nozzles, equipment, components, or supports| may
be acceptable, provided other conditions specifigd in
this Article are met.

307-3.3 Load and Deformation Limits

oints
ings,
1l be

Applied loads and deformations at mechanical j

expansion joints, or compression fittings sha
within the joint design and manufacturer limits.

307-3.4 Residual Chemicals

If residual process chemicals could present a safety
hazard at the bending temperature, either directly or
by degrading the piping material, the bending procedure
shall be reviewed for potential hazards, prior to starting
the work. The review shall validate that the residual
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chemicals, when heated, will neither degrade the pipe nor
cause a hazardous condition. Otherwise, the pipe shall be
thoroughly cleaned prior to hot bending.

307-4 FABRICATION
307-4.1 Methods

Straightening a pipe may be performed by pushing or
pulling the pipe backinto the desired position, either using

307-4.3.2 Cold bending refers to bending below T
The pipe may be bent cold if permitted by the applicable
construction code or post-construction code. Cold
bending may require heating below the critical tempera-
ture; heating is usually on the side that needs to be shor-
tened and is applied in a diamond pattern.

307-4.4 Heat Treatment

Poststraightening heat treatment of cold-bent or hot-

a pipp-bending machine or jacks and pulling devices; or by
locally heating the pipe and then cooling it to achieve the
desired shape, applying the precautions specified in this
Artide.

30714.2 Surface Protection

When using jacks or pulling devices, a pad should be
used| between the chain or rope and the pipe to avoid
excepsive friction, wear, local stresses, or dents and
gougps on the pipe surface. Where possible, local straining
of th¢ pipe should be avoided by distributing the straigh-

tening or alignment force over a wide area.

307-4.3 Hot or Cold Bending

Pipe may be straightened by hot or cold bending,
provjded all the cautions and conditions of this Article
are rpet.

30F-4.3.1 The hotbending refers to bending of ferritic
steelp at a temperature above the lower critical tempera-
ture pf the material T, The lower critical temperature is
the lgwest temperature at which the crystal structure first
begins to undergo an allotropic transformation from a
bodyl-centered cubic (BCC) atomic structure to a face-
centgred cubic (FCC) atomic structuref:The approximate
lowef critical temperature for carbon steel pipe is 705°C
(1,340°F).

Creep-enhanced low alloy ferritic steels such as those
included in P-No. 5B, Group 2 of ASME BPVC, Section IX,
should not be hot bentyThese materials are sensitive to
heating above their lower transformation temperature,
whidh is a functioh of their chemical composition.
Heat|ng these materials above their lower transformation
templerature €guld resultin the loss of their high-tempera-

bendmg, the heatlng process shall be selected (e g.,
using heating pads rather than a cutting torch) and
controlled (e.g., using temperature-indicating markers
or thermocouples) to prevent unintended metallurgical
transformation or stress damage. A documented
heating and temperature control procedure shall be
followed.

141

bent pipe shall be performed where required By the ap-
plicable construction code or post-constructioh code or

material specification for the bendingof’new pipe, or
when required for corrosion resistafice.
307-5 EXAMINATION
307-5.1 Applicability

After straighteningtep bending the pipe, the |examina-
tions specified in paras. 307-5.1.1 through 307-%.1.4 shall
be considered.

307-5.1.Y \Ultrasonic thickness examination| to verify

that the‘wall thickness is at or above the hinimum
required by the applicable construction coddq or post-
construction code plus corrosion allowance. This exam-
indtion should be performed at the outside radius
tpoints placed in tension by bending) at points of
maximum bending.

307-5.1.2 Visual examination to verify that the straigh-
tened pipe is free of wrinkles, creases, dentq, gouges,
peaks, and other signs of damage. If damage|is noted,
the damage may be assessed using the critetia of PFI
ES-24, and the applicable construction code| or post-
construction code.

Where surface finish is specified in the design, it shall be
verified after the straightening or bending opdration.

The visual examination shall also address theq integrity
of lining and coating.

307-5.1.3 Dimensional examination fo
(largest relative difference of diameters af a cross
section of the pipe) to verify that it is not mjore than
that permitted by the applicable constructiom code or
post-construction code.

r ovality

r (or local
; a bating has
not unduly altered the materlal propertles isin order. The
hardness shall be limited to values specified in the appli-
cable construction code or post-construction code, or as
specified by the design or by the materials and corrosion
engineer.

307-5.1.4 Hardness testing after hot bendin

(18)


https://asmenormdoc.com/api2/?name=ASME PCC-2 2018.pdf

ASME PCC-2-2018

307-5.2 Weld Examination

If the straightened pipe contains welds (longitudinal or
girth welds) these welds shall be examined for code reject-
able indications by either magnetic particle or liquid pene-
trant method, as appropriate, and evaluated in accordance
with the applicable construction code or post-construc-
tion code.

307-6 TESTING

307-6.3 Alternative

In the absence of pressure testing, an initial service leak
test should be considered, consisting of visual examina-
tion for leaks in liquid or steam service, or bubble testing
for gas service.

307-7 REFERENCE

The following publication is referenced in this Article.

307-6.1

The straightened pipe shall be pressure tested, if
required [by the applicable post-construction code.

Applicability

307-6.2

Consid
of a leak
testing in

Special Consideration

eration should also be given to whether the risk
or rupture on startup justifies pressure or leak
the absence of code requirements.

PFIES-24, Pipe Bending Methods, Tolerances, Process and
Material Requirements

Publisher: Pipe Fabrication Institute (PFI),,51% Aven
the Americas, New York, NY 10011
(www.pfi-institute.org)

ue of
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Article 308
Damaged Anchors in Concrete
(Postinstalled Mechanical Anchors)

308-

308-
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to sg
turn
plate
Anch
anchi
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anch|

308-

Thi
cast
cast
Thes
stocK
rod i

1 DESCRIPTION
1.1 Anchor Uses

chors are needed for most base plates. They are used
fely anchor base plates to prevent column over-
ng and they are also necessary when the base

is subject to large design moments or uplift.
ors are primarily tension devices. To prevent the
or from pulling out of the concrete, should the

stresses be exceeded, hooks, plates, or other
bs are added to the embedded portion of the anchor.

1.2 Intent

is Article is generally written with regards to
ring column base mechanical anchors. Therefore,
mphasis of this Article is on postinstalled mechanical
ors as described in para. 308-1.6. However, it\is
ded to apply to repairing pressure vessel support
brs, such as support skirts and saddle supports.

1.3 Types of Mechanical Anchors

ere are two general types of mechanical anchors:
in-place and drilled-in. Three)different types of
in-place anchors are shown)in Figure 308-1.3-1.
e are generally made (from either bolts or bar
, referred to as a rod\The commonly used hooked
s made from a round shape and shown in Figure

Figure 308-1.3-1 Anchors

308-1.3-1, illustration (a). The tensile load is

resisted

through a bond developed along the length and by the

hook. Smooth rods do not always form reliah
due to oil or other contaminants’ that may ex
rod. Those with hooks may fail by straighte

le bonds
st on the
ning and

pulling out of the concrété<A more positive anchorage

is often preferred.

308-1.4 Illustrations

A more positive anchorage is formed when bo
with thredds-and a nut are used, as shown in Fi
1.3-1, illustrations (b) and (c). Bearing on the he
thencdevelops the anchorage. It is only nec
proyide for adequate embedment depth {
distance. Since headed bolts are not often av
lengths and diameters required for base pl
designer should generally specify the rod with
ends and provision of a nut for anchorage, as
Figure 308-1.3-1, illustration (c). The lower n
be fixed to the rod (e.g., tack-welded; too m
during the welding process may adversely 4§
strength of the rod) so that the rod does not
when the top nut is tightened. The tack weld
placed at the rod overhang face of the nut; thi
is accepted by the ASME Boiler and Pressure V¢
for nonstructural tack welds used as a locking dd
though welding is not otherwise permitted for
rials, such as A-193-B7.

308-1.5 Anchor Failure

The two most common causes of anchor f3
corrosion and lack of proper preload. Ancho
[see Figure 308-1.5-1, illustration (a)] ocq

ts or rods
bure 308-
ad or nut
pssary to
nd edge
hilable in
ates, the
threaded
shown in
it should
uch heat
ffect the
turn out

shall be
b practice
ssel Code
vice even
'od mate-

ilure are
r failures
ur when

either the bolt fails mechanically (i.e., steg

| failure,
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(a) Hooked Bar

B,

(c) Threaded Bar
With Nut

J
(b) Bolt

pull-through, or pullout) or when concrete surrounding

the anchor fails (i.e., concrete breakout or

concrete

splits) due to the tensile and/or shear loading of the

anchor [see Figure 308-1.5-1, illustrations (b)

and (c)].

308-1.6 Postinstalled Mechanical Anchor

This Article’s emphasis is on postinstalled m
anchors of M6 (0.25 in.) diameter or larger, pl

echanical
aced into

predrilled holes and anchored within the concrete by
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Figure 308-1.5-1 Anchor and Concrete Failure
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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 equip-
ment supports. However, many different postinstalled
adhesive anchors that are anchored by chemical means
(e.g., epoxy) are available for use in concrete. These
anchors exhibit a range of working principles, proprietary
designs, and performance characteristics and thus are not

anchored bolts are acceptable for use as long as, thejy are
installed per the manufacturer’s recommendations.
Because of the increasing popularity of this type of
anchor, Mandatory Appendix 308-1 contain$ some ifstal-
lation data for adhesive anchors.

308-1.7 Column Base Mechanical Anchor

An example of a column“base mechanical anchpr in
concrete is shown in Figure 308-1.7-1. Note, this is not
a postinstalled anchor but an original-installed anfchor.
However, even though Figure 308-1.7-1 does not $how
other types, this“Article is also applicable to qther
process equipnient supports, such as vessel skirts,
tubular columns, and saddle supports.

308-2°LIMITATIONS
308-2.1 Additional Requirements

Part 1 of this Standard contains additional require-
ments and limitations. This Article shall be us¢d in
conjunction with Part 1.

308-2.2 Considerations

In applying this repair method, consideration shall be
given to compatibility of materials, operating conditions,
intended life of the component, and any limitatiops on
examination and testing.

308-3 DESIGN
308-3.1 Original Anchor Assembly

The design of the original anchor assembly should|be in
accordance with the original construction code, sufh as

the American Institute of Steel Construction (AfSC),
(e).C Eailure — SI u L of Steel C : he Buildi |T0de

Requirements for Structural Concrete (now obsolete) or
ACI 318-02.

308-3.2 Design Considerations

The design items specified in paras. 308-3.2.1 through
308-3.2.3 are provided for consideration when making
repairs to the original anchor assembly.

(18)
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Figure 308-1.7-1 Column Base Anchors in Concrete
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308-3.2.3 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 concrete foun-
dation. 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 sideways
into bearing against an anchor, the load (discounting the

Washer
Nut

Column
Anchor
| Nut
Base Washer
Grout
)y N—
o TR o

Nut
(tackweld)

30B-3.2.1 Embedment. Anchors of any type shall have
an embedment length sufficient to develop the full
strerjgth of the anchor. Drilling is often complicated by
the presence of reinforcing rods. Should one or more
be eﬂcountered, an analysis shall be performed to detér-
ming if it is permissible to sacrifice the reinforcing(tods,
(i.e., py cutting the reinforcing rods as they are(encoun-
tered, a reduction in the steel reinforcing aréa‘will occur
such|that the concrete design may be cemipromised).
Anchors, when used with the leveling nut method of
setting column bases, shall have a nut'and heavy erection
wasHer both above and below the-base plate. The washers
are ysed to prevent the nuts-from attempting to push
thropigh the oversized holes-Extra thread should be
supplied for lower nut adjustment.

30B-3.2.2 Loading. Any anchor that has been sized by
calculations based on design loadings shall be preloaded
suffigiently to,prevent either base-plate separation from
founglation er{movement on the foundation when loads
are 3pplied:*If preload is less than maximum load in
serviceranchor bolt fatigue may occur. Periodic tightening

Brout) would be dettvered approximately 25 mm (1 in.)
above the concrete top. The anchor wouldJact like a
vertical cantilevered member. Also, the rfandonp location
of anchors as they are located in the pyersized hase plate
holes results in a situation where seldom does rhore than
one anchor of a multianchor group'ge into shear atany one
time. ACI 318 makes allowdance’ for shear capacity on
concrete anchor bolts. Thecapacity is reduced in|presence
of grout to account for<bending.

308-4 FABRICATION

308-4.1 Weld Repair of Existing Rods

Anchors, fabricated from A36 or A307 that bijeak off at
the surface but do not disturb the surrounding concrete
may have athreaded rod extension welded to thejtop of the
belt (see Figure 308-4.1-1). The weld repair shdll include
means to avoid damage to the concrete. The niaterial of
construction of the rod shall be known. Anchorp made of
materials with properties achieved by heat treatment (e.g.,
quench and tempered) shall not be weld repaired. AWS
D1.4 is a reference for guidance on welding|concrete
embedded steel.

308-4.2 Repair of Existing Rods With Exfensions

For anchors fabricated from A36,A307,and A4193-B7, a
sleeve coupling may be used with a short thrgaded rod
extension, provided the hole in the base platg is large
enough to ensure that it clears the coupling (see
Figure 308-4.1-1).

308-4.3 Replacement

After removing the nut and washer, a carbide Bit cutting
tool may be placed over the protruding bolt and|a circular
opening drilled in the steel base plate, slightly Igrger than
the bolt diameter, exposing the concrete arpund the

is requiredtocompemnsate for the prefoadtossduetothe
relaxation of the concrete. Anchors are the link between
foundation and column. When a column base is subject to
uplift, the uplift force must be resisted by a weight greater
than the uplift force, or the column base must be anchored.
Anchors transmit this tension force. Several characteris-
tics in anchor design can be varied to suit the load require-
ments: the quantity of bolts; the diameter; the length; and
type of material.

damaged bolt. A diamond bit drill may then be used to
cut through the concrete at sufficient depth to extract
the damaged or corroded 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,
unless approved by a structural engineering evaluation.
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Figure 308-4.1-1 Weld Repair of Existing Rod

Threaded rod
——/ extensions \(W
Coupling\ |

(d) Place anchor in hole. May require striking with a
hammer, due to friction fit anchor design, to obtain
proper anchor depth.

(e) Place washer and nut on anchor and tighten to
torque values listed in manufacturers specification.

308-4.3.2 Sleeve Anchor Installation Instructions

NOTE: A sleeve anchor with a wrapped sheet metal sleeve, as
shown in Figure 308-4.3.2-1, is a light-duty anchor and should

E N

anchor bolt

Anchots exert relatively small lateral load on base
plates, tHerefore “tear-out” is typically not a problem.
Table 30B-4.3-1 contains dimensions based on anchor
size.

NOTE: Taljles 308-4.3-1 and 308-4.3-2 are provided as illustra-
tive examples.

While [drilling of base plate holes is the preferred
method for holes of 38 mm (1.5 in.) in diameter or
smaller, Hurning of base plate holes is an acceptable proce-
dure for [larger holes, especially when applied to field
repair sifuations. The slight hardening exhibited at the
burned iige is not important since the bearing of the
anchor against the side of the hole is not a factor; it
makes liftle difference how the hole is madexWhen
sizing the area of a base plate, the loss of area at the
anchor hples (and grout holes) is generallynignored.

Two of|the most commonly used postinstalled anchors
are the wedge and the sleeve anchots.)Paragraphs 308-
4.3.1 and|308-4.3.2 list installatiof instructions for each.

308-4.3.1 Wedge Anchor¢Installation Instructions.
Mechanifal wedge anchers‘require greater concrete
strength ¢lue to the concéntration of stresses at the expan-
sion clip.[The anchorworks 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, the
anchor nay fhot tighten. This anchor can only be used in
concrete,[not in masonry. The following are wedge anchor

not-betsed-for-baseplate-appheations—Fhere-areheavy-duty
sleeve anchors that work as expansion anchors but(thdy are
not shown here. The illustration is for installation-infornjation
only.

The following are sleeve anchorlinstalldqtion
instructions:
(a) Drill the hole perpendiculartothe work surfade. 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 bottemysurface of the concrete.
(c) Clean the hole @sing compressed air as this i nec-
essary for properianchor performance.
(d) Place the'washer and nut on the anchor and place
the anchorintothe hole so that the nutrests 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.

308-4.4 Abandon in Place

Damaged or corroded bolt may be left in place angl one
or several new anchor holes may be drilled into the|base
plate and concrete. New anchors may be installed ip the
newly prepared holes according to the anchor vendor’s
installation procedure and new washers and nuts| may
be placed and tightened to complete the repair. When
new anchors are placed close to the existing anchors,
the nut may be removed from the abandoned anfhor,
thus removing the tensile load from that anchor or the
abandoned anchor may be cut off so as not to intdrfere
with the equipment base plate.

308-4.5 Tolerance on Expansion Anchor Location

NOTE: These may also be applied to adhesive anchor locations.

308-4.5.1 Tolerances for Expansion Anchor Withi4.5d

installation instructions (see Figure 308-4.3.1-1):

(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 nec-
essary for proper anchor performance.

Embedment. The location of an individual anchor may be
changed to facilitate installation, provided the tolerances
specified in paras. 308-4.5.1.1 through 308-4.5.1.3 are
met.

308-4.5.1.1 Relocation of one or two anchors within
anarcas showninFigures 308-4.5.1.1-1 and 308-4.5.1.1-2
shall be permissible if the following requirements are met:
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Table 308-4.3-1 Minimum Edge Distance for Punched, Reamed, or Drilled Holes

Anchor Size, mm (in.) At Sheared Edges, mm (in.) At Rolled Edges of Plates or Gas Cut Edges, mm (in.)

M6 (4) 13 (%) 10 (%)
M10 (%6) 19 (%4) 19 (%)
M12 () 22 (%) 19 (%)
M16 (%) 29 (1%) 22 (%)
M20 (%) 32 (1%) 25 (1)
M24 (1) 44 (1%) 31 (1%)

GENERAL NOTE:

This dpta is provided as anillustrative example of typical limits and should notbe used as reference data without first validating inaccofdance with

the aj

plicable design code or manufacturers specification.

Table 308-4.3-2 Expansion Anchor — Illustrative Example of Typical Minimum Limits for Referen

Minimum Spacing,

S,
for Embedment Minimum Edge Mininjum Edge

Npminal Embedded Length, Embedded 4.5d, Minimum Spacing, Distance, ED, for Distange, ED, for
Bolt Diameter, Le, for 4.5d, Length, Le, mm (in.) S, for Embedment Embedment 4.5d, Embedment 8d,

in. mm (in.) for 84, mm (in.) [Note (1)] 8d, mm (in.) mm (in.) mm (in.)

M6 (Y 29 (1%) 64 (2%) 31 (1%)

M10 (%) 41 (1%) 75 (3) 94 (3%) 113 (4'%) 47 (17%) 125 (5)

M2 (%) 56 (2Y4) 100 (4) 125 (5) 152.4 (6) 64 (2'%) 175 (7)

MIL6 (%) 69 (2%4) 125 (5) 156 (6%) 188 (7'%) 78 (3%) 213 (8'%)

MRO (%) 81 (3%) 150 (6) 188 (7)) 225 (9) 94 (3%) 25D (10)

M24 (1) 113 (4'%) 200 (8) 250 (20) 300 (12) 125 (5) 32p (13)
GENERALNOTE: This datais provided as an illustrative example of typical limits and should not be used as reference data without firdt validating
in accprdance with the applicable design code or manufacturers specification. It is up to the designer to determine values for diameters greater
than Y24 (1 in.). This data table should not be extrapolated:

NOTE|
(1) Si$ the center-to-center distance between two adjacent expansion anchors. The two expansion anchors may be on the same or on two different

plate

ssemblies. Minimum spacing between anchors-ef different diameters shall be the average of the minimum spacing for individua|

Figure 308-4.3.1-1 Wedge Anchor Figure 308-4.3.2-1 Sleeve Anchor

0.0

A

diameters.
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Figure 308-4.5.1.1-1 Relocation of One or Two Anchors
Within an Arc (r = %d)

_‘__

Figure 308-4.5.1.1-2 Relocation of One or Two Anchors
Within an Arc (r = d)

Bi

N_J
e

i

<

49 deg

GENERAL
(a) Arcra
(b) X=re

NOTES:
ius r = %d
ocated anchor

(a) thg
and the
308-4.3-1

(b) red
length, Le
situation
location,

minimum edge distance between the anchor
plate edge meets the requifements of Table

uirements of edge distance, ED, and embedded
per Table 308-4:8-2: These tolerances apply ina
where instead-of drilling a hole in the designated
h hole in thealternate location is drilled.

and within 6 mm (1/4 1n) of the spec1f1ed spacing for M12
(% in.) and larger diameter expansion anchors. The re-
quirements of Tables 308-4.3-1 and 308-4.3-2 shall apply.

308-4.5.1.3 Expansion anchors not meeting the
tolerances of paras. 308-4.5.1.1 and 308-4.5.1.2 shall
be subject to an engineering assessment by a structural
engineer for resolution on a case-by-case basis.
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-

GENERAL NOTES:
(a) Arcradiusr=d
(b) X = relocated anchor

308-4.6 Tolerance for Anchors With 8d
Embedment

ed to
ed in

The location of an individual anchor may be chang
facilitate installation, provided the tolerances specifi
paras. 308-4.6.1 and 308-4.6.2 are met.

308-4.6.1 Relocation of One or Two Anchors W
the Design Plate Assembly (Figure 308-4.6.1-1)
relocation of anchors within a circle of 2d radius
be permissible, if the requlrements of paras.

ithin

The
shall
308-

308-4.6.1.1 The minimum edge distance between
the anchor and the plate edge meets the requirements
as shown in Table 308-4.3-1.

308-4.6.1.2 Requirements of ED and Le per Table
308-4.3-2.

308-4.6.1.3 If the angularity of the relocated anchor
isless than or equal to 4 deg, use of the same size anchor is
allowed.
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Figure 308-4.6.1-1 Relocation of One or Two Anchors
Within a Design Plate Assembly

308-4.6.3.4 Attachments shall be made with respect
to the new plate assembly centerline.

308-4.6.3.5 Anchors within the new plate may be
adjusted in accordance with the provisions in para.
308-4.5.

308-4.6.3.6 If more than one row of bolts has to be
relocated, an engineering assessment shall be performed.

@ = design location of anchor

X = relocated anchor

08-4.6.1.4 Ifthe angularity of the relocated anchor
is gre¢ater than 4 deg and less than 10 deg, the next larger
size ghall be used for the relocated anchor for example, use
M16|(% in.) diameter anchor in place of M12 (% in.)
diamleter, M24 (1 in.) diameter in place of M20 (% in.)
ter. For existing M24 (1 in.) diameter anchor, the
relodated anchor shall be of the same diameter if the angu-
larity limitation of < 4 degis satisfied. Boltangularity is the
angle off the 90 deg perpendicular between the base plate
and the anchor.

