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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
placed infsetrviee: 0 dattorro ask-Grouptihre Boardo B otogy-Codes—and-Stangards
(BPTCS) formed the Post-Construction Committee (PCC) in 1995. The scope of this committee was to deyelop and
maintain|standards addressing common issues and technologies related to post-construction activities and ‘to work
with othgr consensus committees in the development of separate, product-specific codes and standards,addrefsing
issues enfcountered after initial construction for equipment and piping covered by Pressure Technology Codes and
Standardk. The BPTCS covers non-nuclear boilers, pressure vessels (including heat exchangers),\piping and pjping
componehts, pipelines, and storage tanks.

The requirements and recommendations established by the Committee are not to be interpreted as approving, rec-
ommending, or endorsing any proprietary or specific design or repair method, or as limitingitf any way the freed¢m to
choose any method of design or any form of repair that conforms to these requireménts' and recommendations.

The Committee meets regularly to consider revisions, to develop new requirements aud recommendations as dictated
by techndlogical development, Cases of the PCC Standards, and requests for interpretations. Only the Committee hds the
authority] to provide official interpretations of these Standards. Requests for<evisions, new rules, Cases of thg PCC
Standardp, or interpretations shall be addressed to the Secretary in writing and shall give full particulars in ¢rder
to receivg consideration and action (see Correspondence With the PCC Committee). Proposed revisions to the Starjdard
resultingfrom inquiries will be presented to the Committee for appropriate'action. The action of the Committee becpmes
effective pnly after confirmation by ballot of the Committee and approval by ASME. Proposed revisions to the Standlards
approved by the Committee are submitted to the American National Standards Institute (ANSI) and publishpd at
http://gq.asme.org/BPVCPublicReview to invite comments ftom all interested persons. After public review and
final appfoval by ASME, revisions are published in the next/scheduled edition of the Standard.

The PCL selects standards to be developed based on identified needs and the availability of volunteers. The PCC foymed
the Subcgmmittee on Inspection Planning and the Subcommittee on Flaw Evaluations in 1995. In 1998, a Task Group
under thg PCC began preparing Guidelines for Pressure-Boundary Bolted Flange Joint Assembly. In 1999, the PCC fofmed
the Subcqmmittee on Repair and Testing. In 2002;the Subcommittee on Flaw Evaluation was dissolved and replacgd by
the Joint ASME/API Committee on Fitness for,Service. Other topics are under consideration and may be developed into
future gulideline documents.

The subcommittees were charged with*preparing standards dealing with several aspects of the in-service inspection
and mainfenance of pressure equipméntand piping. The Inspection Planning Standard provides guidance on the prepara-
tion of a [risk-based inspection plany Defects that are identified may then be evaluated, when appropriate, using the
procedurgs provided in the Fitness for Service. Finally, if it is determined that repairs are to be made, guidance on rgpair
procedurgs is provided in the Repair of Pressure Equipment and Piping Standard.

None of these documentsare codes. They provide recognized and generally accepted good practices that may be uged in
conjunctipn with PostsCenstruction Codes, such as API 510, API 570, and NB-23, and with jurisdictional requirenjents.

This Standard usessthe words shall, should, and may as follows:

(a) Shqll is uséd to denote a requirement.

(b) Shouldissused to denote a recommendation.

(c) May is.used to denote permlssmn nelther a requlrement nor a recommendatlon

The first-editionefASMEP 2 e BowndaryBottedFHangeJointAssembly—was—approv ed for
publication in 2000. ASME PCC-1-2000 was approved by the American National Standards Instltute (ANSI) as an Amer-
ican National Standard on November 15, 2000.

The first edition of ASME PCC-3, Inspection Planning Using Risk-Based Methods, was approved for publication in 2007. It
was approved by ANSI as an American National Standard on October 4, 2007.

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, 2015, and 2018.

Starting with the 2018 edition, new editions are expected to be published on a 4-year cycle. ASME PCC-2-2022 was
approved by ANSI as an American National Standard on April 4, 2022.
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CORRESPONDENCE WITH THE PCC COMMITTEE

General. ASME Standards are developed and maintained with the intent to represent the consensus of ¢

oncerned

interests. As such, users of this Standard may interact with the Committee by requesting interpretations, proposing

P | ke . Fal adeds. det Fal < 1 141 dd ke
revispons-or—=a Cdot, alltl atttliiullly GUIHLIIIITTITT IHTTLHIES. WUTTTOPUIIUTIILT STIUUIU DT aUuItostiu tu.

Secretary, PCC Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

New York, NY 10016-5990
http://go.asme.org/Inquiry
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or dgsirable, as demonstrated by the experience gained from the application of the Staridard. Approved revisio
published periodically.

Thle Committee welcomes proposals for revisions to this Standard. Such propesals should be as specific ag
citing the paragraph number(s), the proposed wording, and a detailed déscription of the reasons for the
including any pertinent documentation.
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immediately upon ASME approval and shall be posted on the ASME Committee web page.
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Rejquests for interpretation should:preferably be submitted through the online Interpretation Submittal H
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automatic e-mail confirming receipt.

If the Inquirer is unable to'use the online form, he/she may mail the request to the Secretary of the PCC §
Compmittee at the above address. The request for an interpretation should be clear and unambiguous. It is fu
ommended that the Inquirer submit his/her request in the following format:

Subjéct: Cite the applicable paragraph number(s) and the topic of the inquiry in one or ty
Editipn: Cite the applicable edition of the Standard for which the interpretation is being 1|
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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
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Secretary| of the PCC Standards Committee.
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PART 1
SCOPE, ORGANIZATION, AND INTENT

Arvtiel o

103-1 SCOPE

Thhis Standard provides methods for repair of equip-
mehnt, piping, pipelines, and associated ancillary equip-
meht within the scope of ASME Pressure Technology
Codes and Standards® after they have been placed in
seryice. These repair methods include relevant design,
fabtication, examination, and testing practices and may
be temporary or permanent, depending on the circum-
stances.

Tlhe methods provided in this Standard address the
reppir of components when repair is deemed necessary
based on appropriate inspection and flaw assessment.
Thgse inspection and flaw evaluation methods are not
coVered in this Standard, but are covered in othet
posf-construction codes and standards.

his Standard does not purport to address alkof the
safgty concerns, if any, associated with its use:lt is the
responsibility of the user of this Standard‘te-establish
apgropriate safety and health practices, and determine
the|applicability of regulatory limitatiens' prior to use.
nly technical procedures and information are
provided; administrative or policy requirements are
outpide of the scope of this Standard.

-2 ORGANIZATION

his Standard is{divided into five Parts.
) Part 1 covers'the scope, organization, and intent
is applicabte to all articles in this Standard.

(b) Partiicovers repair methods and techniques that
includesthe’use of welding, brazing, soldering, or other
methods-involving metal deposit.

[alB1A"1\ "]

Introduction

101
ITUX

(e) Part5 covers examinationand testing metHods and
techniques.

101-3 INTENT
101-3.1 General

This Standard provides technical information, proce-
dures, andyrecommendations for repair meth¢ds that
were determined by consensus to be recognited and
generally accepted good engineering practice] Where
equipment repair is subject to jurisdictional regulation,
jurisdictional approvals may be required.

101-3.2 Acronyms and Definitions

The words shall, should,and may aredefinedintheFore-
word of this Standard. When used in the repair anticles of
this Standard, they have the following intent:

shall: indicates an action that is an essential elemeht of the
repair method that cannot be eliminated.

should: indicates an action that when performed, is gener-
ally considered to be good practice; however, there are
some circumstances when the action is not appfopriate
or required, so the word should is used to prov|de flex-
ibility for the article to cover a broad range of|circum-
stances. It is not mandatory unless so specified by
others in the application of these articles.

may: indicates an action that is permitted, put not

required.

101-3.2.1 Acronyms

(¢ Part3—covers Tecthanicat Tepairs, withror-without
sealant, such as bolted clamps or fixtures and includes all
repair methods not covered in Part 2 or Part 4.

(d) Part4 covers repairs using nonmetallic means, such
as nonmetallic liners and wraps, and bonding (e.g., joining
by epoxy), including bonding of metallic components.

1 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.

API American Petroleum Institute
ASM (ASM American Society of Metals
Interna-
tional)
ASME The American Society of Mechanical Engineers
ASNT American Society for Nondestructive Testing
AWS American Welding Society
AWWA American Water Works Association
BPVC Boiler and Pressure Vessel Code

(22)
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Table continued

lamination: internal separation or weakness generally
aligned parallel to the worked surface of the metal.
May be the result of blisters, seams, inclusions, or segre-
gation elongated and made directional by working.

owner: the company or entity that owns or is responsible
for the equipment.

piping: assemblies of piping components (e.g., pipe,
fittings, flanges, gaskets, bolting, valves) used to

BS (BSI) British Standards Institute

EPRI Electric Power Research Institute

ID Inside diameter

IDLH Immediately dangerous to life or health

ISO International Standards Organization

MAOP Maximum allowable operating pressure

MAWP Maximum allowable working pressure

NDE Nondestructive examination

NDT Nondestructive testing

NPS Nominal pipe size

oD Outside diameter

OSHA Occupational Safety and Health
Administration

QA/QC Quality assurance/quality control

SMYS Specified minimum yield strength

SSPC-SP Steel Structures Painting Council Standards

uv Ultraviolet (radiation)

WRC Welding Research Council

101-3.2.2 Definitions

clad regtoration: 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 ovprlay or cladding. The original cladding could have
been applied by methods such as roll bonding or explosion
bonding.

closure|weld: the final weld connecting pressurized
systemq (e.g., piping or vessel) or components usually
perfornjed in the field.

effectivd depth: the depth below the finished weld surface
at which weld metal chemical analysis is.performed. The
effectiv¢ depth is as defined in ASME(BRVC, Section IX,
QW-463.5(a).

examindtion: the process of determining the condition of
an area ¢f interest by nondestruetive meansagainst estab-
lished acceptance or rejection’ criteria.

fitness-fpr-service (FFS)assessment: methodology outlined
in ASME/API FFS-«1/API 579-1, whereby flaws or a
damage|state in/4, component is evaluated to determine
the adequacy.of'thle component for continued operation.

hydrosttic test: a pressure or tightness test where liquid,
typicall a C i
with in-service leak test).

in-service leak test: a test using the process medium of the
pressure equipment performed at start-up of the equip-
ment.

inspection: the observation of any operation performed on
materials and/or components to determine its accept-
ability in accordance with given criteria.

convey tluids.

pneumatic test: a pressure or tightness test where,a gas,
generally nitrogen or air, is the test mediuni.

pressure test: atest performed to ensure the gross integyity
of the pressure component on new pressure equipment or
on previously manufactured pressure.and piping eqpip-
ment thathas been orisin service and thathas undergpne
an alteration or repair to a pressiwé boundary(s) to deger-
mine the gross integrity of.the pressure componenf. A
pressure test may be performed with liquid (hydrostptic
test), with gas (pneumadtic test), or with a combinatioh of
both (hydro-pneumatic test).

ring-type joints{(RTJ): flanges that have been hexagonplly
grooved to_concentrate the bolt load over a small drea
producing\high sealing stresses when fitted with a
metal ring*type joint gasket (as detailed in ASME B16.20).

risk=the product ofthe probability of an event (likelihdod)
and its consequence (outcome). In some situations, rigk is
a deviation from the expected. When probability aind
consequence are expressed numerically, risk is [the
product.

risk analysis: the systematic use of information to identify
sources and to estimate the risk. Risk analysis providgs a
basis for risk evaluation, mitigation, and acceptance. Infor-
mation can include historical data, theoretical analysis,
informed opinions, and concerns of stakeholders.

risk-based inspection (RBI): arisk assessment and mangge-
ment process outlined in ASME PCC-3 that is focused on
loss of containment of pressurized equipment in proges-
sing facilities, due to material deterioration. These risks
are managed primarily through equipment inspectidn.

safety data sheet (SDS): a data sheet for chemicals that
defines important information such as the levels of tpxi-
city, flammability, and first-aid actions required.

tightness test: a test that is performed to ensure ovdrall
cak-tightnessofthe am-or-its—connectionsbeforelthe
process medium is introduced.

weld buildup: the application of weld metal thatis the same
chemistry as the base metal for the purpose of restoring
metal thickness.

weldoverlay: the application of weld metalthatis different
from the base metal for the purpose of a desired property
(e.g., corrosion resistance, chloride resistance, etc.).
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101-3.3 Administrative Requirements

For administrative requirements such as inspection,
documentation, and quality control, the user is referred
to an applicable post-construction code and to the juris-
dictional requirements. In the absence of an applicable
post-construction code or jurisdictional requirements,
the owner of the pressure equipment or piping should
establish the administrative requirements. A post-
confstruction code 1s one that provides requirements
and guidance for inspection and/or repair of equipment
aftdr it has been placed in service, and may include the
ref¢grences to the original construction code. Examples
of post-construction codes include NB-23, API 510, API

ioned that these articles have been developed gener-
ically and are recommended for general applications. They
may not necessarily be suitable for all applications.
Prefautionary considerations are provided, but should
not|be considered all inclusive. Sound engineering prac-
tices and judgment should be used to determine the applic-
abillity of a specific method or part of a method to a specific
apglication. The phrase engineering practices and judg-
ment refers to technical judgments made by knowledge-
abl¢ engineers or subject-matter experts experienced in
thelapplication of repair practices. Engineering judgments
shall be consistent with good engineering practices, and
such judgments shallneverbe used to overrule mandatory
requirements or specific prohibitions of this-Standard.
Each repair should be subject to an apprepriate review
by fjualified personnel, and this review ,shetlld consider
subsequent deterioration of the repaited component.
(b) Additional limitations and considerations are
confained in section 2 of the individual articles.

-3.5 .Alternative Use

hile-this Standard covers repair of equipment within

dards, it may be used on equipment constructed in accor-
dance with other Codes and Standards.

101-3.6 Articles’ Independence

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

101-3.7 Repair Life
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
an appropriate opportunity. The anticipated life of a
repair depends on many circumstances, and could
i i i i is Standard
does not classify repair methods as permapent or
temporary. Rather, technical consideratipis/ that affect
the expected life of the repair are stated in the inflividual
articles.

101-3.8 Code References
Reference to specific codes iS\generally avoided in this
Standard because the equipment or piping coyld have
been constructed in accofdahce with a number of different
codes. Where such axeference is provided, it is generally
the intent to inclide; by reference, a specific t¢chnical
provision.

101-3.9 Welding
Requirements for welding, including qualificjtion of
welding procedures, welders, and welding operators
should generally follow an applicable constfruction
code or post-construction code, except when otherwise
specified herein.

101-3.10 Allowable Stress
Calculations involving the allowable stress use the allow-
able stress from the original construction code pr post-
construction code, unless otherwise specified in|specific
articles.

101-3.11 Examination
When qualifications of examiners, methods of examina-
tion, extent of examination, and acceptance criteria are
not specified, they should follow the requirenpents of
an applicable construction code or post-consfruction
code.

101-3.12 Records
The owner should keep records that document thg repair.
Specific requirements for documentation are not prqvided in
this Standard. The owner should retain records thaf comply
with applicable jurisdictional and post-construction|code re-
quirements—Docwmentationmay-include-such-itdms as a
description of the condition that required attention and
its cause, repair procedures that were used, photos prior
to and after the repair, examination procedures and
records, heat treatment records, test records, and the
names of the persons/firms performing the repair and ex-
amination and their certification. The documentation forms
part of the history of the pressure component and should be
retained as long as it is relevant.
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PART 2
WELDED REPAIRS

Article 201
Butt-Welded Insert Plates in Pressure Components

201-1 PESCRIPTION 201-2 LIMITATIONS
201-1.1 General Considerations 201-2.1 Part 1 of This Standard
The 1lepair of pressure components by butt-welded Part 1 of this Standard“contains additional requjre-
insert plates involves the replacement of pressure ments and limitations. This Article shall be used in
boundafy material in a pressure component with an conjunction with Part 1.
insert glate attached by full penetration butt welds. w ) .
This regair method is applicable to cylindrical, spherical, 201-2.2 Additional Considerations and
and conjcal shells and to flat pressure components. [t may Limitations
be used|for single and double curvature shells. It may also When $Plying this repair method, consideration shall
be used|on other pressure components (such as formed . o ) . .
. : be givéty to compatibility of materials, operating copdi-
heads) if the curvature of the replaced section matches the : . . . .o
L . o tions.for the intended life of the component, fitting pnd
curvatufe of the original pressure part. It is not limited by N S . . .
. . welding to minimize the residual stresses and distortipns,
the size pfthe pressure component, except where practical N : S
) . . and any limitations on nondestructive examination pnd
considefations preclude the use of an insert, such as on :
. pressure testing.
small djameter pipe or tube. It may be used on small
diametgr pressure'compon.ents if special care is Fak.en 201-2.3 Loadings
to ensufe a close fit of the insert plate and the\existing
pressuile component and that the repaired\ptessure This method may be used for equipment subjec} to
componfent meets the tolerance requirements of the ap- either internal or external pressure. If the pressure
plicable| construction code. component is subject to external pressure, additignal
consideration shall also be given to any loss of buckling
201-1.2 Replacement of Local Areas in Pressure strength as a result of permanent distortions or misal|gn-
Vessel Shells or Pipe-Walls ment in the repaired component. If the pressure conjpo-
] ) o nent is subject to cyclic loading, additional consideration
Th_ls epair method is mt.en'ded to be used to replgce shall be given to the effect of permanent distortions on|the
portions of pressure-retaining vessel shells or pipe fatigue life of the repaired component.
walls that have beendamaged by cracks, local wall thin-
ning from erosioncorrosion, and other damage mechan- 201_2'4 COrrosion_Resistant Weld 0verlay or
isms. THe insert‘plate may contain one or more nozzles/ Cladding
manways.
Thisrepair method may also be used in vessels thatlare
201-1.3 ither clad with corrosion-resistantlining or weld overllay.

Replacement of an entire component, shell plate, or a
complete shell course of a cylindrical shell, or a complete

circular

section of a pipe is not considered in this repair method.

segment of a sphere, or a complete head, or a

The insert plate cladding or weld overlay shall be compa-
tible with the existing materials and suitable for the
intended service. Consideration shall also be given to
the use of weld details and welding procedures suitable
for the intended service.
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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

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

for [accelerated fatigue cracking in the dissimilar metals
combination.

201-3 DESIGN
201-3.1 Construction Code

Tlhe insert plate thickness, material, and welds shall
me¢t the design requirements in the applicable construc-
tiorf code for the existing pressure component into which
it if being installed and shall be consistent with the joint
efficiency or joint quality factors used in the original
des|gn, exceptas permitted in para.201-3.3. The allowable
str¢sses shall be the same as in the applicable construction
cod for the existing component.

201-3.2 Materials

Insert plates and welds should be of the same material
as the existing pressure component, or of another material
thaf has at least equal notch toughness and allowable
strgss, conforms to the requirements of the applicable
construction code, and is suitable for the intended
seryice. Where ASME materials are used, the replacément
material should have the same ASME P-Numbér designa-
tior] as the pressure component material into which the
insgrt is being installed.

201-3.3 Insert Plate Thickness

Tihe insert plate thickness/should be not less than the
norhinal thickness of the material it welds into. If a thinner
insgrt plate than the nofinal thickness of the material it
welds into must be wsed, it shall be evaluated for the
int¢nded service {such as fatigue due to cyclic loading)
using the rules\inthe applicable construction code for
the[pressure’component, or the applicable post-construc-
tion} code. Se¢ para. 201-4.1.5.

201-34 Rectangular and Square Insert Plates

been assessed as not being fitfor continued openalion 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 dimenfions of
nonpostweld heat-treated, butt-welded carbon §nd low
alloy steel insert plates shallybe’the lesser of 12¢ or
380 mm (15 in.) (wherg t is the thicknesqd of the
parent material). See parax201-3.8.

201-3.7 Structural Stability at Cutouts

Consideration should be given to structural stabjility and
possible distortion of the unsupported plate edgeq of large
openings/(cutouts) in the vessel shell. An ass¢ssment
should:be*made for the need of temporary spipports
around)the unsupported edges of such opening§ during
removal of the shell section to be replaced with an
insert plate. The assessment shall consider all loading con-
ditions that may occur on the vessel and the coiponent
during the repair, including structural stability of vessels
during postweld heat treatment (PWHT).

201-3.8 Insert Plates With Nozzles

The nozzle/manway reinforcement in insert plgtes with
nozzles shall meet the design requirements apd weld
details oftheapplicable construction codeforthe gressure
component. The minimum diameter of insert plafe with a
nozzle shall be the larger of the following:

(a) forall nozzle/manway assemblies, the diafneter of
the nozzle/manway penetration plus the width nepded for
nozzle reinforcement and any edge bevels.

(b) for carbon and low alloy steel nozzle/thanway
assemblies for which the nozzle-to-butt patch (shell)
weld is not postweld heat treated before or after the
assembly is welded into the shell, the diametdr of the
insert plate needed to maintain a minimum distance of
150 mm (6 in.) between the nozzle attachmept weld

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 pdgp of the insert p]ah: 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 Figure 201-3.8-1
Flush Insert in Pipe or Tube Flush Insert Plate (With or Without Nozzle/Manway)
With Its Butt Weld Intersecting Existing Butt Weld in

25 deg to Shells or Heads

35 deg (Typ.)

Note (2)

Y

Note (1)

='Note|(4)

|

(a) Note (1) Note (3)

25 deg to 35 deg (Typ.)

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

Note (3)

U

NOTES:
W (1) Existingbuttweld in vessel shell or head. (This figure showslbutt

weld in a cylindrical shell.)

(2)*Thirty deg minimum angle.

(3) Full RT or UT, or MT or PT both sides of existing butt weld,|100

mm (4 in.) min. each side of intersection with insert plate

(4) Insert plate butt weld. Full RT or UT, or MT or PT both sid¢s of
{d) Note (4) weld.

(5) See para. 201-3.8.

NOTES:

(1) Sideyiew of cutout in pipe or tube with edge bevels. [fllustration
(a) shhows single-grooved joint detail with 25 deg to 35 deg edge
bevel in pipe or tube. Other joint details and-edge bevels may be
used] as appropriate for a particular weldyjeint.]

(2) Plan piew of insert with edge bevels. [[IluStration (b) shows an
inserf with one-sided joint detaild

(3) Side piew of the insert with edge\bevels. (Other joint details and
edge|bevels may be used, as appropriate for a particular weld
joint)

(4) Side piew of welded jingért’in pipe or tube.
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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)\

that it conforms to the curvature of the vessel shell after it
hasbeeninstalled 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

!

Note (2)

v

;— Note (3)

Note (4)

[« « "« "W CC“oQoi@nv“vaivai W “ouUau@o“@a(@“@“((UUuooonna@(£@C@G(@(EUEEEEECECEOEOE

ES:

(1) |Existing butt weld in vessel shell or head. (This figure shows butt
weld in a cylindrical shell.)

(2) |Length of cutin shell buttweld, 150 mm (6 in.) minimum on each
ide of intersecting insert plate butt weld.

(3) |Insert plate butt weld.

(4) [Cut existing shell butt weld to 150 mm (6 in.) minigtum on each
ide of intersecting insertplatebutt weld and beveledges (or arc
ouge edges) to the desired edge bevels. Reweldafter completion
f insert plate butt weld. Full RT or UT, orMT or PT both sides of

-4.1 Cutting and Forming

1-4.1.1 Edge Bevels. Edge bevels in the insert plate
in the pressure component may be prepared by
thefmal cutting,” arc gouging, machining, or grinding.
Thq methadvshould be appropriate for the material
and welding process(es) used.

1l'edges prepared for welding shall be examined to the

Steets.Carbom steeand tTow attoy Steet Imsert plates

should be heat treated (stress relieved, normafized, or
quenched and tempered, if appropriate)(subsequently
when the resulting extreme fiber elongation| during
cold forming is more than 5%, as. determined by the
following formulas:

(a) For single curvature shells-(cylinders)

R
SOt(l _ Ry

percent extreme fiber elongation = — , %
Rf R,
(b) For double curvature (heads and spherica] shells),

75t R
percentlextreme fiber elongation = —| 1 — il , %
Rf R,

whekré
Ry = final centerline radius, mm (in.)

R, = original centerline radius, mm (in.). [Radius
equals infinity for flat plate.)
t = plate thickness, mm (in.)

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

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

201-4.1.5 Alignment at Edges of Insert Pldte. The
alignment at edges of the insert plate butt wdld shall
be such that the maximum offset is within the linfitations
of the applicable construction code for the pgessure
component. If the insert plate thickness exceeds these
limitations, the edge(s) of the insert plate shal] have a
tapered transition having a length not less|than 3
times the offset between the adjacent surfaces of abutting
sections

requirements of the applicable construction code or post-
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

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-

201-4.2.9 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 con-
ditions. 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

quire LS Or e dpplicabDIC COIIStruction code or
post-comstruction code. Welding procedure qualifications
shall in¢lude impact tests as required by the applicable
construction code for the pressure component. Vessel
(produdtion) impact tests are not required.

201-4.2.4 Welding Materials. Welding materials and
processgs shall beas currently permitted by the applicable
construftion code or post-construction code for the pres-
sure commponent. Welding of carbon and low alloy steels
with loyv hydrogen electrodes and processes is recom-
mended.

201-4.2.5 Weldsin DamagedAreas. Allwelds between
the inseft plate and the existing shell should be in sound
material. In some cases, the welds may be in a damaged
area, prpvided any damage is considered in the design of
the repgir, and the damage has been evaluated and is ac-
ceptabl¢ by the rules of the applicable post-construction
code.

201-4.2.6 Cleaning of Areas to Be Welded. Oil, grease,
paint, sdale, and other foreign material shall be removed
fromthe area adjacent to the weld and a sufficient distance
away frpm the weld to avoid contamination.

201-4.2.7 Fit-Up of Insert Plates. Fit-up of'insert
plates if important to the integrity of the ‘repair. The
weld dgtails and welding procedures_shall be such as
to facilifate full penetration and to minimize distortion
and flat spots due to weld shrinkage and the risk of
weld cracking due to the restraint provided by the
surrounding material.

201-4.2.8 One-Sided Welds. Forflushinsertsin pipe or
tube or pther pressure-cémponents that do not allow two-
sided welding, gas\tungsten arc welding, or another
welding process that provides an acceptable weld on
the oppositessidée should be used for the initial pass
joining fhe'ifisert to the pipe wall. Subsequent passes
may bg completed by gas tungsten arc or another

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

201-4.3.1 Minimum Spacing Between Nonpostweld
Heat-Treated Butt Welds. Nonpgstweld heat-tredted
butt welds around the periphety of insert plates shall
be spaced no closer to existing nonpostweld hg¢at-
treated butt welds or réinforcing plate attachmlent
welds than

(a) for t,, < 13 mm~(% in.), 150 mm (6 in.)

(b) fort, > 13 vam (/ in.), the greater of 250 mm|(10
in.) and 8¢,

where
tw = thickness of the thicker of the two adjacent putt
welds, mm (in.)

201-4.3.2 Alternative Spacing Between Nonpostweld
Heat-Treated Butt Welds. The spacing between adjadent
nonpostweld heat-treated carbon and low alloy steel hutt
weldsmaybe reduced to the lesser of 8t,, or 200 mm (8in.)
for t,, < 40 mm (1% in.), provided both butt welds|are
ground smooth, 100% RT or UT examined and 1000%
MT or PT examined after completion of weldin
areas where the spacing between the adjacent hutt
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 expm-
ined in place of the 100% RT or UT examination requfire-
ment above. The butt welds with thicknesses less than} 13
mm (% in.) need only be MT or PT examined. See ppra.
201-5.1.

201-4.3.3 Spacing Betwen Stress-Relieved Butt
Welds. The spacing between the adjacent butt we¢lds
shall be not less than 2t,, if the first butt weld |has
been stress-relieved before making the second butt

welding process. Short Circuit Mode of Gas Metal Arc
is not recommended for these types of welds.

IMatching 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

% Grinding welds to asmooth contour reduces stress concentrations at

weld discontinuities.
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insert plate butt weld should be placed such that it inter-
sects the existing butt weld atan angle not less 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 degangle,as shown in Figure 201-3.8-2.

201-4.4.2 Examination. Unless 100% RT or UT exam-
ination isrequired 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 MT and
PT methods. Examination by the MT or PT methods is rec-
ommended for the root pass of single-groove welds and
for the backgouge of double-groove welds. No crack-like
indications, incomplete fusion, or incomplete penetration
are permissible.

butpwetd; o botiT Sides of the MteTsection, siait be 1009%
MT|or PT examined after completion of both welds, as
n in Figure 201-3.8-1. In case of the “doghouse”
insert plate butt weld shown in Figure 201-3.8-2,
examination shall be performed on the full length
e new weld along the existing shell butt joint. See
. 201-5.1.

-4.5 Postweld Heat Treatment

1-4.5.1 General Considerations. The butt welds
betveentheinsert plate and the existing pressure compo-
nent and the weld between the nozzle/manway and the
ins¢rt plate shall be postweld heat treated when required
by the original construction code or the applicable post-
corlstruction code, or for process reasons, except as
perjmitted by the applicable post-construction code.
Proper precautions should be taken during the PWHT
to qvoid distortion of the welded assembly.

1-4.5.2 Repairs. Repairs to pressure equipment that
reghire PWHT based on service conditions shall be post-

201-5.1 Insert Plate Welds

1l insert'plate welds to the existing pressure compo-

nerft §n._pressure vessels shall be examined by radio-
R l& H LT H |

201-5.3 Piping

For piping, all nondestructive examifiation fequire-
ments shall be in accordance with theé current fequire-
ments in the applicable construction code qr post-
construction code.

201-5.4 Additional Examination Requirements for
Carbon and.Low Alloy Steels

201-5.4.1 Rectangutar and Square Insert Plates. For
rectangular or square insert plates, the welds arqund the
rounded corné€ps, as a minimum, shall be either sppt RT or
UT examinéd.)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 W¢lds. See
paras. 201-4.3 and 201-4.4 for additional examingtion re-
quirements for closely spaced welds and intefsecting
welds.

201-6 PRESSURE TESTING

201-6.1 General Considerations

If the vessel or pipe can be isolated for pressurd testing,
and ifit is practical to do so, all insert plate welds should be
pressure tested as required in the applicable post-
construction code. Alternatively, nondestructive examina-
tion may be performed in place of pressure t¢sting if
permitted by the applicable post-construction|code at
the location of the pressure equipment, when corjtamina-
tion of the pressure-retaining item by liquids is po§sible or
when pressure testing is not practical.

201-6.2 Notch Toughness Considerations

(a) Consideration should be given to the dffect of
service deterioration and embrittlement from prior

graphie{RFeor—thrasente{Hexamination—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.

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-

pressure by pressurizingthe componentto 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

Alltestingandinspections should be performed priorto
application of insulation or coatings.

sure. Su
sure th

1 1 L oad—alk 111 £ ke £
II'da TCARN LCOLU STTUUIUW DT PTTTUTITIICTW at a 5alt PIcs

it is substantially less than the maximum test

10
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Article 202
External Weld Buildup to Repair Internal Thinning

-1.1 Introduction

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

-1.2 Restoration of Wall Thickness

hen appropriate, applying a weld buildup repair to
thefexterior of a thinning pressure component (pipe/pres-
surp vessel) can provide the necessary structural rein-
for¢ement and can eliminate the need for either total
replacement of the component or an internal weld
reppir. Specifically, a weld buildup procedure can bhé
usefd to structurally restore steel (carbon, low alloy;-er
austenitic stainless steel materials suitable for welded

-2.1 Additional.Requirements

rt 1 of this/Standard contains additional require-

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

11

without a thorough understanding of fhe“thedium
contained within the pressure component~Thig should
also include an evaluation of the medium for potential
reactions with the base material dué to the hdat from
welding. Examples of process médigthat should be prop-
erly flushed from the system/prior to repair [include
hydrogen, hydrogen cyanide, oxygen, alkalinefcaustic
materials, butadiene,Sacetylenic compounds, H,S,
chlorine, and acids. In"some cases, cleaning procedures
may be necessary to prepare a pressure conjponent
system for repaif.

202-2.4 Operation in Creep Temperature

Tange

Buildup repairs of components that are operated at or
near'the creep temperature range should only be qualified
through an engineered design approach as descfibed in
section 202-3.

202-2.5 Blocked-in Liquid-Filled Compongnts

Blocked-in liquid-filled components should
repaired due to the potential for pressure i
from thermal expansion.

not be
crease

202-3 DESIGN

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

202-3.1 Buildup Design

The weld buildup shall meet the requiren
paras. 202-3.1.1 through 202-3.2.2.2.

202-3.1.1 Weld Metal

202-3.1.1.1 Chemistry. The nominal chemistfy of the
deposited weld metal shall match the base mat¢rial.

202-3.1.1.2 Tensile Strength. The tensile strength of
the deposited weld metal shall be at least equal to or
exceed the tensile strength of the base metal to which
the weld buildup is applied.

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.

ents of
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Figure 202-3-1
Weld Buildup Profile

L

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

3/4 JRtyom between the toe of each buildup.

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.

LY

~
| e—s

u Inside T
surface

202-3

202-3.1.2.1 Postrepair Examination. The design of
the bui]dup shall not hinder postrepair examinations
and evaluations or any preservice examinations.

202-3.1.2.2 Extension Beyond Base Metal. The weld
shall extend, at full thickness, a minimum distance, Byin
each difection beyond the affected base metal (uiless
otherwise justified by a fitness for service assessment).

.1.2 Buildup Geometry General Requirements

B = %y Rtnom
where
R F outer radius of the comp@nent, or 1/2D
thom F nominal wall thickness of the component

202-3.1.2.3 Edge Taper) The edges of the weld
buildupk shall be tapered tothe existing pressure compo-
nent sufface at a maximum angle, a, of 45 deg.

202-3.1.2.4 Life of Repair. The thickness shall be
sufficienpt to maintain the predicted life of the repair.

-3.1:2)5 Corner Radius. All corners of the buildup
radius, r,not | han the buildup thickn

202-3.1.2.6 Corrosion Allowance. Any corrosion
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.

12

202-3:1:2-9—Other Configurations—Configuratipns
not meeting the requirements of paras. 202-3-4.1fand
202-3.1.2 shall be evaluated based on engineeringanalysis
(para. 202-3.1.3.2) or testing (para. 202-3.1.3.3).

Che

ng:
in

202-3.1.3 Buildup Qualification Requirements.
design of the weld buildup shall meetoneof the follow,

(a) guidelines for prequalified design
para. 202-3.1.3.1

(b) guidelines for_&ngineered design
para. 202-3.1.3.2

(c) guidelines for proofi(burst) testin para. 202-3.1

in
3.3

202-3.1.3.1 Prequalified Design. Application of weld
buildups on strdight piping sections and associated w¢lds
to correct limited degradation may be considerdd a
prequalified\design and shall be exempt from an engi-
neered design qualification or a proof test qualificafion
if all of-the following conditions are met:

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

(b) Themaximum design temperature does not exdeed
340°C (650°F).

(c) The specified nominal thickness of the existing Hase
metal is at least Schedule 40 or Standard Wall, whichgver
is less.

(d) The maximumangleofthetaperdoesnotexcee
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, lerjgth
along axis) compensated by a circular, oval, or rectangtilar
buildup does not exceed the lesser of one-half the nomjnal
outside diameter of the pressure component or 200 jnm
(8 in.).

(g) Rectangular buildups are aligned parallel wit}
perpendicular to the axis of the pressure compon
and corners are rounded with radii not less than
buildup thickness.

hnd

30

or
Ent,
the

han
¥, JRtnom and the axis of the buildup shall be aligned
parallel with or perpendicular to the axis of the compo-
nent.

(i) The minimum thickness of the buildup shall be suffi-
cientto 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.
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(j) The thickness of the buildup shall be relatively
uniform except for the tapered edges.

(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
vdliues O € DASE ITIELld dll dPPIVY 1O c ACSIZI O

the|weld metal and the following factors shall be consid-
erefl in the design:
(f1) the effects of three-dimensional shrinkage
(b) the effects of flexibility, stress concentration, and
secfion properties
(¢) stressconcentrationsfromthe pressure component
intgrnal surface configuration
() the effects of differing thermal expansion coeffi-
cienjts between the base and the weld metal
(¢) the effects of differing thermal mass of the buildup
reppir
(f) the potential for creep degradation for service
ten]peratures above 340°C (650°F)

202-3.1.3.3 Proof Test Qualification. As an alterna-
tivg to the prequalified design or engineered design, a
propf test qualification may be performed through a satis-
facfory burst test mock-up. The details of the mock-up
configuration and considerations are in para. 202-3.2.

202-3.2 Burst Test Procedures

202-3.2.1 Proof Test Qualification Requirements. As
an glternative to the engineered design approeach; a burst
tes{ of a mock-up buildup may be perfornied to qualify a
weld buildup design.

202-3.2.1.1 General Requirements. A satisfactory
motk-up burst test may be uged-to qualify the weld
buildup design for application, in the same orientation
on fhe same type of item, arid'the same location on fittings,
when the following conditions are met:

(f) The base metalls of the same P-No. and Group
nurhber as the moek=up base material tested.

(b) The specified minimum tensile strength of the item
dods not excéed that of the mock-up base material tested.
(t) The average thickness of the buildup area(s) is at
least theythickness of the mock-up plug, u, in Figure
2034-3+1:

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

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

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

202-3.2.1.2 Simulation of Thin Area. To simulate the
area of wall thinning for pressure testing, a rounded-
DTIIC p qSC Tatertar o g hock-up

shall be removed to represent the maximum size ratio
(axial dimension of L and circumferential dimension of
C) and location of thinning or pitting to be’comp
for by the weld buildup. A plug of the same base
and of uniform thickness, u, not-exceeding the $mallest
average thickness on which the buildups will be] perma-
nently applied, shall be full-penetration welded|around
the opening and flush withthe€ outside surface of the pres-
sure component. Alternatively, an equivalent vdlume of
base metal may be rémoved from the inside syrface of
the mock-up bysmachining or grinding, without the
need for welding in a closure plug.

202-3;2.1.3 Buildup Thickness. Buildup [section
thickness (deposit + base metal), represented by the
diménsion u and w in Figure 202-3-1, for the [thinned
area, of the mock-up shall be not greater than 87.5% of
the nominal wall thickness. This is intended to [provide
a conservative thickness for the qualificatiof of the
buildup design.

202-3.2.1.4 Burst Pressure. To qualify g repair
design for general application (on pressure components
in the same orientation or at the same location on {ittings),
burst pressure shall be not less than:

_ 2tS, ¢
D
where
D = outside diameter of the pressure component,

mm (in.)

P = minimum acceptable burst pressure, MPa (psi)
Sact = reportedactual tensile strength,MPa (pdi), ofthe
base material tested

t = minimum specified thickness (excluding manu-
facturing tolerance) of base material tesfed, mm

(in.)

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

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

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

(g) The maximum axialdimension/diameterratio, L/D,
is not more than that tested.

202-3°2.1.5 Flex y ySis. TT flex1bility 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.
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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.

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

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.

202-4.2 Prerepair Surface Preparation

209491

be capaple of providing a minimum of 25% overpressure
to allow|for burst pressure variations from wall thickness
toleranges, weld reinforcement, etc. In most cases, the
actual Qurst pressure will exceed the calculated value
by a smiall margin.

202-3.2.2.2 Burst Test Fittings and Gages. All
fittings, hoses, and gages shall be rated for a working pres-
sure eqpal to or greater than the pump rating. Fittings
attachefl to the pressure component mock-up should
be thrgaded into the end bells of the mock-up and
then seal welded to prevent leakage. Gages shall be
rated fgr working pressures at or above the pump pres-
surerating and shall be calibrated to a pressure standard,
traceable to the National Institute of Standards and Tech-
nology (NIST), or equivalent, by a reputable laboratory.
The expected burst pressure of the component being
tested ghall fall within one-fourth to two-thirds of the
gage rating, so as to be in the most accurate portion of
the gag¢ measurement range.

202-4 FABRICATION

This gection describes application methods and techni-
ques for applying weld buildups on degraded or thinning
steel pr¢ssure components. This section should be consid-
ered as general requirements for weld building and shall
be used|in conjunction with the requiréntents of the ap-
plicable| construction code or post-construction code.

202-4.]1 Prerepair Inspection,Requirements

202-4.1.1 Evaluation of\Base Material. The material
beneath the surface to beyweld built up shall be evaluated
to establish the averageywall thickness and the extent and
configufation of thihning to be reinforced by the weld
buildup. Considération should also be given to the
cause and rateof deterioration. (If the cause of the thin-
ning is hotknown or understood, then a materials engi-
neer sha i i
and procedures to ensure that the repair will not cause an
unacceptable change in the deterioration mechanism.)

202-4.1.2 Volumetric Examination. The user shall
determine that cracking has not occurred prior to
commencing the repair. The area of the existing pressure
component, to which the weld buildup is to be applied,
should be volumetrically examined prior to performing
the weld buildup.

14

Generat—Tthesurfacetobe-buittup-shaf] be

free from rust, scale, paint, coatings, or other contgmi-
nants. Grinding or wire brushing may be necessary to
remove surface oxides or protective coatings.

&VL . L.1

202-4.2.2 Solvent Cleaning. Immedjately prio
welding, the final weld surface should”be thoroug
cleaned using a solvent, such aSsacetone, to rem
any traces of oil or grease. This procedure will 4lso
help in removing traces of moistutre. Surface contamingnts
may lead to porosity and othér welding defects, which fay
adversely affect the welding quality. A clean surface pill
also assist in permittingmore accurate nondestructive ex-
amination assessment of the pressure component yall
degradation.

202-4.2.3 Leakage Repair. All leakage shalll be
repaired™prior to performing the weld buildup regair.
If sufficient material is available, peening may be used
to,close off the leakage and permit seal weldng.
Another option is application of a series of overlapping
weld beads immediately adjacent to the leakage. Once
sufficient material is available, peen to close off [the
leakage and perform final seal welding.

" to
hly
pve

202-4.2.4 Special Considerations. Seal welded rephirs
conducted on-line, or to systems containing hazardous
materials, may require special considerations that|are
outside the scope of this Article.

202-4.3 Weld Buildup Placement

202-4.3.1 Mapping of Degraded Area. The area thatis
determined to be degraded below the allowable wall
thickness should be clearly mapped-out on the presqure
component surface, using a scribe or other suitdble
marking technique.

202-4.4 Electrode Size and Filler
202-4.4.1 Weld Metal Requirements. The required

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

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
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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.

202-4.4.5 Burn-Through. The potential for burn-
through and consequences thereof, shall be evaluated.

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.

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

-4.5 Welding Process and Techniques

2-4.5.1 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.

2-4.5.2 Welder Qualification. Welders performing
buildup welds shall be qualified in accordance with
ASME BPVC, Section IX, or as required by the applicable
conftruction code or post-construction code.

02-4.5.3 Welding Processes. Typical welding
esses for these repairs include, but are not limited
to, BMAW and GTAW.

2-4.5.4 Wall Thickness Considerations. Pressure
components with wall thickness less than the diameter
of the electrode should be depressurized before welding.

2-4.5.5 Depressurization. Consideration should be
givén to depressurizing the system before welding. Alter-
natjvely, appropriate in-service welding techniquese.g.,
as provided in API RP 2201) should be used.

02-4.5.6 Heat Treatment. Heat treatment shall be
performed in accordance with theapplicable-construction
codle or post-construction code, or ehgineering design.
Hegt treatments shall only be applied to equipment
thalt is repaired while not in Service. In some cases,
treatmentmaybe requiredtomeetservice conditions
rocess and may not befrequired by construction code
(e.g, for H,S cracking).

202-4.5.7 Temper.-Bead Technique. Temper bead
techniques, as permitted in the applicable post-construc-
tior} codes, may-be used on carbon steel or low alloy steel
to dvoid theaeed for high temperature heat treatments.
Av¢id usecof temper bead methods where process or
seryice.econditions mandate use of heat treatment (e.g.,

of a heatinput as possible while maintaining fusjon. This
not only reduces the potential for burn-through put also
reduces the width of the finished heat-affeeted gone.

202-4.5.9.2 Initial Welding Pass! The finst weld
pass(es) should follow the outer perimeter| of the
weld buildup location to

(a) provide an outer gage for the welder.

(b) improve the heat-affected zone quality bly elimi-
nating the potential fef)a final, untempered w¢ld pass
on the base metal surface for carbon and low alloy
steel materials. After completion of the perimefer weld
pass, the firstdayer may be welded in accordanjce with
the qualified weld procedure.

202-4.5.9.3 Subsequent Welding Passes] Subse-
quenit'welding passes may be completed in a|jnormal
fashion; however, care should be taken with the weld
passes at the edges of the buildup to mainfain the
edge angle, or taper, to equal or less than that gualified.
An edge angle of 30 deg is recommended and meets one of
the provisions for a prequalified design. The taperjangle is
important as it minimizes the stress intensifying pffect of
the buildup due to the changes in surface geomgtry.

202-4.5.9.4 Edge Taper Angle. The maximur allow-
able edge taper angle is 45 deg.

202-5 EXAMINATION

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

hrough

202-5.1 Surface Examination

The completed weld buildup shall be examingd using
theliquid penetrant ormagneticparticle method gnd shall
satisfy the surface examination acceptance criterfa of the
applicable construction code or post-constructiqn code.

H, SHEN-HES-

202-4.5.8 Bead Overlap. A bead overlap of approxi-
mately 50% should be maintained to reduce the potential
for burn-through and to assist in obtaining proper bead
placement. In some cases, wastage may have progressed
to the point where there is risk of burning through the
component when depositing the first layer(s). To
prevent burn-through in such situations, the first bead
should be deposited where the remaining thickness is

15

202-5.2Buitdup Thitkmess
Adequate wall thickness of weld buildup and relevant

existing base metal shall be verified by ultrasonic thick-
ness measurement.

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
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edges, butincluding 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 ap-
plicable construction code or post-construction code, if
there are no acceptance criteria for structural buildups,
butters, or cladding.

202-5.4 Surface Finish

202-6.3 Insulation and Coating

Alltestingand examinations shallbe 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

annl

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 redyiced below design requirements.

202-6 [TESTING

202-6.] Pressure Testing

If the|pressure component can be isolated for pressure
testing,|all repair locations shall be pressure tested if
requirgd by the applicable post-construction code.
Special §afety precautions shall be taken when performing
pneumadtic testing to minimize the risk of brittle fracture.

202-6.2 Volumetric Examination in Place of
Pressure Testing

Volumetric nondestructive examination may be
perfornjed in place of pressure testing, when pressure
testing [is not practical. Leak testing may be required
to satisfy post-construction code requirements.

PriJ-

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

API 570, Piping Inspection Code: Inspection, Repair,
Alteration, and Rerating of In-Servicé Piping Systgms

APIRP 2201, Safe Hot Tapping Practices in the Petrolgum
and Petrochemical Industries

Publisher: American Petroletuiy Institute (API),
Massachusetts Avenue NW;iSuite 1100, Washing
DC 20001-5571 (www-apitorg)

P00
on,

ASME Boiler and Pressure Vessel Code, Section IX
Welding, Brazing; and Fusing Qualifications

Publisher: The-American Society of Mechanical Enging
(ASME), Two6 Park Avenue, New York, NY 10016-5
(wwwiasme.org)

ers
D90

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

-1 DESCRIPTION

-1.1 Introduction

here piping systems, pressure vessels, and process
ipment are assembled by threaded connections, the
hanical seal of standard tapered pipe threads can
be $ufficient for many industrial applications. However,
some systems handling fluids at high temperatures or
high pressures; fluids that are flammable, toxic, or reac-
tive; or fluids requiring very low leak rates, may not rely
soldly on threaded joints for leak tightness.