-4.6.2 Relocation of More Than Two Anchors
Withjin Design Plate Assembly (Figure 308-4.6.2-1).
Any pumber of anchors in a plate assembly may be relo-
cated as long as the installed anchor spacing is within plus
or minus two bolt diameters of the designated spacing and
the lequirements given in para:308-4.6.1 are met. For
other cases, engineering shall.be notified for resolution.

4 629

308-5 EXAMINATION

The threaded rod extension welded per pars
shall be examined using the magnetic pdrticle mgthod per
ASME BPVC, Section V. Acceptance/rejection criteria for
MT are the applicable construction code or post-{construc-
tion code. All other repairs shallbé examined pdr original
installation requirements and follow the ackceptance
criteria per the original installation requiremepts.

. 308-4.1

308-6 TESTING

Testing shall be’per original installation requfirements.
In the event\t is determined that testing of the actual
repaired@nchor is not feasible, it is acceptable|to repre-
sent the\installation/repair method in a prototype if the
ancho¥’sample(s) are prepared in the same manner.

308-7 REFERENCES

The following is a list of publications refereng
Article. Unless otherwise specified, the latest ed

apply.

ACI 318-02, Building Code Requirements for §
Concrete

Publisher: American Concrete Institute (AC
Country Club Drive, Farmington Hills, M
(www.concrete.org)

ed in this
tion shall

tructural

), 38800
1 48331

ASME Boiler and Pressure Vessel Code, S
Nondestructive Examination

Publisher: The American Society of Mechanical Engineers
(ASME), Two Park Avenue, New York, NY 10P16-5990
(www.asme.org)

pction V,

AWS D1.4, Structural Welding Code-Reinforcing Steel
Publisher: American Welding Society (AWS), 8669 NW 36
Street, No. 130, Miami, FL 33166 (www.aws.org)

UL

R\’\.iu;l blllbllto Uf ED Cllld LC }l\'l Tabl\.
308-4.3-2 and minimum edge distance requirements
per Table 308-4.3-1 shall be met.

308-4.6.3.3 Anewrectangular plate, Wx L'or W' x L
with a thickness of 6 mm (%, in.) more than the existing
assembly plate shall be used.
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Manual of Steel Construction

Publisher: American Institute of Steel Construction (AISC),
1 East Wacker Drive, Suite 700, Chicago, IL 60601
(www.aisc.org)
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e Than Two Anchors

Within a Design Plate Assembly

Minimum per S
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@ [ design location of anchor
X [ relocated anchor

Figure 308-4.6.3-1 Using an Enlarged‘Plate
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e = 3in. (maximum)
W' = W+ 3in. (maximum)
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Mandatory Appendix 308-I
Anchors Installation Using Chemical Means (Adhesive)

30841-1 Adhesive Anchors

Adhesive anchors have the advantage of working in
lowef strength concrete; however, they are more expen-
sive [to install than mechanical anchors. The adhesive
anchpr works by drilling a hole in the concrete, filling
it with adhesive, and then inserting the anchor. The
sheaf force is spread equally along the length of the
rod.|The following are Drop-In Adhesive Anchor
Installlation Instructions:

(a] Selectthe proper size drill bit. Drill the hole perpen-
diculpr to the work surface. Do not ream the hole or allow
the drill to wobble.

(b) Clean hole of any dust and debris as ‘an
reduce the holding capacity of the ancher

 left will

(c) Inject the adhesive into the hole approxinfately half

full.

(d) Insert anchor into the hele.with a sligh
motion.

(e) Allow the adhesive to cure per the man
specification. Do not touch*the anchor during
time.

(f) After the cure time has elapsed, it is safe t

twisting

facture’s
this cure

b load the

anchor by placingya washer and nut on the arjchor and
tighten to torque values listed in the manuffacturer’s

specification,
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Article 309
Valves With Pressure Seal-Type Bonnets

(In the| course of preparation.)
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Article 310
Hot Bolting

1]

the course of preparation.)
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Article 311
Hot and Half Bolting Removal Procedures

311-1 DESCRIPTION

311-1.1

Bolts if
difficult t
downs fo
interrupt
ving som
procedur

ntroduction

| flanged joints that have been in service can be
p remove. Such difficulties at the start of shut-
" plant maintenance can result in costly schedule
ons, or extend the duration of activities invol-
e hazard. The use of hot and half bolting removal
es may be considered as a possible solution.

311-1.2

Hot bo
of bolts o
pressure
time in g
replaced
removed

Hotbo
existing
corroded
ification
NOTE: Hof

afteraper
for these

Hot Bolting

ting is the sequential removal and replacement
n flanged joints while under reduced operating
(see para. 311-3.4). Itis carried out one bolt ata
predetermined cross pattern sequence. Each
bolt is fully tensioned before the next one is

ting can be used to clean, lubricate, and reinstall
bolts for preshutdown activities, replace
or damaged bolts, or upgrade the material spec-
r grade of bolts.

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.

311-1.3 Half Bolting

Half bdlting is the removal of eyery other bolt (so the
flange is |eft with half the number of bolts) during plant
depressurization, usuallyswhen the system is close to
atmosphéric pressure,

NOTE: Halff bolting is alse Sometimes referred to as skip bolting
or odd bolting.

311-1.4 |Definition of Bolt

311-2 LIMITATIONS
311-2.1 Additional Requirements

and
ions.

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

311-2.2 Risks Associated-With Hot and Half
Bolting

Although hot bolting*and half bolting removal pfoce-
dures can reducé.plant downtime, they are potenially
hazardous and‘therefore caution shall be exercisgd in
their planning and execution. In considering potgntial
applicatiens for hot bolting and half bolting renjoval
procedures, any potential benefits from these actiyities
shoilld be carefully weighed against the risks|(see
para. 311-3.1).

311-2.2.1 Risks Associated With Hot Bolting.
conducting hot bolting removal procedures, the
of fluid leakage are increased due to increased bd
stresses and relaxation of gasket compression,
potentially resulting in joint leakage or gasket seg
blowout.

311-2.2.2 Risks Associated With Half Bolting.
conducting half bolting removal procedures, the rig
fluid leakage are increased due to reduced g4
compression and the possibility that the system may
vertently be repressurized. For this reason, the sy
pressure at which half bolting is conducted shou
well below design pressure and preferably at or
atmospheric pressure with local management corj
in place to prevent repressurization.

Vhen
risks
Iting
both
ment

Vhen
ks of
sket
nad-
stem
d be
near
trols

311-2.3 Procedures and Safe Work Practices

Bolt as used herein is an all-inclusive term for any type
of threaded fastener that can be used in a pressure-
boundary bolted flange joint assembly such as a bolt,
stud, studbolt, cap screw, etc.

154

The requirements and guidance for hot bolting and half
bolting removal provided in this Article are generic in
nature and shall be combined with a job-specific proce-
dure along with other appropriate plant safe work
practices.
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311-3 DESIGN

311-3.1 Engineering and Risk Analysis

An engineering and risk analysis of the proposed hot
bolting or half bolting removal operation shall be
carried 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

(c) the presence of external loads and/or bending
moments on the flange and the role they play on the
flange pressure carrying capability

NOTE: It is recommended that the external axial loads and
external bending moments acting across the flange be conser-
vatively converted into equivalent pressure. This total equiva-
lent pressure plus the design pressure of the system under
consideration becomes the pressure to be used in the risk
analysis.

blowout during the operation. The analysis should
conslder, 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. 311-3.2.1)

(e} position and functionality of piping supports

(f)| position and type of expansion bellows

(g] maintenance history of the joint

(h] experience with hot or halfbolting procedure appli-
catiop to similar joints

(i)] the target torque used in joint assembly

(j)| confined vs. unconfined gasket type

NO
ered

(%)
(see
U]
(m
(n)
then
para
(o)
4.1.7]

TE: A spiral wound gasket with a centering ring is consid-
fo be a confined gasket.

through bolted vs. bolts studded unto tapped holes
para. 311-3.6)

gasket material/thickness

condition of flange

condition of bolts; including consideration whether
ecessary bolt stress is sufficient, or overstressed{see
. 311-4.1.6 and 311-4.1.7)

condition of nuts (see paras. 311-471;6' and 311-

311-

Un
estal]
gask
mini}

31
Flan
as b
acco
cons

8.2 Minimum Number of Flange Bolts

less the results of the engine€ring and risk analysis
lish that the consequenees’of either joint leakage or
bt blowout are accéptable, flanges should have a
num of eight bolts:

|-3.2.1 Bending:‘Moments on ASME B16.5 Class 150
gjes. The 8<bolt Class 150 B16.5 flange is recognized
ing uniquely under-bolted and thereby can only
mmedate modest external bending moments, a
desation in the risk analysis.

(d) the reduction ol effective minimul
compressive stress between bolts associated
removal; e.g., that sufficient loadingremair
gasket to ensure that it maintains a,seal

h gasket
with bolt
s on the

311-3.4 Maximum Pressure/Hot Bolting

Unless otherwise justified By an engineering and risk
analysis, hot bolting may be performed only when the
operating pressures;eéqual to or less than 50% of
maximum pressure-allowed as determined| in para.
311-3.3.

pr to Hot
h reduced
shall be
the hot

311-3.4.1.Confirming Reduced Pressure Pri
Bolting. Confirmation that the pressure has bee
and that repressurization is not practicablg
obtained from operations personnel beforg
balting removal operation is started.
NOTE: In paras. 311-3.4.1 and 311-3.5.1,“not practica
that sufficient controls are in place to ensure repres
will not occur until the system is returned to a status
safe to do so.

ble” means
surization
when it is

311-3.5 Maximum Pressure/Half Bolting

and risk
y during
o or less
re or 50
bressure
.5) is the

Unless otherwise justified by an engineering
analysis, half bolting may be performed on
depressurization when the pressure is equal
than 25% of the maximum allowable presst
psig, whichever is lower, and when low
steam, air, or nitrogen (also see para. 311-4.1
purging media.

NOTE: If the fluid contents are such that there islow ri
associated with accidental contact, the need for purg
reviewed for deletion.

k of injury
ng may be

311-3.5.1 Confirming Reduced Pressure Pri¢r to Half
Bolting. Confirmation that the pressure has beef reduced
and that repressurization is not practicabld shall be

311-3.3 Determining Maximum Pressures When
Conducting Hot/Half Bolting

The maximum pressure allowed while conducting
either operation shall take due consideration of

(a) the applicable pressure-coincident temperature
rating for standard flanges (such as ASME 16.5 or
ASME B16.47)

(b) the calculated maximum allowable pressure per the
applicable construction code for nonstandard flanges
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obtained from operations personnel before the half
bolting removal operation is started.

311-3.6 Tapped Holes — Use of Hot Bolting

If bolts stud into tapped holes, the use of the hot bolting
procedure is not recommended unless it is known that the
threads on the studded end of the bolt have been relieved
to eliminate the possibility of damaging the tapped
threads when the bolt is backed out.
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Even if this thread relief has been provided, it should be
recognized that studded joints are inherently more sensi-
tive to reduction in bolt prestress due to normal embed-
mentand gasket creep effects. Accordingly, the probability
of a leak/gasket blowout is greater during either a hot or
half bolting operation than for a counterpart through-
bolted joint.

311-4 FABRICATION

minimum required bolt load for leak tightness and an
assessment of the possible bolt stress may be required
to ensure the bolts have sufficientload carrying capability.

311-4.2 Execution

311-4.2.1 Check of Existing Bolts for Tightness. To
anticipate flange bolt relaxation, every bolt shall be
checked for tightness prior to removing the first bolt.
Bolt tightness may be checked by applying torque with

311-4.1

311-4{1.1 Personnel Protective Equipment/
Emergency Planning. Appropriate protective and
safety equipment shall be worn in case of leakage. The
need for [emergency standby and contingency planning
shall alsd be considered.

311-4.1
be given
escape r
leakage @

311-4.1.3 Location and Condition of Isolation Valves.
The locatfion and condition of the nearest upstream and
downstrdam isolation valves shall be ascertained prior to

Preparation

.2 Access Considerations. Consideration shall
o the accessibility of the area and that adequate
utes are available should uncontrolled flange
ccur.

either a hand wrench or a hydraulic torque wrénch.
Do not use hammer (slug) wrenches.

311-4.2.2 Sequence of Bolt Changeout./When hot
bolting, the bolts shall be changed out one at a tirpe in
a proper tightening sequence (see-ASME PCC-1, Table
4). The numbering system for the;appropriate tight¢ning
sequence should be marked on the flange in a repdily
visible location before starting.to remove any bolts.

311-4.2.3 Considerations Relative to In-Service vs.
Pre-Shutdown. The*provisions of paras. 311-#.2.4
through 311-4.2,7 may be more applicable when the
flange is intended‘to remain in service, as opposged to
immediately priof to shutdown. This should be considered
in the engineering and risk analysis (see para. 311{3.1).

commenting work. Operations personnel shall have a 311-4.2:4 Cleaning and Lubrication of Surfaces. As
contingency plan for the isolation of the joint, which 16304 nuts are removed, the surface of the fldnges
addresseg the need to block in or depressurize the equip- [ po 0 ontact is made with the nuts should be wike or
ment rapjidly should an uncontrollable leak occur. power brushed clean (remove protrusions, spot face if
311-4.1.4 Identification of Emergency Facilities. As ' required). Proper lubrication with an approved lubnjicant
necessary, emergency facilities such as safety showérs’ should be applied to the friction surfaces of thel bolt
and eye baths should be identified and locationsmade ~ assembly. This includes the threads and all begring
known tq personnel involved in the work. surfaces of the nuts except for the surface betweeh the
. . . nut and the flange at the rear of the joint (on the opposite
_311_4'1,'5 ConS|derat|op of Nlt!'ogen Ha?ardsj I Side of the flange from the torque wrench), wherg it is
nitrogen|is used as a purging mediugm\R¥nsideration beneficial to allow friction to develop between the
shall be given to protection of persenhel should a leak bearing surfaces.
occur in f confined space.
. 311-4.2.5 Hand Tightening and Baseline Bolt Lgngth
311-_4‘]'6 In'spectlon of the.Flange Assembly. A thor- Readings. Install bolts and nuts hand tight, with the
ough ingpection of the flange assembly should be /o4 ends of the bolts and nuts located on the ame
con(.iucted' to ver1.fy thg 1ntegr1ty of the ﬂang'e and its side of the jointand facing outward to facilitate inspe¢tion.
bolting, Wlt},l cor¥51derat10n given to the following: . If ultrasonic elongation control is to be used, initia} bolt
(a) deferioratigieAihe bolts and nuts, such as necking length readings should be taken and recorded at this|time.
(corrosion thinning), worn threads, or cracking
(b) thd abijlity-of the gasket to be retightened and its 311-4.2.6 First Pass Torquing. Before new boltsfnuts
blowout potential areinstalled, check to determine that the nuts run fre¢ly by
(c) detertoratiomof the gasket,amdthe potentiatof hand-pastwhere-theywill come-to-restaftertightening. If

gasket failure due to disturbance or retightening

(d) verification of sufficient thread engagement before
halfbolting of studded flanges, e.g., by ultrasonic measure-
ment of stud length

311-4.1.7 Assessment of Existing Bolt Load
Capability. If deterioration of bolts and nuts [see para.
311-4.1.6(a)] is found, consideration shall be given to
the safety aspects of bolt removal and the increased
load on the remaining bolts. An analysis of the
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nuts will not turn freely by hand, check for cause and make
necessary corrections/replacements.

As each new bolt is installed, tighten the bolt using the
target torque value. Continue this process for each bolt in
the appropriate sequential pattern. If ultrasonic elonga-
tion 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 adjusted torque
value is substantially higher than that used for the first
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eight bolts, these bolts should be retorqued using the new
torque value.

NOTE: Differential thermal expansion may cause a loss of bolt
load during the cooldown of hot flanges (see ASME PCC-1, section
12). This should be considered in determining the hot reas-
sembly bolt load. In addition, consideration should be given
to allowing replacement bolts to reach their operating tempera-
ture prior to final tightening.

easurements around the circumference of the gap
en flanges with a vernier or caliper to verify that the
s are being brought together evenly (see ASME PCC-
a. 11.1).

er the first pass torquing all bolts to the target torque
valuge 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,
folldwed by one or more passes using the target
torqye value in a rotational order.

(b) Take ultrasonic readings and adjust the torque
valug, if necessary. Then, if the torque value is changed
as a [result of the ultrasonic elongation measurements,
retorjque twice at the final torque value in the appropriate
sequpntial order, followed by at least one pass in a rota-
tiondl order, until the nuts will not turn at the target
torqpe. If it is not necessary to change the target
torqye value, follow step (a) above.

31]-4.2.8 Cutting of Bolts. Cold cutting of seized-bolts
and pise of nut splitters is acceptable. Thermal cutting
methods should not be performed unless the engineering
and 1fisk analysis (see para.311-3.1) determines thatit can
be d¢ne safely. Of particular concern«are-lines containing
cont¢nts that can generate a fire or.release toxic materials.

311-5 EXAMINATION

311-5.1 Examination for Workmanship and
Leakage

Within the context of these requirements, examination
consists of an in-process visual check for good workman-
ship and an in-service visual check for signs of leakage.

311-5.2 Examination of Bolts for Proper Material
Specification

The markings on the bolts should be visually checked to
verify that the correct material is being uséd. Thlis may be
supplemented with PMI if additional.assurance pf correct
material is desired.

311-6 TESTING

There are no testingrequirements associated
Article.

with this

311-7 REFERENCES

The follewing is a list of publications refereng
ArticlexUnless otherwise specified, the latest ed

apply.

ed in this
tion shall

ASME B16.5, Pipe Flanges and Flanged Fittings, NPS %,
Through NPS 24

ASME B16.47, Large Diameter Steel Flanged, NPS 26
Through NPS 60

ASME PCC-1, Guidelines for Pressure Bounda
Flange Joint Assembly

Publisher: The American Society of Mechanical Engineers
(ASME), Two Park Avenue, New York, NY 10016-5990
(www.asme.org)

ry Bolted
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Article 312
Inspection and Repair of Shell and Tube Heat Exchangers

312-1 DESCRIPTION

This Article provides general good recommendations
and requjrements for the following repair techniques:

(a) determining the type of inspection technique to use
for the inspection of the tubes and tube bundle of a shell
and tube|heat exchanger

(b) determining the type of inspection technique to use
for the infspection of the tubesheet and the tube-to-tube-
sheet assembly of a shell and tube heat exchanger

(c) deflermining the type of inspection to use for the
other pressure containing components of a shell and
tube heat exchanger

(d) providing repair techniques for common mechan-
ical failuffes of various components in a heat exchanger

312-2 L|MITATIONS
312-2.1 |General

Part 1|of this Standard, “Scope, Organization, and
Intent,” contains additional requirements and limitations:
This Artigle shall be used in conjunction with Part ¥

312-2.2 |Exclusions

(a) This Article shall not be applied to-hieat exchangers
constructed in accordance with ASME-BRVC, Section VIII,
Division B.

(b) Hept exchangers other than“shell and tube design
are not ifcluded in the scop€ of this Article.

312-3 DESIGN

This seftion proyides guidelines for consideration when
determinjng repairsto components of heat exchangers. It
may be rlecessary for the user to have completed an
inspectipnyef the components, consider previous

(c) current operating parameters, i.e., presspires,
temperatures, changes from normal to peaking sernvice.
(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 fyture
damage. Reference also API 579/ASME FFS-1.

312-3.2 General

(a) Materials used for‘replacement components|shall
be of the same material type as the original compg¢nent
unless an engineering analysis is performed indicatirig the
need to chdngé the material due to the damage
mechanisi(s). This analysis shall account for|new
mechanisms introduced due to potential material inter-
actionS$_When selecting the material to use, this anglysis
shallalso consider the need to match strength, toughhness,
and P-number, and to meet the current toughness require-
ments of the applicable construction code.

(b) Replacement components shall be of equpl or
greater thickness unless an engineering analygis is
performed indicating the need for a thickness less|than
the original component thickness.

(c) When considering the repair method for tubep and
tube bundles, the user shall consider the impact oh the
efficiency and other operational characteristics gf the
heat exchanger due to the potential reduction of|heat
transfer area. Consultation with a heat transfer spedialist
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 operatign

damage experienced, or consider 1essons fearned in the
operation of similar equipment prior to beginning
design work.

312-3.1 Existing Conditions

Existing conditions are as follows:

(a) the original design conditions and calculations.

(b) ensuring that the design conditions, with an appro-
priate 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

(-g) 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) Forheatexchangersdeemed critical to the opera-
tion 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

and lead to tube vibration induced issues. If zero, consid-
eration 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 considered. Consultation with a materials/

312-
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3.3 Tubes and Tube Bundles

Tubes and tube bundles should be assessed using
ata obtained by inspection performed in accordance
Mandatory Appendix 312-I for the types of repairs to
rm; plugging by welded, mechanical, or friction fit
, partial replacement of the tube bundle, or full re-
ment of the tube bundle.

When considering the use of mechanical or friction
1gs, the user should consider the impact on the effi-
v and other operational characteristics of the heat
hinger due to the reduction of heat transfer area, espe-
for heat exchangers that are deemed as critical to the
ation and/or process safety of the facility.
ultation with a heat transfer specialist may be
Esary.

Sleeves may be installed in tubes to line a region of
damage or to restore tubes that have thinned. They
pt typically used for protection of tube ends; see paras
.4 and (d) below.

Ferrules may be installed in tubes for entrance
on protection of for thermal protectioniof‘tube
. They are not typically used for general tube
ge; see para. 312-4.3 and (c) above.

For (c) and (d), one should consider the following:
1) uniformity of contact between the sleeve or
le and tube, see paras. 312-4.3(b) and 312-4.4
2) possibility of crevice corrosion between the
e or ferrule and tube
3) possibility of bulging the tube, which can make
ing difficult
4) additional pressure drop
5) reductien.of tube fluid flow due to the sleeve or
le
6) additional heat transfer resistance
7) Wdifferential radial and axial thermal expansion
betwleen Sleeve or ferrule and tube

ferru

sleev

retul

ferru

COITOSIOIIS bpt!(,ldilbL mdy dibU bt! necessdary.

(3) The spacing between the supportplat
be evaluated and adjusted if analysis indicates
vibration of tubes resulting in damaged tubgs and/or
support plates. Evaluation per TEMA RCB §ection 5
and Section 6 should be considered. Consultation with
a heat transfer specialist mayjalso be necessary.

(4) Tube stakes aredods, strips, or other devices
inserted between tubes\for bracing and/or|support.
They may be used to-add tube support to ar} existing
bundle for the purpose of eliminating tube vibration.
Installation requines access from the shell sidg, and the
main advantage is that disassembly of the tulje bundle
is not required. Special consideration may be nhecessary
for the.use of stakes in U-tube bends because sqme stake
designsrequire that the tubes be round and evenly spaced.

Tube stakes were developed for use when ajchange in
tube material or an increased flow rate requires ddditional
tube supports, and increasing the number of support
plates is not possible or desirable. They can be used
any time additional tube support is required guch as to
provide additional support for deteriofated or
damaged support plates, to provide additional support
between segmented baffles, or to provide afdditional
support at inlet nozzles. If tube stakes are fabricated
from flat bar and inserted in every other tulle row, it
may be necessary to vary the bar thickness such that
each tube is contacted or even displaced from its original
position.

Evaluation of the shell-side pressure d
changes in shell-side flow are necessary. The con{
of tube and stake materials should be evaluated
effects of differential thermal expansion s
considered.

(g) If impingement protection is required t
flow-induced erosion, refer to applicable s
such as API Standard 660, TEMA, and HEI f

es should
potential

rop, and
patibility
Also, the
hould be

b prevent
tandards
r design

(f) The tube bundle supports should be assessed using
the data obtained by inspection performed in accordance
with Mandatory Appendix 312-1. If data indicates that
failure of tubes is due to damaged support plates, consid-
eration should be given to replacing with alternative
designs. Specific items to consider include the following:

(1) The corrosion allowance provided for the
support plate should be twice the value for the shell
side due to the potential for the plates to corrode at
the regions where the tubes penetrate the supports
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312-3.4 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
on the tubesheet shall be performed to determine if the
ligament efficiency is acceptable. The analysis shall meet
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the original construction code, 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 312-II for determination of
repair or replacement of the tubesheet. Common condi-
tions for consideration include

(1) cracking (not through the total thickness) of

(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 construction code or ap-
plicable post-construction code, or to ASME BPVC, Section
VII], Division 1, Nonmandatory Appendix A. Caution must
be exercised to avoid damage to adjacent tubes.

(d) sealwelding or strength welding of the joint. Design
of the welded joint, if previously welded, should be made

tubesheeromshettstde; oTE typicat T vertical umits:
Installatjon of a tubesheet vent and drain should be
considergd to promote liquid full operation. The vent
should bg a 19 mm (%, in.) nozzle welded to the edge
of the tubjesheet, with a 16 mm (% in.) hole in the tube-
sheet thaf is parallel to the tubes to the midsection of the
tubesheef, then normal to the tubes to the edge of the
tubeshedt. A gate or ball valve should be installed on
the nozzle along with a blind flange or plug.

(2) separation of weld overlay cladding resulting
from wire drawing of high-pressure tubeside fluid
leaking through tube-to-tubesheet joints.

(3) tracking in the ligament of the tubesheet. A
failure amalysis should be performed to determine the
damage [mechanism. The decision to repair versus
replace the tubesheet should be based on the damage
mechanigm along with the extent of the ligament cracking.

(4) ¢orrosion of the tubesheet can occur on the back-
side (shdll side) of the tubesheet. When the corrosion
allowanc¢ on the backside has been consumed, the tube-
sheet should either be replaced or an engineering evalua-
tion performed to determine its fitness for service.

(5) ¢orrosion of the tubesheet can occur on the-front
face (tuble side) of the tubesheet. When the corrosion
allowanc¢ on the face has been consumed, the tubesheet
should either be replaced or an engineering evaluation
performled to determine its fitnéss for service.
Alternatiyely, the face of the tubesheet'may be repaired
by weld Buildup that is conditionéd by grinding or other
mechanidal means such that it.is returned to the original

0 tie OTigimal CONSIuTtion code or appiicabie post-
construction code, or to ASME BPVC(C, Section|VIII,
Division 1, Nonmandatory Appendix A. Consideration
should be given to the cleanliness of the joint'considpring
potential residue from the fluids.

(e) consideration shallalso be given tothe effect of
of heat exchanger on loading of{the“tube-to-tubesheet
joint. For example, a fixed tube exchanger may have
higher loadings due to differential thermal expansion
than a U-tube exchanger.

style

312-3.6 Bimetallic-Shell-to-Tubesheet Welds|

When the shelland tubesheet are made of diff
materials, thé.thérmal stress between the shell and
sheet shouild be considered. A common soluti
cracking“of this weld is to change the shell mater
match'the tubesheet. An entire shell may be replaced,
or,bands or shell material may be installed adjacegnt to
the tubesheet. Reevaluation of the heat exchanger
mechanical design due to the change in thermal expapsion
or strength of the shell may be required.

brent
fube-
n to
al to

312-3.7 Shell, Channel, or Other Pressure-
Retaining Components

(a) Materials used to replace or repair presgure-
retaining portions of a shell or channel shall be df the
same allowable stress as the original componpent,
unless additional analysis is performed to justify chapging
the material.

thicknes$ of the tubesheety Factors to consider when (b) Replacement of these or other pressure-retaining
pursuing|this option include components shall comply with the applicable construction

(-4) minimum distance between the front face of code. For additional guidance on replacement, see Article
the tubesheet and thegroove for tube-to-tubesheet joints ~ 301.

(-b) the neéd for welding, strength or seal, of the (c) Non-pressure-retaining portions of components
tube-to-tyibesheet joint and the need for setback from the ~ shall meet the original construction code or applifable
front face post-construction code.

(d) Addittonat suidauuc on—Pass yalt;tluu y}qtca may

312-3.5 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. 312-5.3 for determination of
repair type. Repair types for leaking joints include

(a) replacement of a damaged tube, see para. 312-4.6

(b) plugging a tube, see para. 312-4.2

160

be found in API Standard 660.

312-4 FABRICATION

312-4.1 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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Figure 312-4.2-1 Typical Friction Fit Tapered Tube Plug

(e) When it is known that a tube or multiple tubes are
leaking, consideration shall be given to pulling a tube for
failure analysis to aid in determination of the damage
mechanism.

(f) All welded repairs shall be made using qualified
welding procedures. Welders and welding operators
shall be qualified in accordance with the requirements
of the applicable construction code or post-construction
code. Welding procedure qualifications shall include

Tmpact tests If Tequired by the appiicabte construction
code for the component being repaired.

(g) Welding materials and processes shpll be as
currently permitted by the applicable congtruction
code or post-construction code.for’the compponent.
Welding of carbon and lowalley steels should be
performed with low hydrogefuelectrodes and processes.
312-4.2 Tubeside Repair'by Plugging

service can result in higher flows to the other heat Repair of tubes may-be accomplished by plugging the
exchhnger(s) that may cause damage from erosion, tube at the tubésheet with a welded or mgchanical
tube|bundle vibrations, or other mechanical damage. attachment.

(b] Prior to repairs and to increase accuracy of inspec- (a) All tubes that are plugged should be pjierced to
tion,|the tubes should be evaluated for the need to be provide for venting and draining. When doing sp, vertical
clearjed. Cleaning may be performed by high pressure tubes should be pierced at each end, and horizontal tubes
wat¢r blasting, chemical solutions, or abrasive shouldbe pierced on top and bottom of the tubg. Piercing
blastjng/scrubbing. Selection of a cleaning methodology -9f:€ach tube prevents possible plug blowout anfl permits
shall| give consideration to the nature of fouling, tube _ the validation of the integrity of the tube plug, see (b)(4).
matefrial type, and tube enhancements. Large temperature differential between tubesidg and shell

(1) High pressure water blasting is normally ~ side may require the tube to be cut in two.
perfprmed at 70 MPa (10,000 psi). In some.dases, (b) Friction fit tapered plugs (Figure 312-4.p-1) shall
ultrathigh pressure water blasting may be necéssary at only be used in services that meet all of the following
presgures up to 275 MPa (40,000 psi). Other fagtot's essen- conditions, unless an engineering evaluation is performed
tial t§ removal of deposits include water fldwirate and the ~ indicating the acceptability of these plugs|in other
spray tip configuration. services:

[2) When cleaning with chemiealsolutions, a mate- (1) shell-side operating pressure 1.5 MPa|(200 psi)
rials|engineer should be consulted-to ensure no detri- or less
mental effects occur to the tubés and/or shell of the (2) shell-side operating temperature 205°C (400°F)
heat|exchanger. For example,-a caustic solution should or less
not he used in 300 series stainless steel tubes. (3) tube-to-tubesheet joints are expanded and not

[3) When performing abrasive blasting/scrubbing, welded
care|shall be exerciSéd to ensure no adverse damage NOTE: Inspection of the expanded tube for tube thinning
to the tubes occur's. Deterioration of heat transfer should be made to ensure that installation of the|plug does
capapility skall be considered when cleaning tubes not further damage the tube leading to seal failurg between
with|internal components designed to enhance heat  the plug and the tubes.
trangfer by increasing turbulence through the tubes. (4) tapered plugs that are installed where [tubes are

(C Inspection of the tubes periodically during the not pinw‘nd canpresenta serious cnﬁnfyhn7qrd fthe tube

cleaning process should be made to ensure consistent
results. Use of a boroscope may improve inspection
results.

(d) When a tube bundle must be removed from its shell
for purposes of inspection or repair, caution should be
exercised to avoid damage to the tubes or other
components.
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cannot be pierced, the tube should be pulled or other
measures should be taken to ensure personnel protection,
such as welding the plug to the tubesheet and draining all
liquids from the tube being plugged.

(c) Mechanical plugs (Figure 312-4.2-2) should be
considered in situations where friction fit tapered
plugs are not appropriate for the pressure and/or
temperature of service or other mechanical/environ-
mental conditions. These types of plugs have been
used in services of up to 50 MPa (7,000 psi) and
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Figure 312-4.2-2 Typical Mechanical Fit Tube Plugs

595°C (1J100°F). Mechanical plugs are typically installed
by a pneumatic or hydraulic system. See Figure 312-4.2-3.
Other styles of plugs may be considered for higher pres-
sures. Copsideration shall also be given to the following:
(1) tubes with internal surface severely corroded or
cracked
(2) when the tube and the plug have dissimilar
metallurgy
(3) installation in severely corrosive service
(4) ¢ondition of the mechanical joint of the tube-to-
tubesheet in rolled tube situations

Figure 3]2-4.2-3 Typical Installation of\Mechanical Fit
Tube Plugs

(d) A plug/map should be developed to recordl the
number and location of tubes that have been plugged.
Additionally, the number of tubes, cumulative number
of tubes, versus the duration, should be charted. yhen
thessharp turn in tube failure numbers occurs, replace-
ment of the tube bundle should be considered| See
Pigure 312-4.2-4 for example chart.

(e) Tracking of pressure loss due to tube pluggage
should be considered as some exchanger types cgnnot
function properly beyond certain tubeside pregsure
losses. Provisions for internal bypass should be copnsid-
ered if repair is not performed in order to prqvent
failure of pass partitions. Proper design of this bypass
can be determined from industry references in sefction
312-7 of this Article.

312-4.3 Tubeside Repair by Sleeving Tubes

(a) Sleeving versus tube replacement may be advpnta-
geous whenrepairing previously plugged tubes because of
perforations in discreet identifiable locations, or to bfidge
failures in discreet locations of tubes that are othefwise
intact.

(b) The methods of sleeve installation includ¢ the
following: forcing a ball though the sleeve, welding the

GENERAL NOTE: ©2006 Photo courtesy of EST Group Inc., used with
permission.

ends of the sleeve, roller expansion of the sleeve, explosive
bonding of the sleeve and hydraulic expansion of the
sleeve. 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.
(c) A map should be developed to record the number
and location of tubes that have been sleeved. Additionally,
the number of tubes, cumulative number of tubes versus
the service time should be charted. If a sharp increase in
tube failures occurs, replacement of the tube bundle
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Figure 312-4.2-4 Sample Chart: Number of Tube Failures by Month

Tube bundle
replacement should
be considered here

Number of Jube Failures

Number of Months

|d be considered. See Figure 312-4.2-4 for example

312-4.4 Tubeside Repair by Ferrule Installation

Fe
tight
of th

Unifdq

hydr

Frules may be held in place by a flanged end with a
fit to the tube inside diameter, by expanding the ends
e ferrule into the tube at the tubesheet, or by welding.
rm contact with the tube may be achieved by roller or
hulic expansion of the ferrule. One should consider

the possibility of bulging the tube, which can make

retu
ensu

312-

(a]
the
cons
viab
for 1
exani

(b}
dam
repld
heat

312-

R
may

bing difficult. A mock-up may be advisable t0
e weld or expansion quality.

4.5 Tubeside Repair by Pulling Tubes

Pulling the tube from the exchanger.and plugging
ubesheet as described in para. 312:4.2 should be
dered as a repair option when\plugging is not a
e alternative, or when the tube will be retained
hboratory metallurgicalsanalysis or other specific
ination.

When pulling a tube and not replacing, potential
ge to the bafflecould occur and consideration to
cing the tube-should be made. Consultation with a
transfer specialist may also be necessary.

.6 Tubeside Repair by Replacement

air.may be performed by tube replacement, which

(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.

312-

3.2(c).
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312-4.7 Tubesheet(Repair
312-4.7.1 Weld<Repair of Cracks

(a) Repairof general cracks that are not c

the ligameénts may be made in accordance with t
lines of Article 304.

{b)" Repair of general cracks that are through
ness of the tubesheet and not in the ligamen
repaired by preparing a U- or V-shaped gro{
full depth and length of the crack and then
groove with weld metal in accordance with p3
4.7.1 and 312-4.7.2.

(c) Repair of cracks in the ligament area of
sheet may be made in accordance with (a) or
Consideration may also be given to performing
neering analysis to determine if the equip
continue to operate with the damaged tubes
analysis may be performed in accordance
579-1/ASME FFS-1 or other post-construction

(d) When making tubesheet repairs, cons
should be given to the impact of this repa
tubes in the general area of the repair. The
actions may be necessary:

(1) removal of tubes in the general area of t
See para. 312-4.5(b).
(2) repair of the tube-to-tubesheet joints.

and M

hining

(a) Generalandlocalized thinning of tubesheets may be
repaired by overlay welding and remachining of the face.
(b) See Article 202 for additional items of

consideration.

mpletely
through the thickness of the tubesheet and dre not in
he guide-

the thick-
may be
e to the
illing the
ras. 312-

the tube-
b) above.
I an engi-
ent may
eet. This
with API
standard.
deration
r on the
following

he repair.
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312-4.8 Tube-to-Tubesheet Joint Repair
312-4.8.1 Re-Expanding

(a) Cleaning and inspection shall be performed to
determine the condition of the tube-to-tubesheet joint
prior to performing this type of repair. See para. 312-4.1.

(b) Tube-to-tubesheet joints with leaks of a small flow
rate, otherwise known as weeping tubes, where no
apparent damage has occurred to the seating surfaces,

fit of tubefto tubesheet. Rerolling is one acceptable method
of re-exppnding.

(c) Pripr to re-expanding, the existing inside diameter
of the tuble in the tubesheet shall be determined as well as
the loss of material due to corrosion/erosion. Calculations
for allow4ble maximum inside diameter shall be based on
measured field conditions, tube properties, and tubesheet
ligament [condition.

(d) Sde ASME BPVC, Section VIII, Division 1,
Nonmanhdatory Appendix HH for additional
considergtions.

312-4.8.2 Weld Buildup Repair of Tube Holes and
Machining

(a) WHhen a tube is replaced and the tube hole has been
damaged| repair may be effected by weld buildup and
machininig of the hole.

(b) Alljwelded tube hole repairs shall be made using
qualified welding procedures. Welders and welding
operator$ shall be qualified in accordance with the re=
quiremepnts of the applicable construction code or
post-congtruction code. Welding procedure qualifications
shall include impact tests if required by the applicable
construction code for the tubesheet.

(c) We¢lding materials and processesi'shall be as
currently permitted by the applicable construction
code or [post-construction code for the tubesheet.
Welding| of carbon and low ,alloy steels should be
performed with low hydrogen-electrodes and processes.

(d) Machining of the hole'shall be to original manufac-
turer’s specifications for_diameter and grooving.

312-4.8.3 Seal Welding or Strength Welding

(a) Tupe-tostubésheet welds shall be in accordance
with the ppplicable construction code or post-construc-
tion codd.

required by the applicable construction code for the
tubesheet.

(d) Welding materials and processes shall be as
currently permitted by the applicable construction
code or post-construction code for the tubesheet.
Welding of carbon and low alloy steels should be
performed with low hydrogen electrodes and processes.

312-4.9 Repair of Pressure Containment

Repairsto the heat exchanger shell may be perforijed to
the original construction code or appli¢able post-
construction code. See also Article 201 and Article|202.

312-5 EXAMINATION

Examination of heat exchangers typically covers
areas; external, internal, and:tube bundle. It is not n|
sary for each inspection ta_have the same frequen

three
eces-

Ly,
dle

ue to
wing
ould
[able
hods.
r the

312-5.1 Examination of Tubes and Tube Bun

It is important for the proper examination techniq
be selected for the application at hand. The follo
nondestructive examination (NDE) techniques sH
be considered for the given application. See also
312<}~¥3-1 for effectiveness of examination met
Other examination methods may be chosen by
owner/operator, as follows:

(a) Eddy Current Examination (ET) is gene|
selected for inspection of nonferromagnetic tubg
those that are slightly magnetic. Note that the sensi
of this method decreases for the U-bend portion of U
bundles.

(b) Remote Field Eddy Current (RFET) is geng
used for inspection of ferromagnetic tubes. Its sensitivity
and accuracy may be less than desired or required angd will
require a higher number of tubes to be inspected. It is a
quicker method than ultrasonic methods.

(c) Partial Saturation Eddy Current (PSET) can |
and size cracks in ferromagnetic tubes. It might n
sensitive to 0.D. defects.

(d) Magnetic Flux Leakage (MFL) may also be sel
for inspection of ferromagnetic tubes. However,
tivity of this method can be poor for carbon
tubes, and might only be best at determining
overall condition of the tube, not determining indivj

rally
s, or
tivity
tube

rally

bcate
bt be

pcted
ensi-
steel

the
idual

(b) If seal welds are to be made, consideration shall be
given to the mechanical tube-to-tubesheet joint to ensure
its strength. If seal welds are determined to be inadequate,
the weld shall be full strength to ensure the integrity of the
joint.

(c) All welds shall be made using qualified welding
procedures. Welders and welding operators shall be qual-
ified in accordance with the requirements of the applica-
ble construction code or post-construction code. Welding
procedure qualifications shall include impact tests as
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defect location.

(e) Ultrasonic examination systems designed to
measure tube wall thickness may be used for small
heat exchangers, where damage may be localized, or
forvalidation of other NDE results. These ultrasonic exam-
ination systems 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 I.D. and 0.D.
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metal loss in tubes. Another type of system is Shear Wave
IRIS (SWIRIS) and this can be effective for detecting L.D.
and 0.D. cracks. Both IRIS and SWIRIS require clean tubes.

(f) Other NDE methods may be more appropriate for
the inspection. Consideration should be given to the use of
radiography (RT) or video probe inspection. These
methods may be better suited for inspection of the U-
bend portion of U-tube bundles.

(g) Consideration should be given to the monitoring
and tfe o 7 :
tenafice and/or replacement program.

(h) The minimum number of tubes to be inspected may
be d¢termined by the methods provided in Mandatory
Appdndix 312-1.

d OI10 O pPd Ol dp d ve dlll-

312-

Relpairs shall be examined by one or more of the
folloying methods:

(a] pressure orleaktesting on the shell side; see section
312-p

(b)
with
tion

(c]
BPV(

.2 Examination of Tube-to-Tubesheet Repair

liquid penetrant examination (PT) in accordance
the applicable construction code or post-construc-
Code

visual examination (VT) in accordance with ASME
, Section V, Article 9

312-5.3 Examination of Tubesheet Repair
(a

VT in-process weld examination shall hé
perfqrmed.

(b] Surface examination by PT shall be performed at
the qompletion of the weld repair.

(c)] Volumetric examination by UT should.bée consid-
ered| when there is a possibility of additional flaws

being introduced to the tubesheet during the repair.

312-5.4 Examination of Pressure Containment
Components Repairs

(a)] All welded repairsshould receive VT and PT or MT
exanmination, especially.for heat exchangers deemed
criti¢al to the operation and/or process safety of the
facility.

(b] Wherepossible, welded repairs shall receive volu-
metrjc examindtion by RT or UT.

312-6 TESTING

API 579-1/ASME FFS-1, Fitness-For-Service, 2nd Edition,
2007

API Standard 660, Shell and Tube Heat Exchangers for
General Refinery Services, 2003 Edition

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

ASME Boiler and Pressure Vessel Code, 2007 Edition,

Section V — Nondestructive Examination
E_Boile SS ssel Co 007 Edition,

Section VIII, Division 1 — Rules for Constijuction of

Pressure Vessels

ASME PCC-3, Inspection Planning Using Ri
Methods

Publisher: The American Society of Mechanical Engineers
(ASME), Two Park Avenue,New York, NY 10016-5990
(www.asme.org)

S\ Bo and Pre e e e

5k Based

me Value
nd Other

ASTM E2283-03, Standard Practice for Extre
Analysis of Nonmetallic Inclusions in Steel
MicrostructuralkFeatures

Publisher: American Society for Testing and
(ASTM International), 100 Barr Harbor D
Box C%Z00, West Conshohocken, PA 194
(wwwrastm.org)

Materials
rive, P.O.
28-2959

Wplf, Gerald M. and Adams, Robert B., An I
Plugging System for HX Tubing, EH
Conference paper , June 1996

Publisher: Electric Power Research Institute (EH
Hillview Avenue, Palo Alto, CA 94304 (www.

mproved
RI BPO

RI), 3420
epri.com)

Standards for Power Plant Heat Exchangers, 4th Edition,
2004
Standards for Closed Feedwater Heater, 7th Editlion, 2004

Publisher: Heat Exchange Institute, Inc. (HEI), 1300

Summer Avenue, Cleveland, OH| 44115
(www.heatexchange.org)
Standards of the Tubular Exchanger Manufacturers

Association, 8th Edition
Publisher: Tubular Exchanger Manufacturers Association,
Inc. (TEMA), 25 North Broadway, Tarrytown, NY 10591
(www.tema.org)

Andreone, Carl F. and Yokell, S., Tubular Heat H
Inspection, Maintenance and Repair, McGraw
York, 1997

xchanger
Hill, New

Following completion of the inspection, a pressure test
or tightness test in accordance with Article 501 should be
considered, particularly if the integrity of the tube-to-
tubesheet joint is in question.

312-7 REFERENCES

The following is a list of publications referenced in this
Article. Unless otherwise specified, the latest edition shall

apply.
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Wang, W. David, Ph.D., "Extreme Value Analysis of Heat
Exchanger Tube Inspection Data,” Proceedings of
PVP2006-ICPVT-11, 2006, ASME Pressure Vessels
and Piping Division Conference July 2006

Bypass-calculation-R3.xls (http://www.mgt-inc.com/
docs/Bypass-calculation-R3.xls)
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Mandatory Appendix 312-I
Methods for Determining Minimum Number of Tubes to Inspect

312-I-1 Introduction

This M|
ommend
number
user ma
from the
method b

andatory Appendix provides general good rec-
htions and requirements for determining the
bf tubes to inspect by different methods. The
 select any method, and may also deviate
recommendations and requirements of each
ased on the requirements of the heat exchanger.