203-1.2 Seal Welds

hen the convenience of a threaded connection is
desjred, and the reliable seal of a welded connection is
required, a seal-welded threaded joint is sometimes
usgd. Seal welds are applied after the threads are
engaged. The mechanical strength of the jointis provided

ections that were permitted in past specifications but
to be upgraded toda¥ by seal welding as part of an

-2.1 Additional Requirements

rt (L-of this Standard contains additional require-
meptsryand limitations. This Article shall be used in

203-2.3 Consideration of Hazards

Before seal welding an existing threaded conpection,
consideration should be given to _the lpotentiall hazard
ofthe existing system, the ability to‘isolate the cojnection
while the plant is still running/personnel exposure to the
system contents, and the comsequences of an unscheduled
plant shutdown. Also, without attention to the dptails in
this Article, seal-weldéd-threaded connections aie prone
to cracking and leakage. Upon careful evaluation of these
considerations, it-may be concluded that a mor¢ appro-
priate action is to replace the component(s) containing the
threaded cénnections.

203-2.4 Potential Contaminants

For repair of leaking threaded connections, thejoriginal
thread sealant compound, thread lubricant, and|process
fluid contamination can make seal welding diffifult and
result in cracking of welds.

203-2.5 Welding and Material Consideratipns

For all seal welds, careful evaluation of the
needed.Some threaded connections are made of mjaterials
that are difficult to weld, such as cast iron. Joifts may
require high preheat, stainless or chromje-moly
welding fillers, or other special welding requirfments,
based on the materials of construction and service.

joint is

203-2.6 Removal of Coatings

It is essential that coatings, including zinc galy
be removed from the weld zone before welding. R
the joint area, after welding and testingare complg
be considered.

anizing,
pcoating
te, shall

203-2.7 Welding Effect on Adjacent Comp

In seal welding of threaded connections, consideration

pnents

conjunction with Fart 1.

203-2.2 Special Considerations OQutside 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.

17

shall be given to the possible damaging effects of welding
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

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

repair.
(a) The seal weld shall only be used to provide the
hermetilc seal, not the mechanical strength to the joint.
(b) All of the remaining exposed threads (if any) shall
be completely covered with weld metal.

203-3.2 Application to Existing Joints

For r¢
original
conditid
welds 4§
lessreli
uate thd
dually.

pair of leaking threaded connections that are not
y seal welded, it may not be possible to meet the
ns of para. 203-3.1(a) or para. 203-3.1(b). Seal
pplied over existing threaded joints may be
hble than new construction, so the user must eval-
safety and reliability of each application indivi-

203-3.3

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

Joint Reassembly

203-3.4 Two Pass Welds

The upe of two pass welds over all exposed threads shall
be considered. Two pass welds increase the reliability of
the joint.

203-4 FABRICATION

203-4.]

Remgve the system from service, and drain the process
fluid. M3ke the system safe for hotwork. This may be done
by purging with steam, nitrogen, or other inert gas.

Cleaning

203-4.2 Cleaning of daints

Prior
all surfd

to seal welding, joints shall be cleaned to remove
ce contamihation.

203-4.3 Welding Qualifications

DDOD. yaw.d Aal ol - : - - -
203-4.6WetdingExisting—Connections-Without

Disassembly

For seal welding original threaded connections‘witHout
disassembly,
(a) remove as much old thread sealing joint compofind
as possible. A wire brush, grinder, ortorchmay be needled.
(b) expect the likelihood of poraesity in the first ppss,
caused by burning joint compgund or trapped fluid.
(c) grind out any porosity er‘other defects and rewjeld.

Repeat as necessary until.weld is leak tight.

203-5 EXAMINATION

203-5.1 Visual‘Examination

All thread'seal welding shall be examined by visual
amination (VT).

t

-

203-5.2 Magnetic Particle and Liquid Penetra
Examination

nt
ur-

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

[]

203-5.3 Acceptance Standards

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

203-6 TESTING
203-6.1 Initial Service Testing

For most applications, an initial service leak test, in
which the joints are examined for leakage when [the
system is returned to service, is sufficient. Where|the
possibility of leakage during an initial service leak fest
is unacceptable, additional NDE, or a hydrostatic or prjeu-
matic leak test should be performed prior to placing|the

Welders and welding procedures shall be qualified per
ASME BPV(, Section IX, or other applicable construction
code or post-construction code.

203-4.4 Fatigue Considerations

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

18

system in service.
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203-6.2 Leak Testing

If greater assurance ofleak 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

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

ACMER241 1 D D

strefs Tevel/temperature of the components.

ASMEB3+1HPowerPiping

ASME B31.3, Process Piping

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

204-1
(a) A

seal off
is illust

(b) L
leaking

(c) L
cylindri
often fd
being r
enclose
branchd

(d) L

welding

DESCRIPTION (e) The annular space between the leak repagq(,l(

. the repaired component can be left empty, or fi orli
welded leak box consists of an enclosure used to

) with epoxy, sealant, fiber, refractory mate‘rli/al , Oor of
rreinforce acomponent. An example of a leak box ,

o compounds. g{
ated in Figure 204-1-1. ) (f) Aleakbox can be nonstructural gned to con
eak boxes are commonly used to seal repair-

. leaks) or structural (designed Qreinforce and h
components or reinforce damaged components. together a damaged component);

&

N
N\
Figure 204-1-1

Example of ay\ehled Leak Box Repair of a Tee
N\~

bak repair boxes can have a variety of shapes (e.g.,

Cal, rgctangular, with either flat_ or formed heads), 204-2 LIMITATIONS %

llowing the contour of the pipe or component ?‘

bpaired. Leak repair boxes can also be used to 204-2.1 General, O

components such as flanges and valves or fittings, {g

s, nozzles, or vents and drains. Part 1 of t 1@ andard, “Scope, Organization,
pak repair boxes are typically custom-made by Intent,” cons‘1 additional requirements and limitati
split pipe, pipe caps, or plates. This Art'zc\l all be used in conjunction with Part 1.

hnd
hed
her

ain
old

hnd
b1S.
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204-2.2 Crack Repair

Normally, leak boxes are used to contain leaks at pack-
ings, and at flange and gasketed joints, or to contain leaks
(orpotentialleaks) due to local thinning. Since the leak box
may not prevent the propagation of a crack in the pipe or
component, leak repair boxes shall not be used when
cracks are present, unless

(a) the conditions that led to the crack formation and
propagation have been eliminated so
not|grow during the planned life of the repair

(b) a fitness-for-service assessment shows that the
cragk growth during the planned life is acceptable, and
that the crack will not propagate across the leak repair
box closure weld

(¢) thecrackis circumferential and the repair is a struc-
tural leak box, where the leak box and its welds are
desjigned for the case of full circumferential break of
the|pipe, or separation of the cracked component
) the leak box fully encapsulates a cracked vent or

-2.3 Qualifications

stallation, welding and sealant injection, where nec-
ry, shall be performed by personnel qualified under
itions representative of the field application.

-2.4 Safety

ersonnel shall be aware of hazards in welding_on
degraded components, and shall take the necessary
prefautions to avoid unacceptable risks.

) A hazard review should be undertaken,prior to
staifting the work to address all credible(problems that
could arise.

(b) If the component is leaking orshas the potential to
leakk duringinstallation, and if the contents are hazardous,
itional precautions should betaken and they should be
ressed during the prejob hazard review meeting (e.g.,
for fresh air suit, etc.).

-3 DESIGN
-3.1 Materials

aterials for the leak box shall be listed in the construc-

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.

204-3.3 Failure Modes

The box design shall consider the potential introduction
of new failure modes in the boxed compongnt. For
example,

(a) external parts of the repaired componepht, now
enclosed by thebox, such as flange bolts, can signfficantly
degrade, crack, or corrode if in contact with the|leaking
fluid.

(b) because the leak repair box can be at
temperature than the component, condensg
leakage gases can creatéieorrosive effects.

(c) the box can medify the temperature of the
nent and lead to higher corrosionrate, or cause dg
corrosion.

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

(e) the development of operating and residual
dueto constrained differential expansion.

h lower
tion of

compo-
w point

Ktresses

204-3.4 Temperature and Toughness

The leak box materials shall satisfy the m{nimum
temperature and, where applicable, minimum tophghness
requirements of the applicable construction codelor post-
construction code.

204-3.5 Design Conditions

hall be
ransient
pbonent,
ruction

Leak repair boxes and attachment welds
designed for design conditions and anticipated t
loads imposed on the repaired pipe or com
following the design requirements of the cons
or post-construction code.

204-3.6 Qualification

In cases where there are no applicable design fequire-
ments, the principles of the applicable constructjon code
or post-construction code shall be followed. Components
of the leak repair box that are fabricated by machining
standard fittings (such as cutting-out an openinglin stan-

for the stagnant condition created by a leak of fluid into the
box. Generally, the material of construction of the leak box
should be similar to the repaired componentand weldable
tothe existing pressure boundary. The leakboxdesignand
construction, including material selection, shall be done
consideringthe deterioration mode thatled tothe need for
the repair. The leak box shall be suitable for resisting this
deterioration mode for the life of the repair.

21

dard pipe caps to make end pieces) shall be qualified by
analysis or testing, as provided in the applicable construc-
tion code or post-construction code, and be reinforced if
necessary.

The leak repair box shall not be welded to the knuckle
region of end caps or formed heads unless the design is
qualified by analysis or proof testing, including considera-
tion of fatigue cycling.
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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.

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
providgd 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 jhstified by heat transfer analysis.

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

(b) the load imposed by the weight of the leak repair
box, indluding the entrapped leaking fluid and annular

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

204-3.9 Transient Loads

The design of the welded leak box for anticipated tran-
sient lo@ds shall consider

(a) thrustloads, in case of full circumferential separa-
tion of the pipe or component. Design for the axial €hrust
resulting from full circumferential separatign jmay be
waived,| provided the calculated remainingstrength of
the degfraded component at the end ofithe design life
(includipg expected continuing degradation in service)
is deteymined to be sufficient. Additional restraints
may bel|added to the pipe or component to reduce the
loads on the leak box.

(b) wWind, earthquake, orfluid transients (fluid hammer
or liquidl slug), as applicable.

(c) other applicable“design conditions.

204-3.10 Vents‘and Drains

(a) When.repairing a leaking component, the leak box
assembly ‘'should be designed with vents and drains to

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

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
. - . SR
avoid burn-through during welding of the box tojthe

component.

204-3.12 Sealant Pressure

If using sealant injection, the possibility of inwjard
collapse of the repaired component due to the anng{lus
pressure of the injected sealant shall be considered.

Consideration should be given to off-gassing of sea
compounds as they cure,

ant

204-3.13 Sealant Seepage

If using sealamnt injection, the possibility and coq
quence of sealant’seeping into the damaged compon]
shall be considered.

ent

204-314 Joints

Leak boxes over expansion joints, slip joints, ball joints,
ete., are special cases that shall require analysis of|the
loads in the pipe system, anchors, and componfent
nozzles with the box installed, with due consideration
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 welded sha
free of loose corrosion deposits, dirt, paint, insulat
mastics, and other coatings in the vicinity of the H
to-component welds.

| be
on,

204-4.2 Leak Box Installation

(a) Iftheleakboxistoolargeto belifted by hand,lifting
devices may be necessary.
(b) During installation, care shall be taken so as ndt to

permit venting the leak while assembling the box, then
draining the annulus as necessary.

(b) The vent or drain should include a threaded cap, a
flange, or a valve that will be opened during welding to
preclude internal pressure buildup, and closed after
welding, inspection, and testing. This same vent or
drain may be used to vent or drain the leak repair box
in the future.

22
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(c) For small leaks, the leak box may be placed directly
over the leak. Larger or higher pressure installations may
require the leak box be assembled on the componentto the
side of the leak and then slid and welded over the leak.
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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.

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 necessar
saf¢ty procedures, in service. For welding in service,
the|weld procedure qualification shall properly address
preheat temperature, weld cooling rate, the risk of
burpp-through, and the effect of the welding temperature
on the strength of the metal under service conditions.

204-4.5 Leaking Component

the component is leaking prior to repair, considera-
tior] should be given to stopping the leak prior to welding
the|leak box.

204-4.6 Heat Treatment

eweld and postweld heat treatment shall conform to
applicable construction code or post-construction
e, unless deviations are justified by a fitness for
ice analysis. Based on the service conditions, the
for preweld and postweld heat treatment beyond
requirements of the applicable construction code
ost-construction code should be considered.

the
co
ser
ne
the
or

204-5 EXAMINATION

204-5.1 Qualifications

ondestructive examination (NDE) personnel, exami-
natjon procedures, and acceptanceccriteria shall be in
accprdance with the applicable (construction code or
post-construction code, ‘except as noted in
parps. 204-5.2 and 204-5.3,(and be consistent with the
joinlt efficiency or joint quality factors used in design.

204-5.2 NDE Exemptions

NDE confirmation of full penetration of welds may be
omlftted if justified for the service conditions, such as in
casg of

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

(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
; should
particle
bned in
ith the

be examined by liquid penetrant or magnetic
methods, and the joint efficiency factorassi
design of the leak box shall be consistent W
method and extent of examination.

204-5.4 Evaluation

Results of examinations should be evaluated f
the criteria of the applieable construction code
construction code.

llowing
pr post-

204-6 TESTING

204-6.1 Test Pressure

The designer shall determine the type of pre
leak*test to be conducted after installation,
basis of risk (likelihood and consequence) of f:
the repaired component when pressuriz
annulus between the box and the component.

sure or
on the
ilure of
ng the

204-6.2 Test Method

The test may consist of one of the following:

(a) anin-service leak test (if the consequence
service leak out of the box is acceptable)

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

(c) a pneumatic pressure test

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

bf an in-

heating
spheric

le solu-

204-6.3 External Pressure

The potential for external pressure collaps
carrier pipe during the test should be considered
fying the test pressure.

e of the
n speci-
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Article 205
Weld Ring Gaskets (Welded Lip Seals)

205-1
(a) A

rings. H
flange
joint, th
periphe]
conven
the ned
These g
tachab
undone
(b) S
inclu
(Figure
and hol
(c) W
referre
The ter]

DESCRIPTION
weld ring gasket consists of a pair of metallic
ach individual ring is welded to its respective

face before assembly. Upon assembly of the
e two rings are welded together at their outer
ry. Use of weld ring gaskets is an option when
ional gaskets are considered undesirable and
d for disassembly of the joint is infrequent.
pskets are generally described as being semide-
e, as the welded sealing joint needs to be
as well as the flange bolts.

bveral types of weld ring gaskets are available
ling membrane weld ring gaskets
205-1-1), weld ring gaskets (Figure 205-1-2),
ow-lip weld ring gaskets (Figure 205-1-3).

Veld ring gaskets have been most commonly
l to as welded lip seals in the United States.
m “ring” is also used in this Article to refer to

weld ring gaskets.

205-2
205-2.]

Part
ments
conjunc

LIMITATIONS

Additional Requirements

| of this Standard contains additional require-
hind limitations. This Article(shall be used in
Lion 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\€onstruc
similar to that described in section 205-1.The seal m4g
facturer’s specific recommendatigfis~and requireme
should be followed for installatign, repair, or replacemn
of weld ring gaskets.

NOTE: Some weld ring gasket' manufacturers will pro
guidance regarding maximim number of times thata g
pair of weld ring gasketsSymay be cut and rewelded beforg
placement is requiréd; the manufacturers should be consu
for their recommendation and disassembly procedure if aj
cable. If reuse ‘of the rings is attempted, a lack of care in|
cutting of the rings for disassembly could damage t
beyond the‘ability to repair them successfully.

205-3 DESIGN

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

Figure 205-1-2
Weld Ring Gaskets

Seal body
thickness

ion

nts
ent
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Figure 205-1-3
Hollow-Lip Weld Ring Gaskets

/)

Seal body
thickness

(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:

(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

S

ANy

(b) Membrane weld ring gaskets consist of two similar
rings each of which is typically about 4-mm (0.16-in.)
thi¢k. The gasket material is generally made of the
sanpe or related material as the flange to account.for
issfies such as chemical and weld compatibility,
thefmal conductivity, and radial differential exparnsion.
Each ring is individually welded to its mating flange by
an fnside joint weld. Upon joint assenibly, a second
welding operation joins the two rings,at their outer
diameter, which provides for a fullyswelded joint.

(¢) Membrane weld ring gaskets.and weld ring gaskets
canphot accommodate much radialdifferential expansion.
Depjending upon the style of'the gasket, the radial differ-
entfal movement can be asJittle as 0.1 mm (0.004 in.) but
notmore than 0.5 mmy(0:02 in.).

(§) Welds associated with weld ring gaskets are seal
welds and not stréngth welds. Weld ring gasket width
shquld be designed to resist the internal pressure in
the|hoop diréetion.

significantly different thermal mass and the operating
temperature exceeds 93°C (200°F).

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

(h) A review should be made to détermine if|there is
sufficient room to perform the seal;weld on tHe outer
periphery of the weld ring gasket. If sufficient room
does not exist with traditiomal flanges, then|special
flanges incorporating beyveling of the flanges Hetween
the mating surfaces may:be required (Figure 2(5-1-1).
205-1-1.
205-1-2

176°C

NOTE: An example of alflatige bevel is shown in Figure
However, the flange bevel may also be applied to Figurg
or Figure 205-1-3 if“determined to be necessary.

ntional
consid-

(i) When_used as a replacement for convg
gaskets indn existing joint, the following should bg
ered;

(1) Weld ring gaskets do not require any c
sive’stress to maintain the seal in flange design ter
they are self-energized seals. Therefore, the onl

replace conventional gaskets, the existing flanges and
bolting should be assessed in accordance with tHe appli-
cable code to ensure they are adequate.

(2) The outside diameter of the seal body is {ypically
located at or just beyond the outside of the flangp facing.
The seal lips should extend beyond the main body of the
seal; therefore, clearance between the seal body|and the
bolting should be provided. If there is insufficient clear-
ance, locating the seal body outside diameter infside the
flange facing outside diameter should be considefed; this
alternate approach does not work with membrape weld
ring gasket designs.

(3) Slight beveling of the flanges may be required to
provideadequateclearanceforweldingthelips [s¢e (h)].A
review of the flange design should be made conpidering

(¢) Weld'ring gaskets and hollow-lip weld ring gaskets the location of the seal and any flange beveling t¢ ensure
typlcally-have a seal body thickness of about 15 mm (0.59 the flanges are adequate.
in.) (Fisul es—205-t2and265-t 3] (4) Feltow para: 20543—when 1cp}cu,;us conven-

(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
ring gaskets should be used for joint assembly where
flange differential thermal radial expansion can occur.
Hollow-lip weld ring gaskets can accommodate up to 5
mm (0.2 in.) radial differential expansion depending on
the geometry of the torus.

25

tional gaskets with weld ring gaskets.
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205-4 FABRICATION
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 appli-
cation.

Weld-Ring Gasket

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

Step %. If the flange assembly has 16 or more studs,
remove studs, leaving every fourth stud. On smaller
flanges vith less than 16 studs, remove every other stud.

Step 3. Using a cutting wheel or cut-off disc, carefully
grind tHe seal weld at the edge of the seal lips between
studs thiat have been left in place. Grinding should be the
minimujn amount necessary to remove the weld. Grinding
fixturesjare available from some of the seal manufacturers
to assist in grinding the welds.

205-4.

NOTE: I the case of hollow-lip weld ring gaskets, there is a
potential that some residual contents may be present and
those cofitents can still be under some residual pressure.

Step 4. Use liquid penetrant examination, or an altet-
nate exgmination technique such as a feeler gauge; dround
the edge of the seal to ensure the weld has been removed.
Damage to the seal will occur if the weld is not completely
removedl prior to completely separatingthe connection.

Step . If the flange assembly has-16/or more studs,
install $tuds in the center hole of‘each group of bolt
holes ffom which studs were-previously removed in
Step 2. Bvery other hole now,sheuld have a stud installed.
On smaller flanges with leSs than 16 studs, install studs
back info the holes frof.which studs were removed in
Step 2.

Step 6. The reinstalled studs should be tightened or
tensiong¢d to a {0ad not exceeding the original assembly
load.

Step 7. Remove studs that were originally left installed

Y

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.

205-4.3 Assembly Procedure for a New Weld Ring
Gasket

PP 1 ETSUTE that the (1ange ga ean
and free of foreign material that may affect the fif-up
or weld quality.

Step 2. Check the flange surface for flatness’in acgor-
dance with ASME PCC-1, Nonmandatory. Appéndix D. [The
flatness should be better than hard gasket criterion.

Step 3. Install four centering pinsinto the four marked
holes on the flange identified inpara. 205-4.2, Step 1, pnd
center the pin in the hole.

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

Step 5. Centefithe ring on the flange using feeler gauges
between the centering pins and the weld ring until 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
sealsin.place on the flange. The clamps should hold|the
seal tightly against the flange surface. If there is pny
gap between the seal and the flange surface, when |the
joint is assembled, the attachment welds may fail pnd
joint leakage can occur.

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

Figure 205-4.3-1
Centering Pin Arrangement

in Step %

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

Step 9. Remove remaining studs and separate the joint.

Step 10. Protect the seal surfaces during any mainte-
nance and handling activities to avoid damage to the
weld ring gasket.

Step 11. If the weld ring gasket is attached to a flange
with a weld-overlaid surface, the weld overlay should be
examined to ensure that it remains intact from the seal
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Figure 205-4.3-2
Clamped Lip Seal

JqmpP——b

Centering pin

Weld ring [“
/ gasket 1
\l\l ldadl

pre-stress should be determined in accordance with
ASME PCC-1, Nonmandatory Appendix O using the
following 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)

Nt

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

(b) Careshouldbetakenatall weld starting and stop-
ping points to prevent weld defects, which can cause joint
lealtage.

(c) Welding procedures, welders, and welding
opdrators should be qualified in accordance with the
curfrent requirements of the applicable construction
code or post-construction code.

(d) Iftheweldringgasket is attached to a flange with
a wWeld-overlaid surface, refer to the inforfation in
patfa. 205-4.2, Step 11. If the flange invelves a low
allgy chrome-moly base metal, care should be taken to
mirjimize the heat input to mitigate the\heed for postweld
heaf treatment.

(e) Ifnototherwise specified, ASME BPVC, Section IX;
AWSD1.1/D1.1M; or AWS D16 /D1.6M, as applicable, may
be fhised for procedure and _performance qualifications.

ep 7. Remove centering pins.

ep 8. Examine theweld bothvisually and by the liquid
penletrant method:

ep 9. RepeatSteps 1 through 7 using the mating weld
ring gasket ahd flange.

Step 10:-Carefully clean and inspect the seal mating
surfaces/for foreign material or damage — do not

(e) anassembly flange rotation limit of 1 deg (unless
further assessment of the effect on the weld stressflevelsis
conducted).

Step 15. Check the gap between the wéldringg using a
0.25 mm (0.01 in.) feeler gauge. Repéat, this arqund the
flange checking where studs are not installed. If|the gap
exceeds 0.25 mm (0.01 in.), or a stitable gap is detprmined
during the weld procedure qualification, perforh one of
the following:

(a) Increase load on-the studs.

(b) Install the remaining studs over the arep where
the gap exceeds 0:25'mm (0.01 in.) or a suitable width
determined during the weld procedure qualifiication.
When performing the weld on the outer perighery of
the weldifig\lip in Step 16, remove one stud at a time
and weld the lip. Replace the stud and repeat qver the
nextisegment.

(c) Mechanically deform the gasket to reduce the
gap.

Step 16. Weld the outside periphery of the lip of the
weld ring between studs, and examine the wgld both
visually and by the liquid penetrant method
(Figure 205-4.3-3).

Step 17. Install lubricated studs into remainfjng bolt
holes and tighten the studs using the method ifpdicated
in Step 14.

Step 18. Remove the original studs installed in|Step 12
and complete the welding of the outside periphefy of the
lip in between studs, and examine the weld both|visually
and by the liquid penetrant method.

Step 19. Install studs in remaining holes and tighten the
studs using a bolting pattern as indicated in Stgp 14.

Figure 205-4.3-3
Assembled Lip Seal

proceéd-if-damage-is-visible

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

Step 12. Install a lubricated stud in every other bolt
hole.

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

Step 14. Once the weld rings are radially aligned, the
studs should be tightened in accordance with ASME PCC-1,
section 10 or one of the alternative tightening procedures
of ASME PCC-1, Nonmandatory Appendix F. Target bolt

e e L TN N

Il 1l

Welded lip >

Il 1l

U
gk
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Step 20. Check and adjust the bolt preload of all studs.
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 and
Membrane Weld Ring Gasket Seal
Replacement

When it has been determined that a weld ring gasket

205-5.2 Liquid Penetrant Examination

All finished welds, including repair welds, for weld ring
gaskets should be examined using liquid penetrant exam-
ination (PT).

205-5.3 Ultrasonic Examination

For hollow-lip weld ring gaskets, if it is possible to volu-
metrically examine the butt weld on the outer periphery of

e the torus, the butt weld should be ultrasonically examiped
NOTE: Reasons for replacement of a weld ring gasket include, but (UT).
are not lmited to the following:

(a) thg recommendation of the weld ring manufacturer after 205-5.4 Acceptance Criteria

considerption of the specific conditions

(b) damage of the rings upon disassembly such that the rings
cannot be successfully reassembled and rewelded

(c) foy welded lip seals, when the lip extendsless than 1.5 mm
(0.06 in.) from the body of the seal ring

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

Step 4. Carefully grind off the fillet welds that attach the
seal halyes 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 ap tearing of the flange surface could occur.

Step 4. Grind any weld remaining on the flange surfaces
flush with the flange surface. The flange surface should be
checkedfor flatness in accordance with ASME PCC-1, Non-
mandatpry Appendix D. The flatness should be better than
hard gagket criterion. If the weld ring gasket is attached«te
a flangg with a weld-overlaid surface, the weld oyverlay
should pe examined to ensure that it remains-intact, or
that no flefects in the fillet welds exist that could-compro-
mise fufure operation. An examination niethod using a
copper |sulfate solution or similar method should be
used tolensure the integrity of the weld overlay.

Step p. Install a new seal half on each flange per
para. 2(5-4.3, Steps 1 through 8

Step . Assemble the joint per para. 205-4.3, Steps 9
through| 19.

205-5

ASM
be used

DE EXAMINATIONS

Boileran‘dPressure Vessel Code, Section V should
for/NDE examination methods.

205-5.

All weld 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) exam-
ined.

28

205-5.4.1 VT Acceptance Criteria. All surfaces sha
free of cracks, incomplete fusionsyundercut, slag,
porosity.

| be
hnd

205-5.4.2 PT Acceptance€riteria. No relevant ind
tions.

205-5.4.3 UT Acceptance Criteria. The acceptance
criteria shall satisfy the applicable construction cpde
or post-constrdction code. The user should consider
the consequences of a leak in the selection of the apjpro-
priate extent of examination and acceptance criterig

205-6 “TESTING

(a) After the flange joint is reassembled in the fiel
should be subjected to a leak test prior to being place
service, or an in-service leak test.

(b) An in-service leak test is one in which the joir]
monitored for leakage as pressure is increased in
system.

(c) The selection of the most appropriate test
method should consider the hazard of the service
any jurisdictional requirements.

(d) For general guidance on flanged joint leak tighti
testing, refer to Article 501 and ASME PCC-1, section

, it
l in
tis
the
ing
hnd

ess
12.

205-7 REFERENCES

The following is a list of publications referenced in
Standard. Unless otherwise specified, the latest edi
shall apply:

Lhis
ion

ASME Boiler and Pressure Vessel Code, Section V,
Nondestructive Examination

e e othe; o ali-

fication Standard for Welding, Brazing, and Fusing

Procedures; Welders; Brazers; and Welding, Brazing,
and Fusing Operators

ASME PCC-1, 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)
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AWS D1.1/D1.1M, Structural Welding Code — Steel Publisher: American Welding Society (AWS), 8669 NW 36
AWS D1.6/D1.6M, Structural Welding Code — Stainless Street, No. 130, Miami, FL 33166-6672 (www.aws.org)
Steel
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Article 206
Full Encirclement Steel Reinforcing Sleeves for Piping

206-1 PESCRIPTION

This Article applies to the design and installation of full-
encirclement welded steel sleeves for piping or pipelines.
The sledves can be designed for non-pressure-containing
reinfordement or for pressure-containing reinforcement.
Full en¢irclement reinforcement sleeves have proven
effectiv¢ in the repair of a wide variety of internal and
externa) defects.

206-1.1

Full gncirclement steel sleeves consist of a cylindrical
shell placed around the pipe section to be repaired and
welded plong the two longitudinal seams, as illustrated in
Figures[206-1.1.1-1 and 206-1.1.2-1. There are two types
of sleevgs, herein referred to as “Type A” and “Type B.”
Sleeves |can be made from pipe or rolled plate material.

Full Encirclement Steel Sleeve

206-1.1.1 Type A Sleeve. Type A sleeve ends are not
welded kircumferentially to the carrier pipe, as shown in
Figure 206-1.1.1-1. The Type A sleeve is not capable of
containing internal pressure but functions as reinforce-
ment fdr a defective area. It is only used for the Tepair
of defec}ts that are not leaking and that are not expected
to grow|during service, or when the damage' mechanism
and growth rate are fully understood.

206-]1.1.2 Type B Sleeve. Type B;sleeve ends are
welded [circumferentially to the carrier pipe, as shown
in Figufe 206-1.1.2-1. A Type'‘B~sleeve is capable of
containing internal pressuré because the ends are fillet
welded [to the carrier pipe.\Type B sleeves can be used
to repalr leaking defects or defects that may eventually
leak andl to strengthen’ pipe having defects that reduce
the axial load carpying capability of the pipe.

206-2 [CAUTIONS AND LIMITATIONS

206-2.2 Regulations

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

206-2.3 Leaking Defects

For Type B sleeves with leaking defects, special conkid-
erations shall be taken tojsolate the leak prior to weldjing.

206-2.4 Cyclic Operation

If a sleeve repair is applied to a system subjected to
frequent pressure cycles, a fatigue evaluation of |the
component should be in accordance with para. 20643.8.

When a4 Fype B sleeve is subject to cyclic through-yvall
thermalgradients, a fatigue evaluation of the sleevefto-
pipe-fillet welds should be conducted to establish |the
service life of the repair, in accordance with para. 20643.8.

206-2.5 Circumferential Defects

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

206-2.6 Undersleeve Corrosion

For Type A sleeves, the potential for corrosion between
the pipe and sleeve due to moisture ingress from |the
unwelded ends shall be assessed, and if required, mitjga-
tions shall be put in place. Such measures may include|the
use of a sealant or coating suitable for the operating|en-
vironment.

206-2.7 Weld Reinforcement

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

206-2.1 Additional Requirements

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

withaehievineatishtfitwpefthe steeveHitisreeessary
toremove the weld reinforcement by grinding to achieve a
good fit, the weld shall be examined by RT or UT to ensure
the weld thatis being ground is free from indications. This
examination is particularly important when the line is in
service. Alternatively, sleeves may be fabricated with a
circumferential bulge to bridge the weld, as shown in
Figure 206-2.7-1. The weld root gap shall be uniform
along length, including bulge.

(22)

(22)
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Figure 206-1.1.1-1
Type A Sleeve

Sleeve

Carrier pipe

No Backing Strip Backing Strip

and
Relief'‘Groove

206-2.8 Sleeve Size Réquirements

Areas that do not meet\Fitness For Service (FFS) criteria
shopld be fully covéred by the repair sleeve. Type B sleeve
cirgumferential\welds shall be located where burn-
thrpugh is nota concern based upon the thickness,
welding procedure to be followed, and operating condi-
tior}s of the piping or pipeline.

Backing Strip
With No
Relief Groove

Carrier pipe

Longitudinal weld seam

Fillet welds

| Gap

Groove weld optional

Overlapping
Side Strip

temperature and, for Type B sleeves, compatible with the
fluid. Filler material may be applied prior to sleevg instal-
lation or pumped in between the sleeve and carifier pipe
annulus after the sleeve is in place. If the filler m3terial is
pumped, the possibility of inward collapse of the|sleeved
component due to the annulus pressure of the pumped
filler material shall be considered. Considpration
should be given to off-gassing of filler material|as they
cure.

206=2:9—Wetding
Welds shall be installed by qualified welders in accor-

dance with qualified procedures reflecting actual field
conditions.

206-2.10 Filler Material

Ifahardenable filler materialis used between the sleeve
and carrier pipe, it shall be compatible with the intended
application. The material shall be suitable for the service

206-3 DESIGN
206-3.1 Type A Sleeves

Type A sleeves shall be fabricated or manufactured 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 pipe. The
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Figure 206-1.1.2-1
Type B Sleeve

End fillet weld

End fillet weld

Carrier pipe
Backing 'Strip

and
Rélief Groove

No Backing Strip

carrier

Type

or,ifre

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

\ Carrier pipe

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

bipe longitudinal stresses’shall meet the require- as at a defective girth weld, it shall be designed to
ments df the applicable cohstruction code. carry axial and bending loads acting at the sleeve locatfon.
206-3.2 Type B Sleeves 206-3.3 Pressure Design

B pressutrescontaining sleeves shall have a wall The pressure design calculations of the applicdble
thickneps equalto or greater than the wall thickness construction code shall apply for calculating the requjred
requirefl for-the maximum allowable design pressure sleeve thickness. Sleeve material and allowable degign

juired by the engineering design, the full equiva- stress shall comply with the applicable construcfion
lent strength of the pipe being repaired. For tight-fitting code requirements. Corrosion allowances applied shall

sleeves, the engineering design shall be based on the
nominal wall thickness of the carrier pipe. A longitudinal
weld joint efficiency factor of 0.80 shall be applied when
calculating the required thickness unless the weld is 100%
examined by ultrasonic examination, 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

32

be in accordance with the engineering design.

206-3.4 Sleeve Dimensions

Types A and B sleeves shall be atleast 100 mm (4 in.)
longand extend beyondthedefectbyatleast50 mm (2 in.).
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Figure 206-2.7-1
Welded Split Sleeve for Use Over a Girth Weld

[ L)

206-3.7 External Damage

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

I [
Bulge in Sleeve to

Fit Over Existing
Circumferential Weld

206-3.5 Type B Sleeve Fillet Welds

he fillet weld leg size for circumferential end welds for
a Type B sleeve shall be as follows:

(%) Acomplete fillet weld if the sleeve thickness is less
thah or equal to 1.4 times the nominal carrier pipe wall
thigkness, as shown in Figure 206-3.5-1.

(p) If a Type B sleeve is thicker than 1.4 times thé

betfveen the weld toe and the carrier pipe shall notcreate a
shafp notch, and defects such as ungdercut are not allowed.

20

Hxternal pressureJoading of the pipe within Type B
slegves should belconsidered by the engineering
dedign. Fitting(the sleeve as tightly as possible to
enspre load transfer from the pipe to the sleeve should
mirlimize the/annulus volume. If this is not possible,
the|lannulus volume should be filled with hardenable
fillerimaterial (see para. 206-2.9) or the pressure

-3.6 External Pressure

206-3:8—Cyctic Operation

All Type B sleeves should be evaluated-to determine
whether a fatigue analysis is required. df an anplysis is
required, then it shall be performed in accqrdance
with ASME BPVC, Section VIII, Division 2; API|579-1/
ASME FFS-1; or another equivalent methodology.

206-3.9 Restraint of Pipe Bulging

Local wall thinning ©r,'damage defects, such gs dents,
weaken the carrier\pipe and typically bulge qutward
prior to failure under increasing pressure. The effective-
ness of repairleeves relies on their capability to[restrain
the outwardbulging of a pipe defect prior toits failure. The
design shall consider if it is necessary

(a) touseahardenable filler material (epoxy oy
lent)*under the sleeve to fill the voids when the
external

(b) to reduce the line pressure at time of ins

equiva-
lefect is

allation

206-3.10 Type A Sleeve Filler Material

For Type A sleeves, it is necessary to achieve Intimate
contact between the pipe and the sleeve at the logation of
the defect being repaired and an appropriate fill¢r mate-
rial should be used to ensure that the sleeve provides the
desired pressure load reinforcement.

206-3.11 Differential Thermal Expansion

Differential thermal expansion between the car
and the reinforcing sleeve shall be considere
designand application of both Type Aand Type B

ier pipe
in the
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 be covered

shoutd—bebatanced by hottapping the pipe underthe
sleeve. 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.

33

by the sleeve shall be cleaned to bare metal. If hardenable
fill material is to be used, the filler shall be applied to all
indentations, pits, voids, and depressions. The sleeve shall
be fitted tightly around the carrier pipe. Mechanical
clamping by means of hydraulic equipment, 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.) maximum may be
allowed. For sleeves with welded ends, weld size and

(22)
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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

T,=14T, Type B sleeve $
[
" G Gap
| ]
i<— Ts+ G —» . .
~ 1!, Carrier pipe <=
Legend:
G =|gap
T, =|carrier pipe required minimum wall thickness
T; =|Type B sleeve nominal wall thickness

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<——;>//’///// T
‘////
Ts>14T, Type B sleeve
1.4Tp
¢ ¥
G Gap
i
-1 .4Tp + G
To Carrier pipe

Legend:
G =|gap
carrier pipe required minimum wall thickness

Type B sleeve nominal wall thickness

I

welder
may be

echnique adjustments, such as buttering passes,
required if the Jgap is excessive.

206-4.2 Filler'Materials

If a fi]ler n1aterial is used between the pipe and sleeve,
care shdll be exercised to ensure that it does not extrude

206-4.3 Leaking Defects

For a leaking defect, the defect area shall be isolqted
prior to welding. For lines with flammable contepts,
the sleeve shall be purged with nitrogen or other ifert

gas to prevent the formation of a combustible mixtlure

under the sleeve

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.

206-4.4 Welds

If circumferential fillet end welds are made, the sleeve’s
longitudinal seams shall bebutt welded tofull 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

34
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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
backing strips, see para. 206-4.5. If the circumferential
welds are not made, Type A, the longitudinal seams
may consist of a groove butt weld or fillet-welded lap
joint, as shown in Figure 206-1.1.1-1.

206-4.5 Reduced Pressure

206-5.3 Type B Sleeves

For Type B sleeves, the carrier pipe base material shall
be ultrasonically examined for thickness, cracks, and
possible lamination in the area where the circumferential
welds are to be applied. If abacking strip is not used under
the longitudinal weld, the area under it shall also be ultra-
sonically examined prior to welding. Longitudinal seams
shall be inspected after completion. The first and final

educing the carrier piping or pipeline operating pres-
surg, and maintaining flow, while the repair is being made
is recommended. See API RP 2201 for recommendations

-4.6 In-Service Welding

rticle 210 shall be consulted for in-service welding
issftes. At a minimum, qualification of the welding
progess shall take into account

(f1) 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
) the risk of forming an unacceptably hard heat-
aff¢cted zone due to base metal chemistry of the
sledve and pipe materials

(¢) possible burn-through of the pipe

-4.7 Welding Procedures and Welder
Qualifications

elding procedures, welders, and welding operators
shalll be qualified in accordance with current post-
construction code. If not otherwise specified, ASME
BPYC, Section IX shall be used fer procedure and perfor-
mahce qualification. Guidance for preheat and/or post-
weld heat treatment, and for in-service welding, as
applicable, shall be takenfrom the applicable construction

-5.1.Visual Examination

llssleeve fit-ups shall be inspected prior to welding.

passes of the circumierential welds should be_nhagnetic
particle or liquid penetrant examined after #elding.
Where delayed weld cracking is a concern,.-hondestructive
examination of the circumferential-welds shpuld be
performed not less than 24 hr after,welding has been
completed. Alternatively, nondestructive exanjination
should be performed not lesS)than 48 hr aftef an in-
service weld has been completed, when there if a high
probability of hydrogen.cracking.

206-5.4 In-Process-Examination

The owner ma¥y.require full “in-process” visugl exam-
ination, as des€ribed in para. 344.7 of ASME B31, of the
sleeve weld installation. When “in-process” examipation is
performed, the results shall be documented. Exam|nations
shallbeperformed by personnel meeting the qualffication
requirements specified by the applicable consfruction
code or post-construction code.

206-5.5 Nondestructive Examination

Nondestructive examination procedures shpuld be
qualified in accordance with the applicable fode of
construction or post-construction code. If thelcode of
construction or post-construction code d¢es not
provide examination procedure requirements, fhen the
examination procedure should be qualified in accprdance
with ASME BPVC, Section V. The acceptance [criteria
should be in accordance with the applicable [code of
construction or post-construction code, unless altprnative
acceptance criteria are provided in other sectionfs of this
Article. Where there are no acceptance criteria pfovided,
the acceptance criteria in ASME BPVC, Section V[II, Divi-
sion 1 or Division 2 should be used.

206-6 TESTING

A Tightness Test should be performed on Type H
in accordance with (a) or (b), if required by thd

sleeves
owner.

1 Tl ] . 1 : 1
W&ua SIAIIN DT VISUdIly CTAAIIIIICU.

206-5.2 Type A Sleeves

For Type A sleeves, the weld root area shall be visually
examined during welding to verify proper penetration and
fusion. The longitudinal welds shall be liquid penetrant,
magnetic particle, or ultrasonically examined after
completion.

35

Article 501 provides additional guidance.

(a) Perform atestofaTypeBsleeve by pressurizing the
annulus between the sleeve and the carrier pipe, in accor-
dance with the applicable construction or post-construc-
tion code. The test pressure shall be selected such thatthe
inner pipe will not collapse due to external pressure.

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

(22)
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Article 207
Fillet Welded Patches With Reinforcing Plug Welds

207-1 DESCRIPTION

(%) This repair method describes the selection criteria,
application limitations, design, fabrication, examination,
and testing of fillet welded surface patches with reinfor-
cing plug welds to pressure-retaining components. Similar
filldt welded surface patch repair methods without rein-
for¢ing plug welds are provided in another Article of this
Stapdard.

(b) This repair method consists of fitting a repair plate
to ¢losely match the original component’s exterior or
intgrior surface. The repair plate is sized to cover the
arefs exhibiting damage, both at the time of repair and
that anticipated for the repair’s design life.

() The repair method is typically applied to pressure-
retqining shells that have suffered local wall thinning
(indluding through-wall) due to erosion, corrosion, and
othpr local damage mechanisms.

(#) This repair method is applicable to cylindrical;
sphlerical, flat, and conical shells as well as other pressure
conpponents.

(¢) This repair method is generally suitable for sérvice
tenfperatures 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 for lower temperatures reguires evaluation of
notth toughness, nonductile fracture.and other applicable
low temperature effects. Use.of-this repair method for
higher temperatures requires evaluation of thermal
fatigue, creep, and other,applicable high temperature
effdcts.

() Figure 207-1>1_shows a typical application on a
vesgel with a néapby structural discontinuity (in this
case a nozzl&)=>The plan view on top shows two of
mahy possible repair patch configurations, which are
gerleralty \rectilinear in shape with rounded corners.
Thq bottom sectional view shows the curvature matching

(b) Thisrepair method isnotlimited by thelcomponent
size. However, a sleeve type repair may be'more [suitable
for those applications where axisymmetric behavior is
important.

(c) This repair method shall not be used fdr lethal
service applications or where/the damage mechanism,
the extent of damage, or, dikely future damage| cannot
be characterized. This. tepair method may be [used in
certain cases on areas with local crack-like flaws grovided

(1) the growth has stopped, been arrested, dr can be
accurately predicted for all propagation modes, |Jand

(2) theeffect of the flaw is evaluated using Hetailed
analyses.

207<3.DESIGN
207-3.1 General

(a) Thedesignapproach forthisrepairmethod|isbased
in part on standard pressure component design|calcula-
tions, such as those in the ASME BPVC, Section V|II, Divi-
sion 1. The application limitations impgsed in
section 207-2 apply to the governing load case resulting
from internal pressure where the resultant dtress is
membrane stress. However, if the component to be
repaired is subject to bending, torsion, wind lpads, or
to fatigue, the design shall include evaluation of thlese con-
ditions using appropriate methods of analysis. In 3ll cases,
an engineering analysis shall be performed.

(b) In general, the patch material and weldihg filler
metal should be the same or very similar (e.g., cpmposi-
tional, physical, and mechanical properties) to that of the
pressure component’s original construction. Repdir mate-
rial selection shall consider, as a minimum, charadteristics
such as chemistry, weldability, physical propertles (e.g.,
coefficient of thermal expansion), mechanical prpperties
(e.g., strength, ductility, notch toughness), and fompat-

aspect of eachr 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.

lUlllLy VVILIT LIIT }Jl ULCOS TTITUIUIIL.
(c) The thickness of the patch plate is dependent on
material mechanical properties and the calculated attach-
ment weld sizes. As good practice, the nominal thickness of
the patch plate should be no more than 1.5 times the
nominal thickness of the component being reinforced.
(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

(22)
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Figure 207-1-1
Typical Shell Repair Near Discontinuity
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plate shall also be large enough to encompass any addi-
tional area(s) anticipated to experience similar or related
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) Thisrepair method is generally used on the outside
surface of components subject to internal pressure. For
applications under external pressure, a separate analysis

PD,,
Fcp= 5 (1)
where
D,, = diameter at mid-wall of component, mm (in.)
Fcp = circumferential force due to internal pressure,
N/mm (lb/in.)
P = internal design pressure, MPa (psi)

to evaluate buckling and other instability considerations L
l—gé%(ﬂﬁ_lﬁ_rﬁ‘—l_ongz udinal Load. Unit forces in longjtudinal
shall be performed.

(P) In assessing the applicability and service life of this
reppir method, consideration shall be given to material
comppatibility, future operating conditions, thermal and
shrinkage effects of welding, the introduction of crevices
and structural discontinuities, thermal transients and
tenfperature differentials between the patch plate and
the|component, and other application limits such as ex-
amination and testing constraints. If the damage to be
patiched is, or is expected to be, through-wall, the
effdcts 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
is tp be implemented during component operation, addi-
tionjal precautions may need to be taken for personnel
safgty.

(9) The design may consider the combined strength of
the| patch plate and the underlying shell, taking into
accpunt the strength of the fillet weld and plug weld
joinpts, including joint efficiency. Consideration may
als¢g be given to excess thickness available adjacent to
theldamaged shell using applicable code area replacement
rulgs for nozzles. No credit shall be taken for'material
regpired for future corrosion allowance.

(h) Adding a second reinforcement pad terepair a first
reiforcement pad is not prohibited; however, an addi-
tiopal analysis should be perfgrmed to ensure the
doyble patch plate is adequate flor the intended pressure
and service.

207-3.2 Internal Pressure Loads

(f1) Forcylindricabcoemponents subject to internal pres-

direction:
Fip
< o o o p ™
< 5 O
—-<— N O +—>
-~ le)
9 o
~— (@)
o
€
o o
Fepye— o F—
< N —> Fep
~<— O © —>
o

ﬁ
l

(2)

where
F;p = longitudinal force due to internal pres
mm (lb/in.)

ure, N/

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

ending,
ed and

Fc = Fcp + Feo

surg loads, applied forces on the repair patch shall be
determined as-follows: and
. .(1) Circamferential Load. Unit forces in hoop direc- F =Fp+ Fg
. Fep P Fep h
A A where
Fc = total circumterential force from all toads, N/mm
YYYYYYYYYYY (l_b/ in.) . ,
Fcop = circumferential force due to other applicable
loads, N/mm (lb/in.)
\ F, = totallongitudinal force fromallloads, N/mm (lb/
in.)
Fo = longitudinal force due to other applicable loads,

"

39

N/mm (Ib/in.)


https://asmenormdoc.com/api2/?name=ASME PCC-2 2022.pdf

ASME PCC-2-2022

(c) Appropriate alternative force calculations for
spherical, torispherical, or ellipsoidal pressure compo-
nents shall be used when applicable.