Fixed Tube Count

lowing minimum number of tubes inspected
e considered:

tubes or 25% of tube total, whichever is greater,
xchangers with a total tube count ofless than 500

312-I1-1.1

The fo
should b

(a) 50
forheate
tubes

(b) 20P% of tube total for heat exchangers with a total
tube coupt of 500 tubes or more, up to 750 tubes

(c) 15% of tube total for heat exchangers with a total
tube coupt of 750 tubes or more, up to 1,000 tubes

(d) 10P% of tube total for heat exchangers with a total
tube coupt of more than 1,000 tubes

312-1-1.2 Tube Bundle

The following areas of the tube bundle should be exam-
ined at a|jminimum:

(a) thd first three rows adjacent tothe inlet nozzle and
the last tivo rows adjacent to the exit-nozzle.

(b) every second tube around-the perimeter of the
bundle. For multipass heat exchangers, the perimeter
of each plass shall be included:

(c) a sglection of tub&s-in the interior section of the
bundle.

(d) argas with a history of active damage mechanisms.

(e) ardas thatthave not previously been examined.

(f) failpre 6f10% of the tubes examined shall require an
additiongl 10% of tubes to be examined in the examined

312-1-1.3 Use of Inspection Planning

(a) An inspection planning program may be ir
mented to determine the number of tlbes to in
and the frequency at which the tubes(shall be inspq

(b) Program implementation guidelines are proy
in ASME PCC-3. The following factors shoul
considered:

(1) inspection effectiveness required, see Table
[-1.3-1 for various effeetiveness and the assoc
methods of inspection:

(2) maximumi,inspection interval permitted.

(3) type of inspection required for the suspgcted
damage mechanism. See Table 312-1-1.3-1 for additional
details.

(c) Seevpara. 312-5.1 for inspection methods.

nple-
pect
cted.
rided
d be

312-
ated

312-I-1.4 Use of Extreme Value Analysis (EVIA)

(a) Use of EVA makes it possible to accurately a
the remaining life of large numbers of tubes using
tively minimal data.

(b) EVA assessment is based on ASTM E 2
“Standard Practice for Extreme Value Analys
Nonmetallic Inclusions in Steel and O
Microstructural Features.”

(c) Use of EVA to assess the maximum wall loss dat
been described in conference publications; see Table|
[-1.3-1, Note (4).

(d) The EVA method and results may be incorpo
into an inspection planning assessment.

(e) With smaller sample sizes, ideally 20 to 30 {
regardless of the number of tubes in the excha
the appropriate inspection effectiveness may be ach
by using the lower bound value of 99%, 95%, 90%
80% confidence intervals.

5sess
rela-

283,
is of
ther

a has
312-

rated

ubes
hger,
eved

and

area, as per (a) through (e).
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Table 312-I-1.3-1 Inspection Effectiveness Table

Inspection
Effectiveness
Category

Damage to Consider

Inspection Method

Number of
Ferrous Tubes
by Intrusive
Inspection Methods

Number of
Nonferrous
Tubes by
Intrusive
Inspection Methods

Number of
Tubes by
Nonintrusive
Inspection Methods

Highly effective

Wall loss
[excluding MIC]

IRIS

80% to 100%

80% to 100%

Not applicable

IRIS and EVA 20 to 30 20 to 30
99% CI as
10WET DOUIU
RFET or MFL 100% and pull Not applicable
2 worst tubes
for lab analysis
ET Not applicable 100%
Cracking SWIRIS 100% Not applicable
Cracking or MIC ET Not applicable 100%
Usually effective Wall loss or IRIS 60% to 80% 60% to 80% Profile RT $0%

localized and
general corrosion
(excluding MIC)

at 0 deg hnd
90 deg

IRIS and EVA 20 to 30 20(to 30
95% CI as
lower bound
RFET or MFL 100% and use Not applicable
IRIS on 2
worst tubes
PSET 90% Not applieable
ET Not applicable 80%
Cracking SWIRIS 80% Not applicable
PSET 100% Not applicable
Cracking or MIC ET Not applicable 80%
Fairly|effective Wall loss IRIS 40% to 60% 40% to 60% Not applicaple

(excluding MIC)

IRIS and EVA 20 to 30 20 to 30
90%CI\as
lower-bound
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% Not applicable
RFET or MFL 100%
Cracking or MIC ET Not applicable 50%
Poorly effective Wall loss IRIS 20% to 40% 20% to 40% Not applicaple

(excluding MIC)

IRIS and EVA 20 to 30 20 to 30
80% CI as
lUWt‘I buuud
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%
Cracking or MIC ET Not applicable 30%
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Table 312-1-1.3-1 Inspection Effectiveness Table (Cont’d)

GENERAL NOTE:
ET = eddy current testing

EVA = extreme value analysis

IRIS = internal rotary inspection system
MFL = magnetic flux leakage

MIC = microbiologicaly induced corrosion
RFET = remote field eddy current

PSET = partial saturation eddy current

SWIRIS F shear wave Internal rotary inspection system

168
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Mandatory Appendix 312-II
Examination of Pressure Containment Components

312-]1-1 EXAMINATION

Expmination of the shell, channel, and other pressure
contjinment components, excluding the tubes, may be

perfgrmed by any of the following methods:

(a] RT

(b} UT

(c) MT

(d} VT

(e] internal inspection by removal of tube bundle

(f)] internal inspection by remote camera or other
inspgction probe instrument

312-11-2 INSPECTION

The inspection of these components-shot
concurrently with the inspection of the tubes.
312-11-3 SUITABILITY

Pressure containment{components are pa
suited for inspection planning methods such as
by ASME PCC-3.

Id occur

rticularly
lescribed

169


https://asmenormdoc.com/api2/?name=ASME PCC-2 2018.pdf

(18)

ASME PCC-2-2018

Article 313
Crimping of Metallic Pipe

313-1 D

313-1.1

(a) Pif
of piping
restrict of

(b) Th
a process
are not a

(c) Th
exchange
of this Aj

313-1.2

(a) Du
possibilit
at the fol

(b) Wi
could ocq
to equipy

313-2 L

313-2.1

Part 1
ments ai
conjuncti

313-2.2

(a) Md
seamless
that is n
which m

NOTE: Cr

ESCRIPTION

Introduction

e crimping is a technique for isolating a section
py plastically deforming the pipe cross section to
r prevent flow in a pipe using a crimping unit.
s Article covers considerations for application of
for crimping of metallic pipe when block valves
vailable or not functioning to shut off flow.

e scope of this Article does not include heat
r tubes; however, the user may adopt portions
ticle for that application.

Risk

ring or after crimping operations, there is a
y of the pipe splitting/cracking longitudinally
d of the crimp.

ile performing a crimping operation, a failure
ur resulting in injury to personnel or damage
hent.

MITATIONS

General

of this Standard contains additional require-
nd limitations. This Article“shall be used in
pn with Part 1.

Additional Considerations

tallic pipe crimping should be performed only on
pipe or tubingthatis less than DN 80 (NPS 3) and
bt subjeet to pipe-operating temperatures at
terialkductility is an issue.

mping of sizes larger than DN 80 (NPS 3) may be

313-3 DESIGN

(a) There are three types of crimp setups.
(1) The most common type consists Jof two cj
with a sealant injection valve in between.
(2) The other two are
(-a) a crimp and an installéd isolation valvd
(-b) a single crimp
(b) In this Article, the most common type as desc
in (a)(1) is discussed; however, the process is simil
the other two setups.

313-3.1 Pipe Materials

(a) The pipe material should be suitably ductile
(1) <Fhe likelihood of embrittlement or env,
mental>cracking due to previous operating condi
should be assessed as part of the crimping plar
pracess. Alternatively, a trial crimp on an identical 4
rial from the identical service may be used to verif]
influence of environmental degradation.
(2) Carbon steel ductility is not at its lowe
ambient temperature. It reduces sufficiently to ¢
problems with crimping at medium temperat
Therefore, there is a risk that a test at ambient tem
ture is not representative of, for example, a crimp at
(200°F) [in that the pipe will be less ductile at 95°C (2
than at ambient temperature].

(3) Inaddition to the above, there islower ducti
most materials atlow (cryogenic) temperature; therg
a trial crimp should be performed on a sample leng
pipe of the same material and should mimic the a
conditions as much as possible.

(b) Crimping shall not be performed on product|
longitudinal or spiral-welded seams. The user o
Article should field-verify that the pipe is sean
prior to crimping.

imps

ribed
r for

ron-
fions
ning
nate-
y the

st at
ause
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bera-
95°C
0°F)

ity in
fore,
th of
ctual

with
this
hless

possible, butspeciattooting mmay be Tequired:

(b) Pipe crimping should not be performed within the

length, L,

of a circumferential weld, an elbow, or other

gross structural discontinuities, calculated as follows:

m

L = 2~/RT

outside radius of pipe

inimum thickness of pipe (tmin)
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313-3.2 Crimping Tool
313-3.1 General

(a) The crimpingtools proposed for the work should be
inspected, and the nose diameter of the jaw should be

measured.

(1) The diameter of the nose can have an impact on

the suitability of the tool.
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(2) The nose diameter to pipe diameter ratio should
be large enough to prevent shearing of the pipe. The ratio
of nose diameter to pipe diameter should be 2:1.

(3) The crimping tool should have edges sufficiently
rounded and of sufficient length to prevent shearing the
pipe or tube.

(4) The nose radius should be 12 mm (0.5 in.).

(5) Crimping tools with other geometries that have
been proven in-service or by testing or through engi-

(c) The crimping process will cause contraction and
added tensile force on each piping system anchor point.

(d) Anunrestricted length of 8 pipe diameters between
anchors should be available for crimping.

313-4 FABRICATION

The crimping and sealant injection processes described
in paras. 313-4.1 through 313-4.3 may be used.

neerjgamatysis may be used if justified by amrengineering
analysis. This analysis should be similar to a Level 3
assegsment in accordance with API 579-1/ASME FFS-1.
(b) If the crimping tool is to remain on the pipe, it
should be designed to be suitable for the operating
temperature and be of a material that will not degrade
due fo environmental conditions.
(c)] Placement of the crimping tool is critical to the
succgss of the crimping operation.
(1) Install each crimping tool and initially secure
until they are hand tight.
[2) Align the crimping tool such that it is square with
ipe or tube.

them

the

313+

(a
be ti
(b)
the 1

B.2.2 Manual Crimping Operation

Manual crimping blocks (Figure 313-4.1-1) should
bhtened by hand.

The tightening process should alternate between
uts, tightening the same amount so as to evenly

313-4.1 Crimping

(a) Crimping of metallic pipe is achieyved when the fluid
flow has been stopped (Figure 313-4,1-1).
(b) Metallic pipe crimping might not complg
off flow through the crimped cross’section.
(c) A trickle flow can pefsist through the
section, unless a sealant is injected.

(1) Ifsealantinjectionis desired to stop flov
should be measured.toallow the mounting of an
block on the pipe, inf between the two crimp
Crimping alone Will rarely seal the flow as th
completely-Crush the pipe will most likely (
wall to split:

(2)\The injection block will allow injed
sealantinto the isolated void after crimping.

(-a) The sealant shall be compatible
product, pressure, and temperature.

(-b) The injection pressure should be cpntrolled,
monitored, and minimized and no more than line oper-

tely shut
crimped
b, the pipe
injection
bositions.
e force to
ause the

tion of a

with the

apply pressure to the pipe. ) .
(c) Eachnutshould be turned no more than 30 degeach ating pressure plus 1 MPa (150 psi). .
time (-c) Refer to the sealant manufacturer’s| informa-
tion for specific characteristics.
313-3.2.3 Hydraulic Crimping Operation (-d) After sealant has been injected and ¢ured, the
L . crimp blocks may be left in place or removed.
(a} . Ahydraulic crimping tool providés even pressure to (3) Crimping may also be used to isolate,|seal, and
the pipe. . . bypass a leaking or damaged section of pipe.
(b. Hy(?raullc pressure should(be closely monitored for (-a) In this case, two crimp blocks shall pe placed
confirmation that the crimp {@5been completed. on the pipe, one on each side of the section to be igolated (A
_ . and B in Figure 313-4.1-2).
313-8.3 Location (-b) A sealant injection block shall be placed in
(a) The pipe wall thickness should be confirmed by between (C in Figures 313-4.1-2 and 313-4]1-3) the
NDE [when possible; two crimp blocks.
(1) If the pipe wall is too thick, manual crimping of (-c) The pipe shall be tapped through the sealant
the gipe may. 0ot be possible. injection block and sealant injected, filling the pipe from
[2) df-the pipe wall is too thin, crimping of the pipe one crimp block to the other (section A-B is f{lled with
may [cdls€ a loss of containment. sealant in Figure 313-4.1-2).
3J) The minimum pipe wall thickness required tor (-dj_Two hottaps (D and E 1 Figure 313-4.1-2)

the design pressure shall be determined in accordance
with the applicable construction code.

(b) The two crimping positions should be marked a
minimum of 4 pipe diameters apart inside the selected
area.

NOTE: Two crimps in a single area are not always required. In

some cases, a single crimp can be sufficient where the other end
has a valve or is a dead leg.
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may then be installed (one upstream and the other down-
stream of the crimp blocks) to bypass the injected section,
if needed.

(-e) If operations require the line to be in contin-
uous operation; the bypass hottaps (D and E in Figure 313-
4.1-2) should be installed prior to crimping and sealant
injection.
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Figure 313-4.1-1 Crimp Block on Pipe

313-4.2 |Injection

For thgse who do not have their own injection proce-
dure, the|following may be.adopted for use:

Step 1.| Open the restfictor on the injection clamp and
drill into [the line taking/appropriate precautions for the
product, femperature, and pressure.

Step 2.| Remeve.the drill and close the restrictor.

Step 3.| Fit\injection tool loaded with suitable sealant
compatiblle with the process and temperature.

313-4.3 In-Service

If crimping is performed on pipe used for high-tempera-
ture fluids, the loss of fluid flow after crimping will regultin
an increase in the tube metal temperature. In such fases

(a) supports should be adjusted, as needed, to agcom-
modate for the associated additional thermal expapsion

(b) additional cooling should be provided to enpsure
that relaxation of the crimp tool studs does not ocfur

NOTE: Relaxation can result in ]nnl(ngn at the r‘rimp locdtion.

Step 4. Open the restrictor and fill the cavity between
the two crimp positions.

Step 5. When the cavity is full, there will be a noticeable
increase in the injection pressure.

Step 6. Allow sealant to cure.

Step 7. Remove injector and close the restrictor.

Step 8. Remove the crimp toolsifitis deemed that doing
so will not affect the seal.

313-5 EXAMINATION
313-5.1 Pre-Installation

(a) Prior to installation of the crimp blocks, the pipe
should be examined to verify that it does not exhibit
wall thinning per the required design pressure at the
crimp section.
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Figure 313-4.1-2 Crimp With Injection Arrangement

GENERAL NOTES: A and B = crimp blocks (Figure 313-4.1-1), C = sealant injection box (Figure\313-4.1-3), D and E = hot tap

(a) Sealant Injection Box

A C B
& & _ I B dh A
© (LD
5 ‘ i o
T .y
T T T - = T T T
D E

Figure 313-4.1-3 Crimp Clamp in Position (Right) and{Sealant Injection Box (Left)

SESNS— 2

(b) Crimp Clamp in Position

(b) Where possible, the thickness in the area to be
crimped and 50 mm (2 in.) on either side of that area
should be measured. When these measurements are
taken, they shall be compared to the calculated T from
para. 313-2.2.

(c) Where possible, a hardness test should be
performed to identify hard spots in proposed crimp
site that could indicate a less ductile region.
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(d) The pipe should be verified as being free of corro-
sion, cracks, or other defects in the area where the
crimping is being applied; such defects can cause pipe
failure during the crimping process.
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313-5.2 Post-Installation

(a) The effectiveness of the crimping operation may be
verified by monitoring downstream flow, temperature, or
both.

(b) Where leak tightness is critical, the pipe surface
immediately adjacent to the crimp should be examined
using either the liquid penetrant or magnetic particle
NDE method to verify that the crimping operation has

not introduced surface cracks

of the pipe wall (prevention of out-leakage to
atmosphere).

NOTE: Increasing the pressure in the system could affect the seal,
resulting in leak-by that will necessitate reinjection of sealant.

(b) For leak testing, applicable construction code or
Article 501 may be followed.

(c) Foranemergency application, the owner-user may
establish a special test pressure suitable to the unique
system conditions

313-6 TESTING

313-6.1

(a) W
permits,
the effect
of leakag

.lLeak Tightness

ere leak tightness is critical and configuration
the pipe should be pressure tested to verify
iveness of the crimping operation (prevention
e through the crimped section) and the integrity

313-7 REFERENCES

The following publication is referenceghin ‘this Affticle;
the latest edition shall apply:

API 579-1/ASME FFS-1, Fitness foy Service
Publisher: American Petroleum Institute (API), 12
Street, NW, Washington, DE\20005 (www.api.or§

20 L
)
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PART 4
NONMETALLIC AND BONDED REPAIRS

Article 401

40141 DESCRIPTION

40141.1 Scope

401-1.1.1 Repair Requirements. This Article provides
the requirements for the repair of fluid system compo-
nents (e.g., pipework, pipelines, tanks, and vessels)
using a qualified repair system.

401-1.1.2 Definition of Repair System. The repair
systém is defined as a combination of the following
elenlents for which qualification testing has been
completed:

(a)] substrate (repair surface)

(b] surface preparation

(c) load transfer material (filler material)

(d] primer layer adhesive (an adhesive used insome
repajr systems to bond the composite laminate to the
subsfrate)

(e} composite material (repair laminaté)

(f)| application method (including sealing, coating, etc.,
as n¢eded)

(g] curing protocol

(h) interlaminar adhesive.for'repair systems that
utilize precured plies

401-1.1.3 Materials Atlowed. The composite materials
allowed for the repair'system include — but are not
limitpd to — glassyaramid, or carbon fiber reinforcement
in a thermoset.polymer (e.g., polyester, polyurethane,
phenolic, vinyl ester, or epoxy) matrix. Fibers shall be
continuousiand not be randomly oriented.

401 pplicability

nmetallic Composite Repair Systems: High-Risk Applicahions

(b) tanks originally designéd;ih accordang¢e with a
variety of construction stdndards, including AWWA
D100, AWWA D103, AP1.620, API 650, BS EN(13121-2,
and PD 5500

(c) vessels originally designed in accordanfe with a
variety of constriction standards, including ASME BPV
Code, BS EN 13121-2, and PD 5500

401-1.2.2 Definition of High Risk. High-risk applica-
tions, for‘which this Article is mandatory, arg defined
as applications that meet at least one of the following
conditions:

(a) hazardous or IDLH fluids

(b) systems containing piping, tanks, or pressure
vessels that are critical to the safety of workers (e.g.,
fire suppression systems)

(c) pressures above or equal to 150 psig (MN/m?)

(d) temperatures above or equal to 120°F (p0°C)

(e) temperatures less than or equal to 0°F (-20°C)

(f) the leaking defect diameter, d, and design|pressure,
P, satisfy any of the following relationships:

(1) pJd > 150 psig (in.)o'5

(2) pJd > 0.16 MN/m'?
(3)d > 025 x D

NOTE: Article 402 may be used for low-risk applicqtions.

401-1.2.3 Applicable Defects

(a) Therepairsystem qualification, design, installation,
and operational requirements provided in thjis Article
cover situations involving damage commonly} encoun-
tered in fluid systems.

401-1.2.1 Example Applications. This Article is appli-
cable to the repair of a wide variety of components,
including the following:

(a) pipework and pipelines originally designed in
accordance with a variety of construction standards,
including ASME B31.1, ASME B31.3, ASME B31.4,
ASME B31.8, ISO 13623, and ISO 15649

(b) The following types of defects can be repaired (and
are assessed in para. 401-3.3.3):

(1) external corrosion where structural integrity is
compromised. In this case, it is probable the application of
a repair system will arrest further deterioration.

(2) external damage such as dents, gouges, fretting,
or wear (at supports).

(3) cracks, if they are prepared in accordance with
the excavation requirements of Article 304.
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(4) either internal corrosion or erosion (leaking or
nonleaking). In this case, it is probable that corrosion will
continue and the assessment needs to take this into
account.

(5) leaks.

(6) manufacturing or fabrication defects.

(c) Internal fluids and external environments affect the
compatibility of the composite. The pressure/tempera-
ture limits are dependent on the type of damage being
repaired
limits ard
quiremerj
-50°C (-
ture cap
testing.

(d) Th
nonmeta

determined by the testing and qualification re-
ts of this Article. A lower temperature limit of
b8°F) can be assumed unless a lower tempera-
bility is demonstrated through qualification

s Article applies to repairs to both metallic and
lic (substrate) materials.

401-1.3 |Risk Assessment

(a) An| assessment of the risks associated with the
defect and repair method shall be completed. When
applying a repair system in accordance with this
Article, the following shall be considered:

(1) the nature and location of the defects

(2) qlesign and operating conditions for the compo-
nentand fontents (including pressure, temperature, sizes,
and combinations thereof)

(3) tepair life (see para. 401-1.4)

(4) the geometry of the component being repaired

(5) hazards associated with system service

(6) availability of personnel with the necessary-skills

(7) the ease of executing surface preparation
operatior)s

(8) performance under upset and major incident
situation$ including impact, abrasion, fire,&xplosion, colli-
sion, and|environmental loading

(9) failure modes

(10)|inspectability

(11)|the repair system materials

(b) Thp information and.data describing any hazards
shall be ificluded in the thethod statement (para. 401-4.4)
to be usdd on-site.

(c) The application of these repair systems to piping
will typiqally change the mode of failure from rupture
to a leak

401-1.5 Defect Assessment

Defect assessment in the host component can be
performed with the prevailing fitness-for-service stan-
dard, e.g., ASME B31G, API 579-1/ASME FFS-1, BS
7910, or equivalent.

401-2 LIMITATIONS

Part 1 of this Standard contains additionalrequi
ments and limitations. This Article shall\be us
conjunction with Part 1.

401-2.2 Qualification of Repair-System

(a) The use of this Article shall be limited to those
repair systems for which the”qualification tegting
described in Mandatory Appendix 401-II has peen
completed (see para. 401-372 for qualification datal).

(b) Any change to any element of the repair systen (see
para. 401-1.1 for&cope) shall constitute a different and
therefore new fepair system.

(c) This néw repair system shall require qualific
as describediin Mandatory Appendix 401-I1. See also
401-3.6_for requalification.

(d)~Fhe repair system supplier shall state the ty]
defects for which their repair system has been qual

ation
para.

pe of
ified.

401-2.3 Installation

h the
ures
then

The installation procedures shall be those used i
repair system qualification. If the installation proce
are not those used in the repair system qualification
the repair is not in compliance with this Article.

401-3 DESIGN

401-3.1 Symbols

The following symbols are used throughout this At
D = component outside diameter, m (in.)
d = diameter (or diameter of the equiv
circle) of the defect or leaking region,
tensile modulus for the composite lam
in the axial direction determined per
401-3.2-1, N/m? (psi)
(Eq x E)*® N/m? (psi)

ticle.

hlent

(in.)
inate
[able

Eq

401-1.4 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 achievable life of the repair
system for a specific application can be affected by envir-
onmental exposures, active internal degradation mechan-
isms, and external mechanical influences.
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tensile modulus for the composite laminate
in the circumferential direction determined
per Table 401-3.2-1, N/m? (psi)

tensile modulus for substrate material, N/ m?
(psi)

sum axial tensile loads due to pressure,
bending, and axial thrust, N (1bf). Note
that the axial tensile load generated by an
applied bending moment is (4M/D)

service factor from Table 401-3.4.5-1
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cyclic derating factor

= temperature derating factor, determined by

egs. (1) and (2)

shear modulus for the composite laminate
determined per Table 401-3.2-1, N/m? (psi)
heat distortion temperature, determined per
Table 401-3.2-1, °C (°F)

buried depth of component, m (in.)

total axial repair length, m (in.)

t = nominal wall thickness of original compo-
nent, m (in.)
tiayer = ply orlayer thickness of the composite repair
material, m (in.)
tmin = Minimum repair thickness determined by ap-
plicable equations, m (in.)
trepair = design repair thickness, m (in.)
t; = minimum remaining wall thickness of the
component, m (in.)

B~

Sa

Se

axtat tengtiT of defect, T (1), USed 1T test
specified in Mandatory Appendix 401-I11

= axial length of the defect, m (in.)
= overlap length, m (in.)
= taper length, m (in.)

applied bending moment, N-m (lbf-in.)
number of cycles

number of wraps

internal design pressure, N/m? (psi)
applied external pressure, N/m? (psi)

= external soil pressure, N/m? (psi)

internal pressure within the component
during application of the repair, N/m? (psi)
maximum internal pressure of the pressure
cycle, N/m? (psi)

minimum internal pressure of the pressure
cycle, N/m? (psi)

MAWP/MAOP/MOP for the component with
the defectdetermined from B31G, AP1579-1/
ASME FFS-1, or BS-7910, N/m? (psi)s
including consideration of future corrosion
allowance

= test pressure, N/m? (psi)

pressure of the undamaged coniponent to
yield, N/m? (psi)

cyclic loading severity, defined as: R = Ppin/
Pmax

SMYS (Specified Minimum Yield Strength
derated as requiived by the appropriate
construction.codeé) of component, N/m? (psi)
measured yield strength of component or
mill certification, N/m? (psi)

characteristic tensile strength of composite
in<citcumferential (hoop) direction, where
the’ characteristic strength is equal to the
mean strength, determined per Table 401-
3.2-1, N/m? (psi)

Test = LESt UTICRIESS Of COMpOSIte determined per
Mandatory Appendix 401-V, m_(in})
W = width of slot defect, m (in,)
w = width of defectin hoop djrection to pe used in
test specified in Mandatory’Appendjx 401-I11,
m (in.)
a, = thermal expansion coefficient of the repair
laminate in the axial direction determined
per Table 401-3.2-1, °C™* (°F 1)
a. = thermal expansion coefficient of the repair
laminaté in the circumferential firection
determined per Table 401-3.2-1, °C™* (°F 1)
a, =-thermal expansion coefficient of the
substrate, °C™! (°F 1)
y = toughness parameter (energy reldase rate)
for the composite-substrate interface deter-
mined per Mandatory Appendix 401-IV, ] /m?
(in.-1b/in.?)
YLcL = toughness parameter lower confid¢nce limit
per Mandatory Appendix 401-1V
Ysoil = soil unit weight, kN/m? (Ib/in.?) [ih absence
of data, assume ys; = 18 kN/m? (0.072 Ib/
in.?)]
AT = temperature difference (absolute) between
operation and installation, °C (°F)
g, = allowable axial strain obtained |from eq.
(10b)
e. = allowable circumferential strain [obtained
from eq. (10a)
£40 = allowable axial strain obtained frpm Table
401-3.4.4-1
&0 = allowable circumferential strain |obtained
from Table 401-3.4.4-1

&, = thermal strain
¢ = angle subtended by the axial slot [radians)
7 = lap shear strength, N/m? (psi)
U, = Poisson’s ratio for the composite laminate in

Sle

towerconfidenrce it ofthetomg=term
strength determined by performance
testing per Mandatory Appendix 401-1I, N/
m? (psi)

design temperature, °C (°F)

glass transition temperature determined per
Table 401-3.2-1, °C (°F)

upper temperature limit of repair system, °C

°F)
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thecircamferentiatdirectiom{toadin circum-
ferential direction, contraction in axial direc-
tion) determined per Table 401-3.2-1

401-3.2 Repair System Qualification Data

(a) Qualification of the repair system shall be
completed in accordance with Mandatory Appendix
401-11, using tests listed in Table 401-3.2-1.


https://asmenormdoc.com/api2/?name=ASME PCC-2 2018.pdf

ASME PCC-2-2018

Table 401-3.2-1 Repair System Required Material and Performance Properties

Primary Properties

Property

Test Type

Detail Properties

Minimum Values

Test Methods

Tensile strength (S,
Swn) and tensile
modulus (E,, EJ);

Poisson

's ratio

Mandatory

Tensile strength (s),
modulus (E), Poisson’s
ratio (for leaking pipes
and some design cases;
strain to failure in
both hoop and

axial directions)

Strain to failure must
be >1%

ISO 527, ASTM D3039

In-plane s[near

modulyl

Per ply thjckness

Hardness

Coefficien
thermal
expansi

of

bn

Glass tranfition

temper:

ture (T,)

Heat distdrtion

temper:
[Note (

Lap shear
strengtl
[Note (.

ture (HDT)
)]

adhesion

)]

Impact pefformance

Energy re
rate (y)

ease

Mandatory for leaking
pipes only

Mandatory

Mandatory

Mandatory

Mandatory or use HDT
below

Mandatory or use T,
above

Mandatory,

Mandatory for leaking
pipes only

Mandatory for leaking
pipes only

Modulus only (G31)

Thickness per ply

Barcol or Shore
hardness data

CTE value

Glass transition
temperature (T,)

Heat distortion
temperature (HDT)

Shear strength of
composite bond to
substrate

Low velocity impact
performance

Toughness parameter,
energy release

None

None

None

None

None, except this
can determine
maximum operating
temperature of
composite
system

None, except this
can determine
maximum operating
temperature of
composite
system

4 NM/m? (580 psi)

Withstand drop test per
Mandatory Appendix
401-VI

None

ASTM D5379

None'\(may be deternfined
from the tensile tegts
above)

BS EN 59, ISO 868, A$TM
D2583, ASTM D2240

ISO 11359-2, ASTM EB31

ISO 11357-2, ASTM EB31,
ASTM E1640, ASTM
E6604

ISO 75, ASTM D648

BS EN 1465, ASTM D
ASTM D5868

165,

Mandatory Appendix f01-
VI

Mandatory Appendix f01-
Y%

Long-term lap shear
performance

Short-term pipe:
spool survival test

Optional

Mandatory

rate (y)

Measurement of lap
shear strength after
1 000-h heat
exposure

Wrapped pipe with
defect must withstand
a short-term pressure
test

30% of lap shear
adhesion
strength

Wrap must not fail

Mandatory Appendix
Section 401-11-2

Mandatory Appendix 401-
111

178
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Table 401-3.2-1 Repair System Required Material and Performance Properties (Cont’d)

Primary Properties

Property Test Type Detail Properties Minimum Values Test Methods
Long-term strength Optional Determine long-term None [Note (4)] Mandatory Appendix 401-
[Note (3)] (creep-rupture) Vv,
strength of the wrap ASTM D2990, ASTM

by either of D2992

three methods

Cath¢dic disbondment Mandatory for Disbondment None ASTM G8)ASTM (142, ASTM
cathodically protected G95
pipes
Cyclif loading Optional None None 1SO 14692, ISO 44817
Electrical conductivity Optional None None ISO 14692, ASTNI D149
Chenpical compatibility Optional None None ASTM D543, ASTM (581,
ASTM D3681, [SO 10952
Compressive modulus Mandatory Load transfer material None ASTM D695, ASTM D6641,

ISO 604, 1SO 14126

NOTEP:

(1) Fprthe matrix polymer (without the reinforcing fibers), use ASTM D648 or [ISO\75-1 to measure HDT under a load of 1.82 MPa (26 psi). Asan

alternative, when measuring HDT for reinforced polymers (using ISO 75-3), the minimum load should be 0.1% of the modulus.

(2) When using ASTM D3165, ASTM D5868, or BS EN 1465, it shall serve:to provide general guidelines for this test. A sample of th¢ composite

(4) This test qualifies the wrap pursuant to Table 401-4.6-1.

(b] All components (e.g., primer, load transfer material,
and fomposite) of the repair system shall b€ tested to
define thermal performance.

(c] Materials performance and test data shall be
meagured by a certified or nationally*accredited test
facility, or certified by a registered‘professional engineer
(or ipternational equivalent).

(d] Repair system qualifieation data shall be measured
for a|representative member of each family of substrate
matgdrials (e.g., carbon ‘ste€el, low- and high-alloy steel,
stairlless steel, aldminum, polyethylene, PVC, ABS,
fiberfreinforced polymer, concrete, etc.) for which quali-
fication for useof the repair system is desired.

4011-3.2:1.\Basic Material Documentation

(a) This shall include a statement of the polymer

ifJstead of just the adhesive should be used between the plates.
(3) When using ASTM D2990 and ASTM D2992, they shall serve 6, provide general guidelines for this test.

(c) Particular attention may need to be given fto carbon
FRP laminates and the potential for bimetallic (galvanic)
corrosion of the host substrate.

401-3.2.2 Surface Preparation. The duralility of a
bonded assembly under applied load is determined by
the quality of the surface preparation used.

(a) The specific method of surface preparation shall be
an integral part of the repair system and its qudlification.

(b) Any change in the surface preparation method
requires requalification of the repair system (see
Mandatory Appendix 401-VIII).

401-3.2.3 Short-Term Test Data. For the repair
system, these shall include the following:

(a) tensile strength

(b) ultimate tensile strain and modulus, in|both the

systems, Including reinforcements used, and any stan-
dards to which they are supplied.

(b) Basic data on material compatibility with the
working environment shall also be available.

(1) Tt shall be ensured that any chemical interaction
between the composite and substrate will not cause
further degradation in the substrate surface.

(2) Consideration may need to be given to the effects
of the polymer resin systems and their associated curing
agents.

hoop and axial directions

(c) strength of the adhesive bond between the repair
laminate and the substrate material

(d) optionally the energy release rate

401-3.2.4 Long-Term Test Data

(a) For the repair system, these shall include the
following:
(1) strength of the adhesive bond between the repair
laminate, substrate, and filler material
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(2) optionally the long-term tensile strain of the
repair laminate
(b) “Long-term” is defined as greater than or equal to
1000 h

401-3.3 Required Data

(a) The following data shall be supplied for each repair:
(1) The detail to which these requirements are
fulfilled may be determined by the output of the risk

401-3.3.4 Repair System Documentation. The repair
system manufacturer shall maintain documentation of
materials testing results, including tensile properties of
the composite, shelf life, glass transition temperature
of the polymer, and compression strength of filler
material.

These results shall be traceable to material supplied
with the repair system, and shall indicate that the material
used for the repair system is representative of the repair

assessment.
(2) Original equipment design data and maintenance
and operational histories shall be provided by the owner.
(3) Material data shall be provided by the repair
system syipplier.
(4) Theavailability of relevant data should be consid-
ered in the risk assessment.
(b) An|example of a design data sheet is provided in
Mandatofy Appendix 401-I.

.1 Original Equipment Design Data. The
items may be relevant original equipment

(a) dofumentation of any signifieantchanges in service
conditionls including pressure, temperature, fluid content,
and corrgsion rate

(b) past service conditiens

(c) suthmary of all alterations and past repairs local to
the component sectien_of concern

(d) ingpection reports detailing the nature and extent
of damage to he'repaired

401-3.3.3-Service Condition Data. The following data

SYSTElT quatification teSUNg Teferenced by tIe Tgpair
system supplier.
The repair system supplier shall provide the ma

test report.

rerial

401-3.4 Design Methodology

401-3.4.1 Overview. The design{of the repair lam
shall be carried out using the requirements specified
and (b).

There are two designgeases:

(a) Type A DesigiCase. Components not lea
requiring structuralreinforcement only. One o
following three/design methods shall be used:

(1) include allowance for original component
para. 401-3.4.3) where yielding of the component]
or may riot’be included

(297 exclude allowance for original componentj
para-401-3.4.4)

(3) long-term performance test data (see para.
3.4.5).

(b) Type B Design Case. Components leaking requ
structural reinforcement and sealing of through
defects.

(1) The design method in para. 401-3.4.6 shj
used in addition to the Type A design case.

(2) For components with active internal corrg
the repair laminate shall be designed on the assum
that a through-wall defect will occur if the remaining
thickness at the end of service life is expected to bg
than 1 mm (0.04 in.).

(3) The greater thickness of the Type A and Type B
design case shall be taken as the repair laminate thickness,

inate

n(a)

king,
f the

(see
may

(see
401-

iring
wall

11 be

sion,
ption
wall
b less

trepair-
401-3.4.2 Service Temperature Effects

(a) The repair system shall not be used above the
values of T, listed in Table 401-3.4.2-1, When determlining

shall be

(a) lifetime requirements/expectation of the repair
service life

(b) required design and operating pressures (internal
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 requirements of
ASME B31G, API 579-1/ASME FFS-1, BS 7910, or appli-
cable construction code

4 H |
CLCTIHIIIICU,.
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T, for the repair system, the lowest value of T, for the
repair system polymer components (e.g., the load transfer
material, primer layer, and composite material) shall be
used.

(b) Inabsence of other repair system qualification data
[see para. 401-1I-3(b)], 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, f7, given in eqs. (1) and (2).


https://asmenormdoc.com/api2/?name=ASME PCC-2 2018.pdf

ASME PCC-2-2018

Table 401-3.4.2-1 Service Temperature Limits for Repair

401-3.4.3.2 Underlying Substrate Yields

Systems (a) In the derivation of eqgs. (5) and (6) it is assumed
Property Substrate Leaking,  Substrate Not that the underlying substrate does yield and the repair
Measurement Tm Leaking, T, laminate is designed based on the allowable strain of
Ty Ty = 30°C (54°F) Ty — 20°C (36°F) the composite. Only hoop loading should be considered
HDT HDT - 25°C (45°F)  HDT - 15°C (27°F) in determining the design repair laminate thickness,
trepair-
(b) Forhoop strain due to internal pressure, the design
(Temperatures in Celsius) repair laminate thickness, t,.,.;,, may be calculated by
fr=6%x1075(T, — Td)2 + 0.001(T,, — Ty) iteration using
T €Y Py
P PD — 5 tS _ hveD (5)
+0.7014 ‘ 2Ec'f‘min Ectmin 2(Ectmin + Ests)
, , (c) Iftherepair is applied at zero.internal pregsure, i.e.,
(Temperatures in Fahrenheit) Pjive = 0, then eq. (5) can be,rearranged to give
f =2 x1073(T, - Ty)* + 0.0006(T, — Ty) @ 1 (PD )
to. = — 55— — st (6
min S
+ 0.7014 gEA\ 2
(d) The assumptions made in deriving egs. ($) and (6)
The maximum allowable value of fris 1. are that the substrate material is elastic and |perfectly
plastic (i.es~fo strain hardening), and that no defect
401-3.4.3 Component Allowable Stress. Use of the )
assessment is performed other than usje of the
design method in this section is appropriate if the contri- mininhm remainping wall thickness (of the shibstrate)
lf)utllcncci)fthe C(.)mponenl;c.llstobe1nc1uded1nthe calculation to infer the internal pressure at the point of pubstrate
or lpad-carrying capability. i@l
101-3.4.3.1 Underlying Substrate Does Not Yield (e) Thevalue of the allowable strain of the comhposite in
(a] In the derivation of egs. (3) and (4), it is assumed the circumferential direction can be taken from ¢qs. (10a)
thatJthe underlying substrateldoes ot yiéld and (10b) or if performance data are availaple, from
. : Mandatory Appendix 401-V. The appropriate service
(b) For hoop stresses due to internal pressure, the factor is taken from Table 401-3.4.5-1
minimum repair laminate thickness, t,,;,, is givén by . . L 0
(f) For axial loads in pipelines, eq. (7) shall bg utilized.
D Es]
tmin = —| = |(P = B) () -1 (PD _ %
min 2% ( E, tmin gaEa 4 sts
(c) For axial stresses dlue to interrllal pressure, bgnding, where t, may be conservatively the minimum wall thick-
and gxial thrust, the minimum-repair laminate thickness,  pess or the equivalent remaining wall thickness|based on
tmin IS given by the defect assessment.
D (&) 2F . . )
toin = —* =z - P, (4) 401-3.4.4 Repair Laminate Allowable Strains
2s D
‘ (a) Use of the design method in this section|is appro-
(d] The desigmrepairlaminate thickness, tepar, shallbe  Priateifthe contribution of the original compongntis to be
the dreater valde determined from egs. (3) and (4). excluded in the calculation for load-carrying ¢apability
(e] Where the purpose of the repair system is to and if short-term materirfll properties are to l.)( used.
strerjgthen an undamaged section of the component to (b) Theallowable repair laminate strain design method
H £ o £ 4 3 £ 4+
15 a TUIIttivil Ul uCDlsll LCllllJCla\.ul <.

carry additional bending or other axial loads, the value
of F shall be the increased total axial load requirement
and the value of P, shall be the original MAWP/MAOP/
MOP. The value of F depends on the specific application
details and shall be considered by the repair system
designer (outside the scope of this Article).

181

(c) For hoop stresses due to internal pressure, the
minimum repair laminate thickness, ty,,, is given by

S

(d) For axial stresses due to internal pressure, bending,
and axial thrust, the minimum repair laminate thickness,
tmins 1S given by

1

&

PD1 F vy,

2 E. nD E,

min —

8
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Table 401-3.4.4-1 Allowable (Long-Term) Strains for
Repair Laminates (No Allowance for Temperature

(b) Ifallowance for the componentisnotincluded, then
eq. (11) shall be used.

Effects) (c) For hoop stresses due to internal pressure, the
Rarely Continuous minimum repair laminate thickness, ty;,, is given by
Occurring, (Sustained), PD 1
Load Type  Symbol % % tmin = — | — (11)
For E, > 05 E, &0, £,0 0.40 0.25 2SS
For E, 5 E . . .

?r a<0 ¢ (d) For axial stresses due to internal pressure, bending,
Circumferential &0 0.40 0.25 and-axial Hnrncf' the minimum rnp:\ir laminate H’\ir‘l{qess'
Axial €40 0.25 0.10 tmins IS given by eq. (4) or eq. (9), as appropriate:

L F 1 Do (e) Thedesignrepairlaminate thickness, t,¢pair'shpll be
trmin = _(__ —— 9) the greater of the values determined by (c) and (d)).
g\ D E, 2 E (f) 1f allowance for the component is'to-be inclyjided,

(e) Rarely occurring events (e.g., pressure excursions
above design pressure) may be assessed using the strains
given in Table 401-3.4.4-1, provided that they occur typi-
cally less|than ten times in the life of the component with
each durjtion less than 30 min.

(f) Th¢ continuous (sustained) long-term allowable
strains lifted in Table 401-3.4.4-1 shall be used only if
the shortjterm tensile strain to failure of the repair lami-
nate is at|least 1%, otherwise performance data derived
according to 401-3.4.5 shall be used

(g) The short-term strain to failure shall be derived
from the fest carried out to determine the tensile proper-
ties of thp laminate (Table 401-3.2-1).

(h) Some repair system suppliers may choose to use
laminate |analysis to calculate modulus values for lami-
nates built up from a series of different layers. This is satis~
factory, provided that the results from the laminate
analysis have been validated using measured data.

(i) Thgrmal expansion coefficients for composite repair
systems pre different than those for thesubstrate, so
thermal [stresses will be generated where operating
temperajtures vary from installation/temperature.
Where this absolute temperature change is greater
than 40°¢ (72°F), the effect of differential thermal expan-
sion between the repair lamifnate’and the substrate shall
be considered in the design\assessment.

(j) Thqallowable repairtaminate strains (circumferen-

then eq. (12) shall be used.
(g) For hoop stresses due to internal pressurg, the
minimum repair laminate thickness, ty,, is given by

tmin = (? < tsS)'[ﬁ) (12)
t

(h) The service/factor, f, is the lesser of that obtained
from Table 4071+38.4.5-1 and from the appropfiate
construction ‘code.

(i) The 1000 h data service factor shall be used |f the
product is'qualified to the testing in para. 401-V-2.1 The
designlife data service factor may be used if the product is
qualified to either para. 401-V-2.2 or para. 401-V-3.3.

401-3.4.6 Leaking Components

(a) Use ofthe design method in this paragraphisappro-
priate if the component is leaking or considered fo be
leaking at the end of its service life. The requirements
of this paragraph are in addition to those describpd in
para. 401-3.4.4 or 401-3.4.5.

(b) A (substrate) component shall be considered [to be
leaking if the wall thickness at any point of the affected
area is determined to be less than 1 mm (0.04 in.) 3t the
end of its life.

(c) For acircular or near-circular defect, the miniimum
repair laminate thickness, t,;,, is iterated using eq.|(13).

tial and 4xial) shall be.calculated by P=ff - "LcL
1—-v (13)
e =Fpec0 — AT(as — ) (10a) ( ) S Ay Lyl 3 p
Epe | 51263, T 64G31tmin
= —A - 10b
a fT‘gﬂ0 T(a; — a,) (10b) (1) Eauation-13is-valid-for-defectsizes-whede d <
HEquation{I3s-valid-for-defeetsizes-where d <

where €, and &, are from Table 401-3.4.4-1.

NOTE: the term [AT (a5 - a. or a,)] is the absolute value.
401-3.4.5 Repair Laminate Allowable Stresses
Determined by Performance Testing

(a) Use of the design method in this section is appro-
priate if performance-based test data are available.

JéDt, where E,. = \/E,E..
(2) The value of f is set to 0.333 (or Table 401-
3.4.5-1 if performance data is available).

(d) For noncircular defects that have an aspect ratio
less than 5, eq. (13) shall be used where the value of d
is selected such that it contains the defect.

(e) Where the repair system incorporates a plug to
allow the repair of a live component, the qualification
tests carried out to determine the value of y
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Table 401-3.4.5-1 Service Factors for Repair Laminates

Test Service Factor, f
1000-h data 0.5
Design life data 0.67

(Mandatory Appendix 401-1V) shall be conducted on the

(b) The repair laminate thickness, as designed per this
Article, may be insufficient to address external impact
loads. Consideration should be given to increasing the
laminate repair thickness or providing other methods
of protection.

401-3.4.8 Axial Length of Repair

(a) Unless it can be demonstrated that a shorter repair
length is sufficient, the design thickness of the repair lami-

whole repair system including any plug arrangement.

(f)] For a circumferential slot defect, the minimum
thichness for a repair laminate, t;,, is iterated using
the 4gmallest value of the repair thickness calculated
from|both egs. (13) and (14). Note that t,,,;, can be iterated
in eq. (14).