207-3.3 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

allowable base metal stress, MPa (psi)*
minimum weld leg dimension, mm (in.)

Sa

Whin

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

(b) Alternatively, the perimeter weld edge preparation
may be beveled to increase the weld’s effective throat

discontifraity—shoutdbe thickmess. tir o case shattthe effective throatexceed
1/2 (3) the thickness of therepairplate or the original comporent
Linin = 2(Ryut) thickness.
where
207-3.5 Allowable Loads on Plug Welds
Lmin E plate setback distance (see Figure 207-1-1), 9 xS
mm (in.) (a) Plug/slot welds may be designéd to take up to 30%
R, E radius at mid-wall of component, mm (in.) of the patch plate load. The allowable working load ¢n a

t F wall thickness of component, mm (in.)

The fhctor of 2 applies the setback distance (R,,t)"? to
both thle existing nozzle (or other similar structural
discontinuity) and the patch plate.

This |proximity limit also applies to the distance
betweem adjacent fillet welded patch plates, in those appli-
cations (where more than one is employed on a given
componient.

(b) Ip those applications where the patch plate is to
attach tp existing nozzle reinforcement pads, the patch
plate nmjay be contoured to match the reinforcement
pad per|meter and welded thereto with a full penetration
joint.

(c) Ir} those applications where the damaged shelltis
within 4,,;, of a nozzle or other structural discontinuity,
the patch plate should be designed as a reinforcemerit pad
extending 360 deg around the nozzle/opening, and
welded fhereto with a full penetration jointiAlternatively,
additiorjal detailed analysis shall be performed to evaluate
local stresses.

207-3.4 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 cirqumferential loads.
Wmin

D,

circular plug weld in either sheat.6r tension shall be defer-

mined by

(SI Units)
Fp £0.635,(d — 6) )
(US. Customary) Units)
Fp = 0.63S,(d — 1/4)
And the allowable working load on a slot weld shal| be
determined by
(51 Units)
F, = 0.8S,[(W — 6)(L — 6) — 0.86R*] (6}
(US. Customary Units)
E = 08S,[(W — 1/4)(L — 1/4) — 0.86R?]
where
d = thebottom diameter of the hole in which the weld

is made, mm (in.)

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

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

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

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

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

FA = WminESa (4)
where
E = weld joint efficiency factor (0.55)
F, = allowable force on fillet welds, N/mm (Ib/in.);
F4 > Fcand Fy,

40

made, mm (1n.]

(b) Plug welds are required in all cases to minimize
stress at the root of the perimeter fillet welds and
address load path eccentricity considerations in the peri-
meter welds. Plug weld holes should have a diameter not
less than T+ 6 mm (% in.) and not more than 2T+ 6 mm (¥,
in.). Plug welds shall be set back from the edge of the patch

! Compatible weld metal shall be of equal or greater strength.
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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
least ! ¢ of le di ' i
larger, but in no case less than 8 mm (%46 in.).

(f#) For plug welds smaller than 19 mm (%, in)
diameter, slotted or obround plug welds may be used
to mhinimize 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
grehter than 2T + 6 mm (% in.), and a length not more than
3T {r 6 mm (% in.). The long axis of slot welds shall be
ori¢gnted perpendicular to the adjacent fillet welded
edge. Set-back and spacing shall meet the requirements
of (|b).

207-3.6 Cold Forming Limits

(f1) Carbon and low alloy steel patch plates fabricated
by ¢old forming shall not exceed 5% extreme fiber elonga-
tioi}. The extreme fiber elongation shall be determined as
follpws:

(1) For double curvature

7sT(, _ Bf
Rf R

] < 5% )

0

where

R = final centerline radius of patch plate,’mm (in.)

, = original centerline radius of patchplate (equals
infinity for flat plate), mm (@n.)

I = thickness of the patch pldte) mm (in.)

oal

(2) For single curvature
sor( OX
R

] < 5% (8)

0

(b) Patches_told formed beyond these limits may be
used provided they receive appropriate postforming
stré¢ss relief prior to installation.

207-4_ FABRICATION

Laminations shall be causeforrejectionunlessrepaired 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 (1/16 in.) additional material
shall be removed by grinding or machining. If the repair
plate is greater than 25 mm (1 in.) thick, and thepllug/slot
weld size is less than the plate thickness, the w¢ld prep
edges shall be examined by magnetic particle [MT) or
liquid penetrant (PT) methods to check for lami
Laminations shall be dispositionéd,as specified in (a)
above.

(c) The patch plate may be formed to the required
shape by any process that/will not unduly impair the
mechanical propertiesvef the patch plate mfaterial.
Where required dueto-repair plate size or accegs/inter-
ference considerations, split sections may be us¢d when
joined by full pefetration welds.

(d) Parts-tobe fillet welded shall be fit as tightly as
practical¢to ‘the surface to be welded and in no event
shall be'separated by more than 5 mm (¥, in.). If the sep-
arationat the faying edge of the plateis 1.5 mm (Y4 in.) or
greater, the size of the perimeter fillet weld ghall be
increased by the amount of the separation.

(e) Welding procedures, welders, and welding opera-
tors shall be qualified in accordance with the ct:}"ent re-

quirements of the applicable construction code pr post-
construction code. If not otherwise specified, ASME BPVC,
Section IX may be used for procedure and perf¢rmance
qualification. Guidance for preheat and/or ppstweld
heat treatment, and for in-service welding, as applicable,
shall be taken from the applicable construction|code or
post-construction code.
(f) Field repair activities should conform
following sequence:
(1) Paint, scale, rust, liquids,and other foreign mate-

rial shall be removed from the weld zone and an prea not
less than 40 mm (1% in.) on either side of the w¢ldment.
(2) In those areas that will be covered by the new
patch plate, existing shell seam or girth welds fghall be
ground flush with the vessel or pipe 0.D. and fghall be
examined by the MT or PT method.
(3) The wall thickness of the pressure-coptaining
component that requires reinforcement should e ultra-

to the

(a) Plate edges may be cuttoshapeandsizebymechan-
ical means such as machining, shearing, grinding, or by
thermal means such as flame or arc cutting. If thermal
means are used, a minimum of 1.5 mm (1/16 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.
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sonically examined. The patch should cover the entirearea
that requires reinforcing.

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

(5) Anyseamswithinthe patch itself,should be made
first. The perimeter fillet weld may then be completed.
Clamps or wedges may be used to ensure proper joint
alignment and fit-up.
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(g9) Exposed metal surfaces shall be recoated, if appli-
cable, after completion of all examination and testing.

(h) 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 heattreatment, 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 applidable, postweld heat treatment.

207-5 EXAMINATION

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

(b) 1fjlifting lugs are used and left in place, their attach-
ment welds shall be examined by MT or PT methods. At all
locationls where temporary lifting lugs, welded clamps,
and/or wedges are removed after patch plate installation,
theremgval areas shall be examined by MT or PT methods.

(c) Welds joining sections of patch plates made of sepa-
rate pieces should be surface contoured and volumetri-
cally ejamined by either radiographic or ultrasonic
examingtion methods to the extent possible. If not prac-
ticable,|multilayer PT or MT examinations should be
perfornjed.

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

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

apply.

207-6 TESTING

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

(b) The pressure component and installed patch
plate(s) should be leak tested in accordance with the ap-
plicable post-construction code. Special safety precau-
tions should be taken when pneumatic leak testing is
performed.
permitted by the applicable post-construc
code, nondestructive examination may be perfaorme
an alternative to leak testing. Also, an initial)sery
inspection may be performed of all weld joints a
the pressure component has returned tonormal opera
pressure and temperature.

(d) Testing and inspections should be performed pfior
to reapplication of coating, insulation, or jacketing, as
plicable.
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Article 208
Alternatives to Traditional Welding Preheat

during welding. Construction and post-construction
es of ten require preheat. However, under certain con-
ditipns it may be possible to use other alternatives to
preheat. Whether preheat is required or not, preheat
can| provide any combination of the following benefits:
(f1) reduce shrinkage stresses in the weld and adjacent
basp metal, especially in highly restrained joints

h) provide a slower rate of cooling through the critical
ten]perature range, preventing excessive hardening and
redjiced ductility of both the weld and heat-affected zone
(HAZ)

(¢) provide a slower rate of cooling through the 400°F

usep

208-2.3 Inappropriate Cases

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

208-2.4 Limited Access

Limited access may-prevent the use of techn
welding processesmecessary for satisfactory perfi
of welding with lower preheat.

ques or
rmance

208-2.5 Welding

All welding shall be in accordance with an applicable
construction or post-construction code, influding
weélding procedures.

208-3 DESIGN

The following strategies and considerations|may be
permissible alternatives to the original const]‘:uction
code or post-construction code preheat requirements:

(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) weld

208-3.1 Groove Geometry

Groove geometry and volume of weld metal sjould be
minimized to reduce residual stresses, but noft to the
extent that the ability to weld is compromised or ¢racking
results.

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

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.
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molten pndr”n cn]idiﬁnc, itreducesinsizeandthud 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

1
Figure 208-3.1-2 The use of welding consuniables that provide equjva-
Effiect of Weld Area on Transverse Shrinkage lent but not overmatching-properties (lower strength,
minimized carbon fepritics, nonferrous, etc.) should be
02 considered to avoid mismatch in strength leels
o between the weld) metal, heat-affected zones, and Hase
G 0.5 metals. Most ‘€¢ommercial weld metal is formulated to
5’ compensatefor dilution and /or postweld heat treatmgnts
S under a variety of conditions. Therefore, most weld mefals
& 0.1 exhibit“strengths much higher than their specification
] o ' £ minimums. This can be very important when designing
0 | fm and implementing repair welding. A comparisoy of
2 00p m 60 de typical weld metal strengths for selected consumables
© ]
= m 90 deg is shown in Table 208-3.3-1. Where this approach is
60 deg used, actual properties of the weld metal should be vieri-
0.10 0.20 0.30 0:40 fied from either certified material test reports or repre-
Area of Weld, in.2 sentative test coupons.
208-3.2 Welding Process 208-3.4 Carbon Equivalent
Weldng processes that minimize dilution and are “low Carbon equivalent (CE) may be used as a means|for
hydroggn” in application should be, considered. determining the actual necessity for preheat and [the
(a) GMAW and GTAW are parnticularly well suited to level required.
control Hilution and do not,fypically introduce hydrogen Where (Wt. %):
into the] weld deposit. These processes should be candi- CE = C+ (Mn+ Si)/6 + (Cr + Mo + V)/5
dates where reduced-preheat is desirable. + (Ni + Cu)/15
(b) SMAW, FCAW,~er SAW may also be used where
increas¢d deposition and lower shrinkage is important.
Care shpll becobserved during qualification of welding
procedyres‘t6)évaluate heat input and avoid parameters CE < 0.45%; preheat is normally optional
that wquld create excessive penetration, dilution, or
shrinkage.

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.

44

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 foratleast 24 hr should

be considered to identify any delayed cracking.
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Table 208-3.3-1
Comparison of Specification and Actual Weld Metal Properties

Specification Requirements, ksi l

Typical As-Welded, ksi |

Typical Stress Relieved, ksi

Filler Metal Ultimate Yield Ultimate Yield Ultimate Yield
E6013 62 50 74 64
E6018 67 55 68 57
E7018 72 60 87 79 83 [Note (1)] 74 [Note (1)]
E7018-A1 70 [Note (1)] 57 [Note (1)] 90 71 84 [Note (1)] 70 [Note (1)]
E80[18-B2 80 [Note (2)] 68 [Note (2)] 118 103 95 [Note (1)] 79 [Notd (1)]
E90[18-B3 90 [Note (2)] 77 [Note (2)] 141 127 101 [Note (1)] 87 [Notd (1)]
E90[L5-B9 90 [Note (3)] 77 [Note (3)] 210 120 [Note (4)] 100 [Note (4)]
ER70S-2 70 58 74 60
ER70S-6 72 60 94 [Note (5)] 75 [Note (5)] 85 [Notes (193 (5)] 71 [ Notes|1), (5)]
ERH0S-D2 80 68 110 79 100 [Nete (2)] 86 [Notg (2)]
ER70S-A1 80 [Note (6)] 68 [Note (6)] 92 79 90_[Nete (2)] 72 [Notd (2)]
ERY0S-B3 90 [Note (2)] 78 [Note (2)] 104y [Note (2)] 93 [Notd (2)]
NO'IIES:
(1) [Stress relieved @ 621°C (1,150°F) for 1 h.
(2) Ptress relieved @ 690°C (1,275°F) for 1 h.
(3) [Stress relieved @ 746°C (1,375°F) for 1 h.
(4) Ptressrelieved @ 760°C (1,400°F) for 1 h.
(5) [GTAW process.
(6) |SGMo DIN 8575, Wks. No. 1.5424.
208-3.5 Cracking Parameter (Pcm) Rules for qualification of procedures are inclhded in
i API 510, 7.2.3; ASME BPVC, Section IX, QW-2Pp0; and
Where carbon content is equalto or less than 0.17 wt.% ANSI NB-23.
or where high-strength steels are involved, the Ito)and (b) Where similar composition weld metal is ubed, this
Begsyo CraCkmg Parameter (Pcm) can be gse_d. This method will NOT lower residual stresses. An evalyation to
approach prov'ldes S ]:)I'.edlCtIOIl for consider the effect of welding residual stresses sjould be
when preheat will be needed, when preheatis mandatory, conducted where this method is to be used.
and| at what recommended temperature.
Yhere [Pem in wt. %]: 208-4 FABRICATION
Si Mn + Cu +Cy~, Ni = Mo A%
Pem = € + R T TR In order to use alternative preheating strategigs, fabri-
cation techniques should be carefully controlled fo avoid
+ 5B2 the problems that preheat would be employed to mpitigate.
Welding processes and consumables that are less [likely to
) ) introduce hydrogen can be chosen over other pptions.
Pem < {(19%; preheat is normally optional Certain techniques can minimize or reduce fesidual
stresses. Careful monitoring should be done td ensure
that alternatives are employed properly. The f¢llowing
0.15% < Pem < 0.26% to 0.28%; preheat 200°F to 400°F describe or are important for successful implemgentation
of these techniques.

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

208-3.6 Controlled Deposition Welding

(a) Use of controlled deposition (temper bead) proce-
dures can be useful to generate fine grain heat-affected
zones and improve notch toughness. This method
should be considered when either elevated preheat or
code-required postweld heat treatment cannot be used.

45

208-4.1 Cleanliness

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

208-4.2 Welding Technique

The technique used during welding has a significant
effecton shrinkage, resulting residual stresses, controlling
heat input, and avoiding cracking issues.
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Figure 208-4.2-1
Typical Back Stepping Weld Sequence

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

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

hort versus long beads typically minimize longi-
shrinkage. Back stepping (Figure 208-4.2-1) or
sequencing to reduce residual stresses may
be employed.

bntrol or minimize heat input. Stringer beads with
scillation versus wide weave beads should be used

(see Figure 208-4.2-2).

208-4.3 Peening

Peeni
shrink4q

g can be an effective technique for minimizing
ge and distortion. It is not normally used or

permittled on the root and final passes of a weld. For

peening
and yig
needle

208-4.

Crate]
eliminat
ques.

(a) W
wide b
208-4.4

to be effective, the metal should be deformed
ld. Creating dimples in the surface with a
bun, etc, is NOT equivalent to peening.

i Minimizing Cracking

I and weld bead cracking can be minimized or
ed by implementing proper workmanship techni-

Feld beads with round cross 'seé¢tions versus thin,
ads should be depositéd @s shown in Figure
-1 to minimize cracking.

Figure 208-4.2-2

25% of the weld groove thickness.

208-4.5 Preheat Methods

Preheating may be conducted with flame’ (air-fue
oxy-fuel), electrical resistance, or eléctrical induct
methods in both the shop and figld..Regardless of
method, heating should be uniform and through thick
unless otherwise specified.

or
ion
the

208-4.6 Preheat Monitoring

A variety of devices)are available for measuring
monitoring temperatures. The component or pi
being welded,should be preheated to allow the hea
soak into the material. Where possible, this should
monitored and validated. Monitoring the surface temp
ture a psedetermined distance away from the weld edge is
norimally adequate for most applications. It is never|ac-
ceptable to make or take readings that would resullt in
¢ontamination of the weld groove.

(a) Temperature Indicating Crayons. These crayon
pencil-like devices are designed to melt at sped
temperatures. This method can be used as a sinj
and economical way of determining that a minim
temperature has been achieved; i.e., the crayon m¢
One limitation is that the temperature of the compon
above the melting temperature of the crayon is unkno
Where excessive temperature is a concern, mult
crayons with different temperatures should be emplo}

(b) Electrical/Electronic Temperature Monitoring.
preheat and welding operations, instantaneous dev
such as contact pyrometers or direct-reading thermog
pleswithanalogor digitalreadout can be used. All dev
shall be calibrated or have some means of verifying t
ability to measure the desired temperature range. Bec3
of their ability to provide continuous monitoring and data
storage, thermocouples using chart recorders or data
acquisition systems should be used over instantandous

hnd
ce
to
be
hra-

5 or
ific
ple
um
Its.
ent
.
ple
ed.
For
ces
ou-
ces
heir
use

Differerjce. Between Oscillated Stringer Beads (Left) and
| Wide Weave Beads (Right)
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measuring devicestor both preheatand PWHT operations.

208-5 EXAMINATION

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

(b) Volumetric examination of the final weld, where
required, should be performed in accordance with an ap-
plicable construction or post-construction code.
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Figure 208-4.4-1
Effect of Weld Bead Cross Section on Cracking
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(¢) Welds.ih high strength low alloy (HSLA) steels or

steels haying a CE above 0.5% are prone to delayed
crafking. A waiting period of 24 hr to 48 hr to detect
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208-6 TESTING

Testing shall be performed in accordance with an ap-

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, when it
was performed, and results of the examination.

ode.
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208-7 REFERENCES

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

apply.

(22)

ANSI/NB-23-2007, National Board Inspection Code
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Article 209
Alternatives to Postweld Heat Treatment

209-1 DESCRIPTION

209-1.1 General Considerations

his Article addresses alternatives to postweld heat

tregtment for repair welds. Under certain service condi-
tionps, PWHT of a repair weld in accordance with the
conktruction code can be inadvisable or impractical. An

exal
em
liq
uns
In 4
pip
or

the
cod
(PV

ple of such a condition would be a penetration or
bedment surrounded by reinforced concrete or
id media that could be damaged or create an
afe condition by application of PWHT temperatures.
ddition, inspection of pressure vessels, tanks, and
ng which have been in service can reveal defects
amage that require weld repair but not redesign of
item containing the defect. The original construction
e or owner can require postweld heat treatment
VHT).

209-1.2 Factors Affecting Selection

(

and
str
diff]
(
wit
selg

) Postweld heat treatment is applied to ferritie welds
welded components to reduce high levels of residual
ss, provide tempering to reduce hardness, and to
ise hydrogen.

b) Time and temperatures for PWHT are specified
h respect to individual types-efimaterial and are
cted to be performed below thetower (critical) trans-

forignation temperature of the-material.

(
app
spH
inc

F) Alternatives to postweldheat treatment can involve
lication of elevated prehéat and/or implementation of
cific welding teehnhiques, bead sequencing, and
eased control 6f the welding process.

20
20

Intent,” contains additional requirements and limitations.

-2 LIMITATIONS

-2/.1-Post-Construction Code

This Article shall be used in conjunction with Part 1.

209-2.2 Methods

Only methods that are recognized in an applicable

con

struction code or post-construction code, qualified,

or as justified through performance of a risk assessment

eva

luation, shall be used.

209-2.3 Suitability Tests

Tests to demonstrate suitability of the repair pr
may be needed if service conditions are su

hydrogen embrittlement or at-temperatures

pcedure
bject to
in the

creep range or if the alternative is being considered

for “on-stream” repairs or “hot tapping” on|
systems. Testing may be\in accordance with

criteria, the constructionycode or post-constructi

209-2.4 Resistance to Service Conditions

If resistaneeto hydrogen or sulfide or stress cr

piping
owner
bn code.

cking is

a serviceequirement, test evidence shall be developed

appropriate to the risk involved to showj

maximum hardness in weld metal and heat-
base metal is not exceeded when qualifying a

that a
ffected
specific

Welding Procedure Specification (WPS). Maximujm hard-

ness shall be as required by the owner, the cons
code or post-construction code.

209-2.5 Residual Stress Reduction

If reduction of residual stresses in weldn

truction

ents is

required for successful operation in services subject to

stress corrosion cracking (e.g., where amines,

austics,

or carbonates are involved), then alternatives to postweld

heat treatment shall be evaluated and determin
acceptable for the intended service prior to use

209-2.6 Altering Material Properties

Some steels are susceptible to metallurgical
such that loss of notch toughness can occu

bd to be

change
in the

weld heat-affected zone and in the base metgdl. Weld

metal can also experience a loss of toughness
strength when subjected to PWHT. In other stee
granular cracking (often called reheat or stre

cracking) can occur in the weld heat-affectd

and/or
s, inter-
s relief
d zone
eatment

(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

ASME BPVC, Section 11I-NB/NC/ND/NE/NF/

BPVC, Section I

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

NG/NH alternatives (e.g., NB-4622), nuclear components and systemsare unique in that
they have their own specific post-construction code for qualification, repair, and
examination- ASME BPVC, Section X1 (see belows)

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

AF-402, AF-420, AF-550, AF-630, AF-753, AF-754, AF-820, AT-115, Appéndix 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 Paragraph 132.3, Tables 132 and 132.1
ASME|B31.3 Paragraph 331.2.2, Table 331.1.1
AWS p1.1 Paragraphs 5.8.2 and 5.8.3
AWS p10.8 Paragraph 6 and Table 4
AWS P10.10 Paragraph 13.2
NBIC;|NB-23 Part 3
209-3 DESIGN 209-4.2"Alternative Welding Methods

209-3.] Dissimilar Metal Welds

Weldjng involving dissimilar materials shall be sepa-
rately eyaluated unless specifically addressed by the ap-
plicable| post-construction code. Guidance in this area:is
providefl in Method 5, NBIC, of ANSI/NB-23.

209-3.2 Procedures

Requjrements for implementing alternatives to post-
weld hept treatment should be outlined in*specific docu-
mented|instructions that are accompanied by a qualified
Welding Procedure Specification(

209-4 [FABRICATION
209-4.]1 Application.of Elevated Preheat

Many|codes of cotistruction or post-construction codes
permit fuse offelevated preheat as an alternative to
perfornjing(postweld heat treatment. Examples of alter-
natives [can~be found in API 510; ASME BPVC, Section I

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

209-4.2.2 Satisfying Properties. The method used
shall produce weldments that satisfy mechanical and
corrosion properties in accordance with the applicdble
construction code or post-construction code.

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

209-4.3 Requiring Additional Methods

Application of alternative methods may require that
reliable preheat maintenance techniques, low hydrogen
wp]ding consumabhles and npfimnm materials ston ge

(PW-39ASME BPVC, Section VI, ASME B3T.1T (Tabie
132); and ANSI/NB-23. Criteria are expressed as a func-
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.

practices be implemented.

209-5 EXAMINATION

Examination shall be in accordance with the applicable
construction code or post-construction code.
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209-6 TESTING

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

209-7 REFERENCES

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

ASME Boiler and Pressure Vessel Code, 2007 Edition,
Section VIII, Rules for Construction of Pressure
Vessels; Divisions 1, 2, and 3

ASME Boiler and Pressure Vessel Code, 2007 Edition,
Section IX, Welding and Brazing Qualifications

ASME Boiler and Pressure Vessel Code, 2007 Edition,
Section XI, Rules for Inservice Inspection of Nuclear
Power Plant Components

ASME B31.1-2007, Power Piping

1y,

ap

ANS$I/NB-23-2007, National Board Inspection Code
Puljlisher: National Board of Boiler and Pressure Vessel
Inspectors (NBBI), 1055 Crupper Avenue, Columbus,
JH 43229 (www.nationalboard.org)

API| 510, Pressure Vessel Inspection Code: Maintenance
Inspection, Rating, Repair, and Alteration; Revision
, 2006
PuBlisher: American Petroleum Institute (API), 200
assachusetts Avenue NW, Suite 1100, Washington,
C 20001-5571 (www.api.org)

ASME Boiler and Pressure Vessel Code, 2007 Edition,
Section I — Rules for Construction of Power Boilers
ASME Boiler and Pressure Vessel Code, 2007 Edition,
Section III, Rules for Construction of Nuclear Facility
Jomponents; Subsections NCA, NB, NC, ND, NE, NF,

NG, and NH

ASME B31.3-2006, Process Piping
Publisher: The American Society of Mechani¢al Ejgineers
(ASME), Two Park Avenue, New York,/NNY-10016-5990
(www.asme.org)

AWS D1.1/D1.1M-2006, Structupal Welding Code|— Steel
AWS D10.8-1996, Recommended-Practices for Welding
Chromium-Molybdenum¢Steel Piping and Tubling
AWS D10.10-1999, Reeconunended Practices f¢r Local
Heating of Welds in-Piping and Tubing
Publisher: American Welding Society (AWS), 8669 NW 36
Street, No. 130;,"Miami, FL 33166 (www.aws.qrg)

Recommended*Practices for Local Heating of Welds in
Pressure Vessels, WRC Bulletin 452, June 2000

Publisher: Welding Research Council (WRC), F.0. Box
201547, Shaker Heights, OH 44120
(Wwww forengineers.org/welding-research-couhcil)
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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 as$ociated with welding onto pressure components
or pipelines while the system is still in operation. In-
service [pressure components or pipelines include pres-
sure eqhipment 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
Articlel|is intended to be used in conjunction with
Part 2 of this Standard or another applicable construction
code or|post-construction code.

Therq are two primary concerns when performing in-
service Welding. The first concern is “burn-through,” also
referred to as “blowout.” A burn-through occurs when the
unmelt¢d base material under the weld pool loses the
ability tp contain the contents of the pressure components
or pipeljne 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
precautjons are taken. Such precautions include control-
ling the|heat input or penetration of the welding,process
and usinjg smaller diameterelectrodes [e.g., 2.4 mm (0.094
in.)] whien the wall thickness is less than.6,4 mm (0.250
in.). Safe¢ty aspects and contingency planning aspects for
an occufrence of burn-through should’be planned for in
accordance with company practices, industry standards
(e.g., APl Recommended Practice 2201), or post-construc-
tion code.

The decond concern/is hydrogen cracking. Hydrogen
cracking occurs whefi“tensile stresses are acting on the
weld, hlydrogen js-present in the weld and, when the
weld s¢lidifies;\the resultant weld microstructure is
crack sysceptible. If any of the three conditions is elimi-
nated of reduced below a threshold level, then hydrogen

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 EXX15typeelectrodes. 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.

52

The likelihood of developing microstruetures susg
tible to hydrogen cracking can be high'because
service welds tend to have accelerated cooling rdtes
due to the ability of the pressure cdmponents or pipeline
contents to pull heat from the weld region. The chanc of
developing a crack-susceptible‘microstructure can be
reduced by using welding"procedures that overcqme
the cooling effect of the preSsure components or pipeline
contents or by alteringthe pressure components or p|pe-
line operating conditions during in-service welding. Shich
welding procedures include using sufficiently high Jeat
input levels or by using specific weld depositlion
sequences."The most common in-service welding pfac-
ticesused to reduce hydrogen cracking concerns incoypo-
rate’both a low-hydrogen welding process and a welding
procédure that reduces the susceptibility of forming a
erack-susceptible microstructure. The use of prehedt is
another technique that is commonly used to reduce
the susceptibility of forming a crack-susceptible mi¢ro-
structure but it may be difficult to apply to in-seryice
weldingapplications because of the ability of the presqure
components or pipeline contents to cool the pipe wall
especially for thin-walled applications. The cooling
effect of the pressure components or pipeline cont¢nts
can interfere with achieving the proper preheating
temperature.

Successful application of in-service welding proceduy
requires a balance between the probability of by
through and reducing the probability of hydro
cracking. For example, when welding onto a pipe
less than 6.4 mm (0.250 in.) thick it may be necess
to reduce the welding heat input to lower the probab
of burn-through; however, the lower welding heat in
could resultin a weld microstructure thatis susceptib
hydrogen cracking. When the maximum required welding
rough 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).

ep-
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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

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-

Tlhis Article is limited to application of in-service
welding. Though this Article covers in-service welding
asppcts, notallaspectsof pressurecomponentsor pipeline
moflifications that are performed to modify or expand a
piplng system (e.g., the hot tapping procedure that may
follpw the in-service weld) are covered by this Article. This
Art|cle should be used in conjunction with another appli-
cabje construction code or post-construction code that
dealls with the specifics of the pressure components or
pipgline modification (e.g., for hot tapping, refer to API
Redommended Practice 2201).

21¢

Thhis Article shall be limited to in-service welding onto
Carbon steel pressure components or pipelines. This
cle excludes welding onto stainless steels, alloyed
Is (e.g., Cr-Mo), or nonferrous materials.

-2.3 Pressure Components or Pipeline Material

all
Art]
steq

21Q-2.4 Pressure Components or Pipeline

Contents

Before performing any in-service welding, thexdwner
sha]l evaluate the effect that in-service welding could
have on the contents of the pressure components or pipe-
ling system (e.g., combustion, explosion,‘and increased
sugceptibility to corrosion or embrittlement). In-
seryice welding should only be perfermed on pressure
conpponents or pipelines where/the-evaluation indicates
thafthere is not a significant risk associated with potential
mefallurgical degradation or ehemical reaction from the
in-dervice welding proeéss-and not a significant risk of
chemical reaction in the'process fluid as a result of poten-
tial[contact with high-metal temperatures.

[¢°]

21d

An adjustment in the pressure during in-service
weldingmay not be required from a welding perspective
butlmay be necessary to increase the safety of the welder if

-2.5 Operating Pressure

nents or pipeline system remains in service. {ff JWHT is
required, the owner shall address all additional“doncerns
to assure the welding and subsequent \PWHT|will be
completed in a safe manner. If this cahnot be afhieved,
then an alternative repair method/shall be evaljiated.

210-3 DESIGN
210-3.1 In-Service Filtet Weld Procedure

Anin-service fillet weld procedure is defined asj proce-
dure that is used to-join additional material ont¢ the in-
service pressdre components or pipeline to reipforce a
damaged afea) (e.g., full encirclement sleeves arjd patch
plate repaits) or to facilitate a modification (e.g., proprie-
tary fullencirclement hot-tap fitting). The fillet wgld shall
be designed inaccordancewithan applicable consfruction
code or post-construction code.

210-3.2 In-Service Attachment Weld Procedure

nedasa
existing
rludes a
esigned

Anin-service attachment weld procedure is def
procedure that is used to make a modification to
pressure components or pipeline and usually in
groove weld joint. The attachment weld shall be d
under one of the following two criteria:

(a) Ifthe attachment provides adequate reinfo
in accordance with an applicable construction
post-construction code, no further reinforce
required.

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

[cement
code or
ment is

210-3.3 In-Service Weld Metal Buildup Prd

An in-service weld metal buildup procedure is
as aprocedure that is used to deposit weld metal

surface of the pressure components or pipeline
r r I

cedure

defined
bnto the
to rein-

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 Recom-
mended Practice 2201), or post-construction code.
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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 weldmg

the probablllty of burn through and hydrogen
. When required by the welding engineer or
mspector, the welding procedure shall be qual-
ified us|ng the set-up outlined in Mandatory Appendix
210-1 and the testing in para. 210-4.2. The essential vari-
ables fof the welding procedure qualification shall be in
accordapce with an applicable construction code or post-
constryction code and should include the in-service
weldingl essential 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 (ile., high cooling potential) may require special
precautfions. Such precautions may include but are not
limited fto temper bead welding sequence or applying a

preheat|step prior to in-service welding.

210-4
in-servi
ments f
tion to
constru

210
groupeg
separately:

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

210-4.1.1.2 Cooling Potential., The rate at which a
weld copls, or cooling potential, is an essential variable
[e.g., cqoling 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-ii‘the cooling potential of the in-
service|pressure coimponent or pipeline greater than
the cooling poténtial used during the qualification of
the welding procedure requires requalification. The
cooling otentlal may be determined by dlrect measure-
ment, ¢4
these methods

.1.1 In-Service Welding Essential Variables. The
e welding essential variables are specific require-
br in-service welding that should be used in addi-
the essential variables from an applicable
Ction code or post-construction code.

-4.1.1.1 Weld Type. In-service welds shall_be
into oneof the following three typesand qualified

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

54

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 equlvalent material can be used in a

e erial
provnded that the coolmg potential of the repair appl ca-
tion is less than the cooling potential of the qualifiéd pr
dure and there is no increase in hydrogen ‘eracKi
susceptibility. The carbon equivalent should)be calcul3
using the following formula with the eléménts expredsed
in weight percent amounts:

m Cr+Mo+V+Ni+Cu
S 15

CE=C+

210-4.1.1.4 Welding-Process. A change in [the

welding process shall require requalification.

the
Dr a
VC,
uc-
hal-

210-4.1.1.5 Welding Consumable. An increase in|
diffusible hydragen level of the welding consumable
change in the €lectrode type as defined by ASME BH
Section IX, Table QW-432, or another applicable const
tion code or post-construction code, shall require req
ification:

210-4.1.1.6 HeatInput. Theheatinputrange isdefer-
mined by the weld procedure qualification and is the range
that will produce a weld that will not burn through andfhas
a low likelihood of producing a crack-susceptible mi¢ro-
structure. A change in the heat input range shall reqtiire
requalification. The heat input should be calculatedl in
accordance with ASME BPVC, Section IX, QW-409.1(a)
or QW-409.1(b), or another applicable construction
code or post-construction code.
(a) Anincrease in the heat input over the range spgci-
fied in the in-service procedure qualification or specified
in the in-service welding procedure shall be evaluated for
burn-through risk. The probability of burn-throfigh
should be evaluated experimentally, by computer simpla-
tion, or a combination of these methods.
(b) A decrease in the heat input below the range spgci-
fied in the in-service procedure qualification or specified
in the in-service welding procedure shall require reqpal-
1flcat1 on to determme the probablllty of hydro ben

should be evaluated usmg 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 requal-
ification.
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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
Face Side Nick- Metallography Hardness
Wall Thickness In-Service Weld Type = Bend Bend Break
<12.7 mm (0.500 in.) Fillet 4 4 2 2
Attachment 4 4 2 2
Weld metal buildup 4 2 2
>12|7 mm (0.500 in.) Fillet 4 4 2 2
Attachment 4 4 2 2
Weld metal buildup 2 2 2

210-4.1.1.8 Postweld Bakeout. A reduction of the
tenjperature or time of the application of a postweld
baKeout shall require requalification. When specified,
the| minimum soaking temperature and time shall be
specified. Any potential effect the postweld bakeout
has| on the pressure components or pipeline contents
shall be evaluated.

210-4.1.1.9 Preheat. A reduction of the temperature
or time of application of a preheat requirement shall
require requalification. When specified, the minimum
soaking temperature and time shall be specified. Any
potpntial effect the preheat requirement has on the pres-
surp components or pipeline contents shall be evaluated;

210-4.1.1.10 Hydrogen Bakeout. A change in,the
tenpperature or time of application of the hydrogen
baKeout procedure shall require requalification. Any
potential effect the hydrogen bakeout requirement has
on fhe pressure components or pipeline contents shall
be gvaluated.

210-4.1.1.11 Surface Bead Placement. Any change in
weld bead position or deposition sequence of the in-
seryice welding procedure-shall require requalification.

21Q-4.2 Weld Procedure Qualification: Testing

Weldingproceduresthatareto be used toweld onto in-
seryice pressure.components or pipelines shall address
the|probability "of burn-through and hydrogen cracking
susfeptibility. The probability of burn-through should
be pvaldated experimentally, by computer simulation,

the welding procedure qualification shall be in accprdance
with an applicable construgtioh code or post-consfruction
code and should include-the in-service welding ¢ssential
variables listed in para:210-4.1.1.

210-4.2.1 DeStructive Test Methods. In-service
welding procedure test samples shall be tak¢n from
the procediire qualification weld coupon as spefified in
para. 21024.2.2. The procedure shall be quallfied by
successful completion of the tests specified if paras.
210-4.2.1.1 through 210-4.2.1.4. The number [of tests
for each in-service welding procedure is given |n Table
210-4.2.1-1. Two procedure qualification weld ¢oupons
should be fabricated if there is not enough materfal avail-
able for all of the test samples in one procedure gualifica-
tion. The destructive test specimens shall be machined in
accordance with AWS B4.0 or other applicable standard.

210-4.2.1.1 Macro-Section Test. The macrofsection
test samples shall be removed and machined using
nonthermal methods. The macro-section test|sample
should be in accordance with ASTM E3 or another{equiva-
lent document to give a clear representation of the weld
region. Visual examination of the macro-sectjon test
samples shall show
(a) complete fusion
(b) no cracks
(c) noundercut exceeding 0.8 mm (0.031 in.) of 10% of
the simulated in-service pressure components or pipeline
wall thickness, whichever is smaller
(d) forfilletwelding proceduresonly,the fillet pveld leg
lengths are at least equal to the leg length specifigd in the

or acombination of these methods Hydrogen cracking
susceptibility should be evaluated by destructive and non-
destructive testing. When approved by the welding engi-
neer or welding inspector, a welding procedure qualified
to the applicable new construction code or post-construc-
tion code may be used for in-service welding applications.
When required by the welding engineer or welding
inspector, the welding procedure shall be qualified
using the set-up outlined in Mandatory Appendix 210-I
and testing in para. 210-4.2. The essential variables for

urn]rhng prnrnr]nrn or—other applu‘ah]n process control

document

210-4.2.1.2 Hardness Test. The hardness test
samples shall be tested in accordance with ASTM E384
or another equivalent document. A minimum of five
Vickers 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
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Figure 210-4.2.1.2-1
Heat-Affected Zone Hardness Indent Locations

R

GENERAL NOTES:

(a) Indeptsarespaced 0.2 mm (0.008 in.) from fusion line-and 0.6 mm (0.024 in.) apart. Initial indentis located 0.6 mm (0.024 in.) fromweld toe.

(b) The figure is not to scale.

test samples after the metallographic analysis has been
completed.

210-4.2.1.3 Nick-Break Test. Nick-break test
samplgs shall be removed and machined using
nonthefmal methods;-and shall be tested according to
AWS B410 or another equivalent document. Visual inspec-
tion of he niek:break test sample fracture surfaces shall
show
(a) complete fusion.

(d) fisheyes, as defined in AWS A3.0, should nof be
cause for rejection.

210-4.2.1.4 Face or Side Bend Test. The bend fest
samples shall be machined using nonthermal methgds,
and shall be tested according to AWS B4.0 or another
equivalent document.’ The bend test samples shduld
be bentin a guided-bend test jig or equivalent equipmpnt.
For face bends, the bend test sample shall be placed with
the face of the weld opposite the mandrel (Figure

(b) no single pore exceeds 1.6 mm (0.063 in.) in size,
and the combined area of all pores does not exceed 2% of
the exposed fracture surface area.

(c) no slag inclusion exceeds 0.8 mm (0.031 in.) in
depth and 3.2 mm (0.125 in.) or one-half the nominal
pipe wall thickness in length, whichever one is smaller.
The distance between adjacent slag inclusions shall not
be less than 12.7 mm (0.500 in.).

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
shallbe bentuntil the curvature of the bend test specimen
is approximately a U-shape (Figure 210-4.2.1.4-2). Visual
inspection of the bend test specimens shall show

! 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

N < 1.6 mm (0.063 in.)

GENERAL NOTES: Q/
(a) [The dashed portion of the completed weld needs to be removed prior to testing. @
(b) [The figure is not to scale. %

Figure 210-4.2.1.4-2 Q
Examples of In-Service Welding Procedure Qualifi Qon Face Bend Test Samples

NN

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

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

210-47272-S3 5
service| welding procedure test samples for a fillet
weld slhould be taken from equally spaced intervals
around|the procedure qualification weld coupon as
shown |n Figure 210-4.2.2-1. The locations of the in-
service welding procedure test samples for an attachment
weld shpuld be taken from equal spaced intervals around
the profedure qualification weld coupon with samples
taken from both the crotch and saddle portions of the
weld ag shown in Figure 210-4.2.2-2. The locations of
the in-4ervice welding procedure test samples for a
weld byildup weld coupon should be taken as shown
in Figunje 210-4.2.2-3.

210-4.3

Weldgrs that are to perform in-service welding onto
pressutle components or pipelines shall demonstrate
the ability to deposit welds that produce microstructures
that ar¢ not crack susceptible and/or avoid burning
through the pressure component or pipeline. This may
be denjonstrated by successfully depositing an in-
service weld or by qualifying a welder using the set*up
detailedin Mandatory Appendix 210-1 and testingrequire-
ments dutlined in para. 210-4.2.

Welder Performance Qualification

210-5 EXAMINATION

210-5.1 NDE Method

The ip-service weld, made in the field, shall be examined
after we¢lding has been completed. The method of exam-
ination §hall be in accordanée'with an applicable construc-
tion code or post-construction code with the additional
ability tp locate weld flaws including hydrogen cracking
since it is a major cencern for in-service welding under the
service|conditions (e.g., operating temperature). The
acceptance eriteria for the NDE examination shall be in
accorddnce with an applicable construction code or

210-5.2 Examination Time

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

210-6 TESTING

Testing should be completed in accordance with an ap-

odeor post-con on-code. If

hydrotesting of a hot tapping component after instdllation
is contemplated, the user is advised to consider |the
temperature of the operating component‘in,ordef to
avoid having the test fluid flash to steam!

210-7 REFERENCES

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

apply.

AGA Pipeline Repair Manual, December 31, 1994

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

th

—

API Recommended Practice 2201, Safe Hot Tapping Prac-
ticesdh the Petroleum and Petrochemical Industries

API"Recommended Practice 579-1

AP1 579-1/ASME FFS-1, Fitness-For-Service

API Standard 1104, Welding of Pipelines and Relqted
Facilities

Publisher: American Petroleum Institute (API), 200
Massachusetts Avenue NW, Suite 1100, Washingfon,
DC 20001-5571 (www.api.org)

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

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

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

ANSI/NB-23-2007, National Board Inspection Code
Publisher: National Board of Boiler and Pressure Vepsel
Inspectors (NBBI), 1055 Crupper Avenue, Columbus,
OH 43229 (www.nationalboard.org)

ACNED DO1 1

post-construetion—eode—H-welding-was-dore—to—+repaira
service induced defect, the NDE method that was used
to detect the defect shall be used to verify removal of
the defect.

When NDE procedures are applied after in-service
welding, special procedures may be necessary where
the components are operating at temperatures signifi-

cantly above ambient.

ASME-B34+3—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
Systems

ASME Boiler and Pressure Vessel Code, 2007 Edition,
Section IX, Welding and Brazing Qualifications;
Article II — Welding Procedure Qualifications;
Article III — Welding Performance Qualifications
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Publisher: The American Society of Mechanical Engineers
(ASME), Two Park Avenue, New York, NY 10016-5990
(www.asme.org)

ASTM E3, Standard Practice for Preparation of Metallo-
graphic 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 Z662, Oil and Gas Pipeline Systems

Publisher: Canadian Standards Association (CSA), 178
Rexdale Boulevard, Toronto, Ontario M9W 1R3,
Canada (www.csagroup.org)

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
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GENERAL NOTES:
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(b)

The figure is not to scale.

INB = nick-break test sample; FB = facébend test sample; MS = metallographic test sample.

\

Fillet weld
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Figure 210-4.2.2-2
Test Sample Locations for In-Service Attachment Welding Procedure Qualification Assuming Equal Spacing Around
the Circumference to Obtain All the Required Test Specimens

Attachment weld

GENERAI NOTES:
(a) NB = nick-break test sample; FB = face bend test sample; MS = metallographic test sample.
(b) The figure is not 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 = side ben
(b)
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Mandatory Appendix 210-I
In-Service Welding Procedure/Welder Performance
Qualification Setup

The iy
procedy
likely to
tion tha
higher d
cooling

itent of producing a simulated in-service welding
re qualification is to make welds that will be more
produce hydrogen cracking during the qualifica-
hin the field. This can be done by making welds on
arbon equivalent carbon steel, by using a higher
potential, or by incorporating both variables to

have a fnore conservatively qualified procedure.

The s
procedy
uration
qualifi
hydrog
actual f
weldin

mulated in-service setup used for the in-service
re qualification can be any applicable joint config-
but it is imperative that the in-service procedure
ation weld coupon be more susceptible to
en cracking. It is good practice to simulate the
eld weld that will be made using the in-service
b procedure. It is common for the in-service

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

vkl e W

sleeve weld

production qualification weld to be madé€ using a

higher carbon equivalent carbon steel-pip€ with w
backing because water has been shown to cool wg¢
faster than any other cooling medium. It is import

ter
Ids
ant

to note that using water as the cooling medium rphay

make the welding procedure.overly conservative to

the

point of making it impossible to successfully quallify

the weld coupon.
The in-service procedure qualification coupon shd

uld

have sufficient léngth to remove all of the requifred

test specimens,"\More than one assembly may be u
if all the required specimens cannot be removed f
a singlecassembly. The cooling medium should

sed
om
be

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-I-2
Procedure and Welder Qualification Test Assembly for an In-Service Attachment Weld

\
O

N
ulated through the test assembly prior Givelding. The
ulated in-service setup should be ptepared as follows:
1) The simulated in-service s for an in-service
t weld should be prepare manner similar to
sition that would simu-
cation. The sleeve should
ipe unless a special design
lified. The sleeve longitudinal
e welded prior to the in-service
ve fit-up [see Note to Figure 210-1-1].

the in-service weldin@
e a close fit to the ¢ p
ve fitting is to b

si

b) The ated in-service setup for an in-service
chm eld should be prepared in a manner
lar igure 210-1-2 or an alternative position that

wo l&ﬁmulate the in-service welding application. The

Simulated in-service

Attachment weld

along the entire length of the weld. No test 4
shall be taken from the tack locations.

(c) The simulated in-service setup for an in
weld metal buildup weld should be prepar
manner similar to Figure 210-1-1 but without u
sleeve. The weld will be deposited directly o
pipewall.Itis common to mechanicallyremoveas
amount of wall to simulate corrosion loss. The prd
of burn-through shall be evaluated before well
buildup is performed using the qualified procd
the field.

After completion of the procedure qualificati
the cooling medium shall continue until thd

amples

Lservice
ed in a
sing the
nto the
pecified
bability
d metal
dure in

n weld,
entire

assembly has achieved a uniform equilibrium t

Pmpera-

tack welds should be ground to assure complete fusion
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Article 211
Weld Buildup, Weld Overlay, and Clad Restoration

211-1 J)ESCRIPTION

211-1.1) Introduction

This Article addresses the repair and restoration by
weld byildup or weld overlay of carbon steel base
metal, Igw alloy steel base metal, and corrosion-resistant
cladding or weld overlay on internal surfaces of pressure

vessels pnd piping that have experienced wall thinning.

211-1.2

Repairs to weld overlay or cladding caninvolvereplace-
ment of the entire thickness of the cladding or weld
overlay) or a partial thickness of the weld overlay.

Scope

211-1.3

In carbon steel or low alloy steel applications, weld
overlay|or weld buildup can be used to rebuild areas
thatarejworn from erosion, corrosion, or flow-accelerated
corrosign (FAC), or which have been ground out to remove
defects jsuch as cracks. The original pressure boundary

Damaged Base Metal

integrity of the base metal can be restored.