P 3 fo
"LcL (14)
\/ 1_"2) 1 4, 7 3 (% ;} 2
a — W'+ =W |+ —
Ege [Wr?mn 4 ] 16G31tmin (1 +7v)
P = fT_f 8E ctmin? (15)

(g] For an axial slot-type defect, where the circumfer-
ential width of the slot, W= ¢D/2, the minimum thickness
for a|repair laminate, t;,, is calculated using

P=fo

YLcL (16)
E
(1-+) ¢ D4[4c“ J
11D D
A Pty ) 5 4)4 313 (Dé
Ege 8 38413 11,5203 .

wherle the limit ontheapplicability of eq. (16) is given by ¢
< 1, where ¢ is-the angle subtended by the axial slot
(radigns).

(h] The%alue of E,. and v in egs. (13) to (16) shall be
taken as, (£, - E))*° and (v..? - Eo/E.), respectively, as the

A nranartine of +h o

nate shall extend beyond the damaged regipn in the
component, Lyyer, by

Loyer = 2.5¢/Dt/2 a7

(b) For repairs designed in accordance with para. 401-
3.4.6, Loyer shall be the greaterof

E et anai
Loyer = max. Z.SM or _aTaTrepair (18)
T

(c) The total akial' length of the repair is giyen by
L #2L6ver + Ldefect + 2Ltaper (19)

(d) Thelends of the repair shall be tapered if the repair
thickness is governed by axial loads (paras. 401-3.4.4,
401-3.4.5, and 401-3.4.6). A minimum taper of approxi-
mately 5:1 should be used.

(e) The overlap length shall also be designed tp be sulffi-
cient to transfer the axial load.

401-3.4.9 Component Fittings

(a) Equations (3) through (12) relate to the stresses in
the substrate (component) under combinations of
internal pressure and axial load. For fittingd, such as
bends, reducers, tees, flanges, and nozzles, the stress
systems are more complex and may need furth¢r consid-
eration. Calculations may be based on pressyre 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 strgss due to
pressure is the same as for the simple component shall be
taken as unity, and for pipe tees shall be taken|as 2. The
diameter required for repair design is the largestjdiameter
of the component.

401-3.4.10 Other Design Considerations. Pdragraphs

repattaminateis-anisetrepiet-e—the propertiesof the
material are different in the axial and circumferential
directions.

401-3.4.7 Impact

(a) For repairs to leaking components, the repair
system supplier shall demonstrate that the repair
system is capable of withstanding a low-velocity 5 ]
(44.3 in.-1b) impact in accordance with the procedure
described in Mandatory Appendix 401-VI.

401-3.4.10.1 through 401-3.4.10.6 may be applied if
appropriate.

401-3.4.10.1 External Loads

(a) To resist external pressure or vacuum applied to
the repair system, the minimum repair thickness, tyin,
is given by
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s

31 = vA)P,
2E

(20)

tmin

(4

(b) For soil loads, to prevent the collapse of a buried
repaired component, the external soil pressure, Peysoil
shall be less than the collapse resistance of the repair
system, P,

(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 equa-
tions are not applicable for reversible loading.

401-3.4.10.3 Fire Performance

(a) The requirements for fire performance shall be
identified in the risk assessment.

2F (t. )3 . (1) Flame spread and smoke generation shall also be
Fextysoll < -3¢ l—D J 4 considered in the assessment.
3(1 =) (2) Due account shall be taken of the response’¢f the
repair system (component substrate and,'the r¢pair
where laminate).
4 D D* 1 D) (b) Strategies for achieving fire performance|may
Fext,soif = D D\h + 5) " T8 + 3 h+ 5 ) [soll include the following:
(1) application of additionalvraps of repair Jami-
where v is defined as (ve? - Eo/E.) nate material such that engégh basic compositq will
ca a cl . . 2 “
(c) Foy repairs to buried components, see Mandatory remagl 1ntaclt. fotlj the ?gr?tlon of t?e f::re e‘;ent i
Appendiy 403-I for additional technical requirements. (2) app ication of Iptumescent external coatings
(3) application éf Intumescent and other energy
- i i absorbent materials ‘within the repair laminate
401-B.4.10.2 Cyclic Loading p
. . i ] ] (4) use of pelymer formulations with specifid fire-
(a) Cy :11cload1r.1g sl.lallbe con51der.ed1n therisk assess- retardant propetties
ment for the app.llcaFlon of the repair system. (c) Further details of fire performance and fire mjtiga-
(b) Cytlic loading is not necessarily limited to internal tion methods are contained in ASTM E84 or ISO 14692.
pressure Joads. Thermal and other cyclicloads should also
be considered when assessing cyclic severity. 401-3.4.10.4 Electrical Conductivity
(c) Ifthe predicted number of pressure or otherloading . . .
cycles is |ess than 7,000 over the design life, then cyclic (a) Forrepairs to metallic substrates, itis likely that the
loading does not re(,]uire consideration ’ properties of the substrate will satisfy electrical copduc-
. ' tivity requirements.
(d) If the predicted number of pressure or other o .
loading dycles exceeds 7,000 over the design life;then (b) Whgre the subst.rz?te s 1n§ulat1ng, eg, glass _F.RP'
cyclic lodding shall be considered using eqs£33) and and electrllcal conductlv'lty requlreme.nts are spec1f1eq,
(23). THe equations are conservative.for lower the electrical conductivity properties of the r¢pair
numl;ers of cveles system should be measured to ensure that the original
(e) If fhe yredlicted number of pressure or other characteristics of the substrate are restored.
loading (yclez exceeds 108 over thg JTesign life, then (c) Electrical conductivity testing details are contgined
in eqgs. (}2) and (23), N shall bé set to 10°. in ASTM D149 or IS0 14692.
(f) For| the design of nonleaking defects (paras. 401- 401-3.4.10.5 Environmental Compatibility
3.4.4 and 401-3.4.5), the composite allowable strain in o ] ) .
both cirqumferential and axial directions, €. and &, in (a] The suitability of the repair system in the service
egs. (104) and (10b)Shall be derated by the factor, f, env1.ronrr.1ent shall be based on the folloying
where £, fis given by considerations:
(1) The service environment is the environment that
f = R2 1 (a- Rz) (22) will contact the repair laminate. It may be eithef the
< \ £ 2.888Log (N) — 7.108 ¢ external or internal environment.
[77 When rpqnirpd bv the service environment, the

(g) Forthedesign ofleaking pipes (para.401-3.4.6), the
service factor, f, in egs. (13) through (16) shall be replaced

by

f=0333 \/

1
2.888Log (N) — 7.108

RZ + (1-RrY| @
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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. 401-
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
compatible with a wide range of environments but consid-
eration needs to be given when the environment is
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strongly acidic (pH < 3.5) or strongly alkaline (pH > 11), or
when it is a strong solvent, e.g., methanol, toluene in
concentration 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
polymer supplier demonstrating that the environment
is no more aggressive than aqueous or hydrocarbon en-

401-3.5 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 compe-
tent person acceptable to the owner.

401-3.6 Requalification

(a) Where there hasbeen a change to the repair system,

VirorIments at Lhe deslgn LeIperature.

(2) if no compatibility data from the polymer
lier is available, then specific environmental
g is required. Results from tests according to one
e following test procedures, ASTM D543, ASTM
, ASTM D3681, ISO 10952 or equivalent, comparing
kposure of the specific environment and aqueous en-
ment to the repair laminate at the design tempera-
ture|shall be performed. The repair system shall be
consjdered compatible to the specific environment if
the test results from the specific environment are no
worge than for the aqueous environment.

(d) When erosion is the cause of the degradation
process of the substrate material and the repair laminate
is in|contact with the eroding medium, then the repair
lamihate may suffer material loss. The repair system
suppllier shall demonstrate that despite this potential
loss |of laminate material, the repair system should
survive for the specified repair lifetime.

supp
testi

of th
C581
thee
viror

101-3.4.10.6 Cathodic Disbondment
(aJ

prots
not ¢

(b)
dem
subs
currd

For repairs to components that are cathodically
cted, it shall be demonstrated that the fepair will
isbond due to the cathodic protectionh system.

ASTM G8, ASTM G42, or ASTM G95 may be used to
nstrate that the repair will not-be susceptible to
fantial disbondment under-animposed electrical
nt.

40[1-3.4.11 Design Output
(a)

lated

(b

lamit

trepair €quals thelarger of all the applicable calcu-
tmin (.8, circhunferential, axial, leaking).

The outputs.of the design calculations of the repair
nate aredhe. following:
[1) numbeér of layers, n
[2) ‘total axial repair length, L [from eq. (19)]

Tie testing Spectfted M the Tetevant paras. 20193.6.1 and
401-3.6.2 shall be completed if required by
Nonmandatory Appendix 401-B.

(b) Ifthe modified repair system isfound to bg of lower
performance than the original system, then it shall be
treated as a new system and validated according to the
requirements of this Article.

(c) Ifthe modified repair system is found to beg
performance than the<griginal system, then i
treated as a new systeim and validated accord
requirements of thisArticle, or the data from th
repair system, may be used.

401-3.6.1 For Type A Repairs

ofhigher

may be
ng to the
e original

(a) TFesting shall be performed as specified im sections
401¢H-2 through 401-11-4.
(b) Where the repair system has been Y
according to section 401-I1-6, the system
subject to the survival testing specified in para. 4

alidated
shall be
01-V-2.1.

401-3.6.2 For Type B Repairs

(a) Testing shall be performed as specified im sections
401-11-2, 401-11-3, and 401-II-5.
(b) A minimum of three tests are required, and results

shall be compared with y, ¢, of the original repajr system.

401-4 FABRICATION (INSTALLATION)
401-4.1 General

The repair thickness to be installed shall be ¢xpressed
as the number of layers to be applied (basqd on the
minimum thickness per layer determined duripg valida-
tion); see para. 401-3.4.11.

401-4.2 Repair System Materials

(a) The materials of construction shall be fthose for

(c)_The number of layers for installation purposes is
t .

o= repair (24)
tlayer

where n shall be not less than 2 and rounded up to the
nearest whole number.

(d) The layer thickness, ti,yer, may be determined from
the thickness of the tension test coupons divided by the
number of layers used in preparing the coupons.

185

which the qualification and design have been completed.

(b) Therepair system manufacturer shall have a quality
program in place, such as ISO 9001, that demonstrates
consistent and repeatable production quality.

(c) The quality program shall include batch testing of
the qualified repair system materials. The frequency of
sampling and the tests required shall be specified by
the repair system supplier. Batch testing may include
tests such as
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(1) physical properties of the fabric (e.g., mass per
unit area)

(2) tensile properties of the fibers

(3) tensile properties of the laminate

(4) glass transition temperature of the polymer

(5) gel times of the polymer

(6) compression strength of filler material

(d) Test results shall be retained or be retrievable by

the repair system supplier and be traceable by batch

written description or a drawing incorporating standard
details such as overlap and taper and taper length
information)

(b) details of surface preparation procedure, including
method of application, equipment to be used, and inspec-
tion method

(c) details of infill required to achieve a smooth outer
profile prior to the application of the repair laminate

401-4.4.3 D‘pa,i,r_A‘ppucaﬁnn

number.

(e _Th 3_repair system supplier shalllabel repair system (a) details of time limitations between stages-df the

materialg issued with the relevant batch number(s). repair, e.g.,, between surface preparation and\laminpation
e (b) details of lay-up procedure including if the repair
401-4.3 Storage Conditions laminate is to be applied in stages

(a) Stqrage of material shall comply with the repair (c) details of curing procedure including postcurjng if

system styipplier’s instructions. necessary
b) The materials safety data sheets (MSDS) shall b .

( ] materials safety data sheets ( ) shall be 401-4.4.4 Quality Assurance
retained for reference.

(c) The materials used shall be stored and controlled (a) details of hold/inspection points during the repair
according to national safety regulations (e.g., OSHA or system application fpara. 401-4.6 and Manddtory
COSHH). Appendix 401-VIIY)

(b) details of any materials tests to be carried out (if
401-4.4Method Statements specified by dwner or the repair system supplier)

(a) Ingtallation of a repair system shall be covered by a (c) det.ails of any pressure system tests to be carried out
method $tatement, which describes each of the main (see section 401-6)
procedurps to be carried out. (d)~Shore or Barcol hardness values should be usefl as a

(b) Input to the method statement comes from the figldMhdication of cure.
following} (e) Measured hardness values should be no less|than

(1) tisk assessment (supplied by owner) 90% .Of t.he minimum obtained from repair system
(2) yorking conditions (supplied by owner) qualification.
(3) glesign information 401-4.4.5 Environmental. The repair system insfaller
(-¢) plant operating conditions, layeout, etc. shall provide information on disposal of unused matg¢rials
(supplied by owner) and waste.
(-b) design of repair (supplied by kepair system
supplier) 401-4.5 Installer Qualifications
(4.] materla.ls 1nformat10.n fop repair system Personnel involved in the installation of a repair system
(supplied by repair system supplien) . e .
. . . shall be trained and qualified according to Mandatory

(c) Typically the method statethent includes informa- Aopendix 401-VII
tion specjfied in paras. 401s4.4.1 through 401-4.4.5. pp ’

401-4.41.1 Health and_ Safety Checklist 401-4.6 Installation Guidance

(a) lis{ of materials.to be handled, including copies of (a) Repair system suppliers shall provide full installa-
MSDS tion instructions. These instructions shall include (where

(b) nationalisafety regulations (e.g., OSHA, COSHH) appropriate)
assessment-for’/process (1) acceptable environmental conditions of site at

(C) de ails of pnrcr\na] prnf—orh'vn measures to he time of repair
adopted (2) material storage

(d) list of hazards associated with equipment to be
repaired and equipment in the vicinity of the repair
site with protective measures

401-4.4.2 Repair Design

(a) details of laminate lay-up, including number of
wraps, repair area covered, and orientation of individual
layers of reinforcement (this may be presented as a

186

(3) substrate surface preparation
(4) load transfer material

(5) polymer mixing

(6) laminate lay-up

(7) laminate consolidation

(8) cure

(9) key hold points
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Table 401-4.6-1 Hold Points During Installation

Hold Point Checked By
Method statement Installer
Materials preparation Installer

O reinforcement

O polymer

Substrate surface preparation Installer or supervisor
O inspection

Filler profile Installer

401-5.2 Defects Within the Repair System

(a) Therepairsystem supplier shall provide postinstal-
lation visual inspection criteria. Guidance on defects and
allowable limits that are likely to be of importance are
given in Table 401-5.2-1.

(b) The installer shall take care to ensure that these
defects are not formed during application of the repair
system.

Stage|check on reinforcement lay- Installer
up

Tests|on repair laminate

O cure (hardness)

O thigkness

O dinjensions

O extprnal inspection (see Table
401-5.2-1)

Pressjre test

Installer or supervisor

Inspection authority

(b] Further details of these requirements can be found
in Mandatory Appendix 401-VIII.

(c) The key hold points that may be observed during a
repafr are summarized in Table 401-4.6-1.

(d] The results of the tests on the repair laminate shall
be copmpared with the qualification data. Acceptance
valups of the test results shall be provided by the
repair system supplier prior to repair system installation.

40144.7 Live Repairs

(a) Repairs to nonleaking, live process systems are
poss]ble, provided that the associated hazards are-fully
consjdered in the risk assessment for the operation.
This phould include any hazards to and fromr surrounding
equiIment 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 differences
between the composite and the component substrate
upon the removal of live loads should be negligible.

4015 EXAMINATION

401-5.1 Introduction

Thiis section provides guidance on the postinstallation/
operfitional issties of repair systems.

(a] Theinstallation of a repair system should not affect
any interhal inspections that may be carried out.

401-5.3 Repair of Defects Within the Repaif System

(a) Dry areas in the polymer-rich surface layer may be
repaired by abrading and cleaning the affected|area and
then wetting out with more polymer.

(b) Repairs containing defectsthat exceed the limits in
Table 401-5.2-1 shall be removed in their entirfety and a
new repair installed. However, on agreement| with the
owner, local removal ofithe damaged area and geapplica-
tion of the repair systef materials to this area are allow-
able if the repair¢syStem supplier can demonsfrate that
this will restore(the full performance of the repair.

401-5.4 Anspection Methods

401-5:4.1 Tap Test. The tap test may be utilized to
identify delaminations and voids in the cured|laminate
that sound hollow in comparison with a solid area. 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 whnd, or a
coin. This method is often used as the first ipspection
method, which may be followed by other nondg¢structive
evaluation (NDE) techniques.

401-5.4.2 Repair System Supplier Guidancd. Refer to
repair system supplier for guidance on methods for
inspecting the repair system.

401-5.5 Repair System Replacement Strategy

(a) The maintenance and replacement strptegy for
repair systems will be a function of the type df original
defect in the component.

(b) For above-ground process systems, visugal inspec-
tion of the repair laminate for defects in accordance with
Table 401-5.2-1 is recommended as part of thg mainte-
nance strategy. The frequency of inspection ghould be
determined in accordance with the risk assedsment. If

(b) The main issues for nondestructive examination of
the repair system are
(1) theinspection of the repair (composite) laminate
(2) the inspection of the bond quality between the
repair laminate and the substrate
(3) the inspection of the substrate
(c) The basic structure of a composite repair in this
context is considered in Figure 401-5.1-1.

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
damaged repair laminate shall be considered as the
defect for design purposes and a new repair designed
according to para. 401-3.4
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Figure 401-5.1-1 Schematic of a Repair System and Location of Defects

Composite repair

Substrate, pipe wall

Internal laminate
defect

Interface delamination
debond

Internal defect

Table 401-5.2-1 Defect Type and Allowable Limits for the Composite Wrap

External defect

Repair Section

Defect

Allowable Limits

Repair pnaterial and
substfrate prior to
repaif application

Interfade

Polyme}-rich layer

Check that substrate materials are
those specified by design

Changes in geometry

Substrate preparation

Surface temperature

Defect

Locatien \of repair

Delamination

Cracks

Foreign matter, blisters, and pits

Repair, area to be free of sharp changes in
geonietry [all radii > 5 mm (0.2 in.)], or
sharp geometry to be faired-in

In accordance with repair system specificatio

Axial extent to be in accordance with design

In accordance with repair design

Dimensions do not exceed those for which th
repair has been designed

Defect nature to be that for which the repair i
been designed

Axial extent and positioning to be in accorda
with design

Tap test may indicate presence of debonding
None at ends of repair

None (check adhesive fillets)

Maximum 10 mm (0.4 in.) in width, 2.5 mm
(0.1 in.) in height

Composite laminate

Wrinkles No step changes in thickness greater than
2.5 mm (0.1 in.) in height

Pinholes None deeper than polymer-rich layer

Polymer color Uniform

Pry-spots Nome

Fiber orientation
Unimpregnated/dry fiber
Exposed, cut edges/fibers
Foreign matter

Axial extent and positioning of
the repair

As specified in design
None

None

None

As specified in the design

Does not extend beyond prepared surface

ce
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(3) localized repair of the damaged area, para. 401-
5.3

401-5.5.1 External Defects. For external defects, it is
assumed that further deterioration of the defect is stopped
on application of the repair laminate. Therefore, the main-
tenance 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.

Publisher: American Petroleum Institute (API), 1220 L
Street, NW, Washington, DC 20005-4070
(www.api.org)

ASME B31.1-2014, Power Piping

ASME B31.3-2014, Process Piping

ASME B31.4-2012, Pipeline Transportation Systems for
Liquids and Slurries

ASME B31.8-2014, Gas Transmission and Distribution

Pining Svstems
r o A

401-5.5.2 Internal or Through-Wall Defects

(a) For internal corrosion or through-wall defects,
furthler deterioration or growth of the defect may continue
despjte application of the repair laminate. Therefore, in
addition to the requirements set out in para. 401-5.5.1,
the nmhaintenance strategy should ensure that the internal
defedt 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 determined
in agcordance with the risk assessment.

(c) If the design assessment determines that the repair
systdm is no longer fit for purpose, then maintenance/
repajr options should be considered, as described in
this $tandard.

40146 SYSTEM PRESSURE TESTING

(a] See Article 501 for guidance on pressure testing,

(b) All repairs shall be cured in accordance with the
repajr system supplier instructions before pressure
testing.

(c) A service test of not less than 1.0 timesthe MAOP/
MOP|may be performed.

(d] A service test may be performed for a reasonable
peridd of time to capture transient system conditions. Any
signq of leakage or indication of-repair laminate failure
shall|be cause for rejection of-the“repair.

(e] If the test pressure exceeds the pressure for which
the r¢pair system hasbeendesigned, then this higher pres-
sure phall be considered'\as’a separate design case. For the
purposes of the caletilation, the test condition may be
treatpd as an ocecasional load.

40147 REFERENCES

401+7.Y Referenced Codes and Standards

ASME B31G-2012, Manual for Determining the-R
Strength of Corroded Pipelines: Supplement]
B31 Code for Pressure Piping

ASME Boiler and Pressure Vessel Code

ASME PCC-2-2015, Repair of Pressure Equip
Piping

Publisher: The American Society of Mechanical |
(ASME), Two Park Avenle, New York, NY 10
(www.asme.org)

emaining
to ASME

ment and

Kngineers
D16-5990

Seamless
vice

ctice for
hosetting
Intended

ASTM A106-2014, Standard Specification for
Carbon Steel Pipe for High-Temperature Ser]

ASTM C58152003(2008)el, Standard Pra
Deterrhining Chemical Resistance of Thern
Resins Used in Glass-Reinforced Structures
for Eiquid Service

ASTM D149-2009(2013), Standard Test Me
Dielectric Breakdown Voltage and Dielectrid
of Solid Electrical Insulating Materials at Co|
Power Frequencies

ASTM D543-2014, Standard Practices for Evaly
Resistance of Plastics to Chemical Reagents

ASTM D648-2007, Standard Test Method for IDeflection
Temperature of Plastics Under Flexural Lopd in the
Edgewise Position

ASTM D695-2010, Standard Test Method for Corj
Properties of Rigid Plastics

ASTM D790-2010, Standard Test Method fon
Properties of Unreinforced and Reinforced
and Electrical Insulating Materials

ASTM D1598-2002(2009), Standard Test Meth
Time-to-Failure of Plastic Pipe Under Constan
Pressure

ASTM D1599-2014 el, Standard Test Me
Resistance to Short-Time Hydraulic Prd
Plastic Pipe, Tubing and Fittings

ASTM D2240-2005(2010), Standard Test Mg

thod for
Strength
mmercial

ating the

hpressive

Flexural
| Plastics

d for the
t Internal

thod for
ssure of

tthod for

The following codes and standards are referenced in
this Article. Unless otherwise specified, the latest
edition shall apply.