211-1.4 Damaged Weld Overlay and Cladding
Corrgsion-resistant weld overlay can b&used to replace

damaged areas thatoriginally had similar'overlay, or that

originally had corrosion-resistant.cladding over carbon
steel ol low alloy steel material./Corrosion-resistant
weld oyerlay can also be used-to back-clad seams that
have bden repaired on clad.material with carbon steel
or low glloy steel base(metal.

211-1.5 Definitions
See ppra. 1012372.2 for definitions.
211-2 LIMITATIONS

211-2.2 Base Metal Condition

This Article shall apply to wall thinning.and’does |not
specifically address other types of surface/defects. [See
Article 304, “Flaw Excavation and-Weld Repair”|for
other types of surface defects./The/remaining bfase
metal thickness shall be adequate to accommodate
weld buildup.

211-3 DESIGN

211-3.1 Cause of Damage

Prior to repair'welding, determination should be mpde
of the causes.of the damage to the weld overlay, claddjng,
or base metal. The use of weld overlay or weld buildup ps a
permanent repair should include consideration of|the
thinming 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 crackfng,
etc.).

211-3.2 Number of Weld Layers

Weld overlay or back cladding may be deposited in pne
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 layersdeposited for weld overlay procedure qualiffca-
tion tests.

211-3.3 Weld Thickness

The total depth of overlay or back cladding shall Qe 3
mm (% in.) or greater in thickness, unless otherwise speci-
fied. In all cases, the weld overlay thickness and the Hase
metalthicknessshall atleast equal the minimum thickijess
of the undamaged metal.

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.

211-3.4 Multiple-Layer Welding

If multiple-layer overlay or back cladding is required to
meet the specified chemistry, and subsequent machining
or grinding is necessary to satisfy dimensional require-
ments, the final machined or ground overlay thickness
shall not be less than the qualified thickness. Examples
include machining of gasket grooves in flanges and
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tubesheets or grinding of heat exchanger shell inside
diameter to permit insertion of tube bundle.

211-3.5 Base Metal Restoration

When the strength of the original base metal is to be
restored by weld buildup, the weld metal tensile strength
should equal or exceed that of the base metal. Considera-
tion should also be given to compatibility of the weld metal
Wlt e—10as etTa ard—stritabiity O i emarea

-3.6 Corrosion Protection

here weld overlay is applied for corrosion protection,

211-3.8.1 Differential Thermal Expansion. Considerar
tion should be given to differential thermal expansigh
betfveen the base metal and weld overlay.

211-3.8.2 Galvanic Corrosion. The possibility of
galyanic corrosion should be considered‘ih the base
mefal atthe edge of high alloy or nonferrous-weld overlay.

-4.2-Welding Procedure Qualification

elding procedures, welders, and welding operators

mounted on tracks for better control and productivity
rates may be appropriate.

211-4.3 Weld Overlay

211-4.3.1 Heat Input. Application of the first 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

211-4.3.2 Weld Overlay Thickness. Weld pverlay
thickness shall be verified by actual nreasurement of
the exposed edge at weld joint preparations of repair
cavities. Questions regarding overlay thicknesg should
be resolved by thickness meastrements. Conshltation
with an NDE specialist may be/necessary.

211-4.4 Back Cladding

211-4.4.1 Weld Groove Preparation. (Typidal weld
joint details for back cladding are sh¢wn in
Figure 211-4.4.1-1)

Prior to back'cladding butt joints, the weld grooye in the
backing material shall be filled approximately flysh with,
but notmore than 1.5 mm (% in.) below the weld{overlay
fusion-line or the clad bond line adjacent to the weld
greove prior to back cladding. Care shall be taken to
avoid cross-contaminating the cladding and backihg mate-
rial weld metal. Any suspected areas of cross-corftamina-
tion shall be etched with either a nitric acid o1 copper
sulfate solution to confirm the location of tHe clad/
substrate interface.

211-4.4.2 Strip Back. Prior to back cladding buftjoints,
cladding shall be stripped backa minimum of 6 mm (%, in.)
from the edge of the plate, pipe, or fitting.

211-4.5 Special Considerations for Low Alloy
Steels

211-4.5.1 Dehydrogenation Heat Treatment. [Prior to
any repairs being performed, consideration shjould be
given to the need for a dehydrogenation heat trpatment
of vessels or parts that have been exposed to profucts or
processes containing hydrogen to avoid hydrogen
cracking during repairs. Dehydrogenation heat trpatment
may be performed as outlined within API RP 934.

211-4.5.2 Embrittlement. Some materials mpy have

shall be qualified in accordance with the current require-
ments of the applicable construction code or post-
construction code. If not otherwise specified, ASME
BPVC, Section IX may be used for procedure and perfor-
mance qualifications. Typically, semiautomatic welding
processes such as GMAW are used to maximize produc-
tivity and to minimize heat input. For larger areas to be
welded, machine approaches using welding equipment

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
reduce the risk of cracking in embrittled base metals
during welding repairs.
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Figure 211-4.4.1-1
Weld Seam With Back Cladding

6 mm (1/4 in.)_>

Alloy cladding (typ.)

-
Weld groove to be
approximately flush
45 deg\

Alloy weld metal
back cladding

211-45.3 Intermediate PWHT. Aftex performing weld
repairs o low alloy steel base metal, butbefore application
of weld|overlay (if applicable),.a.dehydrogenation heat
treatmgnt or an intermediate PWHT should be consid-
ered, e$pecially if the baseévmetal is 2%,Cr or higher
alloy, orlheavy wall (greater than 38 mm or 1% in. thick).

211-4.5.4 Hardness' and Toughness. Consideration
should be given tothe maximum hardness and toughness
needed|in weld\metal and in base metal heat-affected
zones fo¢r thesintended service.

AN %

{a) Weld Joint Preparation

Carbon or low alloy
steel base metal

1.5mm ('/;5in.) max.

V

(b) Finished. Weld Seam With Back Clad

an alternative to heat treatment, and if allowed by |the
applicable construction code or post-construction cpde
and approved by the owner, consideration may| be
given to the use of alternatives such as temper bpad
welding procedures.

211-4.7.2 Prior PWHT. Consideration should be given
to the effect of any prior postweld heat treatmgnts
(PWHT) and any additional PWHT for welded repairs
on cladding and on strength and toughness of the Hase
metal and welded joints.

211-4.6 Surface Profile

Finished surfaces should be free of undercut, notches,
sharpridges, and abruptsurface changes. Grinding may be
required to eliminate irregularities or pits.

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

211 4722 1 H
LLL el .J L 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
(unless another depth is qualified). Final PWHT may
be performed either before or after the deposition of addi-
tional layers of overlay since only the first layer of weld
deposit will cause a HAZ in the base metal. Subsequent
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layers of welding would not be expected to create a new
HAZ in the base metal.

211-5 EXAMINATION
211-5.1 General

211-5.1.1 Nondestructive Examination Before
Welding. Consideration should be given to the need
for[MONAESTITUctiVe examination of surface
welded. An appropriate method such as magnetic particle
or liquid penetrant may be utilized to ensure that all
defects have been removed before the welding. Any un-
acceptable indications that are discovered shall be
renjoved in accordance with Article 304, “Flaw Excavation
and Weld Repair,” of this Standard prior to application of
weld overlay. The acceptance criteria shall be in accor-
darjce with the applicable construction code or post-
conktruction code.

211-5.1.2 Nondestructive ExaminationAfter Welding.
Corsideration should be given to the need for nondestruc-
tivdexamination of surfaces repaired by welding. Surface
examination methods such as magnetic particle, liquid
perletrant, ultrasonic, or surface eddy current may be
utiljzed in accordance with the applicable construction
code or post-construction code. Welds on base metal
ovefr 9.5 mm (% in.) thick should be examined by volu-
mefric examination methods such as radiographic or
ultrasonic testing. The acceptance criteria shall bein
accprdance with the applicable construction code or
posft-construction code.

211-5.2 Copper Sulfate Solution Testing

After removal of any damaged stainless steel weld
overlay, and prior to applying newsweld metal, carbon
ste¢l surfaces should be examined with copper sulfate
solytion to verify complete remaval of stainless steel.
(Seg ASTM A380 for copper'sulfate testing.)

211-5.3 Liquid Penetrant Examination of Weld
Overlay and Back Cladding

211-5.3.1 Multiple-Layer Welds. For multiple-layer
weld overlay er.back cladding, liquid penetrant examina-
tior} should'bé performed on the first layer of the weld
overlay.

overlays, back cladding, and welds joining attachments to
weld overlays or integral cladding should be liquid pene-
trant examined to an appropriate extent.

211-5.3.3 Examination and Acceptance Standards.
Examination and acceptance standards shall be in accor-
dance with the applicable construction code or post-
construction code. If no standard is specified by the ap-
plicable construction code or post-construction code, the

67

examination may be conducted in accordance with ASME
BPVC, Section V, and acceptance criteria may be in accor-
dance with ASME BPVC, Section VIII, Division 1, Manda-
tory Appendix 8. Defective areas shall be repaired and
reexamined.

211-6 TESTING

mi ANg is

hemical
brlay or
bcedure

211-6.1.1 Procedure Qualification. The
composition at the “effective depth” of the‘ov
back cladding should be included in welding pr
qualification tests.

211-6.1.2 Production Welding. Alternativ
chemical composition at the(*effective depth| of the
overlay or back cladding sHallbe reported for prqduction
welding, when specifiediby the owner. The acceptance
criteria for productien-everlay and back claddihg shall
be in accordance with the owner’s specification except
as noted in this Standard.

ely, the

211-6.1.3 Extent of Chemistry and Ferrite T¢sting

(a) The number of samples forchemical analydis forall
types.of weld overlay and back cladding, and number of
fekrite measurements for austenitic stainlefs steel
deposits shall be as specified by the ownel]. When
required, test samples should be removed, oy in situ
tests should be conducted, prior to final PWHT (fif appli-
cable) at locations selected by the field inspector{Testing
after PWHT is not required unless otherwise spe¢ified by
the owner.

(1) For machine weld overlay, one samplq or test
from each girth weld and component (such as hedd, tube-
sheet, connection, etc.), and each back-clad searp is rec-
ommended. For manual weld overlay, two sanpples or
tests from each girth weld and equipment component
(such as head, tubesheet, connection, etc.), apd each
back-clad seam are recommended.

(2) For back-clad seams < 600 mm (24
diameter, one sample for each 24 diametral-
part thereof, is recommended. The 24 diamet
measurement is cumulative for all back-clad
600 mm (24 in.) diameter and smaller employ
same welding procedure, process, and filler mef

in.) in
nch, or
Fal-inch

seams
ing the
al.

es = 44
cHa 2 —OT0 2 iree 200
mm nozzles = 1 100 mm diameter measurement. Therefore,
two tests are required.

EXAMPLE: One 20 in. manway and three 8 in. nozz|

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

211-6.2 Chemical Composition of Austenitic
Stainless Steel Weld Deposits

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

The suggested test procedure is as follows:

(1) The surface to be examined should be prepared
by a method that does not cause contamination by free
iron. A solvent or detergent solution should remove
oil, grease, and dirt. A pickling solution may be used to
remove oxides. The surface should be thoroughly
rinsed after pickling or detergent cleaning, using distilled
or de-ionized water. If mechanical surface preparation is
required, new emery paper or grinding wheels, and

211-6.3 Ferrite Testing of Austenitic Stainless

Steel Weld Deposits

Suggésted requirements for austenitic stainless steel
ferrite pumbers are as follows:

(a) The ferrite contentofthe 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 Type 347, the FN range should be 3 to 10.

(b) The ferrite content should be determined by one of
the follgwing:

(1)| the actual, as-deposited chemical composition
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 certifieation
should he available to the inspector. Prior to use inproduc-
tion, instrument calibration should be verifiedomnat least
two stapdards (calibration test blocks) with‘a minimum
ferrite g§pread 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 secondapy'weld metal standards
describg¢d in AWS A4.2/A4.2M

(2)| samples with certified chemical analyses refer-
enced tp the WRC-1992_(FN) Diagram or the DeLong
(FN) Diggram

(3)| samples with ferrite content measured by metal-
lographjc techniques

nonferritic buffing wheels and brushes should be uged.

(2) Suggested composition of the test solution“if as
follows:

(-a) 90% by volume potassium ferticyanide
solution)

(-b) 10% by volume solution(consisting of 1 |
concentrated hydrochloric acid (36% to 38% by we
HCI) and 9 parts distilled watérx

(3) Fresh test solution.Sheuld be prepared imm
ately before application.

(4) Thetesting solution’s reaction should be checked
on samples of nickel-copper or copper-nickel and carpon
steel. A blue coler.Should appear immediately on carpon
steel. No colorShould appear on nickel-copper or coper-
nickel withih, 10 min. If color does appear, the solution is
too acidigpand new solution should be formulated.

(50,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 withfn 2
tin indicates the presence of free iron. A light blue [tint
should be considered insignificant.

(6) Questions regarding determination of ifon
content based on the degree of blueness should be
resolved by spot chemical analysis. The iron conflent
should not exceed 6%.

4%

art
ght

bdi-

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
weld buildup and restorationtype repairs, but if speciffied,
should be in accordance with the construction cod¢ or
post-construction code.

211-7 REFERENCES

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

211—6.5[ Ferricyanide Testing of Ni-Cu (Alloy 400)
toys

(a) Ferricyanide testing should be performed on all
nickel-copper [Alloy 400 (Monel), 67Ni-30Cu] and
copper-nickel (70Cu-30Ni, 90Cu-10Ni) alloy overlays
and back cladding.

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

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

Publisher: National Board of Boiler and Pressure Vessel
Inspectors (NBBI), 1055 Crupper Avenue, Columbus,
OH 43229 (www.nationalboard.org)

API RP 582, Welding Guidelines for the Chemical, Oil and
Gas Industries
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API RP 934, Materials and Fabrication Requirements for
2Y,Cr-1Mo and 3Cr-1Mo Steel Heavy Wall Pressure
Vesselsfor High Temperature, High Pressure Hydrogen
Service

Publisher: American Petroleum Institute (API), 200
Massachusetts Avenue NW, Suite 1100, Washington,
DC 20001-5571 (www.api.org)

ASME Boiler and Pressure Vessel Code, 2007 Edition,

ASTM A380, Standard Practice for Cleaning, Descaling, and
Passivation of Stainless Steel Parts, Equipment, and
Systems

Publisher: American Society for Testing and Materials
(ASTM International), 100 Barr Harbor Drive, P.O.
Box C700, West Conshohocken, PA 19428-2959
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Article 212
Fillet Welded Patches

212-1 PESCRIPTION

(a) This repair method describes the selection criteria,
applicatlion limitations, design, fabrication, examination,
and testing of fillet welded surface patches to pres-
sure-rgtaining components. Similar fillet welded
surface| patch repair methods with reinforcing plug
welds afe provided in Article 207.

(b) This repair method consists of fitting a repair plate
to closgly match the original component’s exterior or
interior| surface. The repair plate is sized to cover the
areas exhibiting damage, both at the time of repair and
that anfficipated 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 lgcal damage mechanisms.

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

(e) This repair method is generally suitable for service
temperdtures above the nil-ductility temperature ef the
materials of construction up to a maximum'design
temperfature of 345°C (650°F). Use of this) repair
method| for lower temperatures requires,evaluation of
notch tqughness, nonductile fracture and@ther applicable
low tenpperature effects. Use of this-repair method for
higher temperatures requires evaluation of thermal
fatigue,|creep, and other applicable high temperature
effects.

(f) Figure 212-1-1 showsa typical application on a
vessel yith a nearby structural discontinuity (in this
case a hozzle). The plan view on top shows two of
many ppssible repair patch configurations, which are
generally rectilin€ar in shape with rounded corners.
The botfomysectional view shows the curvature matching
aspect ¢f each repair plate.

the
ely
air
ith

(c) This repair method shall not be used wheré
damage mechanism, the extent of damage) or li}
future damage cannot be characterized) This rej
method may be used in certain cases 6n areas W
local crack-like flaws, provided

(1) the growth has stopped, been arrested, or can be
accurately predicted for all propagation modes
(2) the effect of the flawis evaluated using deta
analyses

led

212-3 DESIGN
212-3.1 General

(a) The design approach for this repair method is based
in part on\Standard pressure component design calchla-
tionsystch as those in the ASME BPVC, Section VIII, Qivi-
sionv1. The application limitations imposed in
section 212-2 apply to the governing load case resulfing
from internal pressure where the resultant stresf is
membrane stress. However, if the component tg be
repaired is subject to bending, torsion, wind loads, or
to fatigue, the design shallinclude evaluation of these don-
ditions using appropriate 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., comppsi-
tional, physical, and mechanical properties) to that of|the
pressure component’s original construction. Repair mate-
rial selection shall consider, as a minimum, characterigtics
such as chemistry, weldability, physical properties (guch
as coefficient of thermal expansion), mechanical proper-
ties (such as strength, ductility, notch toughness), And
compatibility with the process medium.

(c) The thickness of the patch plate is dependen{ on
material mechanical properties and the calculated attach-
ment weld sizes.

L)1 q

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) This repair method is notlimited by the component
size. However, a sleeve type repair may be more suitable
for those applications where axisymmetric behavior is
important.

70
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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 the life 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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Plate setback (L,

\ Perimeter weld
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Typical\ar€as of
underlying shell
damage

_

/\75 mm (3 in.) radius minimum

Repair plate

Section A-A
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(e) Thisrepair method is generally used on the outside
surface of components subject to internal pressure. For
applications under external pressure, a separate analysis
to evaluate buckling and other instability considerations
shall be performed.

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

(2) Longitudinal Load. Unit forces in longitudinal direc-
tion:
Fip

and strpctural discontinuities, thermal transients and
temperature differentials between the patch plate and
the component, and other application limits such as ex-
aminatipn and testing constraints. If the damage to be
patched is, or is expected to be, through-wall, the
effects ¢f fluids (e.g., entrapment, concentration, corro-
sion, et¢.) that may accumulate between the vessel and
the pat¢h plate shall be assessed. If this repair method
is to be jmplemented during component operation, addi-
tional precautions may need to be taken for personnel
safety.

(g) The design may consider the combined strength of
the patdh plate (considering also the strength of the fillet
weld joints, including joint efficiency) and the underlying
shell. Cdnsideration may also be given to excess thickness
available adjacent to the damaged shell using applicable
code arga replacement rules for nozzles. No credit shall be
taken f@r material required for future corrosion allow-
ance.

212-3.2 Internal Pressure Loads

(a) Fprcylindrical components subjectto internal.pres-
sure logds, applied forces on the repair patch.shall be
determined as follows:

(1)| Circumferential Load. Unit forces in"hoop direc-

-~ >
-~
-~
-~
Fep <— —
- L=\yJ Fep
- I~
TN
Fip
PD,
Frp = at (2)
LP 4
where
F;%. = longitudinal force due to internal pressure,
N/mm (lb/in.)

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

Fc = Fcp + Feo

tion: LG
FCP P FCP FL = FLP + FLO
A A
where
F¢ = total circumferential forcefrom all loads, N/mm
(Ib/in.)
Fco = circumferential force due to other applicgble
loads, N/mm (lb/in.)
F, = total longitudinal force from all loads, N/mm
(Ib/in.)
Fro = longitudinal force due to other applicable lojds,
N/mm (Ib/in.)
Fcp = D (1) (c) Appropriate alternative force calculations for
2 spherical, torispherical, or ellipsoidal pressure compo-
where nents shall be used when applicable.

D, = diameter at mid-wall of component, mm (in.)
Fcp = circumferential force due to internal pressure,
N/mm (lb/in.)
P = internal design pressure, MPa (psi)

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
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Lin = Z(Rmt)l/z (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 (Rmﬂl/2 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 such that

both the existing nozzle (or other similar structural
dis¢ontinuity) and the patch plate.

Tlhis proximity limit also applies to the distance
bet|veen adjacent fillet welded patch plates, in those appli-
catjons where more than one is employed on a given
conpponent.

(b) In those applications where the patch plate is to
attdch to existing nozzle reinforcement pads, the patch
plate may be contoured to match the reinforcement
pad perimeter and welded thereto with a full penetration
joingt.
(¢) In those applications where the damaged shell is
within Ly,;, of a nozzle or other structural discontinuity,
the|patch plate should be designed as a reinforcement pad
extpnding 360 deg around the nozzle/opening, and
welded thereto with a full penetration joint. Alternatively,
additional detailed analysis may be performed to evaluate
locql stresses.

212-3.4 Allowable Load on Perimeter Fillet Weld

(f) The perimeter weld shall be sized such that the
alldwable load on the weld exceeds the longitudinal

and circumferential loads in accordance with(eq. (4).
W min

b,

L

= wininES, 4

where

E = weld joint efficiency factor (0.55)

F4 =.allowable force on fillet welds, N/mm (lb/in.);
F, > Fcand F;

S/ = allowable base metal stress, MPa (psi)®

< —w—>
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Optional bevel

Sw = (RD}/2T) + (3PD,ye/T?) (5)

where
e = load path eccentricity (T + t)/2, mm (i].)

Sw =\talculated 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 fapricated
by cold forming shall not exceed 5% extreme fiber] elonga-
tion. The extreme fiber elongation shall be deterrhined as
follows:

(1) For double curvature

R
E[l - —f] < 5% ©)
Rf "

where
Rf = final centerline radius of patch plate, mn (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

R
ﬂ[l - —f] < 5% @
Rf Ro

Whmin = 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.

(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 maybe cuttoshapeandsize 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 forrejection 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

(b) The patch plate may be formed to the required
shape HQy any process that will not unduly impair the
mecharical properties of the patch plate material.
Where required due to repair plate size or access/inter-
ference|considerations, split sections may be used when
joined Hy full penetration welds.

(c) Partsto befillet welded shall be fitas tightly as prac-
tical to the surface to be welded and in no event shall be
separatgd by more than 5 mm (% in.). If the separation at
the faying edge of the plate is 1.5 mm (% in.) or greater,
the siz¢ of the perimeter weld shall be recalculated by
adding the amount of the separation to the eccentricity,
e.

(d) Welding procedures, welders, and welding opera-
tors shalll be qualified in accordance with the current re-
quiremgnts of the applicable construction code or post-
construftion code. If not otherwise specified, ASME BPVC,
Section [IX may be used for procedure and performance
qualificdation. Article 210 should be consulted for in-
service [welding issues; Article 214 should be consulted
for field heat treating issues.

(e) Hield repair activities should conform to the
following sequence:

(1)| Paint, scale, rust, liquids and other foreigirmate-
rial shall be removed from the weld zone and an-area not
less thah 40 mm (1% in.) on either side of the ‘weldment.

(2)] In those areas that will be covered by the new
patch plate, existing shell seam or(girth welds should
be grofind flush with the vessel-or pipe 0.D. and
should be examined by the MT or PT method.

(3)] The new patch plate may be placed in position
using afy suitable methdd:

(4)| Any seams withinthe patchitself should be made
first. The perimeter'weld may then be completed. Clamps
or wedgdes may bie-used to ensure proper joint alignment
and fit-qip.

(f) Exposedmetal surfaces should be recoated, if appli-
cable, after' completion of all examination and testing.

BPVC(C, Section V.

(b) Iflifting lugs are used and left in place, theimattfch-
ment welds shall be examined by MT or PT methods. Ak all
locations where temporary lifting lugs, welded clamps,
and/or wedges are removed after patchplate’installatjon,
theremoval areas shall be examined byMT or PT methpds.

(c) Welds joining sections of pat¢h plates made of s¢pa-
rate pieces should be surface econtoured and volumdtri-
cally examined by either radiographic or ultrasdnic
examination methods to the“extent possible. If not prac-
ticable, multilayer PT o' MT examinations should be
performed.

(d) If postweld<heat treatment is required, the expm-
ination shall be'\performed after application of PWH[T.

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

apply.

212-6 TESTING

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

(b) The pressure component and installed pdtch
plate(s) should be leak tested in accordance with the|ap-
plicable post-construction code. Special safety predau-
tions should be taken when pneumatic leak testing is
performed.

(c) If permitted by the applicable post-construc
code, nondestructive examination may be performe
an alternative to leak testing. Also, an initial sery
inspection may be performed of all weld joints after
the pressure component has returned to normal operating
pressure and temperature, if these were reduced while
welding was performed.

(d) Testing and inspections should be performed plior
to reapplication of coating, insulation, or jacketing, as|ap-
plicable.

the
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219 .7 REECEREAMNCES

(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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Article 213
Threaded or Welded Plug Repairs

213-1
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213-3.1
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DESCRIPTION

epair method describes restoration of a compo-
Kystem by removing a flaw or defect through the
or machining of a hole without replacing the
ent material. Leak and pressure tightness is
d by inserting a solid or threaded plug and
g a seal weld. The presence or removal of
need not be involved. This method may also be

gain access to a component, inside or outside,
ection or other purposes.
| IMITATIONS
General
I of this Standard, “Scope, Organization, and

Contains additional requirements and limitations.
icle shall be used in conjunction with Part 1.
Repairs

ot intended for this Article to be used for routine
Fweld defects or forsituations where the condition
emoved by excavating material and léaying the
ent as is.

Corrosion

epair method generally ¢reateés a crevice and is
Fe not suitable for servicé environments that
subject to crevice coryosion.

DESIGN

Design’ Review

Foughtengineering review of the design shall be
ken te validate the applicability of this method

for rest

213-3.2 Material Properties

Plug material should have similar strength; thermal
expansion properties, and alloy content as/the origjnal
component material. Use of dissimilar\materials shquld
be avoided unless evaluated and/justified in the engi-
neering review.

213-3.3 Opening Reinforcement

Reinforcement of the ‘opening shall be designed to
complywith the appli¢able construction or post-construc-
tion code.

213-3.4 Strength Requirements

Thread.size, pitch, engagement, etc. (for threafled
plugs)Zand weld size (for unthreaded plugs) shall
provide satisfactory load carrying ability to meet|the
strength requirements of the applicable construction
or post-construction code.

213-3.5 Strength and Corrosion Consequences

Strength and corrosion (crevice, dissimilar materjals,
etc.) consequences should be evaluated with respect to
using solid versus threaded plugs. The effect of seryice
on deteriorated threads versus a pressure-retainjing
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 configfira-
tion), and method to restore integrity (smooth plug,
threaded plug, reinforcement, etc.) shall be addregsed
in the design review.

213-3.7 Finish Dimensions

Thaf

rinaintearitv to a component-or-sustem-—As-a
[=] (=) J r J

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.

Saackh bhola Jdo s £ 1 LafL da=i1l
Fhetinishhrele-diameterorcontfipuration{fafterdriting,
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

213

Tihread lubricant or tape is generally not used with
threaded plugs in elevated temperature service.

-4.4 Lubricants

213

Insertion (or screw) of the plug shall be verified for fit-
up find/or tightness in accordance with the design spec-
ifiction.

-4.5 Plug Insertion

213-4.6 Seal or Fillet Welding

seal weld or strength fillet weld shall be applied using
a qlalified welding procedure in accordance with the ap-
pligable construction or post-construction code.

o=

213-5 EXAMINATION

213-5.1 Flaw Removal Verification

Wherea hole and subsequentplug are used to eliminate
a flaw or defect, removal shall be verified as required-by
the|applicable construction or post-construction.code.

213-5.2 Surface Examination

A surface examination shall be performed on the
completed seal or reinforcing fillet_ weld in accordance
with and if required by the applicable construction or
posf-construction code.

reguired-by-the-applicable-constructon-erpost-epnstruc-
tion code. Preservice inspection for leaks during
may be performed as an alternative if permitteq
applicable code (see Article 501).

startup
by the

213-7 REFERENCES

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

apply.

ASME Boiler and Pressure Vessel Code, 2007
Section I, Power, Boilers

ASME Boiler nd Pressure Vessel Code, 2007
Section, VIII) Division 1, Rules for Construction
sure Vessels

ASME ‘Boiler and Pressure Vessel Code, 2007 Edition,
Section IX, Welding and Brazing Qualification§

ASME B31.1-2007, Power Piping

ASME B31.3-2006, Process Piping

Publisher: The American Society of Mechanical Ej
(ASME), Two Park Avenue, New York, NY 100
(www.asme.org)

Edition,

Edition,
of Pres-

gineers
6-5990

PFI ES-16, Access Holes, Bosses and Plugs forl Radio-
graphic Inspection of Pipe Welds

Publisher: Pipe Fabrication Institute (PFI), 5901
Hwy #27, Ocean City, MD 21842
(www.pfi-institute.org)

Coastal
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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

(a) Plug Welded in Position

+0.000 in.
Tube -0.031in.
dia. +0.250 in.

. <>
Outside Counterbore
of drum

Al _

Y
/ ‘_/ L 0.31in.

Inside
of drum L 45 deg approx.

(b) Plug Arrangement for Tube Holes With Inside Counterbore

F 45 deg approx.

Inside
of drum D
T T
! |
T l
I
+o.ocm c b
Outside Tube _0.031in. ounterbore
of drum dia. +0.125 in. |
% i

(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

214-1 DESCRIPTION

214-1.1 Introduction

Heat treating operations in the field are commonly
performed in relation to repairs and alterations to pres-
sure vessels and on occasion to field fabricated new
vesgels. Without adequate precautions, however, the
healt treating operation can cause damage to the vessel.

214

Thhis Article provides guidance to reduce the probability
of dausing damage to the vessel as a result of the heat
tregting operation.

-1.2 Scope

-1.3 Application

Thhis Article applies to field heat treating operations for
pressure vessels. This heat treating operation can be
ired due to welded repairs or alterations or for

treating operations as well as other heat tredating
rations such as dehydrogenation heat treating.

gnt,” contains additionalrequirements and limitations.
5 Article shall be used\in’ conjunction with Part 1.

his Article shall apply to in-situ field heat treating
rations,

derived from applicable new and post-construction
codes and standards. Examples include ASME BPVC,
Section VIII; NB-23; and API 510.

79

214-3 DESIGN

214-3.1 Methods

Methods of applying heatin a field heat treating|process
include internal or external firing, electric registance
heating, and induction heating. Heat treatment of
vessels can consist of héatAreating the entirg vessel,
heat treating a full circumferential band of thg vessel,
or heat treating a localized area of the vessel without
heating the entjre circumference (“spot” or] “bull’s
eye”). Stress d@nd stability evaluations of the pfoposed
heat treatment are dependent on the type of fheating
method employed. Local heating will generallly cause
more thermal stress than heating a circumf¢rential
bandjbut can provide the benefit of better structfiral sta-
bility.

214-3.1.1 Heating Methods. External firing is
plished via burners external to the vessel. Heated
these burners is ducted inside the vessel to accomplish the
heat treatment. When access permits, internal firing is
accomplished via burners internal to the vespel that
provide radiant and convective heat to the arga being
heat treated. Internal insulating bulkheads can pe used
with both external and internal firing to isojate the
area being heat treated. Electric resistance hefating is
accomplished through the application of ¢lectric
heating pads to the components being heated. Ijduction
heating is carried out by inducing heat into the|compo-
nents via electromagnetic devices. Each has fpecific
advantages and disadvantages as well as safety copsidera-
tions. An individual or organization familiar with these
methods should be consulted to guide the selegtion of
a method for a particular application.

accom-
hir from

214-3.1.2 Calculations and Acceptance (riteria.
Guidelines for designing a heat treatment stra

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


https://asmenormdoc.com/api2/?name=ASME PCC-2 2022.pdf

ASME PCC-2-2022

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
subjectto 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 ; oredetattedamatysisisperformedtheexpa
sion of|carbon and low alloy steels at typical PWHT
tempergture of 650°C (1,200°F) may be estimated as 8
mm/m (0.1 in./ft).

214-3.2.1 LocalRestraint. Localrestraintcanbedevel-
oped in manyways. Heattreatinga spotor “bull’s eye” area
on a vegsel rather than a band around the circumference
will resyilt in stresses being developed within the shell as
the soak zone and adjoining lower temperature zones
have different thermal growth.

Evalyation of this type of heat treatment usually
require$ the use of FEA performed by an engineer experi-
enced if the evaluation of heat treating procedures. The
gradienf from the soak zone of a band to the unheated
portiong of a vessel is also important to evaluate, and
as a stqrting point the principles established in WRC
Bulletin|452 can be used. Another source of local restraint
could b¢ the proximity of a head to a band around the shell
that is peing 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| thatinvolveslocal restraint should be performed
by enginheers experienced in this type of analysis.

214-3.2.2 Other Restraint. Restraint impased on an
expanding vessel from components other than the pres-
sure-refaining components can lead to substantial forces
and strgsses in a vessel that is undergoingheat treatment.
Avoiding such external restraints can\involve temporarily
loosenirjg or detaching components.In some casesthis can
require| cutting and rewelding/of structural or other
comporfents. Stiffening rinigs,/insulation support rings,
saddles/ etc., can require Supplemental heating in order
to mainfain a temperature compatible with the shell to
which they are attached.

214-3.2.2.1 'Structures. Internal and external struc-
tural compdnents that restrict free thermal expansion of
the vegsel’should be removed or their connections

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 not restrict
motion of the platforms relative to each other. Ladders
should be checked to ensure that they are supported
at only one elevation and guided at others. The nuts at
the guides should be loose enough to allow for vertical
movement of the ladder.

odooke d cS. [Ne Cdse ord norizontd
on saddles, the baseplate of one saddle typically
slotted anchor bolt holes to allow for fitup add\the
movement at the vessel’s design temperature.
thermal expansion between saddles shall be’determi
and the available slot length checked-to_ensure that|the
saddle will have sufficient room teymeve. Note that fhis
requires checking the existing location of the anchor bplts
relative to the edge of the slat,vhot merely the ovdrall
length of the slots. Thé-baseplate and structyral
bearing plate should be ¢hecked for corrosion to verify
that they are free tomove relative to each other. Thin
sheets of stainless(steel can be placed between the base-
plate and bearingplate inbetween the anchor bolts. THese
sheets reducefriction to allow easier movement. Finglly,
the nuts on'the anchor bolts should be verified to be Idose
enough notto hinder movement. One means of verifying
thisss\to tighten the nut until it contacts the top of|the
baseplate, then back the nut off one-half of a tyrn.
Another means of allowing for thermal growth is tq lift
one saddle and place rollers (solid rods or small diam¢ter
pipe) between the saddle and bearing plate. Rollers shquld
be placed in locations where they will not roll into|[the
anchor bolts.

a=

214-3.2.2.3 Skirts. In most cases, skirts are lpng
enough such that the baseplate is not impacted by |the
temperature gradient from the heat treatmgnt.
However, for short skirts, free movement should be vieri-
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 vessels, [the
axial thermal gradient at the top can be critical. If|the
skirt is not insulated, the temperature drop can be |too
steep and cause yielding.
Consideration should begiven to add an insulating byilk-
head below the bottom head to introduce a “hot box”
keeping the top portion of the skirt hot. In such cages,
the buckling resistance of the skirt should be evaluafed.

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 struc-
tures can require individual heating elements and moni-
toringto ensure compatible thermal expansion if they are
left in place during the heat treatment. External structural
components include ladders and platforms. Evaluation of
platforms should include consideration for radial growth

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
be pupportedato oI 3 o ;
Guifde locations should be checked to ensure that they
allqw sufficient motion. Wiring within the conduit
oftén has sufficient slack to allow for growth but this
shduld be checked as well. Consideration should be
given to the temperature that the conduit may achieve
in relation to the insulation on the wiring inside.
Corlduit that is relatively close to the heat treated area
can|get hot enough to damage insulation on the wiring.
Insfilation placed between the heat treated area and
conduit is often sufficient to keepthe conduit at tolerable
ten|peratures when heat is applied through firing or elec-
trid resistance. Induction heating can heat conduit to
tenjperatures sufficient to cause damage to wiring insula-
tiof} regardless of the presence of thermal insulation
betveen the vessel and conduit.

214-3.2.2.7 Restraint Due to Insulation. Insulation
shepthing (jacketing) and bands should be loosened up
to gllow for thermal growth. Some bands have spring
typg connectors; theseshould be verified to have adequate
room to expand. Riveted or screwed sheathing can require
that the rivets or screws be removed to allow for tnrest-
raifjed growth. The type of insulation can play arole in this
evaluation. Flexible insulation such as mineralwool can be
mote forgiving than rigid insulation such as’calcium sili-

-3.3 Materials Considerations

emperatures achieved dufing heat treatment of a

4-3.3.1 Baseand Weld Material Degradation. Some
materials’ properties can be degraded with cumulative
hedt treatment exposure. This may be true for base
metal, weld deposit, or both. A materials engineer or
spefialist should be consulted to verify that the additional

214-3.3.1.2 EffectofHeat Treating on Material Prop-
erties. 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 eval-
uated. This can require the review of past heat treatments,
material test reports if available, published literature, and
the taking of hardness readings on the applicable vessel
base material and weld material.

specialist familiar with CSEFS should beleonsulted to eval-

uate the effects of any proposed-heat treatment]

214-3.3.2 Claddingand Lining. The effect of hep
ment and thermal expansion on lined or clad|vessels
should be considered. A"materials engineer or specialist
should be consultedtoverify that sensitization pr other
degradation mechanisms potentially caused by the heat
treatment will notimpact the beneficial effect of the lining
or cladding. Strip-lined and glass-lined vessels can exhibit
damage tethelining due to the differential thermdl expan-
sion characteristics of the lining and base material.

214-3.3.3 Fireproofing and Refractory. Fireproofing
and’refractory linings can spall or crack du¢ to the
thermal growth of the underlying steel. Particullar care
should be given to ensure that no liquid fronp 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 sybject to
heat treatment should be verified to ensure that it is
suitable for and will not degrade at the propoded heat
treating temperature range.

214-3.3.5 Coatings. Internal and external coaffings are
frequently applied to vessels. It should be recognigzed that
these can degrade at heat treating temperatures.|Consid-
eration should be given to the health impact§ of any
gaseous byproducts. In addition, the visual injpact of
smoke is undesirable and can be causeforconceri by per-
sonnel notdirectly involved with the heat treating|process
including members of the public.

214-3.4 Structural Considerations—————

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-
tionsand thermal gradients in vessels whereloss 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.

The temperatures necessary for aheat 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- the owner’s engineer prior to the installation of any
ties at the heat treatment temperature. One source of heat treating apparatus. An example procedure providing
guidance for performing such an evaluation is API 579- suggested topics of coverage is included in Mandatory

1/ASME FFS-1. Buckling evaluation should include Appendix 214-1.

consideration for deformed geometry such as a skirt

that is diametrically expanded at the connection to the ~ 214-4.2 Instrumentation of Heat Treatment
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
platforms, piping, etc.,, as well as wind. In some cases it
can be peneficial to remove items that contribute to
the loading. Seismic loadings may be omitted. A wind
loading|that provides some margin against that which
would pe expected for a given location and a given
time off year should be included in the evaluation.
Commonly used wind speeds are in the range of 10
m/s to|25 m/s (25 mph to 60 mph).The maximum
wind speed should be clearly identified in the field proce-
dure algng with proceduresforreducing the temperature
if maxirhum design wind speeds are attained during the
heat trdatment process.

Heat treatment operations should have sufficient in-
strumentation to record metal temperatures throughout
i R C - v crrecory ]ng

devices should e used in ord

given to placing instrumentation in the vicinity of
nozzles, rings, and other appurténances that can Heat
up or cool down at a ratedifferent than the adjadent
shell or head. Care should-be taken not to place regsis-
tance-welded thermoeouples on welds or the h¢at-
affected zone (HAZ) of welds. Thermocouples or other
temperature sensors should have calibration recdrds
to provide additional support for vessels undergoing heat ~ current withinsix months of the heat treatment date.

adjacent structures, vessels, or cranes. 214-4.3*Special Considerations

214-3.4.2.1 Adjacent Structures and Vessels. On 214-4.3.1 Temperature Gradients. It can be difficult to
occasioh a vessel subject to field heat treatment may control temperature gradients in thick-walled presdure
be locatled in the vicinity of structures or other vessels. vessels. Therefore, when developing heat treatmfent

Alternatively, temporary structures can be erected to p.rocedures, c.on'sideration sh(')uld be given to the appljca-
provide support. The suitability of providing support tion of heat inside and outside of the vessel, such- hat
to a vegsel undergoing heat treatment by rigging-to-an  potentially harmful through-wall temperature gradignts

adjacenf structure or vessel should be evaluated by engi- ~ are not induced.
neers familiar with both structures and vessels. This 214-4.3.2 Inadvertent Heating. When induction
evaluatjon may require a team effort to_complete. heating is used, additional attention should be given to

the possibility of inadvertent heating of componepts,

214-3.4.2.2 Cranes. Another means of providing such as adjacent ladders, platforms, piping, etc.

externdl support is to use a crane to0 provide enough
tension|to reduce the compressive load at the region 214-4.3.3 Welded Valves. PWHT of welds on sogket
being h¢at treated to an acceptable level. Care should be weld (SW) and butt weld (BW) valves should| be
taken inp determining the.appropriate load in the crane performed in accordance with the valve manufacturpr's
cable. Note that opefating cranes under high wind recommendations, such that the valve internals are[not
speedsican be hazakdous and as such they may be of damaged.
little benefit if theweéssel’s stability is limited by wind.
Lifting devices'such as lugs or other means of attaching
the cable tothe vessel should be designed, or the design
of exisfing~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.

214-4.3.4 Nearby Components. Instruments, valpes,
and other piping components associated with the ifem
being PWHT should be disconnected, disassembled| or
removed Instruments valves and other compondnts
that remain in place and assembled during a PWHT opera-
tion may be exposed to temperatures higher than their
design during the PWHT. When this occurs, the proper
operation of these components should be verified upon
completion of the PWHT operation.

214-4 FABRICATION

214-4.1 Heat Treat Contractor’s Procedure

Aproceduredetailing the proposed heat treating opera-
tion shall be developed by the heat treating contractor.
This procedure should be reviewed and approved by

82
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214-4.3.5 Branch Connections or Nozzles

214-4.3.5.1 Braced. Braced branch connections or
nozzles should be evaluated for susceptibility to
damage from PWHT heating and cooling effects
between the branch, bracing, and connected equipment.

214-4.3.5.2 External Loads. Branch connections or
nozzles experiencing external loads from attached piping,
components, instrumentation, etc., should be evaluated

214-5.2 Structures

Internal structural components should be visually
checked for damage and to ensure that any installation
hardware that is required is present. External structural
connections should be checked as well to ensure that all
components that were disconnected have been recon-
nected. Care should be given to verifying that these
components are not reinstalled in a manner that

for
per

214
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by
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and
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the need of additional support while the PWHT is
ormed.

-4.4 Monitoring

eat treatment operations should be continuously
hitored by personnel capable of modifying the heat
it as necessary to achieve the required temperature
files.

-4.5 Record Retention

detailed work description of the heat treatment as
| as temperature recordings (charts) shall be provided
he contractor and should be retained in the owner/
I’'s equipment file. The heat treat contractor’s proce-
ereferredtoin para. 214-4.1 may serve as the record of
k performed when amended with actual conditions
any deviations from the plan clearly noted. This
brd should include the vessel identification, heat
t target temperature and tolerances, heat up ratg;
l (soak) time, and cool down rates. In addition, a sche-

ma
he

ic illustrating the size and location of the soak'zone,
zones, and gradient control zones relative'to-promi-

nenft vessel features such as nozzles, locationof heaters,
thefmocouple locations, and other items significant to the
prdcess should be included. Temperature recordings
(chfarts) need not be the origimakdata but may be
scapned or transcribed into more readily archived
formats.

214-5 EXAMINATION

214

Upon completion of heat treatment, the vessel shall be
checked fof\damage. This examination shall include a
visyal examination. Other forms of nondestructive exam-
ination_may be used to confirm the absence of cracks or

-5.1 Vessel

potential damage, and vertical vessels should be
checked for plumbness. In situ hardness checking
should be performed to verify that requirements of the
construction code and/or post-construction codes have
been achieved. If the vessel has a lining it should be
checked to verify that its integrity has not been compro-
mised.

83

would restrict the thermal growth of the.v
design or operating temperature. For example;
should be supported at one elevation-.and’gy
others; platform and handrail connections
vessels or structures should be free té grow i
dently.

214-5.3 Piping

Piping that was disconnected should be ch¢

bssel at
ladders
ided at
p other
pdepen-

cked to

ensure that it has beenreconnected. Flange assembly re-

quirements and recommendations are available
PCC-1.

214-5.4 Anstrumentation and Electrical

Instrumentation and electrical connections sH
visually checked to ensure that wiring connect
seund. This should be followed by a visual d
ehsure that conduits that were loosened have bee
nected and box covers have been closed.

214-5.5 Insulation

Insulation should be visually verified not
degraded during the heat treatment process. SH
(jacketing) and straps should be checked to ve
they are sound. Caulking around vessel appurt
such as platform clips and nozzles should be i
to preventthe intrusion ofrain water under the inJ

214-6 TESTING

Testing may be required by the applicab
construction code or standard such as NBIC
510. Article 501 of this Standard provides gu
for pressure testing of the vessel and piping. Ins
and electrical connections should be tested for col

n ASME

ould be
ons are
heck to
h recon-

Lo have
eathing
[ify that
bnances
epaired
ulation.

e post-
or API
delines
rument
ntinuity

and proper operation prior to the vessel being retyirned to

service. In some cases field heat treated vessels t

hat have

mulated

heat treatment coupons or have coupons attached to the

heat treated vessel section to ensure that specified tough-
ness requirements are achieved after heat treatment.
Coupons may be made from material from nozzle cut-
outs, cut and welded using a weld procedure representa-

tive of that used on the vessel.
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Article. Unless otherwise specified, the latest edition shall
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API 510-2006, Pressure Vessel Inspection Code: In-
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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)

NB-23, National Board Inspection Code

Publisher: National Board of Boiler and Pressure Vessel
Inspectors (NBBI), 1055 Crupper Avenue, Columbus,
OH 43229 (www.nationalboard.org)
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)001-5571 (www.api.org)

ASME HCC-1, Pressure Boundary Bolted Flange Joint
Assembly

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

WRC Bulletin 452 (2000), Recommended Practices|for
Local Heating of Welds in Pressure Vessels
Publisher: Welding Research Council (WRC],P.0. Box

201547, Shaker Heights, OH 44120
(www forengineers.org/welding-research-council)
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Mandatory Appendix 214-|
Developing a Heat Treatment Procedure

he following are topics to be included in developing a

heat treatment procedure:
(f1) Scope

bei

ind

ang

rea

rea

etc)

(1) purpose [explain whythe heat treatment (HT) is
g performed]
(2) summary
(-a) vessel owner
(-b) vessel identification
(-c) governing codes and standards
(-d) material specification(s)
(-e) thermal process (direct firing, resistance,
iction, combination, other)
(-f) HT soak temperature range (target and toler-
)
(-g) HT soak time
(-h) maximum heating rate
(-i) maximum cooling rate
b) Sketches or drawings
(1) location(s) of all heating devices relativé~to
Hily identifiable points on the vessel such as nozzles
(2) location(s) of all thermocouple(s) relative to
Hily identifiable points on the vessel such\as nozzles
(3) location(s) and details of insulatien, bulkheads,

F) Soak, gradient, and heating bands

(1) location

(2) temperature targets and tolerances
/) Temperature measurejiient and control

(1) make and model of thermocouples d
temperature sensing devices
(2) calibration procedure andniost recent
tion date of thermocouples ¢r other tempe
sensing devices
(3) make and modelf controllers and re
device
(e) Heating plan
(1) target heating and cooling rates with t
for each section (soak zone, gradient, etc.)
(2) targetthold times with tolerances for eac
the process
(3J) contingency plans
{-a) complete or partial loss of power, §
which impacts heating ability
(-b) high winds
(-c) plant emergency
(f) Stability evaluation
(g) Required items or support provided by o
(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
user at completion of the job

r other

calibra-
rature-

cording

lerance

h step of

as, etc.,

fhers

owner/
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Mandatory Appendix 214-II
Typical Hot Box Design

Figurg 214-II-1 illustrates a typical hot box design.
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Figure 214-11-1
Typical Hot Box Design

Hot-Box Cavity — this space to be

left freg of insulaticn-and-vents

Typical segmented ring
Dimension established based
on thermal stress analysis )
Insulation
|
Dimension established based
on thermal stress analysis
N Typical vent

Optional fireproofing—<_]
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Article 215
Repair Welding Considerations for Cr-Mo Steel Pressure Vessels

215-1 DESCRIPTION

215-1.1 Scope

Repair welding considerations in this Article are appli-
cable tg pressure vessels for refinery, petrochemical,
power gdeneration, and other services where the require-
ments df this Article apply.

215-1.

(a) This Article describes weld repair considerations
for pressure vessels made from Cr-Mo steels. The
purposq of this Article is to provide a high-level overview
of deterfioration mechanisms and the subsequent factors
that need to be considered in developing a detailed repair,
examingtion, 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 Artlicle are susceptible to certain types of damage
in elevated-temperature service (e.g., see WRC Bulletins
488, 48p, and 490).

(c) The repair of creep-damaged Cr-Mo steels, ¢reep-
enhanc¢d ferritic steels, vanadium-modified steels, or
stainlesg steel cladding or weld overlay are not.included
in this Article. See Article 211 for information on weld
overlay|and clad restoration; creep will\be covered in
a separate Article in a future editioniof-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 ffacture toughness of Cr-Mo
steels.

Application

215-1.3

The nf
are as |

Design Temperature

aximunidesign temperatures of Cr-Mo materials
sted.in-the applicable codes of construction.

215-1.4 Applicable Materials

215-3 DESIGN

215-3.1 Feasibility Study of Repair Welding

(a) The materials listed in Table-215-1.2-1 may
repair welded provided an investigation has b
performed to determine the cause“of the damage t¢
repaired and provided appropriate weld repair pr
dures are used.

(b) The following strould be assessed priof
performing repair welding:

(1) the structural’integrity of the pressure vesgel

(2) the feaSibility of the repairs

(3) the suitability of the pressure vessel for
intended service after the repairs are completed

The serviceability or fitness-for-service assessment
should<be based on API 579-1/ASME FFS-1, as shqwn
in Figure 215-3.1-1.

be
ben
be

to

the

215-3.2 Consideration of In-Service Degradatipn

hnd
ing

(a) In-service degradation (see Table 215-3.2-1
Figure 215-3.3-1) shall be considered before develoy
a repair welding procedure.

(b) Typical considerations for in-service degrada
for weld repair are shown in Table 215-3.2-2.

(c) Further information on in-service degradatioh is
provided in API RP 571 and in WRC Bulletins 488,
489, and 490.

ion

215-3.3 Examples of Damage

Figure 215-3.3-1 shows examples of damage that
occur in Cr-Mo pressure vessels with or without stain|ess
steel cladding or weld overlay. The examples are typicgl of
high-temperature, high-pressure (HTHP) presspure
vessels in refining service.

can

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.

215-2 LIMITATIONS

Part 1 of this Standard contains additional require-
ments. This Article shall be used in conjunction with
Part 1.

88

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.

(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 non-
destructive examination (NDE) and applicable fitness-for-
service assessment.


https://asmenormdoc.com/api2/?name=ASME PCC-2 2022.pdf

ASME PCC-2-2022

215-3.5 Repair Welding Methods Applicable to Cr-
Mo Vessels

Some applicable repair welding approaches and alter-
natives to 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 considerations.

(b) Typical preheating and welding interpass tempera-
tures are indicated in Table 215-4.4-1.

215-4.5 De-Embrittlement Heat Treatment

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%-376 WetdingandPreheat

When the actual aged condition of the component to be
rephpired cannot be sufficiently evaluated for development
of arepair welding procedure, a bead-on plate test should
be fised to verify the repair welding procedure.

NO
use
arc
al.

E: A bead-on plate test is a type of self-restraint weld test
 to evaluate the crackingsensitivity of the base materials and
velding consumables. Refer to Kayano etal. and Yamamotoet
Kee section 215-7).

211-4 FABRICATION

21%-4.1 Weld Repair Procedures

o

) Weld repair procedures may be developed as indi-
cat¢d in Table 215-4.1-1.
(p) Thewelding procedure specification (WPS) shall be

qudlified in accordance with ASME BPVC, Section IX, as
appllicable, and/or the requirements imposed by the ap-
plidable construction code.

213-4.2 Preparation for Welding

(f) For shielded metal arc welding (SMAW), drying of
eledtrodes shall be carried out to minimize the potential
for hydrogen cracking.

(b) Welding bevel surfaces shall be-clean, dry, and free
of qil, paint, or other contaminants.

213-4.3 Welding Conditions

(%) To prevent hardéning of welds, weld beads less
thap 50 mm (2 in.) inJength should be avoided.

(p) Special precaution shall be taken to guard against
brititle fracturesdue to local thermal temperature gradi-
ents.
() For'onfe-side repair welding of piping, back
shi¢lding should be considered for 2%,Cr-1Mo and
higher/alloy steels.

215-4.6 Dehydrogenation Heat Treatment

The preheat temperature should be maintained until
PWHT or DHT is performed. When/the“materials are

required to cool to ambient temperature aftef repair
welding, dehydrogenation heating-shall be caryied out
at a minimum of 300°C (570¢F) for a minimun} of 1 h,
or for aduration to be agreedupon between the pyrchaser
and fabricator, to prevent\cold cracking.
215-4.7 Postweld ‘Heat Treatment

(a) PWHT should be performed when required per ap-
plicable conStruction codes or standards.

(b) Tenipér bead and other welding methods as

detailedin Article 209 may be applicable to sojne low-
chronie’ steels when corresponding WPSs or prpcedure
gualification records (PQRs) are developed spdcifically
for the welding repair considering welding pgosition
and welding circumstances.

(c) Temper bead methods are usually not app
for 2%,Cr-1Mo and higher-chrome materials |
hydrogen service because of the high weld-m¢
heat-affected zone (HAZ) hardnesses generated
welding process.

(d) In case of local PWHT, the PWHT procedurfe devel-
oped shall include the arrangement of thermocouples and
insulation to minimize the thermal stresses generated
during the PWHT operation. AWS D10.10 ad WRC
Bulletin 452 provide guidelines for developing 4 PWHT
plan with specific band widths (soak band,|heated
band, and gradient control band) to ensufe that
thermal gradients are not harmful.

ropriate
sed for
tal and
by the

215-5 EXAMINATION

(a) NDE, as indicated in Table 215-4.1-1, §
considered at each appropriate step of repair elding
work. The appropriate NDE procedure(s) for the ppplica-

hall be

(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.

215-4.4 Preheating and Post-Heating

(a) To prevent hardening of welds and cold cracking,
preheating, post-heating, and dehydrogenation heattreat-
ment (DHT) shall be mandatory unless paras. 215-4.5
through 215-4.7 stipulate otherwise.
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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.

(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:
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(1) Theentirearea ofthe pressure vesselthatis to be
repair welded shall be examined by means of visual ex-
amination (VT) or other NDE methods as may be appli-
cabletoensurethatthe areais free ofany defect harmful to
the repair operation, which may include welding, PWHT,
and pressure testing.

(2) The need for carrying out pressure testing after
repairs as well as the pressure used in pressure testing
shall be i i i i it

(d)
include

(1)
is at lea
ness of
repair-y
to ensu

DE after weld repair and after pressure test shall
the following:

Complete NDE shall be performed in an area that
t the maximum of either 2T, where T is the thick-
aterial, or 100 mm (4 in.) from the edge of the

elded, preheated, or postweld heat-treated area,

e the area is free of defects.

(2)| NDE of the area described in (1) shall also be
perfornjed after any pressure test is carried out.

(e) Aroustic emission testing may also be an effective
means ¢f examination following completion of repairs.

(f) Where possible, in-service NDE monitoring during
operatign is recommended for the repaired areas.

(g) In some instances, NDE may be used in lieu of pres-
sure tegting for repairs. Refer to Article 502.

(h) Fpllow-up NDE after the pressure vessel is returned
to servige shall be performed based on fitness-for-service
assessment requirements or applicable international
surveys|industry (ISI) codes.

215-6 PRESSURE TESTING

(a) Therequirement for the applicability of a pressure
test subjsequent to weld repairs shall be evaluated:

(b) fa pressure test is determined to be required after
the repdir welding of pressure-bearing parts, is completed,
the prepsure vessel or vessel part sheuld be pressure

nents within that train, and the need for pressure testing
the entire train.

215-7 REFERENCES

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

apply.

API RP 571, 2011, Damage Mechanisms Affecting Fiked
Equipment in the Refining Industry

API RP 934-A, Materials and Fabrication of 2}/ Cr-1Mo,
2",Cr-1Mo-",V, 3Cr-Mo, and 3Cr-1Mo-",V Steel
Heavy Wall Pressure Vessels for High-Temperatfire,
High-Pressure Hydrogen Service

API RP 934-C, Materials and Fabriéation of 1%,Cr-%Mo
Steel Heavy Wall Pressure VesSels for High-Presgure
Hydrogen Service Operating.at or Below 825°F (441°C)

API RP 934-E, Recommefidéd Practice for Materials pnd
Fabrication of 1Y,Cr&5Mo Steel Pressure Vessels| for
Service Above 825°F (440°C)

API RP 941, Steels for Hydrogen Service at Elevdted
Temperatures and Pressures in Petroleum Refinefies
and Petrochemical Plants

API TR 934-D, Technical Report on the Materials
Fabfi¢ation Issues of 1%,Cr-%Mo and 1Cr-
Steel Pressure Vessels

Publisher: American Petroleum Institute (API),
Massachusetts Avenue NW, Suite 1100, Washing
DC 20001-5571 (www.api.org)

hnd
Mo

P00
fon,

ASME Boiler and Pressure Vessel Code, Section V, Norjde-
structive Examination
ASME Boiler and Pressure Vessel Code, Section|IX,
Welding, Brazing, and Fusing Qualifications
ASME PCC-3, Inspection Planning Using Risk-Bajsed
Methods
Kayano, R., Abe, M., and Hirai, Y., “Guidelines for Repair
Welding of Pressure Equipment in Refineries pnd
Chemical Plants: Part 3 — Carbon Steel, High Tersile
Steel and Cr-Mo Steel,” paper no. PVP2011-57p79
from the Proceedings of the ASME 2011 Presdure
Vessels and Piping Conference, July 2011
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.

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
conditionsand shall be no higherthanthe 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-

90

PVP2013-97227 from the Proceedings of the ASME
2013 Pressure Vesselsand Piping Conference, July 2013

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
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Atkins, D., 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

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, Damage Mechanisms Affecting Fixed
Equipment in the Pulp and Paper Industry

WRC Bulletin 489, Damage Mechanisms Affecting Fixed

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

BS EN ISO 17642-2:2005, Destructive test on welds in
npetallic materials — Cold cracking tests for weldments
- Arc welding processes, Part 2: Self-restraint tests

Equipment in the Refining Industry
WRC Bulletin 490, Damage Mechanisms Affectif
Equipment in the Fossil Electric Power\ndus
Publisher: Welding Research Councily(WRC), |
201547, Shaker Heights, OH 44120
(www.forengineers.org/welding-résearch-cou
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Table 215-1.2-1
Cr-Mo Steels Applicable to This Article

ASME Designation

Typical Materials Plates Forgings Vessel Piping Components

1Cr-%4Mo SA-387-12, Cl. 1 and Cl. 2 SA-182-F12 SA-335-P12
SA-336-F12

1%4¢r-"%Mo SA-387-11, Cl. 1 and Cl. 2 SA-182-F11 SA-335-P11
SA-336-F11

2%¢r-1Mo SA-387-22,Cl. 1 and Cl. 2 SA-182-F22,Cl. 1 andCl. 3 SA-335-P22

SA-542-B, Cl. 4 SA-336-F22, Cl. 1 and Cl. 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

» Periodic inspection

Find defect
* Emergency trouble

» Damage conditions
Investigation » Cause of damage
* Fitness-for-service assessment

» Safety assessment
* Remaining life

Repair required? No—>| Continued use

» Material degradation

* Weldability

» Damage prevention
measures

» Schedule

» Select welding
repair method
» Repair procedure

Acceptance criteria

Yes
. » Consider other repair methods
Can repair be
— > - No—>| * Replace
done by welding? Discard
Yes * Minor repair {blend grinding)
¥ » Thermal spraying
Repair work * Weld repair
* Weld overlay
* PWHT
Passjinspection No

angd testing?

Yes
y

Continued use
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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
2Y,Cr and higher Cr base metals, and the | 5Cr-1Mo
X bar factor for weld metals and for
1Cr and 1%Cr base and weld metals
Creep emprittlement Over 454°C (850°F) and Carbide precipitation and crack initiation 1Cr-Y4,Mo
with applied load in the coarse grain HAZ of a localized 1%,Cr-%Mo
stressed area such as at a nozzle
attachment weld
Hydrogen|attack HTHP hydrogen Generation of methane bubbles, Low-Cr materials in high-hydrogeh,
environment blisters, and cracks [Note (2)] partial-pressufe environment
Hydrogen| embrittlement HTHP hydrogen environment, Toughness degradation by hydrogen 1Cr-%4Mo
and start-up and absorption 1Y,CréiMo
shutdown conditions 2Y4€r-1Mo
3Gry+1Mo

Thermal flatigue

Large temperature gradients
during operation, and
start-up and shutdown
conditions

Fracture crack propagation

All materials

GENERAI NOTE:
HAY = heat-affected zone

HTHP = high temperature, high pressure
NOTES:
(1) Embyittlement manifests at lower temperatures during start-up and-shutdown.
(2) See API RP 941.

Table 215-3.2-2
Typical Considerations.for Weld Repair of In-Service Degradation
Typp of Damage Main Concerns Repair Considerations [Note (1)]

Temper ¢

mbrittlement

Weldability

Low toughness at start-up and shutdown
Operating temperatiire limits

rapid cooling

De-embrittled heat treatment above 600°C (1,100°F), then|

Use of welding materials with low impurity levels

Creep en]

brittlement

Detection (by ,NDE
Flaw r¢maval

Elimination of stress riser, and higher-Cr material selectio

n

Hydroger} attack Detéction by NDE Higher-Cr material selection [Note (2)]
Flaw‘removal Stainless steel weld overlay cladding
Hydroger] embrittlement Toughness at operating temp Dehydrogenation heat treatment above 300°C (570°F),

Weldability

1 h min.

Low-hydrogen welding process

GENERAIL

NOTES:

NOTE: NDE = 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 215-3.3-1

Examples of Damage Common to Cr-Mo Pressure Vessels

External attachment weld

(Cracks due to stress
concentration)

(]

Internal attachment weld

(Hydrogen and sigma-phase
embrittlement)

Nozzle attachment weld

(Creep cracking)

Cracks’in gasket grooves

WV

(Hy.drogen and sigma-phase
embrittlement)

Base metal/weld metal

/

Main weld seam /

(Temper embrittlement,
hydrogen-assisted cracking, and
hydrogen attack)

Skirt attachment weld

NN NV

(Creep cracking and crack due
te-stress concentration)

\V

(Hydrogen-induced cracking)

Base metal

(Temper embrittlement and
hydrogen attack)

Weld overlay

(Hydrogen and sigma-phase
embrittlement)

LN LN LN AN
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Figure 215-3.4-1
Flowchart for the Selection of Repair Welding Methods

Detection of defects

Assessment o

f failure cause

Determination of course of action

Y

Y

No repair

Repair

Replace

Repair approach

\]

Repairs to
next shutdown

Y

Sleeve repair
welding

v

Partial patch
repair welding

Y

Répairs beyond
next shutdown

Y

'

Flawexcavation
and weld
restoration

Butt-welded
insert plates

Table 215-3.5-1

Repair Methods Applicable to Cr-Mo Vessels

Types of Repair

Relevant Article

Additional Considerations

Sleeve repair

Overlay welding and/or internal weld
metal buildup

Butt-welded insert plates
Alternatives to PWHT

Alternatives to traditional welding
preheat

Article 206

Article 211

Article 201

Article 209
Article 208

Replacement with Type B sleeve at the first
available opportunity is recommended

In case of corrosion metal loss, welding
materials shall be selected considering
cause of corrosion

Thickness of insert plate shall generally not be
thicker than shell or head

Refer to para. 215-4.7
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Table 215-4.1-1

Repair Approach Sequence

Sequence

Procedure

Remarks

1.

Identification of flaws
[Note (1)]

VT for identification of dimension and location, followed by

NDE (PT, MT, and UT)

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)] Temperature shall be measured on both
sides at the prnhaamd alea [Nnm ('2)]
Weld repair
— See Table 215-3.2-1 — WPS or PQR is required
— Materials: Use equivalent or better grade of materials — Low-hydrogen type materials\shall be jused
than those used during the original shop fabrication for SMAW and FCAW processes
— Process: GTAW, SMAW, or FCAW — Interpass temperature and heat input ghall
Post-heating by burner, electric resistance, or induction be controlled
heating For the prevention of cold cracking
Surface finishing by grinding For the removal of stress risers
5. Examination MT, PT, UT, and RT Examination shall include neighboring argas
outside of therepairs
6. Lgcal PWHT As required by applicable codes [Note (4)] It may Be-tiecessary to guard against harjnful
thernial gradients
. Examination MT, PT, and hardness checks Reehieck for defects
. Pressure test As required by applicable codes Heat pressure-retaining material before
and during pressurization to prevent
brittle fracture
GENERAL NOTE:
FCAW = flux-cored arc welding
GTAW = gas tungsten arc welding
MT = magnetic particle testing
PQR = procedure qualification record
PT = penetrant testing
PWHT = postweld heat treatment
RT = radiography
SMAW = shielded metal arc welding
UT = ultrasonic testing
VT = visual examination
WPS = weld procedure specification
NOTES:
(1) |identify flaw size, distribution, location,.ahd depth.
(2) [Preheating is mandatory for Cr-Mo §teels.
(3) [See Article 208.
(4) |See WRC Bulletin 452 for additional guidelines.
Table 215-4.4-1
Typical Preheat and Interpass Temperatures
Minimum Preheating Maximum Interphss
Steel P-No./Group Temperature, °C (°F) Temperature, °C [°F)
1Cr} %Mo, ¥4, Cr-"%4Mo 4-1 120 (250) 300 (600)
2Y,(r+1Mo 5A-1 150 (300) 300 (600)
2Y/,Cr=tio 56+ +77-3563 366-{6663
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-"4Mo, 1Y,Cr-%Mo 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

(%) This Article provides requirements for design and
insfjallation of fittings by welding on equipment while in
seryice (in-service welding).

(b) This Article may be used in conjunction with
owher/user requirements and with other relevant docu-
ments pertaining to safe hot tapping practices.

(¥) This Article may be used in conjunction with
Artjcle 210 on in-service welding.

216-1.1 Hot Tapping Connections

(%) Hot tapping is used to install a branch connection
int@ piping, pipelines, pressure vessels or other pressure
equipment, and storage tanks while that equipment is in
seryice.

(b) Hot tapping involves hot work, including welding
on the surface of a pressure vessel, pipe, or tank while in
seryice, and cutting through the pressure containment
walll material.

(¢) In-service hot tapping requires special considera-
tioys for

(1) safety

(2) planning with competent personnel and appro-
prigte procedures

(3) the type of fluids

(4) pressure and temperature while in service

(5) the use of proper equipment

(6) testing

(7) examination

216-1.2 Hot Tap'Drilling Machine

(p) The drilling machine generally consists of a
me¢hanically{driven telescoping boring bar that controls
a cfitting tool; the cutting tool consists of a hole saw
(cutter),-pilot drill, or both (see Figure 216-1.2-1).

(e) In selecting a suitable drilling machine|to perform
the hot tap, consideration shall be givento
(1) the system operating pressuyes’and t¢mpera-
tures during the performance of the hot tap
(2) thewallthickness of the(pipe, vessel, or tgnk to be

cut through
(3) the wall material ©f pipe, vessel, or tank

(4) the size of the het'tap to be made

(5) the location.of the hot tap and clearancgs avail-
able
(f) The drilling machine should be thonoughly
inspected before being operated to ensure that th¢ critical
parts of the machine are not worn to the extent that they
might fail during the hot tapping operation.

216-1.3 Hot Tapping Activities

216-1.3.1 Hot Tap Construction Activities. [Hot tap
design, fabrication, testing, and installation is a
multidisciplinary activity. Hot tap personnel should be
experienced and have knowledge of the consfruction
codes, the activities involved during the execfition of
hot taps, and recommended safe practices (e.g.] API RP
2201, API RP 2009).

216-1.3.2 Key Hot Tap Activities. The followjing lists
some activities that are not specifically addrgssed in
detail in this Article, but can be importantin the successful
execution of hot taps:

(a) review of system details, including fluid cpmposi-
tions, pressures, temperatures, and flow rate$ of the
system to be hot tapped. This includes normal operating
conditions as well as specific conditions during|the hot
tapping procedure.

(b) preparation of hot tap mechanical |design
drawing(s) and validation of the characteriptics of
the materials for long-term conditions and short-
term hot tap installation conditions.

1Tl Aaill las s P~ S 1 ot ol Y +lo
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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.

(c) processsurvelllance thatensuresprocess 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

ASME PCC-2-2022

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

Hot tap valve

Line stop fitting
or tapping

Pipeling

NOTE: {ThisAigure is courtesy of TDW.

This Articledoes not address fittings thatare attaghed to
the vessel or piping while in service by methods otherthan
welding, such as bolted-on fittings or fibep-reinforjced
polymer-filled fittings.

216-2.3 Welding Concerns

For limitations associated with i-service welding,|see
Article 210.

216-2.4 Conditions and Applications for Which
Tapping Is ‘Not Recommended

Hot

Hot tapping shduld not be used for the following don-
ditions and applications. The list below is not all inclusjve;
there may he additional applications for which hot tapping
poses unacceptable risks.

(a) yapor/air or vapor/oxygen mixtures within their
flanimable explosive range

(b) oxygen or oxygen-enriched atmospheres

(c) temperature-sensitive, chemically reactive mate-
rials

(d) Monel piping handling sulfur compounds

(e) stainless steel piping containing potassium cagbo-
nate solutions

(f) pressure equipment that does not meet the impact
test requirements of the applicable construction codf at
the operating temperature

(g) hydrogen service, unless an appropriate engi-
neering review has been performed to permit welding
on such equipment

(1) The metal temperature from the service envifon-
ment during the hot tap operation shall be below the|ap-
plicable curve in API RP 941, Figure 1 to avoid hydrogen
damage at elevated temperature.

(2) Welding should not be done on carbon s
equipment in-service containing hydrogen at opera
temperatures above 200°C (400°F).

(h) material requiring PWHT after hottap welding pnd

eel
ing

100

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 con-
ditions 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 avapor line thatcontains 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
5100r API1570, as applicable, and in ASME Section IX, QW-
290.

mable or combustible liquids and operating below atmo-
sphleric pressure, special requirements should be made to
prepent air from entering the process. Air leak into the
process could create a flammable or combustible mixture.

(¢) on equipment subject to in-service conditions that
can| cause degradation of the equipment.

NOTE: Stainless steel equipment that is susceptible to chloride
strgss corrosion cracking should be examined prior to hot
tapping to ensure that pre-existing cracking is not present.

on equipment subject to in-service conditions that
can| produce carburization, nitriding, or other forms of
embrittlement in the material to be welded. Such condi-
tion)s require that the welding procedure be evaluated
with respect to process-side metal temperature to deter-
mirje the potential for embrittlement. The embrittled
material should be evaluated for weldability and suit-
ability for continued operation and the test condition.
(f) 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 be evaluated.
(h) on compressed-air and other compressed-gas
systems.
(1) on piping fittings and valves.
(J) onvessels, piping, ortanksthatare in sour service or
amine service, that transport or storé:austics or acids, or
that are in use in other aggressive_environments.
(k) on equipment for use with-any hydrocarbons (e.g.,
ethflene, ethylene oxide, propylene oxide, acetonitrile
acetylene) thatcan experience exothermic decomposition
duq to high temperatures’caused by welding.
(1) on pipe or equipment that is clad, overlaid, lined, or
intgrnally coated.
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Tlhe need for PWHT should be evaluated on an individ-
ual |basis. Consideration should be given to the following

-2.6 Additional Requirements

2Y,Cr-
e appli-
ons, hot
Ature is
Fatures
In such
e main-
itdown,
uld be

(d) For air-hardenable steels (e.g., 1%/,Cr-"4Mo
1Mo, 5Cr—1/2Mo], where PWHT is required.by,th
cable construction code or for service considerat
tapping may be performed if the metal temper
maintained at or above the prghgéat tempe
listed in the applicable codes and standards.
cases, the minimum preheat teniperature should |
tained from the time of the ot tap until the next sh
at which time PWHT.%ofi the connection sh
performed prior to reCommissioning the line.

216-2.7 Additional Requirements

Hot taps€hould not be performed on vessels o
that are subject to external pressure as a design
ment uhless consideration is given to the effects o
tion from fabrication, including welding, on the
stréngth of the vessel or pipe.

I piping
Fequire-
f distor-
uckling

216-3 DESIGN
216-3.1 Hot Tap Checklist

(a) The organization performing the hot tap
prepare a checklist of all the considerations th
to be evaluated and satisfied prior to the star
hot tap.

(b) The checklist should include the consid¢
listed in API RP 2201, Appendix A, Table 1.

should
at need
t of the

rations

216-3.2 Hot Tap Fittings

216-3.2.1 Pressure Vessel and Tank Fittings. Hot
tapping connections in pressure vessels and [storage
tanks typically are nozzles with or without reipforcing
plates.

216-3.2.2 Pressure Piping Fittings

(a) Connections to pressure piping may b¢ of the

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 con-
ditions 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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foltowling 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 split tees and fullencirclement reinforce-
ment due to the gap between the split tee and pipe wall.

216-3.3 Branch Design Requirements

(a) Hottapsinstalledin pressurevessels,storagetanks,
or piping systems shall meet the requirements (including
nozzle reinforcement requirements) of the original
construptt i i
code, arjd the owner requirements.
t taps shall be designed for the specified vessel,
tank,or piping design pressure and temperature and other
equipmgnt loads. Piping flexibility analysis should be
performed on connecting piping to determine the
piping Ipads acting on hot tap fittings.

(c) Hpt tap fittings and reinforcement should be of the
same ngminal chemical composition as the vessel, tank,
pipe, or|branch material.

(d) The hot-tapped connection attachment welds
should be full penetration welds.

(e) Al6-mm (%,-in.) NPT venthole should be provided in
reinfordement pads and plugged with grease after all hot
tapping|operations are completed.

(f) Het taps NPS 2 and smaller should be self-reinfor-
cing segmless nozzle, CL-6000 coupling, or welded-on
fitting.

(9) G
Gussets
when n

(h) Vi
purging
points.

(i) TH
one non|
pipe. In
branch
hot tap9
cutting

ussets shall not be used for nozzle reinforcement.
shall only be used to brace small bore connections
pcessary.

ents and drains used on hot tap connections for
and testing shall be positioned at high and(low

e diameter of a set-on-branch should bejat least
inal pipe size smaller than the diameter of the run
some cases, such as with line stop;.a size-on-size
s required. Special care should'be'taken for these
to avoid the potential of the'cutter inadvertently
nto or through the run-pipe.

216-3.4 Full Encirclement Sleeves Design

Requirements

(o) H
the rati
run pipi

ot taps shouldwse a full encirclement sleeve when
of the diameters of the branch connection to the
P connection is greater than 0.7.
(b) Hot taps using full encirclement sleeves should be
fabricatpd'intwo halfsleeves.The longitudinal weld seams

(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 plat

216-3.5 Hot Tap Length and Size

(a) Hot tap nozzle shall have sufficient length and pize
for the hot tap equipment to ensure a complete cut.
(b) Hot tap nozzle shall have sufficient length to per

removal of flange bolts.

mit

216-3.6 Hot Tap Location

(a) Hottaps maybe perfofmed in any position, or atpny
angle around the pressuré equipment, as long as therle is
sufficient room to perform the tap and install the fit:ling,
valve, and drillingsmachine.

(b) Hot tapsyshould not be located on welded joipts.

Where installation on an existing weld seam cannof be
avoided,yexamination in accordance wiith
para. 216-5.1.3 shall be completed before the hot|tap
installation.
{c) Hot taps should be located
(1) away from the weld seam (weld toe to weld foe)

by the lesser of the following lengths:

(-a) 150 mm (6 in.)

(-b) 8 times the wall thickness, ¢, of the heade}f or

pressure equipment

(2) at least 5J/Rt from flanges, small bore coniec-
tions, and riveted joints, where R is the inside 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 in the
plicable design code for adjacent connections should
maintained. This can lead to larger separation betw
adjacent connections.

(d) Ifitis not possible to locate the hot tap away frg
welded seam, then it should be centered on the weld s¢
(see para. 216-5.1.3).

ap-
be
een

m a
am

216-3.7 Hot Tap Orientation

Lol T1los &

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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fe—Heottapbrancheonneetions-showtdbeperpendic-
ular (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.

(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

re that
P equip-

(b)Cansideration should also he given to the contam- of the piping contents.
ination of the pipe with metal shavings that fall into the
pip¢ and which can damage downstream equipment. 216-3.10 Flow Rate and Minimum Liquid Level in
. . . Pressure Equipment for Hot Tap
2l16-3.8.2 Hot Taps in Horizontal Position
P d hould be developed t
() When choosing an angle at or below the horizontal (@) rOocequres Snolld be Ceveiopet to ensy
. ) ; there is adequate flow or liquidfiead in pressur
posjtion, the designer should consider the tendency of the . .
. : . ment during welding.
shapings or chips (from cutout) to fall into the block valve

affe
Sel
the
(
ma
inv
ton|
the
sho

cting the operation and sealing of the block valve.
bction of an appropriate block valve can mitigate
adverse effect of shavings or chips.

b) Whentappingin the horizontal direction where the
hine is parallel to the ground, the valve should be
erted, with the valve stem pointing to the ground,
hinimize the possibility of shavings or chips preventing
valve from seating properly. Such hot taps generally
Lild be considered temporary until the valve is righted.

216-3.8.3 Hot Taps in Bottom Side of Pipe

(1
abil
(
valy
cut

1) Tapping from the bottom side has the lowest praobe
ity of losing the coupon.

b) There should be sufficient void space undér)the
re to allow for the cuttings to fall and to retract the
ing head through the valve.

216
(

equ
tha

-3.9 Hot Tap Valve

1) The hot tap valve should bge full port API 600, or
ivalent valve with a pressdre rating not less than
E of the run pipe and the(branch pipe.

(1) The valve should match the highest flange rating
he run pipe and thé\branch pipe.

(2) The valve should also meet the piping material
cification and grdde for the more severe of the run pipe
the branch'pipe.

b) The hot tap valve packing shall be compatible with
process, service conditions.

(¢) . The hot tap drill diameter shall not interfere with
valye Seat rings.

of t

spe|
and

(
the

ntained
to mini-
im flow
d gas.

ven to a
k ofhigh
ngrate.
bmpera-
I rely on
ul prac-
w rate.
m flow

(b) Anappropriate fluidflow rate should be ma
in the pressure equipmentthatis being hot tapped|
mize the risk of overheating the liquids. A minim
rate should be 0.4 mys (1.3 ft/sec) for liquid an

(c) For liquids{consideration should also be gi
maximum flowduring welding to minimize the ris
hardness in'the heat-affected zone due to fast cool
The maximum flow rate depends on the process t
ture¢The'user should perform thermal modeling o
established procedures, proven through success
tice, to determine the appropriate maximum fl
There generally is no restriction on maximy
rate for gas lines.

(d) The flow rate during the cutting operation
maintained within the recommended limits of thq
equipment.

(e) Theliquid level in the vessels and tanks that]
flow should be maintained at least 1 m (3 ft) abovy{
tap location.

shall be
hot tap

have no
the hot

NOTE: Insufficient liquid height or flow can result in flammable

mixture during the welding operation

(f) 1f there is no flow, or if there is insufficient liquid
levelabove the hottap, consideration shall be givé¢n to the
effect of overheating the process liquids.

216-3.11 Wall Thickness to Prevent Burn-T
During Welding

hrough

(a) Consideration shall be given to heat input, wall
thickness, depth of weld penetration, and operatjng con-

ditions when determining burn-through risk. The prob-

(d) The inside diameter of the hot tap valve shall
provide sufficient clearance for the outside diameter of
the cutter. There should be atleast 3 mm (%4 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 1 D,
(c) Welding of hot tap fittings should not be performed Tn=%+ (4 - B) T p_ Dy

on thinner walls unless justified by mock-up, engineering m[Dl)

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 preyent burn-through but D, = inside diameter

this temperature can be excessive for some products > — . ST A
= Uptldallllyg THipClhaturc uuriiig 1ot tdp

(see pafas. 216-2.3 and 216-2.4).

(d) The area to be welded for hot tap fittings on the
vessel, pipe, or tank should be examined using UT scan-
ning to pnsure adequate thickness and soundness of the
plate o1 pipe wall throughout the area to be welded.

(e) Welding of hot tap fittings shall not be performed if
there is| not sufficient thickness to contain the internal
pressuie, and prevent burn-through in the vessel or
pipe wall during welding. If there is insufficient thickness

(1)| the pressure should be reduced to a safe level to
allow ir}-service welding
(2)| an alternative piping design should be consid-

T, = 750°C(1,380°F), the assumed temperature in{the
depth of penetration plus recrystallization zpne

(6) Establish the yield strength of the’component
wall at the calculated average metal temperature, T,
(-a) The yield strength at temperature T,, may be
obtained from ASME BPVC, Section I}, Part D, Table Y-1| for
temperatures up to and including 1,000°F (538°C). |For
some materials, theyield stfength at higher temperatyres
can be found in published literature (see pdra.
216-7.3, ref. [4]).
(-b) The allowable design stress, S, for the conjpo-

eredjoi . . nent wall shall fot)exceed two-thirds of the yield strergth
(3)| the use of a mechanical connection may be ;
consideted attemperature(T,,, the hot tap temperature in the vessgl or

pipe wall.

AR Maxmurp Allowable Inte.r n.al Pressure 216-3:13 Maximum Permissible External Pressure
for Welding of Hot Tap Fittings

fa) The maximum allowable external test pressure
(without internal pressure) during the hottap hydrostptic
testing on the pressure vessel, storage tank, or pipe yvall
shall be determined by use of the appropriate fornjula
from the applicable construction code or post-constfuc-
tion code or standard, using the measured wall thickiess
and the maximum expected operating temperature of{the
hot-tapped equipment.

(b) The assessment of the allowable external presqure
toavoid buckling or plastic collapse may be calculated by

(a) The maximum allowable internal pressure that is
permittpd during welding of the hot tap fittings shall be
calculatpd by the equation in the applicable constructiofl
code or|by an engineering analysis.

(b) Theavailable thickness, the average metal tempera-
ture, angl the allowable tensile stress during welding may
be established as follows:

(1)| Calculate the wall thickness,St;havailable to
contain|internal pressure as follows:

t= measuredwallthickness—2.4mrn(3/32 in.) use of the procedures and equation in the origjnal
construction code or by one of the following methodls:

as a margin to prevent bura-through. (1) Inhottapsemployingfull encirclementsleevesor

(2)| Adjust the outside diameter to be used in the splittees, the maximum allowable external pressure may

calculatjon as follows: be determined by the requirements in ASME BRVC,

Section VIII, Division 1, UG-28 through UG-30, uging
the centerline length between the circumferenfial
welds between the split tee and the run pipe as lerjgth
L, and the measured thickness of the pressure compongnt,
to calculate the ratio D/t (where D is the outside diam¢ter
of the pressure component 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:

D = pipeorvessel O.D. — 4.8 mm (3/16 in.)

(3)| Let~-Fi== service temperature and D; = inside
diametdr.

)
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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: (- 1)
MAEP = — Cmin__ 8 v
12(1 - v2) D} M

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

ded for
ditional
linimize

bntional
bess the
t of the
thermal
ined to

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 for future ()_peratlng 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
, =
E = modulus of elasticity at test temperature SHESSES DEYORT TIEI dlOWADIC THIES.
k = factor determined by iteration: S
N 216-3.15 Piping Supports
= 15 30 60 90 120 150 180 Adequate bracing or support should bé prov
kX 172 862 437 30 236 207 20 piping to support the increased loads from the ad
— ' ' ' ' ' weight added as a result of the Kot tap, and to n
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 Transmitted Loads. A conv
tmin = minimum measured wall thickness in test pipe stress analysis sliould be performed to as
area , . effects of bending oveér supports from weigh
Ve Ry hot tap valve and-additional valves or fittings,
expansion, etC, unless these loads are deterni
NOTE: This equation is valid for R/t > 10 (where R = the radius of be insignificant.

the vessel, pipe, or a storage tank, and ¢ is its thickness).

The allowable external pressure to avoid buckling or
plagtic collapse may also be assessed by calculating the
critical buckling pressure on that part of the vessel
shelll or pipe within the diameter of the new hot tap
fitting by generally accepted analytical methods or equas
tior}s and by applying a design margin consistent with-the
original construction code to determine the allowable
extérnal pressure.

(¢) Consideration shall be given to the highest and the
lowlest operating temperatures in making.these calcula-
tior}s. The use of the highest operating temperature will
accpunt for reduction in the strength at the higher
tenjperature.

216-3.14 Pressure Equipment Stresses From

Applied Loads-on Hot Tap Nozzles

onnections shouldibe designed to prevent overstres-
of the pipe or-véssel being hot tapped due to the con-
pns specified i paras. 216-3.14.1 and 216-3.14.2.

6-3.14.1 Hot Tapping Loads

sing
diti

(#1) Ddping hot tapping, the weight of the hot tap valve
and theé drilling machine, if not independently supported,

216-4-FABRICATION

essel or
priorto

(@) All connections should be welded to the y
piping surface and examined, and pressure tested
cutting the hole.

(b) NDE in lieu of pressure testing may be uj
when agreed to by the owner and the inspection a
applicable).

ed only
pency (if

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
lents of the materials to be welded, heat inputs and
rates to minimize the risk of developingcracksin {
metal and heat-affected zones after welding.

(2) See Article 210 for additional welding co
tions.

(b) In-service welding requires additional co
tions, such as adequate preheat, gas purge (W
air, COy, etc.), low hydrogen welding consumabjles, and
special welding procedures to prevent moistjire and

equiva-
cooling
he weld

hsidera-

hsidera-
ith dry

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 these loads 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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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-

(7) owner approval to remove the drilling equip-
ment from the hot tap valve

(8) verification of flow rate in piping

(c) Thecutoutcouponshould bedeliveredtotheowner

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.

trode diameter if SMAW is used] and a stringer bead tech-
nique with a maximum of 3 times the electrode core 216-5 EXAMINATION
diameter should be used for all welds on pressure
parts td minimize the heat input on the first passes. 216-5.1 Pre-Hot Tap Examination
(1) Larger_diameter elec.trodes may be considered 216-5.1.1 General
for fill passes if the wall thickness is greater than or
equal tq % in. (13 mm). (a) Theareato be hot tapped in thé vgSsel or pipe shall
(2)| Layer or bead thickness should be restricted to 5 be examined using UT scanning, unless limited| by
mm (%}, in) to promote interbead or layer tempering. temperature, to determine the/existing thickness and
(c) Minimum amperage consistent with achieving an any defects of the plate or pipe wall.
acceptaple weld should be used. (b) Hottaps should notbemade in the areas where|the
(d) Buttering or weld overlaying the pipe or vessel measured thickness istless than the minimum thickness
surface|prior to attaching a nozzle to 19-mm (%;-in.) required for welding ériin areas where defects exist in|the
thick onf heavier pipe fabricated from plate should be vessel wall or pipe{wall (laminations, etc.).
considgred to prevent lamellar tearing of the header (c) Existing'defects need not be removed if locatefl in
pipe or|vessel. See ASME BPVC, Section IX. the pipe or vessel materialthatwill be removed during|the
(e) Fpr metal temperatures below the dew point, or hot tap éperation.
when welding could result in increased hardness, L.
preheafing or surface heating may be required to 216-5.1.2 MT and PT Examination
reduce the risk of hydrogen-induced cracking. fa) The area to be hot tapped should also be examihed
(f) Al welds shall be within the design requirements of .4y the MT or PT methods to check for surface def¢cts
the fittipg. where the examination in para. 216-5.1.1(a) indicqtes
J . surface damage (e.g., corrosion, pitting), unless MT or
216-4.2 Execution of the Hot Tap PT is limited by the operating conditions.
(a) Hottap drilling equipmentshall only be operated by (b) The acceptance criteriafor MT and PT should b in
qualifiefl and experienced personnel. accordance with the original construction code. If thete is
(b) The equipment user shall establish:procedures for ~ N0 acceptance criteria listed in the original construction
executign of the hot tap cutting opertion. It is recom-  c€ode, the criteria listed in ASME BPVC, Section VIII, Oivi-
mended that such procedures include sion 1 may be used.
.(1) .verification that the equipnient is suitable for the 216-5.1.3 Weld Seam Preparation
applicatiion
(2)| establishing the drilling machine boring bar (a) If the hot tap is to be located on an existing weld
travel d|stances for the dpilland cutter entry into the pipe seam and if not limited by the maximum allowdble
(3)| owner approval‘to commence cutting operation temperature for the intended examination techniqyes,
(4)| purging ,if-necessary to eliminate air from the then the existing weld seam should be ground flush
equipment prierde cutting (b) The weld seam should be subjected to 100% of
(5)| detailed operational steps for completing the volumetric examination (e.g., UT) and 100% surface|ex-
cutting pperation that includes amination (e.g, MT or PT) of the external surface in|the
—verifyingthe-boringbarpositonsfordritand areaofthehottap-andfor7s-marte-+80-mar{3in—te4'in.)

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
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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 pressureofthepressure 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

({1 hg CEEUETTES crlFerla shallibelimaccordancexwith pressure test may be performed without the het thp valve
the|applicable construction code. and cutting equipment in place.

e S (1) Afollow-upleakage test shall beperformied prior

2165 3RHotiTapjFittingiShopjkabricationjivelds to the cut, which includes the hot tap valve and cutting

(f) Allfull penetration, pressure-retaining welds made equipment in place to ensure that there has lpeen no

in shop shall be 100% RT or 100% UT examined in accor- damage to the fitting and the cutting equipmégnt, and

dan

(i

€Xa

ce with the applicable construction code.
b) All other welds shall be 100% MT or 100% PT
nined.

216-6 PRESSURE TESTING

ly by the operator of the cutting equipment prior
e start of the hot tap operation.

the|hot tap operation.

(2) Thé pressure test to be performed on the valve
shall be equal to or greater than the specified test pressure
for the hot tap fitting, but not greater than the maximum
tesf ptessure allowed by the valve design

to verify the flange joint assembly.

(2) Thisleakage test shdll be equal to or greater than
the operation pressure ofithe vessel or pipe but nof exceed
maximum permissible external pressure on the Jessel or
pipe or maximumétest pressure allowed by the|hot tap
valve or cutting equipment.

(d) Where-a‘Ppressure test is determined not to
tical or advisdble by subject matter experts and|
NDE specified in paras. 216-5.1 and 216-5.2 h
satisfactorily completed, the appropriate subjec
experts may waive the need for a pressure
allowed the original construction code and
repair/alteration post-construction code.

be prac-
the full
hs been
matter
test as
or the

216-6.4 Pressure Test Medium

(a) Foroperating temperatures of the vessel o
the range 0°C to 90°C (32°F to 200°F), water sh
used to perform a hydrostatic test.

(b) At temperatures outside this range, an alt
fluid such as alight oil, antifreeze, or silicone may
to perform a hydrostatic test. Some possible alt
hydrostatic test fluids are as follows:

(1) Foroperatingtemperaturesin the range
0°C (-40°F to 32°F),a 70% ethylene glycol and wa
tion should be used.

(2) For operating temperatures in the rangg
115°C (200°F to 240°F), steam or industrial gra
lene glycol may be used.

(3) For operating temperatures in the rangg
290°C (200°F to 550°F), an appropriate grade of
oil may be used, or an appropriate grade of silicd

"pipein
ould be

Prnative
be used
brnative

-40°Cto
Ler solu-

90°C to
e ethy-

90°C to
turbine
ne fluid

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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1 <
may-be-tsed:
(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) Thehydrostatic test pressure should be performed
atatest pressure thatis 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) Thel rofil.
line, or yessel, or tank, and 1.5 times the flange pressure-
temperpture rating listed in ASME B16.5 at the test
temperature for hot tap fittings installed on a system
which ipcludes B16.5 flanges.

(2)] The maximum permissible external pressure on
thevesdel or pipe (see para. 216-3.12) inside the hot tap
fitting af the test temperature.

(b) The test medium shall be selected such that local
boiling ¢f the test medium does not occur when subjected
to operating temperature of the vessel or pipe [see
para. 216-6.4(a)].

216-6.6 Pneumatic Test of Hot Tap Fittings

(a) Ppeumatic test should not be used because of the
increasgd risk of stored energy.

(b) 1tis sometimes necessary to consider a pneumatic
test if it[is not practical to perform a hydrostatic test (e.g.,
for test femperatures above the boiling point of water or
other liquids).

(c) Al pneumatic test with air or other gases (e.g.,
nitrogen) should only be performed when agreed to by
the owrjer.

(d) The pneumatic test pressure shall not exceed 1.1
times the pressure rating of the hot tap fitting alt the oper-
ating temperature of the vessel or the pipe.

(e) Yee Article 501 for extensivesguidance on
perfornjing pneumatic test.
216-7 REFERENCES
216-7.1 Referenced Codes-and Standards

The f¢pllowing is a list\of publications referenced in this
Article. Unless otherwise specified, the latest edition shall
apply.
ANSI/NB-23;~National Board Inspection Code, Part 3,

Repairs\and Alterations.

APIStandard 510, Pressure Vessel Inspection Code: Main-
tenance Inspection, Rating, Repair, and Alteration

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

API Standard 600, Steel Gate Valves — Flanged and Butt-
Welded Ends, Bolted Bonnets

Publisher: American Petroleum Institute (API), 200
M hu Avenue NW ite 11 Washington,
DC 20001-5571 (www.api.org)

ASME Boiler and Pressure Vessel Code, Section,VIII, R
for Construction of Pressure Vessels; Division 1
ASME Boiler and Pressure Vessel Coede) Section

Welding, Brazing, and Fusing Qualifications
ASME B16.5, Pipe Flanges and Flahged Fittings
Publisher: The American Society of Mechanical Enging
(ASME), Two Park Avenue;New York, NY 10016-5
(www.asme.org)

iles

IX,

ers
D90

MSS SP-97-2006, Integrally Reinforced Branch Oultlet
Fittings-Socket Welding, Threaded, and Butt Welding
Ends

Publisher: Pablisher: Manufacturers Standardizafion
Society ofithe Valve and Fittings Industry, Inc. (MPS),
127 Park Street, NE, Vienna, VA 22180
(www.msshq.org)

216-7.2 Related Codes and Standards

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 V, Norjde-
structive Examination

ASME B31.1, Power Piping

ASME B31.3, Process Piping

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

ASME B31.8, Gas Transmission and Distribution Pif
Systems

Publisher: The American Society of Mechanical Enging
(ASME), Two Park Avenue, New York, NY 10016-5
(www.asme.org)

uid
ing

ers
D90

ANSI Z49.1, Safety in Welding, Cutting and Al
Processes

ied

Publisher: National Board of Boiler and Pressure Vessel
Inspectors (NBBI), 1055 Crupper Avenue, Columbus,
OH 43229 (www.nationalboard.org)

API RP 941, Steels for Hydrogen Service at Elevated
Temperatures and Pressures in Petroleum Refineries
and Petrochemical Plants

API RP 2009, Safe Welding, Cutting, and Hot Work Prac-
tices in Petroleum and Petrochemical Industries
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Publisher: American Welding Society (AWS), 8669 NW 36
Street, No. 130, Miami, FL 33166 (www.aws.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), 200
Massachusetts Avenue NW, Suite 1100, Washington,
DC 20001-5571 (www.api.org)

NFPA 51B, Standard for Fire Prevention During Welding,
Cutting, and Other Hot Work

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, Proceed-
ings of IPC2008, 7th International Pipeline Confer-

ence, September 29 - October 3, 2008, Calgary,
Alberta, Canada.