API 579-1/ASME FFS-1, Fitness-For-Service (latest
edition)

API 620-2013, Design and Construction of Large, Welded,
Low-pressure Storage Tanks

AP1650-2013 with 2014 addendum, Welded Tanks for Oil
Storage

189

Rubber Property — Durometer Hardness

ASTM D2583-2013a, Standard Test Method for
Indentation Hardness of Rigid Plastics by Means of a
Barcol Impressor

ASTM D2990-17, Standard Test Methods for Tensile,
Compressive, and Flexural Creep and Creep-Rupture
of Plastics

ASTM D2992-2012, Practice for Obtaining Hydrostatic or
Pressure Design Basis for (Glass-Fiber-Reinforced
Thermosetting Resin) Pipe and Fittings
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ASTM D3039-2014, Standard Test Method for Tensile
Properties of Polymer Matrix Composite Materials
ASTM D3165-2007(2014), Standard Test Method for
Strength Properties of Adhesives in Shear by
Tension Loading of Single-Lap-Joint Laminated
Assemblies

ASTM D3681-2012 e1, Standard Test Method for Chemical
Resistance of “Fiberglass” (Glass-Fiber-Reinforced
Thermosettlng Resm) P1pe in a Deflected Condltlon

ASTM

Thermal Expansion of Solid Materials by
Thermpmechanical Analysis

ASTM E1640-2013, Standard Test Method for Assignment
of the|Glass Transition Temperature By Dynamic
Mechanical Analysis

ASTM G8-1996(2010), Standard Test Methods, for
Cathodiic Disbonding of Pipeline Coatings

ASTM G42-2011, Standard Test Method forsCathodic
Disbohding of Pipeline Coatings Subjetted to
Elevatgd Temperatures

ASTM (G84-1989(2012), Standard)Practice for
Measuyrement of Time-of-Wetness on Surfaces
Expos¢d to Wetting Conditions)as in Atmospheric
Corrosjon Testing

ASTM G95-2007(2013), Standard Test Method for
Cathodlic Disbondment . Test of Pipeline Coatings
(Attached Cell Method)

Publishe: American-Society for Testing and Materials
(ASTM| Internatienal), 100 Barr Harbor Drive, P.O.
Box CY00,~West Conshohocken, PA 19428-2959
(www.pstm:org)

BSEN 1465:1995, Determination of Tensile Lap Shear
Strength of Rigid to Rigid Bonded Assemblies

BS EN 13121-2:2003, GRP Tanks and Vessels for Use
Above Ground

BS 7910: 1999, Guide on Methods for Assessing the
Acceptability of Flaws in Metallic Structures

PD 5500, Specification for Unfired Fusion Welded
Pressure Vessels

Publlsher British Standards Institution, Inc (BSI) 12110

A2 902
(www.bSIgroup.com)

ISO 75-1:2013, Plastics — Determination of temper
of deflection under load

ISO 75-3:2004, Plastics — Determination of temper
of deflection under load — Part-3: High-strength
mosetting laminates and long-fibre-reinforced pl3

ISO 178:2010, Plastics — Detérmination of flej
properties

[SO 527-5:2009, Plastics ==Determination of tensile |
erties — Part 5: Testconditions for unidirectional
reinforced plastic composites

ISO 604-2002,. Compressive properties of plastics

ISO 868:2003{Plastics and ebonite — Determinati
indentation hardness by means of a durom
(shore hardness)

[S0:8501:1988, Preparation of steel substrates b
application of paints and related products

ISO 8502:1992, Tests for the assessment of
cleanliness

[SO 8503:1988, Surface roughness characteristics of
cleaned steel substrates

ISO 8504:2000, Surface preparation methods

ISO 9001-2015, Quality management systen;
Requirements

[SO 10952:1999, Plastics piping systems — Glass{rein-
forced thermosetting plastics (GRP) pipes and fiftings
— Determination of the resistance to chemical attack
from the inside of a section in a deflected condifion

[SO 11357-2:1999, Plastics — Differential scanning cplori-
metry (DSC) — Part 2: Determination of glass trangition
temperature

IS0 11359-2:1999, Plastics — Thermomechanical an{
(TMA) — Part 2: Determination of coefficient of ljnear
thermal expansion and glass transition temperafure

[SO 13623:2000, Petroleum and natural gas industries —

Pipnlinp frnncpnrmrinn systems

hture
hture
ther-
stics
kural
brop-
ibre-
bn of
eter
fore

steel

blast

lysis

AWWA D100-11, Welded Carbon Steel Tanks for Water
Storage

AWWA D103-14, Factory-Coated Bolted Carbon Steel
Tanks for Water Storage

Publisher: American Water Works Association (AWWA),
6666 West Quincy Avenue, Denver, CO 80235-3098
(www.awwa.org)

BS EN 59:1977, Measurement of Hardness by Means of a
Barcol Impressor
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ISO 14126-1999, Fibre-reinforced plastic composites —
Determination of compressive properties in the in-
plane direction

[SO 14692:2002, Petroleum and natural gas industries —
Glass reinforced plastic (GRP) piping

[SO 15649-2001, Petroleum and natural gas industries —
Piping
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ISO 24817:2006, Petroleum, petrochemical and natural
gas industries — Composite repairs for pipework —
Qualification and design, installation, testing and
inspection

Publisher: International Organization for Standardization
(IS0), Central Secretariat, Central Secretariat, Chemin
de Blandonnet 8, Case Postale 401, 1214 Vernier,
Geneva, Switzerland (www.iso.org)

ASTM D2837, Standard Test Method for Obtaining
Hydrostatic Design Basis for Thermoplastic Pipe
Materials

ASTM D3846, Standard Test Method for In-Plane Shear
Strength of Reinforced Plastics

ASTM F412, Standard Terminology Relating to Plastic
Piping Systems

Publisher: American Society for Testing and Materials
(ASTM International), 100 Barr Harbor Drive, P.O.

401-

Th
othe
editi

7.2 Related Codes and Standards

e following are related codes and standards. Unless
F'wise specified, the most recent standard (latest
n) available may be used.

ASM
Di

. Boiler and Pressure Vessel Code, Section III,

vision 1, Subsection ND (ND-3611.2), Piping

Ddsign/General Requirements/Acceptability/Stress
Limnits

ASME Boiler and Pressure Vessel Code, Section III,
Diyision 1, Subsection ND [ND-3672.6(a)], Piping
Ddsign/General Requirements/Expansion and
Flgxibility /Stresses/Stress Range

ASME B31.5, Refrigeration Piping

ASME B31.9, Building Services

ASME B31.11, Slurry Transportation Piping Systems
(Npte: ASME B31.11 was absorbed by ASME B31.4.

E B31.11 is not referenced in text and is provided
fox reference only.)

Publfsher: The American Society of Mechanical Engineers
(APME), Two Park Avenue, New York, NY 1001625990

ASTN D638, Standard Test Method for Tensile Properties
of |Plastics

ASTM D696, Standard Test Methed-for Coefficient of
Lipear Thermal Expansion of Plastics Between -30°C
anf 30°C with a Vitreous Silica Dilatometer

ASTM D903, Standard Test'Mgethod for Peel or Stripping
Stgength of Adhesive, Bonds

ASTN D1763, Standard-Specification for Epoxy Resins

ASTM D2105, Standard Test Method for Longitudinal
Tensile Properties of “Fiberglass” (Glass-Fiber-
Rejinforced{Thermosetting-Resin) Pipe and Tube

ASTM D2344, Standard Test Method for Short-Beam
Stgength of Polymer Matrix Composite Materials and

irt Laminates

8-2959

Box €700, WestConshohockem, PA 1974
(www.astm.org)

AWWA C-150/A21.51, Standard for Thickness
Ductile Iron Pipe

AWWA C-151/A21.51, Standard. for Ductile I
Centrifugally Cast, for Water or Other Liquid

AWWA C-200, Standard for Steel Water Pipe
Larger

AWWA M-11, Steel Bipe — A Guide for De
Installation

Publisher: Amerjcan Water Works Association
6666 West_Quincy Avenue, Denver, CO 80
(www.awwa.org)

Design of

ron Pipe,
Is
6 in. and

sign and

(AWWA),
35-3098

BS 2782:Part 10, Method 1001, Measurement of[Hardness
by“Means of a Barcol Impresser

Publisher: British Standards Institution, Inc. (B
Sunset Hills Road, Reston, VA

(www.bsigroup.com)

1), 12110
20190

CSWIP, CSWIP-GRP-1-96 and CSWIP-GRP-2-9
[S08503

NTS-GRP-FJS/01 and NTS-GRP-INSP/01, ]
Guidelines for Approval Schemes for Fitters
Supervisors and Inspectors

ISOEN 13121, GRP tanks and vessels for use aboy

ISO 14129, Fibre-reinforced plastic comp
Determination of the in-plane shear stre
strain response, including the in-play
modulus and strength, by the plus or n
degree tension test method

ISO 15310, Fibre-reinforced plastic comp
Determination of the in-plane shear modul
plate twist method

Publisher: International Organization for Standqrdization
(ISO), Central Secretariat, Chemin de Blandonnet 8, Case
Postale 401, 1214 Vernier, Geneva, Swiltzerland

6, as per

NTS GRP
, Joiners,

e ground
psites —
ss/shear
e shear
hinus 45

psites —
is by the
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Mandatory Appendix 401-I
Design Data Sheet

This Appendix provides an example of a design data
sheet as feferenced in para. 401-3.3.
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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

Adgress

Pogtal code Country

Telgphone

Fax

E-nhail

Jobp reference

Component Details

Component supports e.g., buried, hangers, pipe racks, sleepers, thrust,blocks
Acgessibility

Lodation e.g., inside, outside

Qupntity

Component identification

Cofnponent reference

Component specification

Malerial / grade

External diameter

WJI thickness

Medium

Design Design | | Operating Operating
Ter1perature Maximum Minimum Maximum Minimum

Component coating (existing)

Risk Assessment

Repair Requirements (see para. 401-1.2)

Repair type e.gd., A (nonleaking) or B (leaking)

Required repair lifetime

Other data

Compenent 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.
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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 4pecification

Type of|defect

Nature pf defect

Current|size Area Depth

Projectdd 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 579-1ASME FFS-1, BS 7910, or other calculation method:

Anticipgted Conditions During Implementation of Repair

Pipe temperature Minimum Maximum
Ambien} temperature Minimum Maximum
Humidity

External| environment

Constralnts

Facilities 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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Mandatory Appendix 401-Il
Qualification Data for the Repair System

4014l1-1 INTRODUCTION (f) alternatively, the shear modulus of the| polymer
matrix m .
Thiis Appendix describes the qualification data that the 7;) Baracyolbﬁaltl‘fli(lss or Shore hardnéss deterimined by
repalr system supplier shall provide to be in compliance test according to Table 401-3.2-1,
with|this Artl(?l_e‘ ) ) (h) T4 or HDT for the polymer.subjected to|a similar
(a} All quahﬁcatlolll tests shall be perfqrmed using th.e thermal history as repairs applied on site, determined
samg substrate material, surface preparation, repair lami- by test according to Table’401-3.2-1.
nate,|load transfer material (if needed), primer layer (if (i) thermal expansiohcoefficient in the fixial and
needed), lnterlar_nlnar adhesive (if needed), application circumferential directions determined by test according
method, and curing protocol (see para. 401-1.1). to Table 401-3.2-1.
(b] Testing shall be completed in accordance with the
test gtandards in Table 401-3.2-1 _ 401-1-3 DATA FOR REPAIR/SUBSTRATE
(c} Updates to the test standards shall not require
qualification testing to be repeated. INTERFACE
Thegbjectives of the following tests are not t¢ produce
401-11-2 DATA FOR REPAIR LAMINATE data for use in design. The intent is to demonstrgte that an
The following data are required: adhesive bond of adequate strength and durabiljty can be
(a} ply or layer thickness of the (composite) repair achieved with the repair laminate and surface prgparation
lamiilate material. method. Note th-at short-term §trepgth measurements are
(b] tensile modulus, strain to failure, and strength in not necessarily a good indicator of lopg-term
. . . . . performance.
the fircumferential direction determined by test The following lap shear tests shall be perfofmed:
according .to Table 401_3'2._1' . . (a) Lap shear strength determined by test ac¢ording to
(c) tensile modulus, strain to failure, and@Strength in the Table 401-3.2-1
axial|direction determined by test according to Table 401- (1) Thi.s sh.ort-term test at room temperaure shall
324 . , - . L . . be used to determine the average shear strength or the
(d] Poisson’s ratio in the circumferential direction (i.e., locus of failure (repair laminat . -
. . . . . . pair laminate remaining on a minimum
load [direction circumferential, contraction axial) deter- of 30% of the bonded area).
mined lily test acdcolrdlndg :O T%bled481_t3'2£1' dine t (2) Minimum average lap shear strength of|4 MN/m?
Taflz Zoeig.r;_(;. 1’11‘;112 teeste Is'rl:l)l(;?iinenygeeosmzf:;Zhlanl% bZ (580 psi) shall be demonstrated for metal subptrates.
as stlown in Figure 403-11-2-1 (3) Alternatively, it shall be demonstrated that the
' adhesive bond is stronger than the lap shear|strength
. . of the repair laminate by assessing the surfdce of the
Figure 401-1I-2-1 Test Specimen Geometry substrate material used in a lap shear specien after
For Gg, testing.

(b) Where evidence oflong-term durability offthe adhe-
sive bond between the repairlaminate and the sibstrate is
required and performance-based testing has not been
carried out to provide data for design (see para. 401-
3.4.5), a long-term lap shear strength determined by
test according to Table 401-3.2-1 shall be performed.

1 (1) This test shall be carried out, as an accelerated
aging test, following immersion in water (or other relevant
3 medium) at the design temperature [minimum 40°C

195

(104°F)] for 1 000 h.
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(2) The average lap shear strength determined from
these tests shall be at least 30% of the values from the
short-term lap shear tests determined at room tempera-
ture above.

(c) For service above 100°C (212°F), the following lap
shear tests shall be performed:

(1) after immersion in water at a minimum of 90°C
(194°F) for 1000 h

(2) after exposure in air at the required service

401-11-5 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 401-3.2-1.
(2) alternatively, the tensile modulus for the lami-

temperatpretF; ) for 000 Rate Fhay be used-as—a conservative—estimate—for the
(3) The average lap shear strength determined from value in bending. _
this test shall be at least 30% of the values from the short- (b) fracture toughness parame.ter y determined by test
term lap|shear tests determined at room temperature according to Mandatory Appendix 401-IV.
above. (c) impact performance determined by test according
to Mandatory Appendix 401-VI.
401-11-4| ADDITIONAL REQUIREMENTS FOR
STRUCTURAL REPAIRS TO NONLEAKING 401-11-6 PERFORMANCE TESTING (OPTIONAL
COMPONENTS (TYPE A DESIGN CASE) QUALIFICATION TESTS)

The objective of the referenced test is not to produce (a) The .repair system .supplie.r may carry out pg rfor-
data for yse in design. The intent is to demonstrate that ~ Mance testing to determine de§1gn allowables in afccor-
adequatelstrength of the repair system can be achieved for ~ dance with Mandétory Appendix 401-V.

a severe defect. (b) Thedesign allowables shall be determined by dither

(a) The pipe spool survival test (Mandatory Appendix of the following requirements:

401-111) ghall be completed. (1) long:term strength, either from 1 000 h survival

(b) This test need only be completed on one substrate. ~ test or regression testing

(2)”long-term strain to failure from representative

repair laminate regression testing

196
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Mandatory Appendix 401-11l
Short-Term Pipe Spool Survival Test

401j|||-1 INTRODUCTION (3) To avoid stress concentrations, the intlerior and
. . . exterior corners should be machined withya rddius.
This Appendix describes the test method to use to (4) The edge of the repair shall be atlleast 3|times the
de_m pnstrate _that a Type A defect can be repaired pipe diameter away from the ends ofithe pipe|spool.
using the repair sys.tem. ) . ) (f) The test pressure of the spodl, Py shall pe deter-
Thie purpose (')fthls te§t is to confirm the repair system mined by calculation using eq; (Hi-1)
has dcceptable interlaminar shear and bond strength. It
demgnstrates the integrity of a structural repair up to the Py = s (I11-1)
yield|level of the original pipe. D
(g) Arepairlaminate shall be applied over the defect in
401l1-2 METHOD the test spool and)shall survive a test to the pressure Px
(a] The following qualification test shall be completed (h) The thigkness of the repair shall be calculdted using
using a steel pipe of at least 150 mm (6 in.) diameter,and  €q. (I1I-2);where ; is the remaining wall thickness of the

minijnum length of 6 times the diameter in addition to the
length of the repair.

(b} The steel pipe shall have a minimum SMYS of 235 -
10° N/m? (35,000 psi), e.g, ASTM A 106 Grade B or inter-
natignal equivalent.

(c) The repair system supplier may select the depthof
the defect, i.e., percentage of wall loss.

(d] The repair system shall be qualified only for defect
depths up to this chosen depth [see (c)].

(e] A defect shall be machined in the pipe‘to a depth
equiyalent to the wall loss for which the repair system is
being qualified.

1) The defect shall have a length, I, of a minimum of
one-half of the pipe diameter along the axial direction of
the gipe spool, and a width,-w,_of one-fourth of the pipe
diameter around the hoop,direction of the pipe spool.
[2) Aradius may behachined outside the edge of the
t, but the diménsions of machined area shall not
bd 21 nor 2wj_as shown in Figure 401-111-2-1.

defe
exce

pipe spool'at the defect and s, is the characteris
streqigth of the composite repair in the hoop d

fic tensile

irection.

(i) Measurement of s shall be in accordance with Table

401-3.2-1.

PfD

¢ 1
repair s\ 2

- Sats]

(111-2)

(j) Therepairedspoolshallbe pressurized to P and the

minimum time to reach Py shall be 30 s.

(k) Qualification requires the repaired pipe
loading to Prand show no visual signs of degrada
inspected in accordance with Table 401-5.2-1.

401-111-3 REPORT

A report shall be prepared giving the test ¢
depth of wall loss for which the repair has been
details of the repair system, and the pressure t
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Figure 401-111-2-1 Defect Dimensions

— Defect

Pipe

I> D2 and w> D/4 \ Machined area
(including taper)
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Mandatory Appendix 401-1V
Measurement of y for Leaking Defect Calculation

4014IV-1 INTRODUCTION

Thiis Appendix describes the test method for measure-
men{ of the toughness parameter for the repair laminate-
to-substrate (component) interface, y, to be used in para.
401-B.4.6, eqgs. (13) through (16).

4014IV-2 METHOD

(a)] Testplates orsections of pipe of minimum diameter
100 ;m (4 in.) and minimum thickness of 3 mm (0.12 in.)
shall{be used.

(b] To represent typical defects, circular holes shall be
drillgd through the wall thickness of the substrate and the
repafr laminate applied.

(c) All samples shall be laminated to prevent polymer
from| entering the holes.

(d] The test plate or pipe section used for the prepara-
tion for the test specimen shall be appropriate for the
antidipated failure pressure of the repair.

(e] Yielding of the test plate or pipe section prior-to
failuge shall not take place.

(f)| Internal pressure shall be applied and thevalue at
which the repair begins to leak shall be recorded.

(g] The test shall be carried out at the téemperature at
which the repair system is to be used:

(h] Pressurization rate shall be sich'that the maximum
presgure is reached in a minimuim jof 30 s. (Longer pres-
surization is preferred.)

(1) At small hole sizes, failure can ocel
weeping of the test fluid through the thickne
repair laminate or through yielding of the substr3

(2) In this event the tests shall,beé repeat
larger hole size.

(3) All failure points shallyrelate to the dish
failure mechanism.

through
ss of the

te (pipe).
bd with a

ondment

401-1V-3 CALCULATION OF y

(a) The value of y shall be calculated by fit
401-3.4.6, eq,/(13J, to the data.
(b) The following procedure shall be followgd:

ing para.

A(d;) </the function of defect size, d;, and repair lami-
nate properties of observation, i, whgrei =1, n
n = the number of observed data points [[A(d;), P;)]
P; = the pressure at failure of observation|i, where i
=1,n
(c) Note that A(d;) is defined as
P, = A(dy) Jr; (v-1)
1
Ad) = (1 2) (IV-2)
— v :
L i4 + ldl + 3 ”
E  |s12¢) : 64G31t;

and where ¢; is the repair thickness of data pdint i.

(i)} A minimum of niné_tests shall be carried out (d) The mean energy release rate, yyean, Shall be calcu-
covering a minimum of three different hole sizes, typically lated from
of digmeter 10 mm (0:4in.), 15 mm (0.6 in.),and 25 mm (1 " 2
in.).
A(d;)P;
1) The minimium hole diameter shall be 10 mm (0.4 z (d)p
. _li=1 (Iv-3)
m')' "mean = n
2) Fhe'maximum hole diameter shall be 50 mm (2 Z A(d-)2
. 1
in.).
7 A H £laial £ilo ot 4 laalll < £ l=1
0) O TITAATIITUILT UfUllC LIITUUTTIIT ITO L0 S1Iall UT UUITIT 1UL

any one hole size.

(k) Forthelarger diameters, the flaw may be simulated
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).

(1) Failures should take the form of disbondment of the
repair laminate from the substrate followed by leaking
from the edge of the repair laminate.

199

(e) The lower confidence limit of the energy release
rate, yLcL, shall be calculated from

D A(dy)P,

1

1

_ V-4
el = (1v-4)

— t,0
A(d)?

-

I
—

(18)
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where o is the variance of measurement of pressure and is
given by

Table 401-1V-3-1 Student’s t, Value for Double-Sided
0.025 Level of Significance

h 2 Number of Degrees of Freedom, Student’s t,
D [P,» — A(d) \Tmean ] 1v-5) Variables, n n-2 (0.025)
5= | i=L 5 3 3.163
(n-2) 6 4 2.969
7 5 2.841
and where ¢, is the Student’s t value and is based on a two- 8 6 2.752
sided 0.025 level of significance, i.e., 95% lower confi-
dence lintt 9 ; 2 €35
(f) Values of t, are given as a function of number of 10 8 2034
variables| n, in Table 401-1V-3-1. I 9 5503
(g9) Thg value of y calculated by eq. (IV-4), y,¢, shall be ’
used in ffara. 401-3.4.6, egs. (13) through (16). 12 10 2:560
13 11 2.533
401-1V-4 REPORT
A report|shall be prepared giving the test conditions, 14 12 2510
details of the repair system, the individual data points, 15 13 2490
and the derived value of y; . 16 14 2473
17 15 2.458
18 16 2.445
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Mandatory Appendix 401-V
Measurement of Performance Test Data

4014V-1 INTRODUCTION
©

mini
(use
meth

This Appendix defines the test methods for deter-
ng the long-term strength, s, of the repair system
d in para. 401-3.4.5) by using one of the test
ods provided in section 401-V-2.

(1) The 1 000-hdataservice factor shall be used ifthe
Lict is qualified to the testing in para. 401-V-2.1.
[2) The design-life data service factor shall be used if
roductis qualified to para. 401-V-2.1, para. 401-V-2.2,
ra. 401-V-2.3.

[3) Ifthelong-term strength is determined according
to pafa.401-V-2.3,then 1 000-h survival tests shall also be
perfqrmed, as defined in para. 401-V-2.1.

[4) The long-term strength, s, may be determined
diredtly from the analysis of the test data measured in
either para. 401-V-2.2 or para. 401-V-2.3.

[5) For testing performed according to para. 401-V-
hn initial estimate of the long-term strength.is
ired, and the testing shall validate that initial
ate.