Publisher: National Fire Protection Association (NFPA), 1

Hatterymarch Park, Quincy, MA 02169-7471
(Wwww.nfpa.org)

[3]Roark’sFormulasTtor Stressand Strain, EighthEd., W. C.
Young, R. D. Budinas, and A. M. Sadeghy
[4] Steels for Elevated Temperature Service, Unitgd States
Steel, 1974 Edition.

[5] Welding Metallurgy, Second Editien;, Sindo KHou.
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Nonmandatory Appendix 216-A
Glossary of Acronyms

I GLOSSARY OF ACRONYMS

1.1 Organizations

American Petroleum Institute
The American Society of Mechanical Engineers

Manufacturers Standardization Society of the
Valve and Fittings Industry

National Board
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 Conference

Magnetic particle testing

Nominal pipe size

National pipe threads

Liquid penetrapt testing

Postweld hedttreatment

(API) recotnmended practice

Cutout produced during the cutting operation

Ultrasonic testing
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Article 217
Seal Welding of Leaking Water Systems

217-1 DESCRIPTION

his Article addresses a method to seal leaking water
sysfem components, while the system is online, to support
subsequent application of repair methods to permit
conftinued service. In most applications, seal welding is
a preliminary repair step, and the final repair may
reqpire the application of an overlay, a weld buildup, a
reinfforcing plate, a sleeve, or other methods.

217-2 LIMITATIONS

21%

Hart 1 of this Standard contains additional require-
mehts and limitations. This Article shall be used in
conjjunction with Part 1.

-2.1 Additional Requirements

-2.2 Welding Process
he shielded metal arc welding (SMAW) process shall

welded is submerged.

217-2.4.2 The user should consider the possibility of
ingress of other contents into the water system (e.g.,
hydrocarbons from leaking exchangers) and evaluate
the ability to successfully complete the repair in the pres-
ence of such contents.

111

217-3 DESIGN

217-3.1 Repair Limitations

The size of the repair is not limited by this Artjcle. The
owner or local jurisdictions may'place limitationf on the
use of these techniques.

217-3.2 Requirements

Paksare
ropriate
y repair
al weld.

Design requirements, if any, for sealweldingof1
the responsibility of the owner. Refer to the app
article for desigh requirements associated with arn
method thatis’employed after application of the sq

217<4 FABRICATION
217-4.1 Weld Procedure Qualification

bair the
plicable
ng with

The qualified welding procedure used to re
flaws shall be qualified in accordance with the ap
code of construction or post-construction code, al
the following additional requirements.

217-4.1.1 Procedure Application. If welding isjgoing to
be performed on a leaking defect that is notinitially sealed
by peening, the user should take into account what effect
water will have on the application of the first layer(s) of
weld deposit. This can be accomplished by water|misting
or wetting the surface to simulate leakage on mockup
coupons.

217-4.1.2 Welding Consumable. The weld fill
shall be low carbon (0.035% max.) austenitic
steel (AWS/ASME A/SFA5.4, E316L, or E308L
alloy (AWS/ASME A/SFAS5.1 or ENiCrFe-X), or
steel (AWS/ASME A/SFAS.1, E6010, E6011, or
The welding electrode classification shall be s
in the welding procedure.

br metal
tainless
, nickel
carbon
E6013).
becified

A, elder Performance Qualification. The
welder shall be qualified in accordance with the applicable
code of construction or post-construction code.

217-4.2 Examination Prior to Seal Welding

Prior to seal welding, the surface to be repaired shall be
visually examined to evaluate the extent of the leak. Addi-
tional examinations, such as ultrasonic thickness

(22)
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measurements, may be necessary to ensure leakage is not
due to wall thinning.

217-4.3 Surface Preparation

Surfaces to be welded shall be cleaned to bright metal by
light abrasive grinding or wire brushing. Wire brushing is
preferred to avoid expanding the leak.

not be included in meeting any weld reinforcement re-
quirements.

217-4.6.2 If a subsequent weld buildup is applied to
complete the repair prior to service, it shall be designed
to satisfy 100% of the weld reinforcement thickness
requirement.

217-5 EXAMINATION OF THE SEAL WELD

217-4.

Peening should be performed using manual or air tools
to close the leak as much as possible, prior to seal welding.
Roundef or blunt tooling should be utilized. If necessary,
the appljcation of a weld bead immediately adjacent to the
leak car} assist by providing additional material to peen
over th¢ leak.

217-4.5 Cleaning

Solvepts may be used to remove oil, paint, or other
contaminants, prior to welding.

217-4.6 Seal Welding

rmore layers of weld metalshall be applied to seal

After the application of each seal weld bead, the
deposit¢d material should be peened to further seal the
leak if the initial peening did not stop the leak. Multiple
applicatiions, with peening of each bead, may be required
to seal the leak.

217-4.6.1 After the leak is sealed, at least one additional
layer should be applied to complete the seal weldihg
procedure. The thickness of the seal weld layers-shall

Twod
the leak]

Visual examination shall be performed, and there|shall

be no evidence of leakage.

217-6 PRESSURE TESTING

Testing beyond in-service leak tests is not recommg
ed for seal welding applications\as described in
Article, as seal welding is anlinterim repair step
does not constitute a repair;-Refer to the appropr
article for testing requirements associated with
repair method that is ‘employed after application of
seal weld.

nd-
his
hnd

hny
the

217-7 REFERENCES

The following is a list of publications referenced in
Article;

this

On-Line Seal Welding of Pipe Cracks, March 1997

Weld Repair of Class 2 and 3 Ferritic Piping, Septen
1997

Publisher: Electric Power Research Institute (EPRI), 3
Hillview Avenue, Palo Alto, CA 94304 (www.epri.c

ber

120
m)
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PART 3
MECHANICAL REPAIRS

Arviicla 201

301-1 DESCRIPTION

This Article applies to the replacement of pressure
eqyipment or piping components (such as vessels,
valyes, instruments, fittings, flange gaskets, etc.) or subas-
senpblies (such as pipe spools, vessel heads, shells, etc.).
Thd replacement may be a replacement in kind (replace-
meht by identical components) or a modification (a
chapge in materials, design, or fabrication).

301-2 LIMITATIONS

Part 1 of this Standard contains additional require-
mehts and limitations. This Article shall be used in
confjunction with Part 1.

301-3 DESIGN
301-3.1 Mitigation

the replacement is due to deterioration; the cause of
the|deterioration and the need to make, changes to miti-
gat¢ future deterioration should be“considered.

—_—

301-3.2 Engineering Evaluation

An engineering evaluationshall be performed if there is
any change from the original design. The design engineer
sha|l specify the funetional, material, and mechanical re-
quifements for the‘replacement component or subas-
sembly. Funetional requirements include process
varjables, flowcharacteristics, etc. Material requirements
incude choice of materials compatible with the process
and with“the existing system, choice of material specifi-

LIl JVL

Replacement of Pressure Components

301-3.4 Modifications

It may be necessary to modify the design of thelexisting
system to accommodatésthe replacement. For gxample,
replacing a valve with a heavier one may fequire
adding additional.supports or large cutouts i vessel
shells or replacement of shells may require telporary
restraints or-sapports.

301-4-FABRICATION
301-4.1 Safety

Planning and implementation of replacement activities
shall thoroughly and clearly account for proper igolation,
lockout and tagout, drainage, venting and cledning of
systems or components, in accordance with redognized
and accepted engineering practices, regulatidns, and
appropriate safety procedures.

301-4.2 Welding

The welding (including welding process and pr¢cedure,
materials, qualification, preweld and postweld heft treat-
ment) or mechanical joining technique of the replacement
component or subassembly shall comply with tHe appli-
cable construction code or post-construction cofle.

301-4.3 Tie-in Joint

The tie-in joint (joint between the replacement part and
the existing component) shall be cleaned and made
suitable for joining. The existing component at|the tie-
in should exhibit no evidence of deterioration ffom the

catrorr,—matet tat L{ua};ty, ete—Mechanteat Acqu;l enretrts
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 evalua-
tion.

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 thatallowed 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-
metricexamination,suchasRT or UT, shall be performed if
configuration allows for acceptable and meaningful

301-5.

The gxamination of mechanical tie-in joints (such as
flanges,| threaded joints, swage or compression fitting,
and tube fittings) should be specified by the owner
and maly consist of the verification of proper joining
procesg and final assembly, or tightness checks by
torque wrench or gages where applicable (go/no-go
gages, tprquing of flanges bolts).

Mechanical Tie-in

301-6 [TESTING
301-6.1 Criteria

The new component or subassembly shall be pressure
tested gnd/or examined as required or allowed by the
applicaljle construction code or post-construction code.

301-6.2 Alternative

it is impractical to perform a hydrostatic pres-
sure tedt for the welded or mechanical tie-in joints, the
organizption performing the work may substitute the
hydrostatic pressure test with a test method thatiwill
verify the leak integrity of the joint. For example,andlter-
native test method for hydrostatic testing may be’a pneu-
matic {est (see para. 301-6.2.1). When <all safety
precautlions cannot be met or whenpressure or leak
testing |s impractical to perform, nondestructive exami-
nation may be used (see para. 301-6:2.2).

ed,
Fior
rify
ex-
ble

TESUILS. 1T VOIumetric examindation cdannot pe perrbr

other methods, such as PT or MT, may be performed p
to, during, or after welding to the extent needed to’vd
the weld contains no defects. Where nondestructive
amination is used, the acceptance criteria.of the applica

construction code or post-constructien.code shall apply.
For mechanical tie-in joints, the~requirementg of
paras. 301-4.4 and 301-5.2 should be followed.
301-6.2.3 Additional preSsutre testing requiremehts,
procedures, and recommendations are described in
Article 501.
301-6.3 Design.Change Monitoring
Following ‘a/change in design, the system shall be
observed forsigns of abnormal vibration, expans|on,
contraction; or other signs of malfunction during inftial
operation.
301-7 REFERENCES
The following publication is referenced in this Article;
the latest edition shall apply.
ASME PCC-1, Pressure Boundary Bolted Flange J¢int
Assembly
Publisher: The American Society of Mechanical Engingers
(ASME), Two Park Avenue, New York, NY 10016-5p90

(www.asme.org)
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Article 302
Freeze Plugs

, the initial temperature, proximity of flow in
ecting pipes, and the piping arrangement.

-2.1 Additional Requirements

art’ 1 of this Standard contains additional require-

dures including checking the oxygen content o fthe atmo-
sphere with an oxygen analyzer. Oxygen’moiitoring
equipment should have a visual indicator |and an
audible alarm.

zard of
himized
lothing.

302-2.2.2 Burns. Frost bupns.are another h
cryogenic liquids and solids that should be mi
by the use of proper procédufres and protective

hed and
dgeable
liquids.
 proce-
tion in
hitoring

302-2.2.3 Personnel./Personnel shall be trai
experienced in the freeze method and knowle
of the hazards of handling and using cryogenic
Personnel shallalso follow proper precautions an
dures related to protective clothing, ventild
confined spaces, monitoring of temperatures, mo
of oxygen in the air, emergencies, and first aid.

302-2.2.4 Confined Space Below Grade. Fo
plugs performed below grade, the freeze jacke
be installed in a separate excavation from tH
area. Doing so minimizes the number of ind
exposed to nitrogen gas or liquid. If this is not g
additional safety precautions shall be taken wh|
include confined space procedures for all perso

I freeze

should
e work
viduals
ossible,
ch may
hnel.

302-2.2.5 Venting Safety. Nitrogen vents should be to
theoutsideorabovegradeand notintotheconfingd space.
Air movers or fans should be used to maintain the fresh air.

302-2.2.6 Coolant Leaks. Liquid nitrogen leaks from
the freeze equipment should be corrected or mihimized
whenever possible to protect personnel and eqyipment.
Confined space procedures shall be followed whgn appli-
cable. Work areas should be barricaded and isolated with
tarps to protect personnel and equipment when ppplica-
ble.

302-2.3 Freeze Point

It is important to know the freeze point temperature of

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-

115

theliquid 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 notavailable, 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

low thalt the internal temperature of the plug is in the
range that provides full strength of the freeze plug.
The fre¢ze point/range temperature test will aid in eval-
uating this requirement.

302-2.% Light Ends

If thel fluid mixture contains light ends that vaporize
when the downstream section is vented, the freeze
plug willl not hold. The feasibility of a freeze plug in
this flufjd can be determined by performing a freeze
point tegmperature test.

302-2.6 Impact Loading

Thep
icant dy
tion. Fol
wrench

ping system should notbe subjected toany signif-
namic or external loads during the freeze opera-
example, do not use hammer wrenches orimpact
bs to remove studs and nuts. The bolts or studs and
nuts shpuld be removed one at a time and cleaned or
replaced prior to the freeze plug operation to minimize
these efffects.

302-2.]

Thep
ofthe fr
most co
a succe
exacerb|
determ
freezes
(NPS 4)

' Flow

petobe frozen must be full of liquid atthelocation
beze plug and a “no flow” condition must exist. The
mmon cause for failure to develep asolid plug and
bsful freeze is flow in the pipe~This problem is
pted by the fact that it is~sometimes difficult to
ne whether there isqa\flow. However, some
can be performed o small pipes, up to DN 100
in size, with a low\flow.

302-2.8 Initial Fluid) Temperature

Genet
temperd

ally, thediquid being frozen should be at an initial
ture_ 0f\50°C (120°F) or below.

302-2.9 Adjacent Flows

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
lower than the brittle transition temperature for-sg
materials. Loss of notch toughness is a special’cond
for carbon steel, low alloy steels, ferritic andimarten
stainless steels, and duplex (austenitic-ferritic) stain
steels. Copper, aluminum, austenitic stdinless steels,
high nickel alloys lose some ductility at cryoged
temperatures but generally retain sufficient notch toy
ness.

302-3.2 Material Property Changes

As the temperature ofthe metal decreases, the stren
of the material increases, but its fracture toughn
decreases. Thedmicrostructure and physical proper
of a metal are unchanged after the metal has b
exposed toncryogenic temperatures and returned
normal tentperatures.

gth
ess
fies
ben
to

302-3.3 Pressure

The pressure that a freeze plug can hold is dire
proportional to the strength of the plug, the stren
of the plug is directly proportional to the length of
plug, and the shear strength of the plug increase
the temperature decreases. Ice contracts at a fa{
rate than steel as the temperature decreases, theref]
the freeze plug exerts no pressure on the inside of
pipe as the freeze plug forms.

Ctly
gth
the

as
ter
bre,
the

302-3.4 Strength

Freeze plugs formed under higher pressure fare
stronger. If practical, the freeze plug should be formped
at the highest pressure to be encountered during |the
operation.

302-3.5 Location

The end user should evaluate the location of permar]
and temporary pipe supports to allow for expansion

ent
hnd

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.

116

18i-
neering design of drains, vents, pressure relief points,
and isolation valves shall also be considered.
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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).

302-3.7.2 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

302-3.6.3 Jacket Design. A jacket, as shown in
Figlire 302-3.6.3-1, is used for the freeze. The materials
of ¢onstruction for freeze plug jackets are stainless,
aluminum, and fiberglass. The liquid nitrogen inlet
valyes should be located at both the bottom and the
top| of the jacket. The valve at the bottom can also be
used as a liquid nitrogen drain.

2-3.6.4 Jacket Length. The length of the jacket used
should be not more than three pipe diameters long. Longer
jacKets should notbe used, because a double plug canform
within the jacket resulting in a trapped liquid. Should this
occlir, high pressure can develop between the plugs and
rupjture or damage the pipe. For the same reason, two
jacKets placed end-to-end should not be used.

2-3.6.5 Jacket Pressure. Freeze plug jackets are
gned to operate atatmosphericpressure. The evapor-
g gas from the liquid nitrogen is vented out the top of
jacket to a safe location in the atmosphere.

des
atir]
the
3002-3.6.6 Component Materials. The freeze plug

jacKet, hoses, piping, and valves should be suitable for
crypgenic temperatures.

2-3.6.7 Monitoring. The progress of thefreeze plug
opgration is monitored with a temperature gage
connected to the thermocouples located ‘on the pipe at
each end of the jacket. An optional*probe in the center
of §he jacket may be used to indicate the jacket/pipe
tenjperature.

302-3.6.8 Alarms. Fhe-electrical signal from the
tenjperature gage canhalso be used to trigger audible
andvisual alarms t@'warn operators and maintenance per-
sonphel of either anitrogenlevel decrease or a temperature
increase above set point, or both.

302-3.6.9 Critical Applications. In some critical appli-
catfons-additional measures may be taken, including the
use|offlow monitors, differential pressure monitors, and

dtoxtde TS5 Imtroduced 11to the jacket, Tt forms|dry ice.
The dry ice sublimes at —78°C (-109°F) and ceolsthe pipe.

302-3.7.4 JacketLength. The length ofithe jac
shouldbe notmore than three pipe diameterslong
jackets should not be used, because@double plug d
within the jacket resulting in a trapped liquid. Sh
occur, high pressure can develop between the freg
and rupture or damage the pipe. For the same rea
jackets placed end to end-should not be used.

ket used
. Longer
an form
uld this
ze plugs
bon, two

lonitor
hcket is

302-3.7.5 Monitoring. A temperature n
attached to thermocouples at each end of the j
used to monitor and control the freeze plug.

302-3.7.6 Maintaining Plug. Additional injeg
carbondioxide into thejacketmayberequired to
the freeze plug.

tions of
haintain

302-4 FABRICATION
302-4.1 Procedures

eration,
y plans
person-

Written procedures, coveringthe freeze plug op
personnel requirements, safety, and contingen
should be prepared and reviewed by appropriate
nel prior to the start of the job.

302-4.2 Compatibility

The freeze point of the liquid in the pipe shall
acceptable range consistent with the freeze med
equipment being used.

be in an
um and

302-4.3 Coolant Supply

An adequate supply of nitrogen or carbon
should be available for performing the job
freezes or long hold times may require eithe
site storage tank or additional deliveries of nity
carbon dioxide, or both.

dioxide
. Large
an on-
ogen or

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).

117

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)

NOTES:
(1) Therthocouples

(2) Nitrogen gas vents

(3) Liquid nitrogen supply

(4) Theripocouple (optienal)

(5) Freezg jacket

(6) Liquidl nitrogemsupply and jacket drain
(7) Templeratute, monitor
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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

piping system when the freeze plug operation is
located near a closed end such as a weld cap, blind
flarjge, or closed valve. Once the freeze plug is formed,
the|differential expansion of the ice forming from the
ligyid can cause an increase in pressure in the closed
voliime and damage the pipe.

302-4.7 Related Equipment

Hvaluation of equipment, such as pumpsthatcancausea
prepsure surge, should be made in the planning stage of
the|freeze plug operation. Whenever possible, this equip-
ment should be isolated for the duration of the job.

302-4.8 Installation

Tlhe freeze plug equipmentshall be installed on the pipe
per|the procedure.

302-4.9 Monitoring Time Frame

Tlhe freeze plug operation shall be monitored continu¥
oudly from the time liquid nitrogen or liquid carbon
diokide is introduced into the jacket to the completion
of dll work.

302-4.10 Plug Verification

Tihree indicators shall be verified'te ensure adequate
strgngth of the freeze plug before_opening the system
and performing work.

(f) Theprimary indicatoristhe temperature reading at
each end of the jacket, which/shall be at or below the pre-
estdblished set point temperature.

(b) Afullcircle frostring should develop on each end of
theljacket.

(¢) A test,of-the freeze plug shall be conducted at or
aboyve the highest pressure that will be encountered.
Tlhe testof the freeze plug can be performed by cracking
aflgnge,openingavalve, or hot tapping a hole in the pipe to

Special precautions shall be taken to preventdamage to 302-4-12—Wetdi
the :

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.

When welding near the freeze plug, special procedures
and precautions shall be followed to prevent'melfing and
failure of the plug.

302-4.13 Duration

The freeze plug operationshall continue until the piping
system is secure and the &équipment owner or his repre-
sentative authorizes stopping.

302-4.14 Testing

Before puttirig the system back in service, the freeze
plug may be.used for pressure testing new components.

302-4:15 Return to Service

When the work is completed, the downstream pipe
should be backfilled, the pressure equalized, pnd the
air in the pipe removed at a high point vent.

302-4.16 Thawing

The recommended methodforremoving thefreezeplug
is to allow it to thaw naturally. This will minimize|the risk
ofitmovingdownstream and damaging the pipingsystem.
It is generally not recommended to apply heat to the pipe
to speed thawing of the plug.

302-5 EXAMINATION

302-5.1 Visual Inspection

The pipe in the freeze plug location should be|visually
inspected for defects, gouges, external corrosijon, and
other factors that could affect the integrity of the pipe.

302-5.2 Nondestructive Examination

The pipe should be nondestructively inspected o deter-

I'el dStT L‘llt‘ pressurc o L‘llt‘ dUWllbLI cdalll bidc, Lhub
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.

mine-thewatthieknessandeondition-Weldsinrornearthe
freeze plugareashould be inspected usingradiographicor
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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absoluteindicatorthatthe pipe will or will not failduring a
freeze plug operation.

302-6 TESTING
302-6.1 Unknown Fluid Properties

A freeze pointtemperature 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

range t verll’y e Sultaolll[y oI the proquc[ ITor daireeze LuIpar ibUll tU Cllll‘UiCllt, iLC VVCltCl, Ul ut11151 1 CfCI 1Ce
plug operation. This is particularly important for hydro- temperature before every job.
carbon mixtures with varying viscosity or light ends that . . .
can vaplorize when the downstream side of the plugis ~ 302-6.4 Oxygen Monitor Calibration
depresgured. Volatile components in the liquid may The oxygen monitor should be periodjealty’calibrated. It
prevent a successful freeze plug, and their effect must should be checked by comparison to atmespheric oxyjgen
be evalyated. content before every job.
302-6.2 Freeze Point Test
The freeze point temperature test can be performed
with a gmall freeze jacket and associated equipment.
The jacket can be mounted on a short flanged spool
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Article 303
Damaged Threads in Tapped Holes

-1 DESCRIPTION

-1.1 Introduction

he design requirements of equipment such as vessels,

Whlen a stud is used, the stud is engaged within a
drifled and tapped hole at one end and secured with a
nut| at the other end. The threads in the tapped hole
often have a tighter fit with the stud than do the
threads in the nut. The tighter fit usually is specified,
and the stud is usually bottomed in the tapped hole, to
fac|litate removing the nut from the stud without
renpjoving the stud from the tapped hole. Threads in
tapped holes often are damaged when studs are
renjoved after a period of service.

-1.2 Methods of Repair — Alternatives

his Article is intended to cover the repair of damaged
pads in tapped blind holes in studded connections by
of the following methods:

) drilling and tapping the existing stud holes to a
ber size, and replacing the existing size fastener
N one sized accordingly

b) drilling and tapping the eXisting stud holes to a
ber size, for the purpose-of installing helical-coil
paded inserts

F) filling the existing stud holes with weld metal,
rilling, and retapping the holes

thr
ong

(

lar
wit
(

lar
thr

(i

red

30
(

-1.3 RepairMethods Not Covered

ther_methods that may be considered for repair of
damaged/threads, but are not covered in this Article,
include the following:

that many of the requirements herein may not bé applicable or

sufficient to cover those cases.

303-2 LIMITATIONS
303-2.1 Additional Requirements

Part 1 of this Standard‘contains additional
ments and limitations:) This Article shall be
conjunction with Pant™1.

equire-
used in

303-2.2 Retapping Existing Holes

Unlessyisual examination of the threads in the sfud hole
indicatés_substantial damage to the threads, it is some-
times\advantageous to attempt to retap the holgs using
the>same size tap, a process known as “chasing” the
threads. Sometimes the only problem is that cqrrosion
products and/or residue from the process plugged the

threads.

303-2.3 Design Adequacy of Enlarging Stud Holes

be done
design
303-3).

Enlargement of existing stud holes shall not
until an engineering analysis confirms the
adequacy of the proposed assembly (see section

303-2.4 Repair of Cracks

If an examination of the stud holes reveals cracks at the
face of the hole opening (see section 303-5), thosp cracks
shall be repaired prior to enlargement of existing stud
holes, if the enlarged hole size is not suffi¢ient to
remove the cracks.

303-2.5 Welding and Material Consideratipns

If repairs involve welding, with or without ppstweld
heat treatment, the potential exists for warpage of the
assembly and possible leakage. For some mhterials

(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

121

(such aslowalloy steels), subsequent postweld heattreat-
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
1Y, 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 PESIGN

303-3.1

Upon
assemt
constru

Applicable Codes

completion of the repair, the design of the bolted
ly shall be in accordance with the original
Ction code or applicable post-construction code.

303-3.7

A sta
threads|
use of 3
thread.
stud in
near th
of the s
the tap
damagg
been uf
is to re
to incrdg
A sketd
Mandat

) Thread Modification

hdard taper tap will produce incomplete tapped

near the bottom of the tapped hole; even the
bottoming tap will not ensure a complete final
As a consequence, bottoming a fully threaded
o a tapped hole that has incomplete threads
e bottom damages the full threads on the end
fud. This almost ensures that the full threads in
ped hole will be damaged as the stud with
d threads is backed out. A practice that has
ed successfully to prevent this from occurring
move some of the threads from the studs and
ase the depth of the tapped holes accordingly.
h with suggested dimensions is provided, ifi
ry Appendix 303-I.

303-3.3

The d
through
threads

303-3

Enlargement of Existing Holes

esign considerations specified in paras. 303-3.3.1
303-3.3.3 are applicable to repait of damaged
by enlarging the tapped hole diameter.

.3.1 Check of Thread Engagement. Before enlar-
ging the tapped hole diameter, the length of thread
engagement shall be rechecked to ensure compliance
with tHe requirements of the original construction
code [el|g., ASME BPVC, Section VIII, Division 1, UG-43
(g); ASME BPVC,<Section VIII, Division 2, AD-740; or
ASME BPVC, Section VIII, Division 3, KD-615(b)] or appli-
cable pgst-censtruction code.

NOTE: Iffthep
rules of the AS 7 7 7 O Coac 0
post-construction code, the design may referto ASME B1.1 (Non-
mandatory Appendix B, Thread Strength Design Formulas).

arts under consideration are not governed by the

)

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-

122

AVOIAS e Need to ATt targer Totes 1 tie matging
flange/cover, and permits the possible reuse of the njuts.

303-3.4 Hole Enlargement Implications on Desjign

When the existing tapped hole is drilled to a larger
diameter, material is removed from, the componlent
containing the hole. The design shall.consider the implfca-
tions associated with this repair@iethod to ensure thatfthe
remaining material providesssufficient strength to satfisfy
the intended design conditions. Mandatory Apperdix
303-II offers an exampletof a check made to a studded
outlet connection in & _pressure vessel.

303-3.5 Design of Helical Coil Thread Inserts

Helical-coikthreaded inserts shall satisfy the design|
quiremerits-of the original construction code or applic:
post-construction code for the specified loading tg
applied to the threaded connection. In general,
design is based on balancing the tensile strength of
stud material against the shear strength of the compor]
base material. For materials not listed in the orig
construction code or applicable post-construction c
primary stresses should not exceed the lesser of %
the minimum specified yield strength or % 5 of
minimum specified tensile strength of the applica
material.

re-
ble
be
the
the
ent
nal
de,
B Of
the
ble

303-4 FABRICATION
303-4.1 Hole Depth of Penetration

Drilled holes to be tapped shall not exceed the maxin
depth of penetration through the thickness of the press
component, as defined by the original construction c
[e.g., ASME BPVC, Section VIII, Division 1, UG-43(d
ASME BPVC, Section VIII, Division 2, AD-630], or appl|
ble post-construction code.

um
ure
pde

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

RS mm (1/.IG in.) radius

3in. 8 UNC Class 2 Fit (Standard)

Vad Id

75 mm (3 in.) ‘ |

143 mm (5% in.)

NOT|E: (1) For other sizes, as needed to attain a 3:1 taper.

303-4.3 Welding Procedures and Qualifications

Welding procedures, welders, or welding operators,
where used, shall be qualified in accordance with the
original construction code or applicable post-construction
code.

303-4.4 Welding and Material Considerations

ny special welding requirements, including preheatof
postweld heat treatment, shall be in accordance withthe
original construction code or applicable post-construction
code. Because of the potential for warpage of the-compo-
nent, a welding/materials specialist should.-be consulted
regprding procedures/processes, preheat,xand postweld

303-4.6 Installation of Helical Coil Thread Inserts

hen helieal=coil threaded inserts are used, they shall
be finstalléediinh accordance with the manufacturer’s

insfructions.

L 10 mm {3/gin.) [Note (1)]

165 mm (67/3in.)

303-5 EXAMINATION

303-5.1 Visual Examination

Drilledvholes shall be visually examined for w¢rkman-
ship,“cleanliness, and evidence of cracking.

303-5.2 Need for Additional NDE

Where material deterioration or damage is suppected,
additional nondestructive examination shall be|consid-
ered.

303-5.3 Examination Procedures

Examination procedures shall be inaccordancewiththe
original construction code or applicable post-consfruction
code.

303-6 TESTING

Testing requirements associated with modifidation 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 in this
Article.

Special attention should be given to prevent thread
galling after assembly. In addition, lubricant should be
applied to the bolt thread surface in accordance with
ASME PCC-1, section 8.

ASME B1.1-2003, Unified Inch Screw Threads (UN and
UNR Thread Form)

ASME B18.29.1-1993, Helical Coil Screw Thread Inserts —
Free Running and Screw Locking (Inch Series),
including Errata issued August 1995

ASME Boiler and Pressure Vessel Code, 2007 Edition:
Section VIII, Division 1 — Rules for Construction of
Pressure Vessels; Section VIII, Division 2 — Alternative


https://asmenormdoc.com/api2/?name=ASME PCC-2 2022.pdf

ASME PCC-2-2022

Rules; Section VIII, Division 3 — Alternative Rules for Publisher: The American Society of Mechanical Engineers

Construction of High Pressure Vessels (ASME), Two Park Avenue, New York, NY 10016-5990
ASME PCC-1, Pressure Boundary Bolted Flange Joint (www.asme.org)
Assembly
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Mandatory Appendix 303-I
Recommended Detail for Stud Threads Modification to Prevent
Damage to Threads in Tapped Holes

See Figures 303-1-1 through 303-I-3.
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Figure 303-I-1
Inch Thread Series (U.S. Customary Units)

Emin
Tap drill depth
> J [e—
Fmin Gmax
0.D. thread X 45 deg chamfer Full thread depth | Imperfect
threads ©
B
o =
1/4g in. X 45 deg chamfer 5
A f e
ll’ WK
Q|8 ,IIII"'", ' "m , mm Q
ydlP 1
45 deg " = /
H min Inside surface
Stud engag.
Dimensions
A B C D E E G H ]
Y%-11 UIc-z Yo S Y 1% 1 /e e Per Sectipn
%,-10 UNC-2 Va2 % Y 1% 1% % e VLIJI(I} 53“(](1)1 '
"4-9 UNG-2 oa e % 1% 1% e 1
1-8 UNCI2 A A e 2% 146 A 1%
1%-8 UNI-2 1 2 e 276 1% A 1%6
1%-8 UN-2 1Y% /A e 274 14 Ya %6
1%-8 UN-2 1% A 1% 2% 1%, A 1%,
1%-8 UN-2 1% /A 146 2%, 2%6 % 7
2-8 UN- 1% A 1'%, 3% 2% % 2%,

GENERAI| NOTES:

(a) The thbulated dimensions satisfy ASME BPVC, Section VIII, Division 1, UG-43(g) requirements for stud materials having an allowable strefss of
25,090 psi and tapped materials havinganallowablestress of 20,000 psi at the design temperature for the joint. For materials having gther
allowjable stresses, these dimengions must be adjusted accordingly.

(b} Overfll stud length may be determined by adding the Thickness of the Mating Flange + Nut Height + Gasket Thickness + E + Thickness of the
Spac¢r (if any) + Y, in.

(c) All d|mensions in inches,
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Figure 303-I-2
Inch Thread Series (S| Units)
Emin
Tap drill depth

Fmin Gmax
Full thread depth Imperfect

0.D. thread X 45 deg chamfer

<\

1.5 mm X 45 deg chamfer

A

\>
=
Fap dril|l dia

il

Q|8 ’I’II’"’" ' ,m' , mm l, | Q
AL ) Mg
Y
ydl} il
45 deg " < ,
Henin Inside surface
Stud engag.
Dimensions
A B C D E F G H ]

%-111 UNC-2 13 17 11 40 25 14 21 Per [Section
%-10 UNC-2 17 19 13 44 29 16 24 VIl Div. 1,
c UGH43(d)
/g-p UNC-2 19 21 16 48 30 17 25
1-g UNC-2 22 22 17 56 37 19 30
174-8 UN-2 25 22 21 59 40 19 33
148 UN-2 29 22 24 62 43 19 37
178 UN-2 35 22 30 68 49 19 43
1%}8 UN-2 41 22 37 75 56 19 49
2-8 UN-2 48 22 43 81 62 19 56

GENERAL NOTES:

(a) [Thetabulated dimensions satisfy ASMEBPVC, Section VIII, Division 1, UG-43(g) requirements for stud materials havingan allowablp stress of
173 MPa and tapped material§ having an allowable stress of 138 MPa atthe design temperature for the joint. For materials haying other
allowable stresses, these dimensions must be adjusted accordingly.

(b) [Overall stud length may be détermined by adding the Thickness of the Mating Flange + Nut Height + Gasket Thickness + E + Thickijess of the
Spacer (if any) + 6 mm,

(c) |Dimensions in colamns B through H are in millimeters.
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Figure 303-1-3

Metric Thread Series (SI Units)

E

min
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 5
. /7 i
'_
: [N Ry
DI iy Illlll”llll” I 2"
vl 1
45 deg
Hinin Inside surface
Stud engag.
Dimensions
A B c D E F G H Ji
M1442 12 17 10 36 22 14 19 Per Sectipn
M16{2 14 17 12 39 25 14 22 VIIL, Div.1,
UG-43(d)
M20-2.5 17 19 13 45 29 16 26
M2413 21 22 16 55 36 19 29
M27{3 24 22 19 58 39 19 32
M3013 28 22 23 61 42 19 35
M33{3 31 22 26 63 44 19 38
M3613 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
M4543 42 22 37 75 56 19 50
M4843 45 22 40 78 59 19 53

GENERAJ} NOTES:

(a) Thethbulated dimensions satisfy’ASME BPVC, Section VIII, Division 1, UG-43(g) requirementsforstud 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 gther
allowjable stresses, theséwdimensions must be adjusted accordingly.

(b) Overpll stud length may’be determined by adding the Thickness of the Mating Flange + Nut Height + Gasket Thickness + E + Thickness of the
Spacgr (if any)é,68mm.

(c) All djmensignshily’ millmeters.
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Mandatory Appendix 303-II
An Illustrative Example Showing an Engineering Analysis
Associated With Enlarging a Tapped Hole

303

eng
tap
0

NOT
the

-lI-1 EXAMPLE 1 A, = area of excess thickness,in the noz zlze wall
The following is an illustrative example showing an aAsz;J[lEabBl;J(C)I“ ;:infg;cs?;ﬁn]t)‘i\l,ns.io[nsef
Jlende(}el:)llz:g analysis associated with enlarging a UG-37(a_]] -
. . e Az = areaavailable for reinforcement when the
onsider the studding outlet fitting as shown below. nozzle extANYs inside the vessel wall, in.2
41in. [see ASME BPVC, Section VIII, Diyision 1,
8.3125 in. UG-37(a)]
. A, = cross-sectional area of the stud hole, in.
i T T = 1*25. A4 (3 in)=(cross-sectional area of a stud hdle asso-
Ay | 84508in. ') tané;r;nt ciated with a 3 in. diameter stud, in.
! | line (T/L) A4 (3% iy = cross-sectional area of a stud hdle asso-
| 8.8577 in. | ciated with a 3, in. diameter sthd, in.
i 24.375 in. A, = tensile stress area, in2
! AS; = minimum thread shear area for gxternal
threads, in.
___¢ b3 = base length of that portion of| nozzle
2.21141in. defining the area A3 projecting|inward
from inner surface of vessel, in.
d = finished diameter of the opening/in. [see
42.25n. ASME BPVC, Section VIII, Div|sion 1,
UG-37(a)]
D, max. = maximum minor diameter of internal
61.1875 in. thread, in.
D, = basic pitch diameter, in.
SEL DATA: d, min. = minimum pitch diameter of external
) Design pressure: 2160_pdig at 840°F thregd for. class of thread spec?fied, in.
1) Shell: SA-387 Gr. w347 SS weld overlay e BT S i S Bl
1) Studs: 3 in. 8 UNSstld bolt, SA-193-B16 material E = edge distance from centerline off stud to
) Forging: SA-336-F22 w/347 SS weld overlay outer edge of the forging, in.
4) Allowable stress of forging @ 840°F, Sg = 14,520 psi E, = joint efficiency of the nozzle neck
) Allowablesstress of stud bolt @ 840°F, Sp = 21,200 psi Es = jointefficiency of the shell [see E; |n ASME
E: Whileremoving the existing 3 in. diameter studs, some of F = cB(}))r\:'g’ctSif)itfl;)(I:It(\)lrlil};alzlc‘;l;i;r;nls'age; ?071.(31]2
btud holes were found to have stripped threads. The calcula- variation in internal pressure strpsses on
tions_that follow are intended to assess the adequacy of the )
design if the stud holes are enlarged to 3 in. =TT BV L ERRIETE AL ax1§ of
apressure vessel [see ASME BPVC, Section
VIII, Division 1, UG-37(a)]
303-1I-1.1 Nomenclature ' o H = height of fundamental triangle,
A = total cross-sectional area requ;red in the 0.866025p, in.
plane under consideration, in. hz = height of that portion of nozzle defining

A1 = 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 As projecting inward from

inner surface of vessel, in.
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h; = height of inside of that portion of nozzle
defining area A4, projecting outward from
outer surface of vessel, in.

303-lI-1.2.1Length of Engagement, L., Using Criteria
From ASME B1.1-2003, Nonmandatory Appendix B

303-II-
Per Al

h, = height of outside of that portion of nozzle Le
defining area A, projecting outward from _ 2(AS,)
outer surface of vessel, in. 1 .
L = inside spherical radius for hemispherical 31416 max. [ /2 + 057735(1/p)(dy min. - Dy max.)
head, in.
L. = length of engagement, in.
p = thread pitch (1/number of threads per D, 3H 2
inch), in. As = 3-1416(7 - E]
P = design pressure, psi
q = degree of plane with the longitudinal axis where
of the vessel, (see ASME BPVC, Section A, = tensile stress area of thread
VIII, Division 1, Figure UG-37) AS; = minimum thread shear_area for exteinal
R,, = Inside radius of the nozzle under consid- threads
eration, in. D, max. = maximum minoX.diameter of internal
Sp = allowable stress of stud bolt, psi thread, in.

Sr = allowable stress of forging, psi

Ss = allowable stress of shell, psi

t = specified vessel wall thickness, in. [see
ASME BPVC, Section VIII, Division 1,
UG-37(a)]

t. = required thickness of the shell, in. [see
ASME BPVC, Section VIII, Division 1,
UG-37(a)]

t,n = required thickness of a seamless nozzle
wall, in. [see ASME BPVC(, Section VIII,
Division 1, UG-37(a)]

XA, = sum of areas contributing to reinforce-
ment, A1 + A, + A3, in.

|.2 Evaluate Length of Engagement;,.L.
SME BPVC, Section VIII, Division 13, UG-43(g) the

minimumthread engagementlength is thelarger of d (the

nomina

Since
length d
Since

diameter of the stud) or

maximum allowable stress value of
stud material at’'design temperature

0.75d, %

maximum allowable stress value of
tapped material at design temperature

217200
14, 500

= 0.75(3.25) (X = 3.564 in.

this values larger than d; (3.25 in.), the required
f engagement, L, is 3.564 in.
hctual thread depth (4% in.) exceeds calculated L,

D, = basic pitchidiameter
d, min. = minimupipitch diameter of external thrlead
for class-of thread specified, in.
0.866025404p = 0.866025404/8 = 0.1P83
minimum length of engagement, in.

NOTE: ASME B1.1 defines length of engageipent
as LE

-~
non

1/p = number of threads per inch

NOTE: The factor of2 in the numerator of the above equation for
L. means that it is assumed that the area in shear of the styd is
twice the tensile stress area to develop the full strength of| the
stud. This value is slightly larger than required and provides a
small factor of safety against stripping.

For a 3%, in. 8 UN stud bolt:

Class 2 Fit Class 3 Fit Comments
D, max. 3.140 3.1297 From ASME B1.1, Table JA
d, min. 3.1575 3.1623 From ASME B1.1, Table JA
D, 3.1688 3.1688 From ASME B1.1, Table 13
For a Class 2 fit:
2
3.1688 3(0.1083
Ay = 3.1416 [ — - ( > )] —_8.0898 in.2

Substitute the value of A; (tensile stress area) for|the
value of AS; (minimum thread shear area of integnal

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.

130

threads) and solve for the thread engagement, L.

2 X 8.0898

L, =

3.1416 X 3.140 [1/2 +0.57735 X 8(3.1575 = 3.140)

= 2.823 in.
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For a Class 3 fit:

3.1688  3(0.1083)
2

2
= 8.0898 in.”
16

A, = 3.1416 [

2 X 8.0898

3.1416 X 3.1297 [1/2 +0.57735 X 8(3.1623 — 3.1297)

_PL
"~ 2SE, —02P
=4.62in.

2160 X 61.1875
(2 X 14,520 x 1.0) — (0.2 X 2160)

t

Minimum thickness of nozzle neck, t,,
_ PR, _ 2160 x 12.1875
SRE, —0.6P (14,520 X 1.0) — (0.6 X 2160)
1.99 in.

t

rm

= 2.529 in.
nce actual thread depth (4% in.) exceeds calculated L,
length of engagement is adequate for either a Class 2 or 3

fit.
E

T/ L

\

heck distance required from the edge of the nozzle
bing to the centerline of the stud bolt

force generated by studbolt = SpA,

for

rhaximum allowed force on forging = g[(ZE)2 - dsz]SF
ssuming the new stud diameter of 3, in., set the force
maximum allowed foree-on' the forging and solve for
minimum edge distance; E

the
the

T 2 2
spiv = 2 @B)” - 425
o 2 2
21,200,X:8:0898 = Z[(ZE) - 3.25 ]14,520
E =12.523 in.

Tlhe-actual edge distance of 3 in. exceeds the required

Required reinforcement area, 4

A = 0.5dt,F = 05 X 24.375 X 4.62 X 1.0 =56:305 in.2
Available reinforcement
Ap = 0.5d (t — ) = 0.5 X 24:375(4.625 — 4[62)
= 0.061 in.2
Ay = I/Z(ho + hi)(tn - tm)
= 1, x@0.75 + 8.8577) x (8.3125 — 1.49)
= /61,985 in.
Ay = Yobahy = Y, x 22114 x 8.9375 = 9.8824 in.2
YA, = A + Ay + Ay = 0061 + 61.985 + 9.§822

71.928 in.2

Subtract stud hole area from EA,:
(a) For a 3 in. stud bolt:

A4 = (dg X stud depth) + [1/2 x dg X (dg/2 + tan 59)

= (3 x45) + (’/2 X 3 X 0.901) = 14.852 i}.2
Therefore, available reinforcement
YA, — Ay = 71928 — 14852 = §7.076in.> 3 A
(b) For a 3%, in. stud bolt:
Ay = (dg x stud depth) + [1/2 X dgx (dg/2 + tar 59)]
= (325 x 4.5) + (1/2 X 3.25 X 0.976) =1611in?

mi

3 | dict I »
o Cagtarstance T

NOTE: Enlargement of the existing 3 in. 8 UN Stud Boltto a 3%, in.
8 UN Stud Bolt appears to be okay; however, nozzle opening
reinforcement should be verified.

303-1I-1.3 Nozzle Reinforcement Calculation

Minimum thickness of hemispherical head, ¢,

131

Therefore, available reinforcement

YA, — Ay =71928 — 16211 = 5572 in% < A

NOTE: If we consider on a given plane through the nozzle center-
line that only one stud hole is enlarged to 3%, in. while main-
taining the opposite hole diameter at 3 in. we may be able to
calculate the required reinforcement, A, as follows:
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A =12 X 56305 = 112.61 in2

YA

2 X 71928 — A4 (31/'4 i = A4(3 in.)
2 X 71928 — 14.8 — 16.03 = 113.03 > 112.61

303-1I-2 EXAMPLE 2

The forging contains 16 studs, thus the angle defined by
adjacent studs is: 360 + 16 = 22.5 deg.

Since the stud holes straddle the natural centerlines of
the vessel, the angle 0 from the longitudinal centerline to
the adjacent stud hole is: 22.5 + 2 = 11.25 deg.

From ASME BPVC(, Section VIII, Division 1, Figure UG-37,
for angle 6 of 11.25 deg, F = 0.98.

Required reinforcement area, A

3034l1-2.1.1 Minimum Thickness of Cylindrical Shell,
t,. For the purposes of this illustrative example, the
minimum thickness of the cylindrical shell, ¢,, will be

assume
(4.62 in

 to be the same as that for the spherical shell

).

11-2.1.2 Minimum Thickness of Nozzle Neck,-t,,

PR, _ 2160 X 12.1875
SgE, — 0.6P (14,520 X 1.0) — (0.6 X 2160)
1.99 in.

303

ty

The n
lindrica
centerli
checked
longitud

ozzle in this example will bé installed in the cy-
shell such that the studs will-straddle the natural
hes of the vessel. The yeinforcement area will be
in the plane containing the hole closest to the
inal axis of the vessel.

A =004t =05 X 24.5/5 X 402 X UYs = 55.181 1) 2

Available reinforcement

Ap = 05d (t — t,) = 0.5 X 24.375(4.625 ~/4.62)
= 0.061 in.2
_1

A2 = /Z(ho + hi)(tn - trn)
= 1 x (1075 $88577) x (83125 — 1.99)
= 61.985in.%

B 1= 1/ N = 1/ _ . 2
3= sbahy = U, x 22114 x 89375 = 9.8822 in.

YA, = A+ A + A3 =0.061 + 61.985 + 9.8822
= 71.928 in.?