The service factors for repair laminates.listed in
b 401-3.4.5-1 shall be determined from:the testing
leted in section 401-V-2.

prod

thep
or pd

2.1,
req
esti

(b}
Tabl
comf

401-V-2 METHODS
(aj

One of the following test methods may be used:
1) survival testing where the repair system is
cted to a period ofrsustained load for 1 000 h for
urement of the long*term strength
[2) regressiontestingbased on aseries of tests onthe
r system over different time periods and extrapola-
to design life for measurement of the long-term
gth
3) Colipon testing based on regression testing of
reprgsentative coupons followed by confirmation of

subjé
meas

repa
tion
strer

401-V-2.1 Survival Testing

(a) Pipe sections of minimum diameter 100 npm (4 in.),
minimum D/t ratio of 20, and minimam length df 2.5 pipe
diameters shall be used and the répair system gpplied to
the entire length of the pipe sample.

(b) A value of internal préssure shall be applied to
reach the required long-term strength, s;, a$ defined
by egs. (V-1) and (V-2).and sustained for 1 000 h.

(c) If any deteridration of the repair laminate in the
form of cracking,‘delamination, or leaking odcurs, the
repair system’ shall have failed the test.

(d) Three identical tests shall be performed, 4
system_qualification is only possible if all th
survive:

(e)»The lower confidence long-term stress is (
using

nd repair
ree tests

alculated

PtestDEc

= = + (V-1
2(Ectmin + Ests)

St

(f) Ifyielding of the substrate pipe does occuy, then the
lower confidence long-term stress, sy, is calculdted using

PfD t]
— Sals

2
(g) Further guidance on survival pressurje testing
procedures may be obtained from ASTM D1598.

! (v-2)

Sty =
It :

repair

401-V-2.2 Regression Testing

(a) Pipe spools of minimum diameter 100 mm (4 in.)
and minimum thickness of 3 mm (0.12 in.) shall be used
and the repair system applied.

(b) A series of test specimens shall be s
sustained pressures of different values.

(c) Thetimeatwhichthe repairlaminate shows signs of

ibject to

long-term coupon test results with survival testing for
measurement of the long-term strain

(b) All tests shall be carried out at the maximum
temperature at which the repair system is to be used
in service.

201

deterioration defined as cracking, delamination, or
leaking shall be recorded.

(d) The results shall be plotted (log/log) and the
required pressure determined by a regression analysis
using the 95% lower confidence limit and extrapolation
to design life.

(e) The conversion from pressure to stress within the
repair laminate for each data point shall be according to

(18)
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s = PtestDEc (V 3)
2(Ectmin + Ests)

(f) Ifyielding of the substrate does occur, then the 95%

lower confidence long-term stress, sy, is calculated using

PcD
o

Sip = 2 (V_4)

trepair

(c) Output of these coupon tests is the regression
gradient, G, in terms of log (either stress or strain)
against log (time).

(d) Inaddition to therepresentative coupon testing, the
survival tests outlined in para. 401-V-2.1 shall be success-
fully completed.

(e) To determine the long-term failure stress or strain
ofthe repair system, three medium-term tests pursuant to
para. 401-V-2.1 shall be completed.

(g) Atleast18results arerequired in order to carry out , . RN
the regre ssion analysis_ ASTM D2992 provides fur'ther (lj HTUIESE LESLS, UIC PresSure IS 1xed, ald UlIc time
. . . . to failure shall be recorded.
guidance/on the long.-term t?Stmg of composite rr}aterlals (2) A testpressure should be selected so‘that fgilure
and ISO 14692 provides guidance on the analysis of the
data reqyired to calculate s, occurs after about 1000 h.
& (f) The lower confidence limit (in terms of timg) for
401-V-2|3 Representative Coupon Testing these five survival tests shall be caleulated accoyding
to the mean failure time minus two standard deviations.
(a) Representative coupons of the repair laminate shall (g9) The long-term design strength (or strain) df the
be made|up and tested in a comparable manner to the repair system shall be the extrapolation of the lower ¢onfi-
actual repair system laminate. dence limit to the design-lifetime using the meaqured
(1) |Representative” implies same laminate consti- regression gradient frony the coupon tests.
tuents, volume fraction, and fiber orientation. (h) Further guiddance on survival pressure tepting
(2) 1Comparable loading” implies coupons shall be procedures may-bé obtained from ASTM D1598.
loaded iflentically as the in-service repair laminate (i) Furthepr-guidance on long-term testing and|data
(e.g., unigxial tension or biaxial tension). interpretatien ‘may be obtained from ISO 14692.
(b) Atleast 18 coupons shall be tested under constant
load to fajlure [data points in terms of number and length 401-V<3 REPORT
of time off testing according to ASTM D2990 and ASTM o 1
D2992 (Procedure B), with the statistical analysis of 4 Teport shall be prepared giving the test conditions,
data accdrding to 1SO 14692]. details of the repair system, the individual data p¢ints,

and the derived performance design data.
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Mandatory Appendix 401-VI
Measurement of Impact Performance

401-

Thi
imp4d
dem
the i
repré

401-

(a]
Man
(b}
with
from|

VI-1 INTRODUCTION

is Appendix describes the test method for measuring
ct performance. The repair system supplier shall
nstrate that the repair is capable of withstanding
mpact from a low-velocity 5-] (44.3 in.-lb) impact
sentative of a dropped tool.

VI-2 METHODS

An identical test specimen to one of the nine from
atory Appendix 401-1V shall be used.

The repair shall be subjectto a 0.5 kg (1.1 1b) weight
a 12 mm (0.5 in.) hemispherical indentor dropped
a height of 1 m (39 in.).

(c) The test specimen shall be oriented suclll that the

indentor strikes at the location of the hole o1
specimen.

(d) Thetestspecimen shall be emptyforthe d
the impact test.

(e) The impacted specimenshall be subject
sure test as described in Mandatory Appendix

(f) The y value of thetest'shall be calculated
to Mandatory Appendix)401-1V.

(g) The calculated y value shall be not less

401-VI-3 REPORT

A report shall be prepared giving the test c
details of the repair system, the individual da
and the derived performance.

) the test
hration of
fo a pres-
401-1V.

hccording

than YLcL-

nditions,
ta points,
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Mandatory Appendix 401-VII
Installer Qualification

INTRODUCTION

The repair of components using composite laminates
differs cqnsiderably from other repair techniques, and
the quality of the installation depends strongly on satis-
factory cfaftsmanship. Training and qualification of per-
therefore key elements of a successful repair.
This Appendix outlines the requirements for training,
qualificafion, and approval of installers and supervi-
sors/traihers for the specific repair system.

NOTE: Sugervisors and trainers have the same qualification re-
quirements but may be different positions within the organiza-
tion of thq repair system vendor.

401-VII-2 TRAINING

(a) Copirses and training shall be arranged by or with
the assisfance of the repair system supplier.
(1) The repair system supplier shall use qualified
trainers fo train installers and other supervisors.
(2) The repair system supplier shall be responsible
for the trfaining of the supervisors/trainers.
(b) Thp basic course shall give a theoretical and'prac-
tical intr¢duction to the most important elements in the
installatign of a composite repair.

401-Vil-

(a) Th
(1)
)
(3)
(4
(5)
(6)
(7)
(8)
(%)

(b) A written test covering the above subjects shall be

taken and passed by the installer.

D.1 Coursework (Installer)

e course shall include traiding in

lefinition of a repair-system

erminology, types‘ofirepair

azards associated-with pressurized systems
ealth, safety; and environment

urface preparation
aterial\préparation
aterial’application

ofitrol of repair conditions

401-VII-2.2 Coursework (Supervisor/Trainer)

(a) The supervisor/trainer candidate shall be a qual-
ified installer.
(b) The supervisor/trainer shall complete the
following additional training:
(1) supervisor’s/trainer’s duties and responsibilities

204

(2) evaluation methods used in repair desigh
(3) health and safety
(4) installation checklist and hold points
(5) inspection of repairs
(c) A written test covering the abeve.subjects sh
taken and passed by the supervisor/trainer.

hll be

401-VII-2.3 Installer-Specific Qualification

(a) Installers shall beigualified for each specific rppair
system through practieal‘tests for Type A and/or Tyjpe B.

(b) All specificiapproval tests shall be carried qut in
accordance withrawritten procedure, relevant to thg spe-
cific repair system and approved by the repair syjstem
supplier.

(c) Qualification records shall be maintained b
employer of the repair system installer.

401-VII-2.3.1 Type A

y the

(a) Repair shall be applied to a pipe test specimer] of at
least 100 mm (4 in.) diameter.

(b) Repair shall pass visual inspection completgd in
accordance with para. 401-5.2 witnessed by a superisor

or instructor.

401-VIl-2.3.2 Type B

(a) In addition to the requirements for Type A re
an identical test specimen to one of the nine
Mandatory Appendix 401-1V shall be prepared.

(b) The specimen shall be subject to a pressure t¢
described in Mandatory Appendix 401-1V (see Articl
for guidance).

(c) The y value of the test shall be calculated acco
to Mandatory Appendix 401-1V.

(d) The calculated y value shall be not less than

bairs,
from

st as
501

rding

YicL

(a) At the completion of an installer or supervisor/
trainer course, a successful candidate shall be issued 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).
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(18) 401-VII-4 REQUALIFICATION

(a) The type-specific qualification shall be valid for a
period of 1 yr.

(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) Ifthe 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 no less than once every 3 yr. The requalification
shall consist of passing the written test and any other re-
quirements imposed by the manufacturer, owner, or
operator.
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Mandatory Appendix 401-VIIi
Installation

401-VIlIf1 INTRODUCTION

(a) Repair system suppliers shall provide full installa-
tion instrjuctions.

(b) ThE requirements given in the following sections
are intended to complement those given by repair
system syppliers and specify the key operations necessary
for a sucdessful repair. In the event of conflict, the repair
system sfipplier should be contacted for clarification.

(c) Full instructions for each repair situation shall be
given in the method statement prepared in each instance.

1

401-VIll;2 SURFACE PREPARATION

(a) Th
the wholg
applied ¢
system.

(b) Assessment of the prepared surface for roughness
and cleanfliness may be obtained from SSPC (SP 1 through
14/NACH 1 through 8), ISO 8501, ISO 8502, ISO 8503, or
ISO 8504

(c) An
within tH
(where a

(d) Th
initial cog

b surface preparation shall extend at least over
surface onto which the repair laminate is to be
nd be in accordance with the specific repair

 chemicals used for surface preparationshall be
e recommended shelf life and freshly 'mixed
ppropriate).

b time period between surface preparation and
ting/laminate application should be as short as
possible, [to avoid formation of flash‘eerrosion.

(e) Pré¢pared surfaces shall be-protected from contam-
ination plrior to the application-of the repair laminate.
Deteriorfition of the prepared surface shall be cause
for rejection and the surface preparation procedure
repeated

(f) Th¢ specified surface preparation technique shall
not be r¢placed\by’another, without explicit guidance
from the fepdir,system supplier, who shall have qualified
the alterpative as part of a different repair system.

(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. 401-34.8)

401-VIll-4 CURE

CAUTION: Each polymer in therepair system can be cuged to
a range of glass transition temperatures. Repair sygtems
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 sample tested.
Repairs designed for elevated temperature service will not
meet the requirements of this Article unless they are sybject
to a posteure (heating) cycle that matches the thgrmal
history<of the sample tested during qualification.

(a) Since the cure of a repair laminate is strongly |nflu-
enced by temperature and the correct mixing of polymer
constituents prior to lamination, the limits set by rgpair
system supplier shall not be exceeded without appfoval
from the repair system supplier.

(b) Where elevated temperatures are requiref for
curing, 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 conditions The
extent of cure achieved during installation shall bg the
same as that assumed in the design.

(d) If the process system pressure has been red
prior to repair, then the repaired component sha
be returned to its normal operating pressure until
factory cure has been achieved.

uced
I not
batis-

401-VIII-5 DOCUMENTATION

401-VIII-3 LAMINATE LAY-UP

Where appropriate, these details shall include the
following:

(a) infill compounds

(b) primer application

(c) polymer/load transfer material (if needed)/primer
layer (if needed) preparation

(d) reinforcement orientation

206

(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
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(5) number of layers

(6) axial extent of repair

(7) design data (Mandatory Appendix 401-1) and
calculations

(8) location of repair

(d) The material records that should be kept include

the following:

(1) repair system supplier

(2) polymer type and quantity

(1) repair reference number

(2) visual inspection report (see acceptable defects
listed in Table 401-5.2-1)

(3) thickness measurement

(4) repair dimensions

(5) qualification for personnel completing the
installation

(6) Barcol or Shore hardness measurement (if
specified)

o) Tremiorceient type dIl(,i qudIltity

[4) batch numbers for materials

The quality control records that should be kept
de the following:

(e)

inclyl

(7] lg medsuremient (1 bpeuued)
(f) The details of future service inspection
should be kept.

intervals

207


https://asmenormdoc.com/api2/?name=ASME PCC-2 2018.pdf

ASME PCC-2-2018

Nonmandatory Appendix 401-A
Glossary of Terms and Acronyms

(18) 401-A-1| GLOSSARY OF TERMS

anisotrogic: exhibiting different properties in different
direction§.

Barcol hqrdness: measure of surface hardness using a
surface ijpresser.

batch: a quantity of a material that is produced in a single
productign run or single cycle of manufacture. A batch
may be divided into one or more lots.

composite: athermoset plastic (polymer) thatis reinforced
by fibers

continuoys (fiber): unbroken fiber lengths throughout the
structure

cure or cyring: setting of a thermosetting polymer by an
irreversible chemical reaction.

delamindltion: separation of layers within a composite
laminate [or between the laminate and the host pipe.

design lifg: expected maximum service period of the repair
under th¢ design conditions.

design life data: information necessary to support a
“design [life” for a repair. This information\could
include lpng-term strength, long-term modulus, cyclic
fatigue, ¢hemical exposure, temperature,nand impact
and abragion resistance.

differentil scanning calorimetry (DSC)?’method of deter-
mining the glass transition temperature of a thermoset-
ting polymer.

disbondment: separatioh~of the laminate from the
substrate

glass trapsition temperature: temperature at which a
polymer undergoes a marked change in physical
propertigs.

hardener| cetnponent added to a polymer resin to affect

leak: this does not refer to a fluid leaking through ath¢le or
breach in the pipe. Rather, this refers to a cofidition of a
pipe (substrate) wall that could or does allow the conftents
of a pipe to make contact with and act.directly upop the
(composite) repair laminate.

load transfer material: material tised to repair extprnal
surface imperfections prior to‘the application of compo-
site laminate.

modified qualified repaifsystem: a repair system, devel-
oped by modifying oné.or more elements of a previpusly
qualified repair system, for which the qualification tgsting
recommended by Wonmandatory Appendix 401-B of this
Article has been completed.

owner: the gompany or entity that owns or is resporisible
for the-substrate being repaired.

pipéline: pipe with components (e.g., bends, flahges,
valves) subject to the same design conditions and typjcally
used to transport fluids between plants, usually byried.

pipework: interconnected piping subject to the same $et or
sets of design conditions.

piping: assemblies of piping components (e.g., pipe,
fittings, flanges, gaskets, bolting, valves) usgd to
convey fluids within a plant, often above ground but spme-
times buried.

ply: a single wrap or layer (lamina) of a repair laminate.
postcure: additional elevated temperature cure.

qualified repair system: a repair system for which the
qualification testing mandated by this Article has [been
completed.

reinforcement: a high-strength fiber imbedded ip the
plastic (polymer), resulting in mechanical propdrties
superior to those of the base polymer.

resin system: all of the components that make up the mjatrix

cure (curing agent).

heat distortion temperature: temperature at which a stan-
dard test bar deflects a specified amount under a given
load.

laminate: the part of a repair system that is the composite.
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.”

(plastic or polymer) portion of a composite. Often this is a
resin, filler(s), pigment, mechanical property modifiers,
and catalyst or hardener.

risk: a term encompassing what can happen (scenario), its
likelihood (probability), and its level of damage
(consequences).

Shore hardness: measure of surface hardness using a
surface impresser or durometer.

substrate: the original component to be modified.
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supplier: the company or entity taking responsibility for
testing and qualifying a repair system; usually the manu-
facturer, but possibly a provider of private-relabeled
product.

thermoset polymer: plastics that cannot be resoftened
following polymerization.

ISO
OSHA

International Standards Organization

Occupational Safety and Health
Administration

401-A-2.2 Terms

DSC Differential scanning calorimetry
FRP Fiber-reinforced plastic/polymer
401-A-2 GLOSSARY OF ACRONYMS HDT Heat distortion temperature
401321 Organizations BHH ...,....w.qm] dangerous w. Hfe-ortreatt
MAWP Maximum allowable working pressure
API American Petroleum Institute . .
MOP Maximum operating pressure
ASME The American Society of Mechanical Engineers MSDS Materials Safety Data Sheet
ASTM American Society .for Testing and Materials NDT Nondestructive testing
(ASTM International)
. L PD Pressure directive
AWWA American Water Works Association
" . SMYS Specified minimum¢yield strength
BS (BSI) British Standards Institute uv Ultraviol
t t
COSHH Control of Substances Hazardous to Health raviote
CSWIP Certification Scheme for Welding Inspection

Personnel
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Nonmandatory Appendix 401-B
Recommended Retesting for a Modified Qualified Repair System

401-B-1

Itis co
modified
elemen
Nonmang
some ger
of retesti
whenarg
of an exi

401-B-2

If an e
changed
then the
fication ir
B-2-1 in

GENERAL

mmon for a repair system supplier to develop a
composite repair system by changing selected
s of an existing repair system. This
latory Appendix provides, in Table 401-B-2-1,
eral guidance regarding the minimum amount
hg that should be performed for requalification
pair system is developed by changing an element
ting repair system.

MODIFIED REPAIR SYSTEM

ement of an existing repair system has been
in order to develop a modified repair system,
amount of recommended retesting for requali-
cludes the retestingrecommended in Table 401-
relation to each of the modified elements.

401-B-3 ENGINEERING JUDGMENT

It is impossible for the ASME Post-Constru
Committee to conceive, in advance, of)all the q
possible ways in which a particular repaig’system suy
may develop anew repair system by modifying an ele
of a specific existing repair system<r to predict pre
how each change of an element'6fa specific repair sy
may affect its performancecPerforming the recommej
retesting identified in Table”401-B-2-1 does not ned
rily imply that the newrepair system has been requaj
adequately. While’ the'retesting recommended in ]
401-B-2-1 is nécessary for requalification, it mayj
be sufficient in’some situations. It is solely the resp
bility of the\repair system supplier to judge whethe
additional retesting beyond that recommended in
401<B+2-1 may be needed for a new repair systg
become requalified adequately.

rtion
nany
plier
ment
isely
stem
nded
essa-
lified
[able
y not
onsi-
r any
[able
m to
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Table 401-B-2-1 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

Lap shear adhesion strength (e.g.,
temperature, aging)

representative stainless steel type of
material during initial qualification

Cathodic disbondment (only for use with
cathodically protected pipes)

testing. The manufacturer now wants to
qualify it for use on carbon steel pipes
by using a representative carbon steel
material in additional testing.

Impact performance and energy release rate
(only if to be used for leak repairs)

Surlface preparation

A specific surface cleaning procedure
had been used during initial

Lap shear adhesion strength (e.g.,
temperature, aging)

qualification testing. The repair system
supplier

Cathodic disbondment (only/for-tse with
cathodically protected pipes)

now wants to change the surface
cleaning procedure.

Impact performance and’energy releage rate
(only if to be uséd for leak repairs

Mafrix polymer of composite material

An epoxy matrix polymer had been used
during initial qualification testing. The
repair system supplier now wants to
qualify a version of the product using
a polyurethane matrix polymer.

Consider the modified composite matgrial to
be a completely new composite maferial.
Repeatdhe complete qualification t¢sting
progtam stipulated by this Article.

A

=1

kiliary ingredients with a role
rimarily in the manufacturing
rocess used in matrix

olymer formulation

=

The type and/or amount of a pigment, thixotrope,|

Uniaxial tension (both in-plane directjons)

etc., is modified. (Add

Hardness

example of procurement source.)

T, or HDT

Energy release rate

Lap shear

Shear modulus

xiliary ingredients with a role
rimarily in affecting the end-use
erformance used in matrix
olymer formulation

=

An ingredient such as a fire retardant,

Uniaxial tension (both in-plane directjons)

impact modifier, curing;agent (which

Hardness

results in a different\nielecular
architecture for the cured thermoset

T, or HDT

network), etc., I incorporated, or its type
and/or amount (in weight percent or
volume_pereent) is modified.

Energy release rate

Lap shear

Shear modulus

Additional testing that may help assegs the
intended type of effect of the ingrediept (e.g.,
fire retardancy testing if a fire retardpnt has
been added or impact performance tgsting if
an impact modifier has been added)]

Fi

ox

er type used in composite (material

Fiberglass had been used during initial
qualification testing. The repair system
supplier now wants to qualify a version
of the product using carbon fibers.

Consider the modified composite matgrial to
be a completely new composite maferial.
Repeat the complete qualificaiton t¢sting
program stipulated by this Article.

Fi

bEr orientation used in composite
thaterial

A particular biaxial orientation state had
been used during initial qualification

Uniaxial tension (both in-plane directjons)

Short-term spool survival test

testing. The repair system supplier now wants|
to qualify a version using a

substantially different biaxial orientation state]
or uniaxial orientation.

Energy release rate

Interlaminar adhesive in a composite
material using precured plies

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.

Lap shear adhesion strength (e.g.,
temperature, aging)

Cathodic disbondment (only for use with
cathodically protected pipes)

Impact performance and energy release rate
(only if to be used for leak repairs)

Compressive modulus at the maximum
intended use temperature of the repair
system

Short-term spool survival test

211


https://asmenormdoc.com/api2/?name=ASME PCC-2 2018.pdf

(18)

ASME PCC-2-2018

Table 401-B-2-1 Recommended Testing for Requalification of a Modified Qualified Repair System (Cont’d)

Modified Component

Illustrative (Nonlimiting) Examples

Minimum Recommended Retesting

Load transfer material

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.

Measure compressive strength and modulus
of new load transfer material at the
maximum intended use temperature of the
repair system

Perform a short-term spool survival test

Primer layer

A particular type of primer layer had

Lap shear adhesion strength (e.g.,

been used during initial qualification

testing. The repair system supplier now wants|
to qualify a version using a different primer
layer.

temperature, aging)

Cathodic disbondment (only for use with
cathodically protected pipes)

Impact performance and energy, release ra
(only if to be used for leak yepairs)

[¢’]

Applicatjon method

The repair system was installed manually
during initial qualification testing. The
repair system supplier now wants to
qualify an installation method where the

Short-term pipe spool survival test with
samples prepared by)modified process

Cathodic disbondment (only for use with
cathodically protected pipes)

installer is helped by a machine that provides
some degree of automation to the installation|
process.

Impact perforfmance and energy release ra
(only df te be used for leak repairs)

(]

Curing grotocol

A particular range of thermal history
(time and temperature of curing) had
been used for curing during initial
qualification testing. The repair system
supplier now wants to qualify the use of«a
different range of thermal history for curing.

Hardness

Ty or HDT

GENERAL NOTE: Engineering properties and test method standards are defined in Table 401-3.2-1.
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