Subtract stud hole area from XA,:
(a) For a 3-in. stud bolt

Ay = (ds X stud depth) + [1/2 X dg X (dy/2 + tan 59
= (3x45) + (1/2 X 3 X 0.901) = 14.852 in2
Therefore, available reinforcement
YA, — Ay = 71928 — 14.852 = §7.076in.2 > A
(b) For a 3Y,-in. stud bolt

Ay =(dg x stud depth) + [1/2 X dg X (dg/2 + tanS9)

—

o

= (325 X 45) + (1/2 X 325 X 0.976) = 162111

400 “
.20 Uty un
longitudinal
axis

132

Therefore, available reinforcement

YA, —A=71928 — 16211 = 5572 in2 > A
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Article 304
Flaw Excavation and Weld Repair

Surface flaws see Figure 304-3.1-1, or embedded flaws
see|[Figure 304-3.1-2, illustration (a)] in base material or
welds that exceed the allowances of the applicable
conlstruction code or post-construction code can be
renjoved by excavation [see Figure 304-3.1-1, illustration
(b){and Figure 304-3.1-2, illustration (b)]. The remaining
cavjty can be filled with weld filler metal [see Figure
304-3.1-1, illustration (c); and Figure 304-3.1-2, illustra-
tior] (c)], or left as-is, under conditions described in this
Art|cle. Depending on thetypeand location of the flaw, and
the[type of base metal or weld material, excavation can be
accpmplished by mechanical removal methods (grinding,
mac¢hining, lapping, honing, or flapping), or by thermal
renpoval methods (thermal gouging). Descriptions of
thefe excavation techniques are provided in Mandatory
Appendix 304-1.

-2.1 Additional Requirements

rt 1 of this Standard contains additional require-

4-2.2.1 Grinding wheels shallnotbe forced or over-
loadled, in order to avoid-the safety hazards from wheel
failfire. Furthermore, overloading the grinding wheel can
cauke areas of localized high temperature in the substrate
beihg ground, leading in some cases to the formation of
brittle untempered martensite, or tight, shallow surface
cragks. Abusive grinding and uneven and rough finish can
respltinreduced fatigue strength or premature failure due
to thesintroduction of large surface residual tensile

Lised on
impreg-

304-2.2.2 Grinding or cutting consumables
carbon or low alloy steel materials will beeome
nated with residues of those materials@and'becomje unsui-
table for use with austenitic stainless steels. Abrasive
cutting or grinding consumablés should be segregated
for use on carbon and low alloy steels from thdse used
for austenitic stainless ste€l/substrates. Surface fontam-
ination of austenitic stainless steel with carbor] or low
alloy steel residues.can’result in surface corrgsion or
pitting of the austeniticstainless steel. To avoid sugh prob-
lems, only grindingwheels designated as austenitlic stain-
less steel grinding wheels shall be used on these mpterials.

h cracks
suffered
mine or
qualify
making
ve heat.
an also
Appro-
excava-

304-2.233 When grinding out stress corrosio
in stainless steel, or in the case of steels thathave
fron*anodic stress corrosion cracking (such as 4
calistic stress corrosion cracking), itis necessary t
and control the amount of heat generated to avoid
the cracks deeper and longer as a result of excess
Steel contaminated with caustic or amines d
recrack during welding repairs or thermal cutting
priate cleaning procedures shall be used prior to
tion or repair.

304-2.2.4 Intight spaces, burring tools may bg used in

place of grinding wheels.

304-2.3 Machining

When cutting fluids are used, care shall be
prevent their contact on surfaces where they may
mental. Furthermore, chips of the machined meta
controlled and kept from entering component
their presence can be detrimental.

aken to
be detri-
shall be

where

304-2.4 Honing

The honing speeds shall be adjusted as a furction of
length-to-bore ratio of the component and its 1|naterial

strésses—atd-stress+isers—Thesepreblemsraormadly
can be avoided by using lighter grinding practices that
avoid surface oxidation, evident through discoloration.
It 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 aus-
tenitic 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.

133

nardness.

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 Flaw

- 7

(a) /

\\VL\

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
plasmaarc,theveryrapid heating to molten temperatures
and subsequent quenching to ambient temperature can

s E——
a

GENERAI NOTE: A 3-to-1 taper is not required when the cavity will be
filled with weld metal.

(c)

Figure 304-3.1-2
avation and Weld Repair of Embedded Flaw

Exc
/ /
A~ 7
(a)
/

h P 1 < 1 1 el 1 = £E. ypage | Tl ok
resurtirmaraeirecororctrereat-arrectea zones—rnstyer-
mally affected material should be subsequently remojed
by a mechanical process, such as grinding.

304-2.6.2 For some materials it may beynecessary to
preheat the metal prior to arc gouging inorder to preyent
cracking, in particular materials that are required tq be
postweld heat treated by the c¢onstruction codq or
post-construction code.

304-2.7 Generalized Damage

This repair technigtie 'applies well to local defects.
Where damage is extensive, such as general stress cofro-
sion cracking of stainless steel, replacement should be
considered.

304-3 DESIGN
304-3.1 Excavation Without Weld Deposit

Material or weld flaws open to the surfhce
[Figure 304-3.1-1, illustration (a)] or embedded flaws
[Figure 304-3.1-2, illustration (a)] are typicglly
removed by a mechanical (abrasive) method (Figure
304-3.1-3). If the remaining wall thickness of the excgva-
tion, with allowance for future corrosion, is greater than
the minimum required wall thickness required by the|ap-
plicable construction code or post-construction code, such
as the local thin area rules of AP1 579-1/ASME FFS-1, then
the excavated 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 remaining yvall
thickness below the limit permitted by the applicgble
construction code or post-construction code, including
allowance for future corrosion, then the cavity shal| be
repaired by deposition of weld mefal
[Figure 304-3.1-1, illustration (c) and Figure 304-311-2,

/
(b)
—
y o %
/ /

(c)

GENERAL NOTE: A 3-to-1 taper is not required when the cavity will be
filled with weld metal.

illustration (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 forthe welding
operation 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 be
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Figure 304-3.1-3
Grinding of Weld Flaw

i

%

as Wide as needed to ensure defect removal and acil-
itatp welding as previously described. \t_
Q)

<
ihermal removal

ng), an additional
moved by a mechan-

304-3.3 Mechanical Excavation

If the excavation is performed usi
progess (carbon arc or plasma arc
1.5 mm (% in.) of material shall be
icallremoval process such aggrinding, prior to the final
inspection and before we begins. This is necessary
to remove any surfac@(s, hardened material, scale, or

carpon deposit. :

304-4 FAB@ION

304-4.1 air Steps
T uirements specified in paras. 304-4.1.1 through

£o11

'

g
.'rt'

304-4.1.3 Verify defect removal by inspecting the
cavity using visual examination (VT) and liquid pgnetrant
testing (PT), magnetic particle testing (MT), pr eddy
current testing (ET) as appropriate. Measpire the
remaining wall thickness of the excavated cavify using
an approved thickness measurement technfique. If
remaining is greater than the minimum requirgd thick-
ness as determined by a fitness-for-service evdluation,
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|304-3),
repair the cavity by welding according to a qualified
welding procedure specification (WPS), using a qualified
welder, as required by the applicable constructior code or
post-construction code.

304-4.1.5 Perform preheat or postweld hegt treat-

30 4 wd 1l A & £l
T. L. arc geireranny Tonmowet to- CAtavatt a T1aws.

304-4.1.1 Locate and expose the flaw. Characterize the
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.

TITETTt, WiTen Tequired by the appticabte tomnstruction
code or post-construction code, as indicated by owner-
user specification, or as dictated by service conditions.

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
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being removed. Special contour templates or common 304-6.2 Test Method
carpenter gages may be used and may be integrated

into special fixtures. 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.

304-5 EXAMINATION
304-6.3 Exemption
When the excavation does not fully penetrate the

component pressure boundary, leak testing may be
waived.

304-5.1 Critical Service

In critical service applications, following a local repair,
thefina ATTA eIt arca Shalt be examiT T8
VT and PT, MT, or ET, in accordance with the defect accep-
tance crjteria of the applicable construction code or post-
construftion code.

304-7 REFERENCES

) L. The following is a list of publications referénced in this
304-5.2 Volumetric Examination Article. Unless otherwise specified, the latest edition shall

Volurhetric examination (RT or UT) shall be considered ~ aPPLy:
where there is a possibility of flaws introduced during
repair welding, such as shrinkage cracks from deep
weld repairs in thick sections.

ANSI B7.1, Safety Requirements/for the Use, Care and

Protection of Abrasive Wheels
ANSIB74.2, Specificationsfer Shapes and Sizes of Grinding
304-5.3 Additional Examinations Wheels, and for Shapes, Sizes and Identificatiop of
Mounted Wheel$§
Additjonal examinations shall be performed if required ANSI B74.13, Markings for Identifying Grinding Wheels

for simijar welds by the applicable construction code or and Other Bonded Abrasives
post-comstruction code. Publisher: American National Standards Institute (ANSI),
25 West43rd Street, New York, NY 10036
304-6 [TESTING (www.ansi.org)
304-6.]1 Applicability API 579-1/ASME FFS-1, Fitness-for-Service
Publisher: American Petroleum Institute (API), 200
Geneffally, and unless specified otherwise in the appli- Massachusetts Avenue NW, Suite 1100, Washingfon,
cable cqnstruction code or post-construction code, weld DC 20001-5571 (www.api.org)

repairs [that have fully penetrated the component\wall
should be subjected to either leak testing or volumetric
examingtion, or both, following the repair and.any post-
weld hept treatment to verify the integrity.of the repair.

136
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Mandatory Appendix 304-I
Metal Removal Process

304-1-1 FLAPPING

apping isa metal removal process involving a rotating

too] fabricated of abrasive papers. Flapper wheels come in
avdriety of grit sizes and should be worked from the more

COoaQ

304
(

ma
rial
deq
gri
ren
to 1
be

shal
(
abr]
the
can
teri
(AN
wh

Wh

Gri
of |

and
(
thr

exc

se grit to the finer grit.

}-I-2 GRINDING

) Grinding is the process of abrading the surface of a
erial for the purpose of removing portions of the mate-
The process is used to remove localized cracks, pits,
osits, hardened surfaces, etc. Equipment used for
hding includes pencil or small disc grinders to
ove local defects, and large disc or wheel grinders
emove larger defects. The grinding equipment can
electric or air-driven; with wheels of various
pes, sizes, and abrasive characteristics.

b) Every grinding wheel has two constituents: the
hsive that does the cutting and the bond that holds
abrasive component. Variations of these components
be selected to give a wide range of grinding charac-
Stics. The three American National Standards,Institute
SI) standards that provide specifications for grinding
bels are as follows:

(1) ANSI B74.13, Markings for ddentifying Grinding
pels and Other Bonded Abrasives

(2) ANSIB74.2, Specificationsifor Shapes and Sizes of
nding Wheels, and for Shdpes; Sizes and Identification
lounted Wheels

(3) ANSIB7.1, Safety Requirements for the Use, Care
Protection of Abrasive Wheels

r) Manual grinding is generally divided into one of
be categoriess

(1) rough'grinding — relatively rapid removal of
bss wéldimetal or base material using coarse abrasives

sm

(2)polishing and blending — achieving a semi-
01N -- 0 i i jve

(3) buffing — achieving a lustrous and reflective

finish, using fine abrasives usually in a paste or liquid

veh

icle

304-1-3 HONING

(a) Honingisanabrasive process that is used to obtain
a fine finish on the inside surface of a cylindrical compo-
nent.

(b) Honing tools are placed in the bore of the
nent and a radial load is applied such that the]
stones are in contact with the bore@urface. T
is then rotated in the bore, generating a high
surface.

(c) Honing stones generally are manufact
aluminum oxide, silicon carbide, or diamond 3
grits, held together by ‘itrified clay, resin, or
bond. The grain and grade of abrasive to be
based on the amount of stock to be removed
surface finish desired. Silicon carbide is genera
for cast irom,hile aluminum oxide is genera
on steel. As'with grinding discs and lapping cor
the finer the grit, the finer the surface finish.

304-1-4 LAPPING

(a) Lappingisapolishing technique that can bd
prepare surfaces requiring a very smooth finish.
is not economical for removing deep defects. A
rule of thumb is that lapping methods are suit
shallow defects less than 0.05 mm (0.002 in.).
located greater than this depth should be rem
other methods.

(b) Lapping machines are available as por
bench-type systems. In many cases, lapping is pe
with special discs or plates made specifically for
type of application. These plates are normally very
maintain dimensional stability. After defect rem
surface should be lapped to the finish and dinj
specified by the design.

304-1-5 MACHINING

(a) Machining using portable equipment can
for defect removal and weld preparation in
step. Machining with mechanized cutting equip

compo-
honing
ne hone
Lquality

ured of
brasive
a metal
used is
hnd the
ly used
ly used
hpound,

used to
.apping
general
able for
Defects
bved by

able or
-formed
a given
thick to
val, the
ensions

provide
W single
ment is

ment used to remove defects or prepare a sur

g equip-
face 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 boringbarshavebeen used wherecircum-
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 ata faster rate than machines mounted
on the component outer or inner diameters. Small mlllmg

fluids that perform several functions including lubrica-
tion, copling, and chip removal.

304-1-6 THERMAL GOUGING

(a) Inp situations where defects are found to be exten-
sive and where accuracy is not critical, thermal gouging
(carbon|arc gouging or plasma arc gouging) can be used
effectiv¢ly.

(b) Thermal gouging techniques are thermal removal
processes that involve localized melting of the metal,
which i§ quickly swept away by the force of high velocity
air or ghs jets.

304-1-1 BOAT SAMPLE CUTTING

(a) Bpat samples are metal samples in the shape of a
boat hull that are cut out from base metal, weldments, or
weld hept-affected zones (Figure 304-1-7-1). The process
can be used for removal of weld defects, but is more
commonly used for obtaining samples of base materials
or weldp for metallurgical or mechanical testing.

(b) Bpat sample cutters, sometimes referred(tojas weld
probers|or trepanning machines, are mechanical devices
designefl to remove a portion of a weld:or metal plate
by saw |cutting from the plate surface. The machine is
a saw with a dished shape blade, capable of excavating
and removing a boat-shaped 'specimen from a flat
surface [in any position.

(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

edge of the material to be excavated The curvedblpde
is fed into the material until the desired depth is.achieped
and the saw circumference is at right angles(to‘the jdint.
The blade is then retracted, the saw rotated 180 deg and a
second cut is made. The two cuts meet automatically in/the
same plane and the excavation is cdmplete.

(e) Boatsamplescanbe cuteithérlongitudinal ortr
verse with respect to the weld joint. They are boat shal
and the cut sides have a spherical curvature. The
varies in proportion to the-thickness of the plate bg
cut; however, specimens can range from a small siz
Y in. depth x 2% ifJlength x % in. width to a la
size of 1 in. depth x 4%, in. length x 1Y%, in. wi
Larger specimens can be excavated with speci
designed equipment.

(f) Thesexcavated boat samples are large enough to
allow for various mechanical testing processes. Cijoss
sectionhs of the “boats” can be used for hardnless
testing or metallographic inspection. Full-length spgci-
mens can be machined for tensile testing, bend testing,
or Charpy V-notch impact testing.

(g) Once the boat sample has been removed, the cu
can be detached from its mounted position and the ang
bolts can beremovedfromtheplate surface. The cavity
by the removal of the excavated boat sample is very con
cive to repair welding. The tapered nature of the ca
ends and the sloping curvature of the cavity walls al
complete and easy access for most welding process
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Figure 304-1-7-1
Boat Sample
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Article 305
Flange Repair and Conversion

305-1 PESCRIPTION
305-1.1 Introduction

This Article applies to the refinishing of flange faces to
repair mechanical imperfections or damage from corro-
sion or ¢ther damage in service, or to changing the flange
face fin|sh to enable the use of a different gasket. The
surface [finish of a flange contact surface is essential to
the lealj 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

The repair can be performed in situ using a portable
maching tool, or the pipe section or equipment containing
the danjaged flange can be removed and repaired in the
shop.

305-2 LIMITATIONS
305-2.1 Additional Requirements

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

305-2.2 Recurrence of Damage

Flangg refinishing will restorethe’flange facing but may
not elirhinate the cause of/the-initial imperfection or
damaggq. Therefore, the.impérfection or damage may
recur. Cpnsideration shall-be given to the possible recur-
rence of the original\imperfection/damage mechanism.

305-2.3 Remaining Thickness

The flangemay not be sufficiently thick to permit metal
removal by machining and still meet the minimum thick-

305-2.4 Residual Stress

The machining of weld overlayed or weld built-up
surfaces that have not been stress-relieved may cduse
the redistribution of residual stresses.ahd subseqyent
dimensional distortion over time)‘n such instanfes,
precautions such as performing,a stress-relieving ljeat
treatment prior to finish machining shall be considdred
to ensure final dimensiondl-stability.

305-3 DESIGN
305-3.1 Raised Face

Under-thickress of a raised face due to refinishing shall
be acceptable, provided the minimum finished heighft of
the raised face is 0.8 mm (0.031 in.).

305-3.2 Thickness Evaluation

If flange refinishing necessitates removal of matgdrial
from other than the raised face such that the flange dinjen-
sions no longer comply with the original design dinjen-
sions minus the original corrosion allowance or |the
requirements of an applicable specification or standgrd,
the flange shall be evaluated to ensure that the remov{l of
material does not compromise design integrity. Degign
evaluation methods of an applicable new construction
code (such as ASME BPVC, Section VIII, Division 1, Man-
datory Appendix 2), or an applicable post-construction
code or standard shall be used.

305-3.3 Finish and Flatness

The gasket seating requirements in terms of flapge
surface finish and flatness shall be considered.

305-3.3.1 Flatness. For example, API 660 and THMA
permit deviations from flatness that exceed those fhat

ness required for the design pressurerating. In such a case,
itwill be necessary to increase the flange ring thickness by
weld metal buildup before remachining the surface. As an
alternative solution, a splitring 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 calcu-
lations.

are recommended for certain gasket tupes of mafnrials
1=} T

(e.g., flatmetal). For guidance on flange face flatness toler-
ance, refer to ASME PCC-1, Nonmandatory Appendix D.

305-3.3.2 Finish. See TEMA Figure F-4 for permissible
imperfections in flange-facing finish. The choice of flange-
facing finish shall be in accordance with the applicable
standard and compatible with the requirements specified
by the user or recommended by the gasket manufacturer.
For example, unless otherwise agreed to by the purchaser
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or manufacturer, ASME B16.5 specifies the following
flange-facing finishes (as judged by visual comparison
with Ra standards per ASME B46.1):

(a) Tongue and groove and small male and female
flanges: not to exceed 3.2 pm (125 pin.) roughness.

(b) Ringjoint: nottoexceed 1.6 um (63 pin.) roughness.

(c) Other: Either a serrated concentric or serrated
spiral finish having a resulting surface finish from 3.2
um to 6.4 um (125 pin. to 250 pin.) average roughness
shalll be furnished. The cutting tool employed should
haye an approximate 1.5 mm (0.06 in.) or larger
radiius and there should be from 1.8 grooves/mm to
2.2|grooves/mm (45 grooves/in. to 55 grooves/in.).

30%-4 FABRICATION
30%-4.1 Repair Without Welding

Ifeither the flange ring thickness or hub dimensions, or
both, are sufficient, then the entire gasket surface may be
mag¢hined to remove the area of degradation or imperfec-
tior} and thus achieving the desired finish without weld
metfal buildup.

30%-4.2 Repair by Welding

In repairing a flange face, it may be necessary to use
weld metal to either fill a local area (e.g.,, a gouge or a
scratch) or to restore thickness by a weld buildup of
the|base metal or existing weld overlay face. Where
the|flange is to be repaired by welding, the area where
thel buildup is to be applied shall be free ‘ef-any
res|due, gasket material, corrosion deposits,etc., that
wotild unduly affect the weld. Cleaning may,beby mechan-
icallor chemical procedures. Welding procedures and per-
sonnel shall be qualified per the réguirements of an
appllicable new construction code/(siich as ASME BPVC,
Section IX), or an applicable pgst;construction code or
stahdard. Where weld metal"buildup is necessary, the
fillgr metal, welding technique, welder qualifications,
and heat treatment (iflany) shall be selected to meet
seryice and metallurgical requirements.

30%-4.3 Postweld Heat Treatment

hen wgld metal buildup is required, postweld heat
treptmefitishall be performed prior to flange face
ma¢hining if required by an applicable new construction
Oor pos Pos
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.
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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-

VDE U D K Je

sed face
ng with
nvert to
otential
thod of
Fial into
ed face
hndard.
N unmo-
eration

Ring-type joint flanges may be converted-to rai
type flanges with the following considerdtions ald
relevant sections of this Article. The décision to cd
raised face flanges can result from(observed or f
ring groove cracking or other_teasons. One mg
conversion is performed by welding new mate
the ring groove and machiding to meet the rai
dimensions as called-out'in the applicable st|
Special conversion gaskets thatcanbe used with a
dified ring joint flahge may also be used but consi
needs to be given'te the width of the gasket, locati¢n of the
gasket reaction load, the effect of flange rotatjon, and
surface fifiish’on the ability of the gasket to seal.

305-4.5.1 Considerations. Prior to convertin|
types; consideration shall be given to the in
such a change on the system design bases and s
tions, including such negative potential consequ
sealing difficulties and gasket blowout. The impa
change with respect to system design bases and s
tions should be considered. Gasket materials for
gasket type should be selected with due consider
the service environment.

305-4.5.2 Materials. The material used forfillihgin the
groove may match the base metal of the flange or nay bea
different material suitable for the process conditions. For
example, in some instances it may be desirable t¢ fill in a
groove ina Cr-Mo flange using an austenitic stainlpss steel
filler. If the groove is filled with a material that has a
different coefficient of thermal expansion than §he base
metal of the flange, consideration should be given to
the effects of differential thermal expansion. It is recog-
nized that some material may be removed from thg bottom
of the groove in order to prepare the surface for we¢lding or
to remove cracks or other flaws. If material other fhan the
base material is used to fill in the groove, this material
removal can result in the flange thickneks (see
Figure 305-4.5.2-1) composed of base metal being less
than that specified by the applicable standard. This is ac-
ceptable if the depth of the weld does not exceed 10% of
the flange thickness. This 10% criterion may be increased
ifjustified by an engineeringanalysis. This analysis should
be similar to a Level 3 assessment in accordance with API
579-1/ASME FFS-1.

p flange
pact of
becifica-
bnces as
Ct of the
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Figure 305-4.5.2-1
Flange Dimensions

Thickness of
weld (para. 4.3) Depth of

weld (para. 4.5.2)

shall be conducted in accordance with ASME BPVC,
Section VIII, Division 1, Mandatory Appendices 6 and
8, respectively, or other applicable construction code,
e.g., ASME BPVC, Section VIII, Division 2.

305-5.3 Dimensions

After repair, the flange thickness and other dimensions
shallbe verified for conformance to the required thickness

A B
| “ Flange
thickness

)

[
B,

305-4.5.3 Markings. Iftheringjoint flangethatisbeing
convertpd ismarked onitsedge with the letter “R” and the
corresppnding ring groove number (or other markings
identifying it as a ring joint), this marking shall be
removed or defaced (such as by stamping a series of
X's ovel] it).

305-5 EXAMINATION

305-5.]

The finished surface shall be examined to comply with
irements of the standard applicable to new

Gasket Surface

method to determine the integrity of the base metal.
Considgration shall'be given to examining each weld
pass for|surfacédefects by either magnetic particle exam-
ination [(MTJ-or liquid penetrant examination (PT), as
appropriate- For example, such examination should be

il 1. 1ol " 1 d PSS T F O TP I ) 1 g
U LT applitavultT stallual i Ul ds TotlaUIISIITU Uy Uty lgn

calculation.

305-6 TESTING

After the flange joint is reassembléd,in the field, it
should be subjected to a leak test prior to being placed
in service, or an initial serviceMeak test. An iniftial
service leak test is one in whicl the joint is monitdred
for leakage as pressure is ificreased in the system. [The
selection of the most apprepriate testing method shall
consider the hazard ofithe service and any jurisdictignal
requirements. For general guidance on flanged joint leak
tightness testingrefer to Article 501 and ASME PC[-1,
section 12.

305-7 REFERENCES
305-7.1 Related Standards

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

apply.

API 660, Shell and Tube Exchangers for General Refirjery
Service
Publisher: American Petroleum Institute (API), 200
Massachusetts Avenue NW, Suite 1100, Washingfon,
DC 20001-5571 (www.api.org)

ASME B16.1, Cast Iron Pipe Flanges and Flanged Fittings

ASME B16.5, Pipe Flanges and Flanged Fittings

ASME B16.24, Bronze Pipe Flanges and Flanged Fittipgs:
Class 150, 300, 400, 600, 900 and 1500

ASME B16.36, Orifice Flanges

ASME B16.47, Large Diameter Steel Flanges NPS[ 26
Through NPS 60

Publisher: The American Society of Mechanical Engingers
(ASME), Two Park Avenue, New York, NY 10016-5p90
(www.asme.org)

performed for welds susceptible to cracking. The finished
machined surface shall also be examined by MT or PT, and
imperfections in excess of the standard applicable to new
flanges, or as specified by the user, shall be repaired and
reexamined by the method that discovered the imperfec-
tion. Guidelines for nondestructive examination can be
found in ASME BPVC, Section V.The MT or PT examination

Standards of Tubular Exchanger Manufacturers Associa-
tion

Publisher: Tubular Exchanger Manufacturers Association,
Inc. (TEMA), 25 North Broadway, Tarrytown, NY 10591
(www.tema.org)

(22)
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Article 306
Mechanical Clamp Repair

mechanical clamp consists of split fittings mechani-
cally joined together to seal off or reinforce a component.
xamples of mechanical clamps are illustrated in
Figlires 306-1-1 and 306-1-2.

echanical clamps are commonly used to seal repair-
leaking components or reinforce damaged components.
echanical clamps can have a variety of shapes (e.g.,
cyllndrical, rectangular, with either flat or formed
s), often following the contour of the pipe or compo-
nerft being repaired. Mechanical clamps can also be used to
enclose components such as flanges and valves or fittings,
brahches, nozzles, or vents and drains.

echanical clamps are often available as catalog items
or they can be custom-made of two half shells, a sealing
gasket and bolts, or studs and nuts.

Tihe annular space between the mechanical clamp and
the(repaired component can be left either empty or filled;
or ljned with epoxy, sealant, fiber, refractory materials, 'or
othpr compounds.

A clamp can be nonstructural (designed toiconhtain
leaks) or structural (designed to reinforcé.ahd hold
together a damaged component).

Figure 306-1-1
Example of a Mechanical Clamp
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306-2 LIMITATIONS
306-2.1 General

Part 1 of this Standard contains additional
ments and limitations. ThisAxticle shall be
conjunction with Part 1.

equire-
used in

306-2.2 Applicability

Normally, mechani¢al clamps are used to contd
at packings, and(at flanged and gasketed joinf
contain leaks“{or potential leaks) due to local t
The clamp-iswnot always effective in preventing th
gation of a'erackin the pipe or component. Theref
clamps'shall not be used when cracks are presen

fa) “the conditions that lead to the crack forma
propagation have been eliminated so that the cy
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 acceptaple, and
that the crack will not propagate across the clamp; or

(c) thecrackis circumferentialand the clamp i a struc-
tural clamp, where the clamp is designed for the cafse of full
circumferential separation of the cracked comp¢nent. A
separate strong-back assembly may be used to [provide
structural integrity, while the clamp only provifles leak
seal. It is common for these two items to be independent,
though used in concert.

in leaks
S, or to
hinning.
P propa-
bre, leak
[, unless
Fion and
ack will

306-2.3 Qualifications

Installation and sealant injection, where ne
shall be performed by personnel qualified unde
tions representative of the field application.

Cessary,
I condi-

306-2.4 Safety

Personnel shall be aware of hazards in installing

F clamps
- cessary
precautions to avoid unacceptable risks. A risk review
shall be conducted before a clamp is installed. Personnel
shall take any necessary precautions to avoid unaccept-
able risks.
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Figure 306-1-2
Square Mechanical Clamp Over Drain Branch, With Sealant Injection Nozzle

306-2.!

If the
during
additior]
tions sl
review

b Precautions

component is leaking or has the potential to |

al precautions should be taken and those precau-
tould be addressed during the prejobshazard
meeting (e.g., need for fresh air suit, ete’).

306-3 DESIGN

306-3.]

Clamj

Materials Q .
b materials shall be

{5;) in the construction or
struction code@,@ 306-1-1 and 306-1-2, and

be compatible with th , pressure, and temperature,
with du¢ considera @ r the stagnant condition created
by a leak of flui the clamp. The mechanical clamp
sealing |eleme %ﬂd its lubricant may prevent its use
ture service. Generally, the material of
of the clamp should be similar to the

shall be acceptable if they are compatible with the process
and existing components. The clamp design and construc-
tion, including material selection, shall be done consid-
ering the deterioration mode that led to the need for
the repair. The clamp shall be suitable for resisting
this deterioration mode for the life of the repair.

. @&5-3.2 Design Life
\)

ea N
nstallation, and if the contents are hazardol@
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o)

the
'To-
,its

The design life of the repair shall be based on
remaining strength of the repaired component, the co
sion resistance and mechanical properties of the clamp
sealing elements and, where used, the sealant. Sqme
sealants lose their sealing properties as a hot linp is
cooled down, or the sealant can deteriorate over time.
This shall be considered if leaving the clamp in place
for a new heat-up cycle or beyond the manufacturpr’s
designated time at temperature.

306-3.3 Failure Modes

The clamp design shall consider the potential introd
tion of new failure modes in the clamped component.
example:

(a) External parts of the repaired component, 1
enclosed by the clamp, such as flange bolts, that cd
significantly degrade, crack, or corrode if in con

uc-
For

ow
uld
act

(b) Because the clamp can be at a lower temperature
than the component, condensate from leakage gases
should be considered for its corrosive effects.

(c) The clamp can cause the component to run at a
different temperature, which can increase the corrosion
rate or cause dew-point corrosion.

(d) Process fluid contact or the insulating effect of the
clamp may increase the temperature of encapsulated
bolting, causing it to yield.
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(e) Thedevelopmentofoperatingandresidualstresses
due to constrained differential expansion can cause the
clamp to leak.

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-

(a) thrust loads, 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
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.

" o .|
conptructron—coate:

306-3.5 Design Conditions

echanical clamps, sealing surfaces, and bolting shall
be ¢lesigned for design conditions and anticipated tran-
sierjt loads imposed on the repaired pipe or component,
follpwing the design requirements of the construction
code or post-construction code.

306-3.6 Qualification

In cases where there are no applicable design require-
ments, the principles of the applicable construction code
or post-construction code shall be followed. Components
of the mechanical clamp that are fabricated by machining
stapdard fittings (such as cutting-out an opening in stan-
darf pipe caps to make end pieces) shall be qualified by
anallysis or testing, as provided in the applicable construc-
tior} code or post-construction code, and be reinforced if
necpssary.

30

T
cor
the

-3.7 Corrosion Allowance

he design of the clamp shall include the applicable
Fosion allowance, consistent with the.sérvice and
design life of the repair.

306-3.8 Design Loads

T
atin
(

ang

he design of the mechanicalclamp for normal oper-
g conditions shall consider, the following:
) the coincident maximum and minimum pressures
temperatures of ¢he system, unless means are
prdvided to limit the*pressure in the mechanical
clapp. Designing.theclamp for a lower range of design
and operating temperatures than the component is ac-
ceplable if justified by heat transfer analysis.
(b) the load imposed by the weight of the clamp,
incjuding'the entrapped leaking fluid and annular
spafe\material.

tudinal
hall be

not be
compo-
r dama-
te in the
the risk

Where a clamp is intended to restrain long
forces, a locking mechanism or strong-back
provided to prevent separation. Friction)should
relied on to hold together damaged or separated
nents in a fluid service that is flammable, toxic, o
ging to human tissues, or ifthe components opera
creep range, unless a risk analysis documents that
of failure of the clamped joint is acceptable.

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

lammer

306-3.10 Vents_and Drains

When repairing a leaking component, the me
clamp assembly should be designed with ve
drains.to-permit venting the leak while assemb
clamp,then draining the annulus as necessary.

(@) Vents should also be provided for med
clamps installed under water to avoid over-pres|
thewatertrapped in the annulus as the clamp is tig

(b) The vent or drain should include a threadg
flange, or a valve that will be opened to preclude
pressure buildup during assembly. This same
drain may be used to vent or drain the clamj
future. If leak sealant material is to be injected
clamp, these vent and drain connections may |
or separate injections may be provided.

Chanical
hts and
ling the

hanical
surizing
htened.
d cap, a
internal
vent or
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306-3.11 Sound Metal

The clamp shall be sufficiently long to extend to
area of the repaired component. The clamped con
shall be examined to ensure that there is suffici
thickness at the clamp contact points to carry the g
and structural loads in the component, plus the ad
loads imposed by the clamp.

a sound
hponent
bnt wall
ressure
ditional

306-3.12 Sealant Pressure

If using sealant injection, the possibility oflinward

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

145

collapse of the clamped component due to the annulus
pressure of the injected sealant shall be considered.

Consideration should be given to off-gassing of sealant
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 condi-
tions.

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-

306-4 [FABRICATION

306-4.

The domponent to which the clamp will be attached
should Qe free ofloose corrosion deposits, dirt, paint, insu-
lation, rpastics, and other coatings in the vicinity of the
mechanical clamp installation, in particular the area
where the sealing surfaces will contact the pressure
comporjent. These substances can prevent the sealing
surfacep from seating properly against the pressure
compoijent or otherwise generate a leak path under
the sealfng surfaces. Clamps using sealant injection will
generally overcome these concerns.

| Preparation

306-4.2 Leak Box Installation

Care ghall be taken so as not to damage the clamp, espe-
cially thie sealing surfaces. For small leaks, the clamp can
typically be placed directly over the leak. Larger or higher
pressurg installations typically require the mechanical
clamp be loosely installed on the component to the
side of the leak and then slid and tightened over the leak:

306-4.3 Qualification

Persdnnel shall be qualified for installing the repair
clamp and sealant injection, when sealantiis applied.

306-4.

The ¢
service
service.

I In-Service Installation

amp may be installed when the system is out of
or, with the necessary/safety procedures, in

306-4.5 Leak Stoppage

If a npechanical clamp is installed over a thinned or

mance with the design.

306-5.3 Evaluation

Results of examinations should be evaluated follow
the criteria of the applicable construction code or p
construction code.

ing
Dst-

306-6 TESTING
306-6.1 Applicability

The designer shall determine the type of pressurg¢ or
leak test to be _cehducted after installation, on [the
basis of risk ~\likelihood and consequence of failure
of the repaired component when pressurizing |the
annulus between 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 consequence of ar] in-
service leak out of the clamp is acceptable

(b) a hydrostatic test (when hydrostatically testifg a
repair on a hot operating system, caution is required
to avoid the discharge of flashing test water)

(c) a pneumatic pressure test

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

blu-

306-7 REFERENCES

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

apply.

this
hall

API 510, Pressure Vessel Inspection Code: Maintenahce,

ms

leaking|componeént, consideration should be given to Inspection, Rating, Repair and Alteration

wrapping the-component with fiberglass, composite, or ~ API 570, Piping Inspection Code: Inspection, Repair,
metallid wpaps such that the leak can be stopped prior Alteration, and Rerating of In-Service Piping Systg

to installimg the ctamp. T his will also prevent introducing Pubtistrer—Amrericamr PetroteunrtstitutetAPH;200

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.
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Massachusetts Avenue NW, Suite 1100, Washington,
DC 20001-5571 (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)

(22)


https://asmenormdoc.com/api2/?name=ASME PCC-2 2022.pdf

ASME PCC-2-2022

Article 307
Pipe Straightening or Alignment Bending

rt 1 of this Standard contains additional require-
mepts and limitations. This Article shall be used in
conjjunction with Part 1.

307-2.2 Buckling Prevention

Ifthe pipe is lined or is prone to buckling (e.g., if its outef:
diameter divided by its wall thickness D/t is larger than
10d), an engineering evaluation shall be performedprior
to dttempting the straightening operation.

307-2.3 Materials

An engineering evaluation should be.conducted to vali-
dat¢ that the pipe and weld material\properties are not
adyersely affected by heating or bending. See
parps. 307-2.3.1 and 307-2.32.

7-2.3.1 Heating or. deformation of the pipe may
cauge the loss of corresion or cracking resistance, such
as the sensitization-of'solution-annealed austenitic stain-
lesq steels, or the"accumulation of residual stresses that
can| lead to stresscorrosion cracking in caustic service.

7-2.3.2\ “Heating enhanced strength and toughness
low allay+steels and hardenable high alloy steels above
thejr \final heat treatment temperature may degrade

307-2.5 Hazards Review

The need for a hazards review should (be corsidered
prior to hot or cold bending, to address the linjitations
in this Article, and other facilitynand system-specific
considerations.

307-3 DESIGN

307-3.1 Preventing’Recurrence

An investigation into the cause of damage sHould be
completed and.appropriate corrective action should be
implemented‘to prevent future damage.

307:3.2" Analysis

The straightening operation should be designgd by an
experienced piping design engineer. The operation shall
avoid placing significant loads on nozzles, equipment,
components, or supports in excess of their design dapacity.
This may be achieved by applying the planned mgvement
to a stress analysis model of the piping, obtaining feaction
forces at nozzles, equipment, components, and gupports
and verifying that these remain within acceptable limits,
as specified by equipment, component, and suppoit manu-
facturer or by the design rules of the applicable cpnstruc-
tion code or post-construction code. Calculated stfesses in
the pipe itself and at pipe welds may be large, becpause the
bending process will plastically deform the pipp. Large
stresses in the pipe itself or in the pipe welfl, away
from nozzles, equipment, components, or suppdrts may
be acceptable, provided other conditions spedified in
this Article are met.

307-3.3 Load and Deformation Limits

Applied loads and deformations at mechanicjl joints
such as flanged joints, threaded joints, swage [fittings,

mechanical properties.

307-2.4 Linings and Coatings

The bending operation may damage internal linings or
external coatings.

expansion joints, or compression fittings shall be
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, willneitherdegrade 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
Stralghtenlng a plpe may be performed by pushmg or

locally Heating the pipe and then cooling it to achleve the
desired|shape, applying the precautions specified in this
Article.

307-4.2 Surface Protection

Wher] using jacks or pulling devices, a pad should be
used bgtween the chain or rope and the pipe to avoid
excessiye friction, wear, local stresses, or dents and
gouges ¢n the pipe surface. Where possible, local straining
of the pJpe should be avoided by distributing the straigh-
tening qr alignment force over a wide area.

307-4.3 Hot or Cold Bending

should pot be hot bent. TheSeymaterials are sensitive to
heating|above their lower transformation temperature,
which {s a function_8f“their chemical composition.
Heating|these materials/above their lower transformation
tempergture could result in the loss of their high-tempera-
ture prgperties.

Wher} using heat on piping that has been in service,
either fpr\liot bending or for local heating during cold

307-4.3.2 Cold bending refers to bending below Tyt
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

bent pipe shall be performed where requlred by t:he
plicable construction code or post-construction\cod
material specification for the bending of new pipe
when required for corrosion resistance.

307-5 EXAMINATION
307-5.1 Applicability

After straightening or bending the pipe, the exam
tions specified in paras;307-5.1.1 through 307-5.1.4 s
be considered.

na-
hall

rify
um
pSt-
mi-
nts
um

307-5.1.1 Ulfrasonic thickness examination to v¢
that the wallthickness is at or above the minim
required by.the applicable construction code or p
construction code plus corrosion allowance. This exd
nation.should be performed at the outside radius (po
placed in tension by bending) at points of maxim
bending.

307-5.1.2 Visual examination to verify thatthe stra
tened pipe is free of wrinkles, creases, dents, gou
peaks, and other signs of damage. If damage is no
the damage may be assessed using the criteria of
ES-24, and the applicable construction code or p
construction code.

Where surface finish is specified in thedesign, it shall be
verified after the straightening or bending operatio].

The visual examination shall also address the integfity
of lining and coating.

gh-
bes,
ed,
PF1
st-

307-5.1.3 Dimensional examination for ovality
(largest relative difference of diameters at a cross
section of the pipe) to verify that it is not more than
that permitted by the applicable construction cod¢ or
post-construction code.

307-5.1.4 Hardness testing after hot bending (or lpcal
heating) of heat-treatable pipe, to validate thatheatinghas

bending, the heating 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.

148

not unduly altered the material properties, is in 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.
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307-5.2 Weld Examination

If the straightened pipe contains welds (longitudinal or
girth welds)theseweldsshallbe examined for codereject-
ableindications by either magnetic particle or liquid pene-
trantmethod, as appropriate, and evaluated in accordance
with the applicable construction code or post-construc-
tion code.

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

ITESTING

-6.1 Applicability
he straightened pipe shall be pressure tested, if

-6.2 Special Consideration

nsideration should also be given to whether the risk
leak or rupture on startup justifies pressure or leak
tesfing in the absence of code requirements.

Tha followina nublicationis rafarancad-in thic
o F bl

Article.

PFI ES-24, Pipe Bending Methods, Tolerances, Pro
Material Requirements

Publisher: Pipe Fabrication Institute (BFI], 5901,
Hwy #27, Ocean City, MD 21842
(www.pfi-institute.org)

Fess and

Coastal
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Article 308
Damaged Anchors in Concrete
(Postinstalled Mechanical Anchors)

308-1 DESCRIPTION
308-1.1 Anchor Uses

Anchgrs are needed for most base plates. They are used
to safely anchor base plates to prevent column over-
turning and they are also necessary when the base
plate i subject to large design moments or uplift.
Anchors are primarily tension devices. To prevent the
anchor|from pulling out of the concrete, should the
bond sfresses be exceeded, hooks, plates, or other
shapes 3re added to the embedded portion of the anchor.

308-1.7

This |Article is generally written with regards to
repairirlg column base mechanical anchors. Therefore,
the emphasis of this Article is on postinstalled mechanical
anchorg as described in para. 308-1.6. However, it is
intendef to apply to repairing pressure vessel support
anchors such as support skirts and saddle supports.

Intent

308-1.3 Types of Mechanical Anchors

Ther¢ are two general types of mechahicdl anchors:
cast-indplace and drilled-in. Three different types of
cast-inqplace anchors are shown ifi Figure 308-1.3-1.
These 3re generally made from either bolts or bar
stock, referred to as a rod. Thé gommonly used hooked
rod is made from a round shape and shown in Figure
308-1.3}1, illustration (a)\The tensile load is resisted
througll a bond developed along the length and by the
hook. Smooth rodssdo/not always form reliable bonds
due to ¢il or othier'contaminants that may exist on the
rod. Thiose withvhooks may fail by straightening and
pulling put‘efithe concrete. A more positive anchorage
is often|préferred.

designer should generally specify the rod with’threaded
ends and provision of a nut for anchorage,”as showp in
Figure 308-1.3-1, illustration (c). The lewer nut shquld
be fixed to the rod (e.g., tack-wélded; too much Heat
during the welding process niay adversely affect [the
strength of the rod) so thatthe'rod does not turn fout
when the top nut is tightened. The tack welds shal| be
placed at the rod overhang face of the nut; this pracfice
is accepted by the ASME BPVC for nonstructural fack
welds used as a_lecking device even though welding is
not otherwise~permitted for rod materials, such ag A-
193-B7.

308-1.5 Anchor Failure

The two most common causes of anchor failure[are
corrosion and lack of proper preload. Anchor failyres
[see Figure 308-1.5-1, illustration (a)] occur when
either the bolt fails mechanically (i.e., steel failfire,
pull-through, or pullout) or when concrete surrounding
the anchor fails (i.e.,, concrete breakout or conciete
splits) due to the tensile and/or shear loading of|the
anchor [see Figure 308-1.5-1, illustrations (b) and (§)].

308-1.6 Postinstalled Mechanical Anchor

This Article’s emphasis is on postinstalled mechanical
anchors of M6 (0.25 in.) diameter or larger, placed Into
predrilled holes and anchored within the concretqd by
mechanical means. While data contained in the various
tables is limited to a maximum diameter of M24 (1
in.), the methodology contained in this documlent
appliestolarger diameter anchors found in process eqpip-
ment supports. However, many different postinstalled
adhesive anchors that are anchored by chemical means
(e.g., epoxy) are available for use in concrete. Thlese

308-1.4 Illustrations

A more positive anchorage is formed when boltsor rods
with threads and a nut are used, as shown in
Figure 308-1.3-1, illustrations (b) and (c). Bearing on
the head or nut then develops the anchorage. Itis only
necessary to provide for adequate embedment depth
and edge distance. Since headed bolts are not often avail-
able in lengths and diameters required for base plates, the

anchorsexhibitarangeofworkingprineiptes;proprietary
designs, and performance characteristics and thus are not
the primary emphasis of this document. These adhesive
anchored bolts are acceptable for use as long as they are
installed per the manufacturer’s recommendations.
Because of the increasing popularity of this type of
anchor, Mandatory Appendix 308-1 contains some instal-
lation data for adhesive anchors.
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Figure 308-1.3-1
Anchors

gae

g5e

Figure 308-1.5-1
Anchor and Concrete Failure

L;J

(c) Threaded Bar
With Nut

a) Hooked Bar {b) Bolt

308-1.7 Column Base Mechanical Anchor

n example of a column base mechanical anchor in
conkrete is shown in Figure 308-1.7-1. Note, this is not
a ppstinstalled anchor but an original-installed anchor.
However, even though Figure 308-1.7-1 does not show
othler types, this Article is also applicable to other
prdcess equipment supports, such as vessel skirts,
tubllar columns, and saddle supports.

308-2 LIMITATIONS
308-2.1 Additional Requirements

Plart 1 of this Standard contains additional require-
mepts and limitations. This Article shall’ be used in
conjjunction with Part 1.

308-2.2 Considerations

1 applying this repair method, consideration shall be
givén to compatibility of-materials, operating conditions,
intg¢nded life of the comiponent, and any limitations on
examination and testing.

—_—

308-3 DESIGN
308-3.1-Original Anchor Assembly

hedesign of the original anchor assembly should be in
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accordance with the original construction code, such as
the American Institute of Steel Construction (AISC),
Manual of Steel Construction or the Building Code Require-
ments for Structural Concrete (now obsolete) or ACI 318-
02.
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(c) Concrete Failure — Shear
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Figure 308-1.7-1
Column Base Anchors in Concrete

N
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uplift, the uplift force must be resisted by a weight greater
than the upliftforce, or the column base must be anchored.
Anchors transmit this tension force. Several characteris-
ticsin anchor design can be varied to suit the load require-
ments: the quantity of bolts; the diameter; the length; and
type of material.

308-3.2.3 Shear Forces. Anchors typically are not used
to resist shear forces in a column base. While base plate

Column
/ Anchor
Nut
Base Washer
Grout _\ ﬁl l
_\ ' L NWasher

Nut

=k

(tgckweld)

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 o the original anchor assembly.

308-3.2.1 Embedment. Anchors of any typeshall'have
an embedment length sufficient to develop-the full
strength of the anchor. Drilling is often_complicated by
the prepence of reinforcing rods. Sheuld one or more
be encolintered, an analysis shall be(performed to deter-
mine if jt is permissible to sacrifice the reinforcing rods,
(ie., by fcutting the reinforcingrods as they are encoun-
tered, a[reduction in the steél peinforcing area will occur
such thpt the concrete design may be compromised).
Anchorf, when used-with the leveling nut method of
setting ¢olumn bases, shall have a nut and heavy erection
washer poth aboye and below the base plate. The washers
are usefl to preveént the nuts from attempting to push
through the“oversized holes. Extra thread should be
supplied forlower nut adjustment.

T ICTION TeSIStS Shear, sihear fOrces can be further resited
by some device attached to the underside of the base pjate
and inserted into a groove orkeyway in the conéreté fqun-
dation. The main reason anchors are not.to be used to
resist shear forces is that they have a relatively lpw-
bending resistance. If a base plate were.to ease sideways
into bearing against an anchor, theload (discounting|the
grout) would be delivered apppoximately 25 mm (1 [in.)
above the concrete top. ThetVanchor would act liHe a
vertical cantilevered membesAlso, the random location
of anchors as they are located in the oversized base pjate
holes results in a situation where seldom does more than
one anchor of a multianchor group go into shear atany pne
time. ACI 318.makes allowance for shear capacity] on
concrete anchot bolts. The capacity is reduced in presence
of grout tosaccount for bending.

308-4.FABRICATION

308-4.1 Weld Repair of Existing Rods

Anchors, fabricated from A36 or A307 that break off at
the surface but do not disturb the surrounding concgete
may have a threaded rod extension welded to the top offthe
bolt (see Figure 308-4.1-1). The weld repair shall inclpde
means to avoid damage to the concrete. The materidl of
construction of the rod shall be known. Anchors made of
materialswith propertiesachieved by heat treatment (g.g.,
quench and tempered) shall not be weld repaired. AWS
D1.4 is a reference for guidance on welding concgete
embedded steel.

308-4.2 Repair of Existing Rods With Extensigns

Foranchors fabricated from A36,A307,and A-193-H7,a
sleeve coupling may be used with a short threaded jrod
extension, provided the hole in the base plate is large
enough to ensure that it clears the coupling (lsee
Figure 308-4.1-1).

308-3.2.2 Loading. Any anchor that has been sized by
calculations based on design loadings shall be preloaded
sufficiently to prevent either base-plate separation from
foundation or movement on the foundation when loads
are applied. If preload is less than maximum load in
service,anchor bolt fatigue may occur. Periodic tightening
is required to compensate for the preload loss due to the
relaxation of the concrete. Anchors are the link between
foundation and column. When a column base is subject to

308-4.3 Replacement

Afterremoving 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 larger than
the bolt diameter, exposing the concrete around the
damaged bolt. A diamond bit drill may then be used to
cut through the concrete at sufficient depth to extract
the damaged or corroded bolt. The carbide bit drill
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Figure 308-4.1-1
Weld Repair of Existing Rod

Threaded rod
__/ extensions \*f
Coupling\

(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.

(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

anchor bolt

may also be used to cut through the bent legs of “L” or “J”
bolts. Care should be taken to avoid cutting rebar, unless
approved by a structural engineering evaluation.

Anchors exert relatively small lateral load on base
plates, therefore “tear-out” is typically not a problem.
Taljle 308-4.3-1 contains dimensions based on anchor
sizg.

NOTE: Tables 308-4.3-1 and 308-4.3-2 are provided as illustia«
tive| examples.

While drilling of base plate holes is the preferred
method for holes of 38 mm (1.5 in.) in diameter or
smdller, burning of base plate holes isan ac¢eptable proce-
dure for larger holes, especially when-applied to field
reppir situations. The slight hardeningexhibited at the
burlned edge is not important since the bearing of the
andhor against the side of the.hble is not a factor; it
makes little difference how the hole is made. When
sizipg the area of a base'plate, the loss of area at the
anchor holes (and grout\holes) is generally ignored.

o of the most commonly used postinstalled anchors
ar¢ the wedge and the sleeve anchors.
Parfagraphs 308-4.3.1 and 308-4.3.2 list installation
insructions for each.

8-4:3:1 Wedge Anchor Installation Instructions.
Methatiical wedge anchors require greater concrete

torque values listed in manufacturers specificatjon.

308-4.3.2 Sleeve Anchor Installation-Instrugtions

NOTE: A sleeve anchor with a wrapped sheet metal dleeve, as
shown in Figure 308-4.3.2-1, is a light<duty anchor and should
not be used for base plate applications-There are hepvy-duty
sleeve anchors that work as expansion anchors but |they are
not shown here. The illustration is'for installation infprmation
only.

The following are.sleéve anchor installation fnstruc-
tions:
(a) Drillthehodle perpendicular tothe work sufjface. Do
not ream hole<or allow the drill to wobble.
(b) Drillithe hole deeper than the intended embedment
depth «of the anchor, but not closer than two|anchor
dianieter's to the bottom surface of the concretd,
(e) Clean the hole using compressed air as thip is nec-
éssary for proper anchor performance.
(d) Place the washer and nut on the anchor apd place
the anchor into the hole so thatthe 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 tle hand-
tight position.

308-4.4 Abandon in Place

Damaged or corroded bolt may be left in place jand one
or several new anchor holes may be drilled into the base
plate and concrete. New anchors may be installgd in the
newly prepared holes according to the anchor yendor’s
installation procedure and new washers and nfits may
be placed and tightened to complete the repaif. When
new anchors are placed close to the existing gnchors,
the nut may be removed from the abandoned |anchor,
thus removing the tensile load from that anchof or the
abandoned anchor may be cut off so as not to ipterfere
with the equipment base plate.

strength due tothe concentration of stresses at the expan-
sion clip. The anchor works by expansion in the tip, and
thus localizes all of the pressure in a small area. This can
cause the concrete to crack or, if the concrete is weak, the
anchor may not tighten. This anchor can only be used in
concrete, not in masonry. The following are wedge anchor
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.

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 With 4.5d
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.
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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 (%) 13 (%) 10 (%)

M10 (%6) 19 (%) 19 (%)

M12 (%) 22 (%) 19 (%)

M16 (%) 29 (1%) 22 (%)

M20 (%) 32 (1%) 25 (1)

M24 (1) 44 (1%) 31 (1%)
GENERAI} NOTE: These data are provided as an illustrative example of typical limits and should not be used as reference data witheut [first
validating in accordance with the applicable design code or manufacturers specification.

Table 308-4.3-2
Expansion Anchor — Illustrative Example of Typical Minimum Limits for.Réference

Minimum Spacing,

s}
for Embedment Minimum Edge  Minimum Eqge
Nomihal Embedded Length, Embedded 4.5d, Minimum Spacing,’ Distance, ED, for Distance, ED/ for
Bolt Diameter, Le, for 4.5d, Length, Le, mm (in.) S, for Embedment Embedment 4.5d, Embedment|8d,
mm (jn.) mm (in.) for 8d, mm (in.) [Note (1)] 8d, mm \(in.) mm (in.) mm (in.)
M6 (Vs) 29 (1%) 64 (2%%) 31 (1%)
M10 ([/16) 41 (1%) 75 (3) 94 (3%) 113 (4'%) 47 (1%) 125 (5)
M12 (', 56 (2%) 100 (4) 125 (5) 152.4 (6) 64 (2'%) 175 (7)
M16 (%) 69 (2%) 125 (5) 156 (6%) 188 (7Y%) 78 (3%) 213 (8%)
M20 (%) 81 (3%) 150 (6) 188 (7%) 225 (9) 94 (3%) 250 (10)
M24 [1) 113 (4'%) 200 (8) 250 (10) 300 (12) 125 (5) 325 (13)
GENERAIf NOTE: These data are provided as an illustrative example of typical limits and should not be used as reference data withoutffirst
validating in accordance with the applicable design code or manufacturers specification. Itis up to the designer to determine values for diamdters
greater than M24 (1 in.). This data table should not be extrapolated.
NOTE: (1] S is the center-to-center distance between twoadjacent expansion anchors. The two expansion anchors may be on the same or onftwo
different

308-4.5.1.1 Relocation of'one or two anchors within

anarca
shall be

Table 3

8-4.3-1

shown in Figures 308-4.5.1.1-1and 308-4.5.1.1-2
permissible ifthefollowing requirementsare met:
le minimum edge distance between the anchor
plate edge meets the requirements of

(b) requirements of edge distance, ED, and embedded
length, lesperTable 308-4.3-2. Thesetolerancesapplyina

situatio

location, a hole in the alternate location is drilled.

308-4.5.1.2 Expansion anchors not using the toler-
ance of para. 308-4.5.1.1 may be relocated such that the
spacing is within 3 mm (% in.) of the specified spacing for
M6 (% in.) and M10 (e in.) diameter expansion anchor
and within 6 mm (%, in.) of the specified 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.

154

308-4.5.1.3 Expansion anchors not meeting
tolerances of paras. 308-4.5.1.1 and 308-4.5.1.2 s
be subject to an engineering assessment by a struct
engineer for resolution on a case-by-case basis.

308-4.6 Tolerance for Anchors With 8d

Embedment

The location of an individual anchor may be change
facilitate installation, provided the tolerances specified in
paras. 308-4.6.1 and 308-4.6.2 are met.

plate assemblies. Minimum spacing between anchors of different diameters shall be the average of the minimum spacing for individual
diameters.

the
hall
ral

dto

308-4.6.1 Relocation of One or Two Anchors Within
the Design Plate Assembly (Figure 308-4.6.1-1). The
relocation of anchors within a circle of 2d radius shall
be permissible, if the requirements of paras.

308-4.6.1.1 through 308-4.6.1.4 are met.
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Figure 308-4.3.1-1
Wedge Anchor

Figure 308-4.5.1.1-1
Relocation of One or Two Anchors Within an Arc (r = %d)

— |
e RO |
ST N S
AN ; oS oS ° ==
TEA e e ~k
600 B =
o%:"’ :;:Z N G?ZD'QGO \Ki / *
00.9 I ST S oo.
207 g I° o0
Go 0'00.Q QO'OQD 0009
>T9 Qo - ] 122 o
S f0Ses 0% 0
o i 0220 o ST g 45 deg
an.@oo % )h 50.% O_'Qoao
CHEE ) ° =62,
e [ \ VoS Zo S
6.7 05 ot o Qoﬂa§‘,
% jo o &Y
o 323 a:('}c L 45 deg
(=P OQQQG Z(:o%;@“"o‘? '
Te e 7 LSS0
°Te S eo0 A /N Le =63
— —_— — _..— ——
Figure 308-4.3.2-1
Sleeve Anchor
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o° 220 c‘;,\/“oa'fa g diameter. For existing M24 (1 in.) diameter anchor, the
BRNEAE  S relocated anchor shall be of the same diameter ifthe angu-
larity limitation of < 4 degis satisfied. Bolt angularjty is the
angle off the 90 deg perpendicular between the bdse plate
and the anchor.
308-4.6.1.1.-The minimum edge distance between .
th h % the plate ed gt th . ¢ 308-4.6.2 Relocation of More Than Two Anchors
elanchor an e plate edge meets the requirements - . .
: p g q Within Design Plate Assembly (Figure 308-4.6.2-1).
as shownsin+Table 308-4.3-1. .
Any number of anchors in a plate assembly may |be relo-
308<4.6.1.2 Requirements of ED and Le per cated as long as the installed anchor spacing is within plus
TabteS08=43=2- o trt obottdiameterso edestgiatedspating and

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.

308-4.6.1.4 Ifthe angularity of the relocated anchor
is greater than 4 deg and less than 10 deg, the next larger
size shall be used for the relocated anchor for example, use
M16 (% in) diameter anchor in place of M12 (% in.)
diameter, M24 (1 in.) diameter in place of M20 (% in.)
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the requirements given in para. 308-4.6.1 are met. For
other cases, engineering shall be notified for resolution.

308-4.6.3 Relocation of Anchors Outside the Design
Plate Assemblies (Figure 308-4.6.3-1)

308-4.6.3.1 If one bolt must be relocated because of
interference, the entire row of bolts shall be relocated like-
wise. The maximum permissiblerelocationshall be 75 mm
(3 in.).
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Figure 308-4.5.1.1-2
Relocation of One or Two Anchors Within an Arc (r =

d)

Figure 308-4.6.1-1
Relocation of One or Two Anchors Within a Design Plate
Assembly

45 deg
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[ ] [ ] [ ]
GENERAL NOTES:
(a) Arcrpdius r=d

(b) X = relocated anchor

30
Table 3]
ments [

-4.6.3.2 Requirements of ED and Le per
8-4.3-2 and minimum ‘edge distance require-
er Table 308-4.3-1 shall be met.

-4.6.3.3 AnewTectangularplate, Wx L' or W' xL
ickness of 6(mr (%, in.) more than the existing

to the rlew ‘plate assembly centerline.

@ = design location of anchor

X =

relocated anchor

Figure 308-4.6.2-1
Relocation.of More Than Two Anchors Within a Des
Plate Assembly

Minimum per

S
lTabIe 308-4.3-2

«—S — 2d—>

X
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X
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[ ] [ ]
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@ = design location of anchor
X = relocated anchor

30 AIILhUID VVthlll th rnecvv PIGLL Illﬂ_y b\,
ad]usted 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.
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308-5 EXAMINATION

The threaded rod extension welded per para. 308-4.1
shall be examined using the magnetic particle method per
ASME BPVC, Section V. Acceptance/rejection criteria for
MT are the applicable construction code or post-construc-
tion code. All other repairs shall be examined per original
installation requirements and follow the acceptance
criteria per the original installation requirements.
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Figure 308-4.6.3-1
Using an Enlarged Plate
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308-6 TESTING

esting shall be per original installation requirements.
In fhe event it is determined-that testing of the actual
reppired anchor is not feasible, it is acceptable to repre-
sent the installation/repair method in a prototype if the
anchor sample(s) are.-prepared in the same manner.

ASME Boiler and Pressure Vessel Code, Section V] Nonde-
structive Examination
Publisher: The American Society of Mechanical Efgineers
(ASME), Two Park Avenue, New York, NY 10016-5990
(www.asme.org)

AWS D1.4, Structural Welding Code-Reinforcing|Steel
Publisher: American Welding Society (AWS), 8669 NW 36

308-7 REFERENCES Street, No. 130, Miami, FL 33166 (www.aws.qrg)

he following is a list of publications referenced in this
Art|cle, Unless otherwise specified, the latest edition shall
apply

Manual of Steel Construction

Publisher: American Institute of Steel ConstructioT (AISC),
120 EastRandalnh Straat Suita 2000 Chicaan 1 60601
) 7 7 ¥ D ke

o . (wwwe.aisc.org)
ACI 318-02, Building Code Requirements for Structural

Concrete

Publisher: American Concrete Institute (ACI), 38800
Country Club Drive, Farmington Hills, MI 48331
(www.concrete.org)
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Mandatory Appendix 308-I
Anchors Installation Using Chemical Means (Adhesive)

Adhesive Anchors

ive anchors have the advantage of working in
rength concrete; however, they are more expen-
install than mechanical anchors. The adhesive
works by drilling a hole in the concrete, filling
adhesive, and then inserting the anchor. The
rce is spread equally along the length of the
following are Drop-In Adhesive Anchor Installa-
fructions:

blect the proper size drill bit. Drill the hole per-
lar to the work surface. Do not ream the hole
the drill to wobble.

q

(b) Clean hole of any dust and debris as anyfleft
reduce the holding capacity of the anchor.

(c) Inject the adhesive into the hole approximately
full.

(d) Insert anchor into the hole with;'a slight twis

motion.

(e) Allow the adhesive to cute per the manufactyl
specification. Do not touch_the‘anchor during this g

time.

(f) After the cure time has elapsed, it is safe to load

anchor by placing a washer and nut on the anchor
tighten to torquevalues listed in the manufacturer’s s
ification.

ill
half
ing

e’s
ure

the
hnd

|
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Article 309
Valves With Pressure Seal-Type Bonnets

1 the Course of Preparation

159


https://asmenormdoc.com/api2/?name=ASME PCC-2 2022.pdf

ASME PCC-2-2022

Article 310
Hot Bolting
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Article 311
Hot and Half Bolting Removal Procedures

311%-1 DESCRIPTION 311-2 LIMITATIONS
311-1.1 Introduction 311-2.1 Additional Requirements

Bolts in flanged joints that have been in service can be Part 1 of this Standard, “Scope,)Organizatipn, and
difffcult to remove. Such difficulties at the start of shut- Intent,” contains additional requirements and limftations.

downs for plant maintenance can result in costly schedule This Article shall be used in conjunction with Phrt 1.
intdrruptions, or extend the duration of activities involv-

ing|some hazard. The use of hot and half bolting removal ~ 311-2.2 Risks Associated With Hot and Half
procedures may be considered as a possible solution. Bolting
311-1.2 Hot Bolting Although hot Bolting and half bolting removal proce-

dures can reddce plant downtime, they are pofentially
Hot bolting is the sequential removal and replacement  hazardousyand therefore caution shall be exergised in

of Holts on flanged joints while under reduced operating their planning and execution. In considering pptential
prepsure (see para. 311-3.4). It is carried out one bolt at a applications for hot bolting and half bolting femoval

timg in a predetermined cross pattern sequence. Each precedures, any potential benefits from these a

replaced bolt is fully tensioned before the next one is  yShould be carefully weighed against the risks (see

renjoved. para. 311-3.1).
Hot bolting can be used to clean, lubricate, and reinstall

exifting bolts for preshutdown activities, replace 3:11_2‘_2'1 :ISk; {-\fssomated M?th Hol(:jBoltln. W_hin
corfoded or damaged bolts, or upgrade the material'spec- con gctlng L= t.mg removal procecures, IS TISKS
of fluid leakage are increased due to increased| bolting

ification or grade of bolts.

NOTE: Hot bolting can also be used to check residual bolt stress
aftef a period of operation, or to retighten loose belts. Hot bolting blowout
for fhese purposes is beyond the scope of\this Standard. '

311-2.2.2 Risks Associated With Half Bolting

stresses and relaxation of gasket compressidn, both
potentially resulting in joint leakage or gasket §egment

. When

311-1.3 Half Bolting conducting half bolting removal procedures, the|risks of

Half bolting is the remoyal-of every other bolt (so the compressionand the possibility that the system
flarjge is left with half the\number of bolts) during plant vertently be repressurized. For this reason, the

def ressuri_zation, usually when the system is close to pressure at which half bolting is conducted should be
atnjospheric pressare. well below design pressure and preferably at |or near

fluid leakage are increased due to reduced|gasket
Ay inad-
system

NOTE: Half boltingis/also sometimes referred to as skip bolting atmospheric pressure with local management ¢ontrols

or ddd bolting. in place to prevent repressurization.

311-1.4-Definition of Bolt 311-2.3 Procedures and Safe Work Practicps

Botta . .
of threaded fastener that can be used in a pressure-
boundary bolted flange joint assembly such as a bolt,
stud, studbolt, cap screw, etc.

bolting removal provided in this Article are generic in

tices.

161

ingland half

nature and shall be combined with a job-specific proce-
dure along with other appropriate plant safe work prac-
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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

(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.

acting ¢ the Joit that coutd Tause (€akage ol gaSKet - - —

blowout during the operation. The analysis should (d) the reduction of effective minimum_gasket

considet, as a minimum, the following: compressive stress between bolts associated with bolt
(a) contents of the piping or equipment removal; e.g., that sufficignt 1oading remains on [the
(b) dbsign and operating pressures and temperatures ~ 8asket to ensure that it maintains a seal
(c) ppssible upset conditions . .

(d) bending moment on joint (see para. 311-3.2.1) 311-3.4 Maximum Pressure/Hot Bolting

(e) pesition and functionality of piping supports Unless otherwise justified by“an engineering and fisk
(f) pgsition and type of expansion bellows analysis, hot bolting may be_performed only when |the
(g) njaintenance history of the joint operating pressure is equal to or less than 50% of
(h) ekperience with hot or half bolting procedure appli- maximum pressure allowed as determined| in

cation tp similar joints para. 311-3.3.

g)) z:iftiirfge tvzolrl?lléinufslii dH; ;(s)}l(r;tt i;;imbly 311-3.4.1 Confirming Reduced Pressure Prior to Hot
) Bolting. Confiriation thatthe pressure has been redyced

NOTE:Aspirﬁal wound gasket with a centering ring is considered and that répréssurization is not practicable shall be

LOLEN DRI ER dae obtainedfrom operations personnel before the jhot
(k) through bolted vs. bolts studded unto tapped holes boltingZremoval operation is started.

(see para. 311-3.6) NQOTE:In paras.311-3.4.1 and 311-3.5.1, “not practicable” m¢ans
(1) gdsket material/thickness that sufficient controls are in place to ensure repressurizaftion
(m) dondition of flange will not occur until the system is returned to a status whenlit is
(n) cpndition of bolts; including consideration whether. safe to do so.

the necqssary bolt stress is sufficient, or overstressed (See

paras. 311-4.1.6 and 311-4.1.7) 311-3.5 Maximum Pressure/Half Bolting
(o) dondition of nuts (see paras. 311-4.16 and

311-4.1|7) Unless otherwise justified by an engineering and fisk

analysis, half bolting may be performed only duging

311-3.2 Minimum Number of Flange Bolts depressurization when the pressure is equal to or |ess

} ( ) ) than 25% of the maximum allowable pressure o] 50
Unl?ss the results of the engineering apq risk analysis psig, whichever is lower, and when low pressjire
establish that the consequences.of either joint leakage or steam, air, or nitrogen (also see para. 311-4.1.5) is|the

gasket blowout are acceptable,/flanges should have a . di
n - purging media.

minimum of eight bolts.

NOTE: Ifthefluid contents are such thatthereislow risk ofinjury
311-3]2.1 Bending Moments on ASME B16.5 Class 150 associated with accidental contact, the need for purging maly be

Flangeg. The 8-bolt\Class 150 B16.5 flange is recognized reviewed for deletion.

as beinp uniquely‘under-bolted and thereby can only

accomrhodate ‘m6dest external bending moments, a 311-3.5.1 Confirming Reduced Pressure Prior to Half

considefatiémin the risk analysis. Bolting. Confirmation that the pressure has been redyced

and that repressurization is not practicable shalll be

311-3.3 Determining Maximum Pressures When obtained from operations personnel before the half

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) thecalculated maximumallowable pressure perthe
applicable construction code for nonstandard flanges
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bolting removal operation is started.

311-3.6 Tapped Holes — Use of Hot Bolting

If bolts stud into tapped holes, the use of the hotbolting
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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Evenifthisthread 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-
ment and gasketcreep 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.

the minimum required bolt load for leak tightness and
an assessment of the possible bolt stress may be required
to ensure the bolts have sufficient load 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.

11-4.1.1 Personnel Protective Equipment/
Emergency Planning. Appropriate protective and
safgty equipment shall be worn in case of leakage. The
need for emergency standby and contingency planning
shall also be considered.

1-4.1.2 Access Considerations. Consideration shall
be given to the accessibility of the area and that adequate
eschpe routes are available should uncontrolled flange
lealfage occur.

1-4.1.3 Location and Condition of Isolation Valves.
location and condition of the nearest upstream and
nstream isolation valves shall be ascertained prior to
mencing work. Operations personnel shall have a
ingency plan for the isolation of the joint, which
resses the need to block in or depressurize the equip-

1-4.1.4 Identification of Emergency Facilities. As
ssary, emergency facilities such as safety showers
and eye baths should be identified and locatiotrs made
kndwn to personnel involved in the work:

11-4.1.5 Consideration of Nitrogen Hazards. If
nitfogen is used as a purging medium, consideration
shall be given to protection of personnel should a leak
occlir in a confined space.

311-4.1.6 Inspection of{the Flange Assembly. A thor-

ue with
vrench.

BUlt tishtucob lua_y lUC LIICL:\CC} IU_)' d})})llyllls tUl
either a hand wrench or a hydraulic torque
Do not use hammer (slug) wrenches.

311-4.2.2 Sequence of Bolt Changeout. W
bolting, the bolts shall be changedout one at a
aproper tightening sequence (see ASME PCC-1, N
datory Appendix F). The numbering system for th
priate tightening sequence should be marked on tlj
in a readily visible location\before starting to reny
bolts.

hen hot
time in
onman-
P appro-
eflange
ove any

vice vs.
1-4.2.4
hen the
osed to
sidered
11-3.1).

311-4.2.3 Considerations Relative to In-Ser
Pre-Shutdown. The provisions of paras. 31
through 3¥1+4.2.7 may be more applicable w
flange is“intended to remain in service, as opp
immediately prior toshutdown. This should be corj
in the.engineering and risk analysis (see para. 3

311-4.2.4 Cleaning and Lubrication of Surfg
bolts and nuts are removed, the surface of the
where contact is made with the nuts should be
power brushed clean (remove protrusions, spoj
required). Proper lubrication with an approved |
should be applied to the friction surfaces of
assembly. This includes the threads and all
surfaces of the nuts except for the surface betw
nut and the flange at the rear of the joint (on the
side of the flange from the torque wrench), wh
beneficial to allow friction to develop betw
bearing surfaces.

hces. As
flanges
wire or
t face if
ibricant
he bolt
bearing
een the
pposite
ere it is
ben the

’ : 311-4.2.5 Hand Tightening and Baseline Bol{ Length
ough inspection of the flange assembly should be  Raadings. Install bolts and nuts hand tight, With the
con@ucteq to verl_fy thg 1nte_gr1ty of the flang.e and its marked ends of the bolts and nuts located on the same
bolfing, Wlth c0n.51derat10n given to the following: ) side of the jointand facing outward to facilitate inspection.

(0 d_eterlo_rat.lon of the bolts and nuts, such as necking If ultrasonic elongation control is to be used, initial bolt
(cofrosion thlpnmg], worn threads, or c.rackmg ) length readings should be taken and recorded at this time.
(b) theuability of the gasket to be retightened and its
bloyvoutPotential 311-4.2.6 FirstPass Torquing. Before new bojts/nuts
(£) \deterioration of the gasket, and the potential of __areinstalled, checkto determine thatthe nutsrunfreelyby

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
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hand past where they will come to rest after tightening. If
nuts will not turn freely by hand, checkforcauseand 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
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value is substantially higher than that used for the first
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, Non-
mandatory Appendix O). This should be considered in deter-
mining the hot reassembly bolt load. In addition,
consideration should be given to allowing replacement bolts
to reach their operating temperature prior to final tightening.

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.

311-4{2.7 Final Torquing. After each tightening round,
take mefasurements around the circumference of the gap
between flanges with a vernier or caliper to verify that the
flanges|are being brought together evenly (see ASME
PCC-1, Nonmandatory Appendix ]).

Afterthefirstpasstorquingall boltstothetarget torque
value i an appropriate sequential order, one of the
followihg actions shall be required, depending upon
whether or not ultrasonic elongation control is used:

(a) Tjghten all bolts again usingthe same torque value
and following the sequential order from the first pass,
followgd by one or more passes using the target
torque yalue in a rotational order.

(b) Tlake ultrasonic readings and adjust the torque
value, iff necessary. Then, if the torque value is changed
as a reqult of the ultrasonic elongation measurements,
retorqup twice at the final torque value in the appropriate
sequentfial order, followed by at least one pass in a rota-
tional grder, until the nuts will not turn at the target
torque] If it is not necessary to change the target
torque vyalue, follow step (a) above.

311-412.8 Cutting of Bolts. Cold cutting of seized bolts
and use of nut splitters is acceptable. Thermal cutting
methodp should not be performed unless the engineering
and risKanalysis (see para. 311-3.1) determines thatitcan
be done{safely. Of particular concern afe lines containing
contentpthat can generate afire or release toxic materials.

311=5-2—Examinationof Botts-for Proper-Material

Specification

The markings on the bolts should be visuall§checkef to
verify that the correct material is being uséd. This may be
supplemented with PMI if additional assurance of corfect
material is desired.

311-6 TESTING

There are no testing requifements associated with fhis
Article.

311-7 REFERENCES

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

ASME.B16.5, Pipe Flanges and Flanged Fittings, NP§ Y,
Through NPS 24
ASME B16.47, Large Diameter Steel Flanges, NPS| 26
Through NPS 60
ASME PCC-1, Pressure Boundary Bolted Flange J¢int
Assembly
Publisher: The American Society of Mechanical Engingers
(ASME), Two Park Avenue, New York, NY 10016-5p90
(www.asme.org)
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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 requirements for the following repair techniques:
() 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 inspection of the tubesheet and the tube-to-tube-
shept assembly of a shell and tube heat exchanger

(¢) determining the type of inspection to use for the
other pressure containing components of a shell and
tubp heat exchanger

(§) providing repair techniques for common mechan-
ical| failures of various components in a heat exchanger

312-2 LIMITATIONS

312-2.1 General

Part 1 of this Standard, “Scope, Organization, and
Int¢nt,” contains additional requirements and limitations.
Thip Article shall be used in conjunction with-Part 1.

312-2.2 Exclusions

(f) This Article shall not be applied-to heat exchangers
conktructed in accordance with ASME BPVC, Section VIII,
Divjsion 3.

(b) Heat exchangers otherthan shell and tube design
are|not included in the secope of this Article.

312-3 DESIGN

Thhis sectionprovides guidelines for consideration when
detprminingpepairs to components of heat exchangers. It
ma} be_necessary for the user to have completed an
inspection of the components, consider previous
damage experienced, or consider lessons learned in the

(c) current operating parameters, i.ef prgssures,
temperatures, changes from normal to peaking fervice.
(d) determination if a pressure and/or temperature
rerate is required.
(e) determination if there is"a,need for conducting
failure analysis to reduce the potential for future
damage. Reference also AP1/579/ASME FFS-1.

312-3.2 General

(a) Materials used for replacement componeits shall
be of the samé material type as the original component
unless an engineering analysisis performed indicgting the
need to“change the material due to the {lamage
mechanism(s). This analysis shall account for new
mechanisms introduced due to potential materifl inter-
actions. When selecting the material to use, this pnalysis
shall also consider the need to match strength, tofighness,
and P-number, and to meet the current toughness fequire-
ments of the applicable construction code.

(b) Replacement components shall be of gdqual or
greater thickness unless an engineering andlysis is
performed indicating the need for a thickness l¢ss than
the original component thickness.

(c) When considering the repair method for tybes and
tube bundles, the user shall consider the impacf on the
efficiency and other operational characteristicp of the
heat exchanger due to the potential reduction|of heat
transfer area. Consultation with a heat transfer specialist
may be necessary.

(d) The following additional factors should be| consid-
ered:

(1) Determination of acceptable wall 1¢ss 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 opergtion
L AJ] r"\rnﬁgn mechanisms—that-thetubes are

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.

C
exposed to including the rate of corrosion

(-e) historicalrate of failure and whetherthatrate
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

312-3.3 Tubes and Tube Bundles

fit plugg the user should consider the impact on the effi-
ciency gnd other operational characteristics of the heat
exchanger due to the reduction of heat transfer area, espe-
cially forheatexchangersthatare deemed as critical to the
operatign and/or process safety of the facility. Consulta-
tion with a heat transfer specialist may be necessary.

(c) Sleeves may be installed in tubes to line a region of
tube danage or to restore tubes that have thinned. They
are not|typically used for protection of tube ends; see
para. 312-4.4 and (d) below.

(d) Ferrules may be installed in tubes for entrance
erosion protection of for thermal protection of tube
ends. They are not typically used for general.tube
damage} see para. 312-4.3 and (c) above.

(e) For (c) and (d), one should consider the(following:

(1)| uniformity of contact between the, sleeve or
ferrule and tube, see paras. 312-4.3(b) and*312-4.4

(2)| possibility of crevice corrosioh between the
sleeve (r ferrule and tube

(3)| possibility of bulging the_tube, which can make
retubing difficult

(4)| additional pressure drop

(5)| reduction of tubefluid flow due to the sleeve or
ferrule

(6)| additional-heat transfer resistance

(7)] differential radial and axial thermal expansion
between sleeve-or ferrule and tube

(f) Thettubé bundle supports should be assessed using

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/
corrosions specialist may also be necessary.

(3) The spacing between the support plates shquld
be evaluated and adjusted if analysis indicates-poter]tial
vibration of tubes resulting in damaged tubes’and/or
support plates. Evaluation per TEMA RCB Section 5
and Section 6 should be considered. €onsultation with
a heat transfer specialist may also be nécessary.

(4) Tube stakes are rods, strips, or other dev|ces
inserted between tubes for bBracing and/or suppprt.
They may be used to add.tube support to an exis§ing
bundle for the purposecof-€liminating tube vibratjon.
Installation requires atcess from the shell side, and|the
main advantage is,that disassembly of the tube bundle
is not required. Spécial consideration may be necesdary
for the use of&takés in U-tube bends because some stake
designs require'that the tubes be round and evenly spaged.

Tubestakes were developed for use when a changein
tube material or anincreased flowraterequires additignal
tubesupports, and increasing the number of support
plates is not possible or desirable. They can be ulsed
any time additional tube support is required such af to
provide additional support for deteriorated| or
damaged support plates, to provide additional support
between segmented baffles, or to provide additidnal
support at inlet nozzles. If tube stakes are fabricqted
from flat bar and inserted in every other tube roy, it
may be necessary to vary the bar thickness such that
each tube is contacted or even displaced from its origjnal
position.

Evaluation of the shell-side pressure drop, and
changesin shell-side flowarenecessary. The compatibllity
of tube and stake materials should be evaluated. Also,|the
effects of differential thermal expansion should be confid-
ered.

(g) If impingement protection is required to preyent
flow-induced erosion, refer to applicable standdrds
such as API Standard 660, TEMA, and HEI for design| re-
quirements.

the data-ebtainedby-nspeetionperformedinaceordanee
with Mandatory Appendix 312-I. 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
and lead to tube vibration induced issues. If zero, consid-

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
the original construction code, or if this is not known, the
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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 312-1I for determination of
repair or replacement of the tubesheet. Common condi-
tions for consideration include

(1) cracking (not through the total thlckness] of

allation of a tubesheet vent and drain should be
conlsidered to promote liquid full operation. The vent
should be a 19 mm (%, in.) nozzle welded to the edge
of the tubesheet, with a 16 mm (% in.) hole in the tube-
shept that is parallel to the tubes to the midsection of the
tubesheet, then normal to the tubes to the edge of the
tubesheet. 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) cracking in the ligament of the tubesheet. A
faillire analysis should be performed to determine the
darhage mechanism. The decision to repair versus
replace the tubesheet should be based on the damage
me¢hanismalongwiththe extent of theligament cracking.
(4) corrosion of the tubesheet can occur on the back-
sid¢ (shell side) of the tubesheet. When the corrosion
allowance on the backside has been consumed, the tube-
shept should either be replaced or an engineering evalya«
tion} performed to determine its fitness for service,

(5) corrosion of the tubesheet can occur on thefront
fac¢ (tube side) of the tubesheet. When the corrosion
allowance on the face has been consumedthe tubesheet
should either be replaced or an engineering evaluation
performed to determine its fitness forsérvice. Alterna-
tivgly, the face of the tubesheet"may be repaired by
weld buildup that is conditionedyby grinding or other
me¢hanical means such thatt is-returned to the original
thigkness of the tubesheét.))Factors to consider when
purpuing this option in¢lude

(-a) minimuniidistance between the front face of
the[tubesheet and-tle groove for tube-to-tubesheet joints
(-b) the'need for welding, strength or seal, of the
tubp-to-tubesheet joint and the need for setback from the

front face
31J-3.5 Tube-to-Tubesheet Joints

should be made to the original construction code or ap-
plicable post-construction code, or to ASME BPVC, Section
VIII, Division 1, Nonmandatory Appendix A. Caution must
be exercised to avoid damage to adjacent tubes.

(d) sealwelding or strength welding of thejoint. Design
of the welded joint, if previously welded, should be made
to the original construction code or applicable post-
construction code, ortoASME BPVC, SectlonVIll Division

given to the cleanliness of the ]omt considering dotential
residue from the fluids.

(e) consideration shallalso be given tothe-effect of style
of heat exchanger on loading of the(tube-to-tubesheet
joint. For example, a fixed tube @xchanger may have
higher loadings due to differertial thermal expansion
than a U-tube exchanger.

312-3.6 Bimetallic Shelt-to-Tubesheet Welds

When the shell and-tubesheet are made of different
materials, the thermal stress between the shell and tube-
sheet should’be considered. A common solytion to
cracking of(this weld is to change the shell magerial to
match the/tubesheet. An entire shell may be ré¢placed,
or bands-or shell material may be installed adjacent to
the tubesheet. Reevaluation of the heat exdhanger
mechanical design due to the change in thermal exjpansion
ot strength of the shell may be required.

312-3.7 Shell, Channel, or Other Pressure;
Retaining Components

(a) Materials used to replace or repair prlessure-
retaining portions of a shell or channel shall be of the
same allowable stress as the original component,
unless additional analysis is performed to justify dhanging
the material.

(b) Replacement of these or other pressure-rgtaining
components shall comply with the applicable consfruction
code. For additional guidance on replacemg¢nt, see
Article 301.

(c) Non-pressure-retaining portions of components
shall meet the original construction code or apjplicable
post-construction code.

(d) Additional guidance on pass-partition plafes may
be found in API Standard 660.

312-4 FABRICATION

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.

(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

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
service can result in higher flows to the other heat
exchanger(s) that may cause damage from erosion,
tube bundle vibrations, or other mechanical damage.
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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 gualifications shall include
impact tests if required by the applicable construction
code for the component being repaired.

(g) Welding materials and processes Shall bg as
currently permitted by the applicablef¢onstructlion
code or post-construction code for(the component.
Welding of carbon and low alloy steels should| be
performed with low hydrogen electrodes and processes.
312-4.2 Tubeside Repair<by Plugging

Repair of tubes may beaccomplished by plugging|the
tube at the tubesheet with a welded or mechanical attqch-

. . . . ment.

(b) Prior to repairs and to increase accuracy of inspec- () All tubesCYt are plugged should be pierced to
tllon, t}éz Slbes_ e l:)e evalfuateddfc;)r t}}:? }rlleed (L provide for vénting and draining. When doing so, ver{ical
¢ ea;ne b1 ei‘,"“g m}?y ? pfr oimte. y hig Fl’)ress‘_"e tubes should.be pierced at each end, and horizontal tybes
wa (?r as m_g‘ ¢ emlf:a S0t IOI].S, or abrasive should bépierced on top and bottom of the tube. Pier¢ing
blaStmg Sl S Se_lemo“ e s methodology of each¢tube prevents possible plug blowout and perrits
shatll &l i con51d§rtatt1)on t(})l the natutre SR A the validation of the integrity of the tube plug, see (b)|(4).
materiay type, and tube enhancements. - Large temperature differential between tubesideand shell

(1)) High pressure water blasting is normally dde may require the tube to be cut in two.
plerfo}:_r?}fd at 70 Mpa [181’00,0 psi). Il? some cases, (b) Friction fit tapered plugs (Figure 312-4.2-1) shall
ultra-hi i presszlérsfepz\;atezo (;;lg(t)mg. mgyh efnecessary i only be used in services that meet all of the following qon-
pressurgsup to 2_1[ L psi). Other factors gxgen- ditions, unless an engineering evaluation is performed
tial to rgmoval of deposits include water flow rate-aid the i - .
) . . indicating the acceptability of these plugs in other
spray tip configuration. services:
. 2) When cleaning with chemical soldtiohs, 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 tubes (@and/or shell of the (2} shell-side operating temperature 205°C (404°F)
heat exthanger. For example, a caustic solution should or less
not be fised in 300 series stamle'ss steel t'ubes. ' (3) tube-to-tubesheet joints are expanded and [not
(3)] When performing, abnasive blasting/scrubbing, welded
care shpll be exercised.to\énsure no adverse damage ' _ ] o
to the tubes occurs. Peterioration of heat transfer NOTE: Inspection of the expanded tube for tube thinning shguld
capabiljty shall be eonsidered when cleaning tubes be made to ensure that installation of the plug does not further

e y . & damage the tube leading to seal failure between the plug and the
with infernal components designed to enhance heat ——
transfer| by increasing turbulence through the tubes. ' )

(c) Inspéetion of the tubes periodically during the (4) tapered plugs that are installed where tubesjare
cleaning process should be made to ensure consistent not pierced can present a serious safety hazard. If the tube

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 compo-
nents.

168

cannot be pierced, the tube should be pulled or other
measures should betaken 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/environmen-
tal conditions. These types of plugs have been used in
services of up to 50 MPa (7,000 psi) and 595°C
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Figure 312-4.2-2
Typical Mechanical Fit Tube Plugs

(1,3J00°F). Mechanical plugs are typically installed by a
pndumatic or hydraulic system. See Figure 312-4.2-3.
Otheer styles of plugs may be considered for higher pres-
surps. Consideration shall also be given to the following:
(1) tubes with internal surface severely corroded ‘or
cragked

(2) when the tube and the plug have dissimilar
metallurgy

Figure 312-4.2-3
Typical Installation of Mechanical Fit Tube Plugs

(3) installation in severely corrosive servig
(4) condition of the mechanical joint of the
tubesheet in rolled tube situations

(d) A plug map should be developed to red
number and location of tubes that have been |
Additionally, the number of tubes, cumulative
of tubes versus the duration, should be charte
the sharp turn in tube failure numbers occurs,
ment of the tube bundle should be consider
Figure 312-4.2-4 for example chart.

(e) Tracking of pressure loss due to tube p
should be considered as some exchanger types
function properly beyond certain tubeside p
losses. Provisions for internal bypass should be
ered if repair is not performed in order to
failure of pass partitions. Proper design of thig
can be determined from industry refere
section 312-7 of this Article.

3
fube-to-

ord the
lugged.
humber
. When
Feplace-
ed. See

uggage
cannot
Fessure
consid-
brevent
bypass
hces in

312-4.3 Tubeside Repair by Sleeving Tube

(a) Sleeving versus tube replacement may be gdvanta-
geous when repairing previously plugged tubes befcause of

GENERAL NOTE: ©2006Photo courtesy of EST Group Inc., used with
permission.

pertorations in discreetidentifiable locations, or to bridge

failures in discreet locations of tubes that are ot
intact.

herwise

(b) The methods of sleeve installation include the
following: forcing a ball though the sleeve, welding the
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


https://asmenormdoc.com/api2/?name=ASME PCC-2 2022.pdf

ASME PCC-2-2022

Figure 312-4.2-4
Sample Chart: Number of Tube Failures by Month

Tube bundle

replacement should
be considered here

Number of Tube|Failures

Number of Months

the tub¢, which can make retubing difficult. A mock-up
may beladvisable to ensure weld or expansion quality.

(c) Almap should be developed to record the number
and locqtion of tubes thathave been sleeved. Additionally,
the nunjber of tubes, cumulative number of tubes versus
the seryice time should be charted. If a sharp increase in
tube fajlures occurs, replacement of the tube bundle
should| be considered. See Figure 312-4.2-4 for
examplé¢ chart.

312-4.4 Tubeside Repair by Ferrule Installation

Ferrules may be held in place by a flanged end.with a
tight fit fo the tube inside diameter, by expanding the ends
of the fefrule into the tube at the tubesheet,or by welding.
Unifornjcontactwith the tube may be achieved by roller or
hydraulfc expansion of the ferrule. One-should consider
the pogsibility of bulging the tube;/which can make
retubing difficult. A mock-upmay be advisable to
ensure weld or expansion quality.

312-4.5 Tubeside Repair by Pulling Tubes

(a) Pulling the tubefrom the exchanger and plugging
the tubgsheet as described in para. 312-4.2 should be
considgred as.a“repair option when plugging is not a
viable 3lternative, or when the tube will be retained
for labofatory metallurgical analysis or other specific ex-

(a) replacing individual tubes, which may incljide
repair/refurbishing of the tubesheet in the area of|the
subject tube.

(b) replacement of the entire tube bundle. Pee
para. 312:3:2(c).

312-4.7 Tubesheet Repair
312-4.7.1 Weld Repair of Cracks

(a) Repair of general cracks that are not completely
through the thickness of the tubesheet and are nof in
the ligaments may be made in accordance with the gujde-
lines of Article 304.

(b) Repair of general cracks that are through the thjck-
ness of the tubesheet and not in the ligaments majyf be
repaired by preparing a U- or V-shaped groove to [the
full depth and length of the crack and then filling [the
groove with weld metal in accordance wjith
paras. 312-4.7.1 and 312-4.7.2.

(c) Repair of cracks in the ligament area of the tybe-
sheet may be made in accordance with (a) or (b) abgve.
Consideration may also be given to performing an epgi-
neering analysis to determine if the equipment may
continue to operate with the damaged tubesheet. This
analysis may be performed in accordance with API
579-1/ASME FFS-1 or other post-construction standgrd.

(d) When making tubesheet repairs, consideragion

amination.

(b) When pulling a tube and not replacing, potential
damage to the baffle could occur and consideration to re-
placing the tube should be made. Consultation with a heat
transfer specialist may also be necessary.

312-4.6 Tubeside Repair by Replacement

Repair may be performed by tube replacement, which
may be accomplished in one of the following methods:

should be given to the impact of this repair on the
tubes in the general area of the repair. The following
actions may be necessary:

(1) removalof tubesin thegeneral area of the repair.
See para. 312-4.5(b).

(2) repair of the tube-to-tubesheet joints.
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312-4.7.2 Face Repair by Overlay and Machining

(a) Generalandlocalized thinning of tubesheetsmaybe
repaired by overlay welding and remachining of the face.

(b) See Article 202 for additional items of considera-
tion.

312-4.8 Tube-to-Tubesheet Joint Repair
312-4.8.1 Re-Expanding

the weld shall be full strength to ensure the integrity ofthe
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
required by the applicable construction code for the tube-
sheet.

(
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1) Cleaning and inspection shall be performed to
brmine the condition of the tube-to-tubesheet joint
r to performing this type of repair. See para. 312-4.1.
b) Tube-to-tubesheet joints with leaks of a small flow
b, otherwise known as weeping tubes, where no
arent damage has occurred to the seating surfaces,
 be re-expanded to obtain an acceptable mechanical
f tube to tubesheet. Rerolling is one acceptable method
e-expanding.

') Prior to re-expanding, the existing inside diameter
he tube in the tubesheet shall be determined as well as
loss of material due to corrosion/erosion. Calculations
for hllowable maximum inside diameter shall be based on
megsured field conditions, tube properties, and tubesheet
ligament condition.

(¢) See ASME BPVC, Section VIII, Division 1, Nonman-
datpry Appendix HH for additional considerations.

3012-4.8.2 Weld Buildup Repair of Tube Holes and
Macghining
(§

dan
ma

{

1) Whenatubeisreplaced and the tube hole hasbeen
haged, repair may be effected by weld buildup and
hining of the hole.

b) All welded tube hole repairs shall beymade using
qudlified welding procedures. Welders and welding
opdrators shall be qualified in accordance with the re-
quirements of the applicable~construction code or
post-construction code. Welding'procedure qualifications
sha]l include impact tests if required by the applicable
conktruction code for the\tubesheet.

(f) Welding materials and processes shall be as
curfrently permitted-"by the applicable construction
code or post-construction code for the tubesheet.
Welding of,arbon and low alloy steels should be
performedtwith low hydrogen electrodes and processes.

(#) Machining of the hole shall be to original manufac-
turer'syspecifications for diameter and grooving.

|l be as
ruction
esheet.
uld be
pcesses.

(d) Welding materials and processes sha
currently permitted by the applicable const
code or post-construction code for he’tub
Welding of carbon and low alloy(steels sh
performed with low hydrogen elec¢trgdes and pr

312-4.9 Repair of Pressure/Containment
Components

rmed to

e post-
cle 202.

Repairs to the heat eXchanger shell may be perf(
the original construction code or applicabl
construction codexSee also Article 201 and Arti

312-5 EXAMINATION

Examination of heat exchangers typically cove
areas;'external, internal, and tube bundle. It is ng
safy for each inspection to have the same frequ

I's three
t neces-
ency.

312-5.1 Examination of Tubes and Tube Bundle

It is important for the proper examination tech
be selected for the application at hand. The follow
destructive examination (NDE) techniques shpuld be
considered for the given application. S¢e also
Table 312-1-1.3-1 for effectiveness of examfination
methods. Other examination methods may be|chosen
by the owner/operator, as follows:

(a) Eddy Current Examination (ET) is g
selected for inspection of nonferromagnetic t
those that are slightly magnetic. Note that the se
of this method decreases for the U-bend portion o
bundles.

(b) Remote Field Eddy Current (RFET) is g
used for inspection of ferromagnetic tubes. Its se
and accuracy may be less than desired or required
require a higher number of tubes to be inspecte
quicker method than ultrasonic methods.

(c) Partial Saturation Eddy Current (PSET) ca

hique to
ngnon-

nerally
ibes, or
hsitivity
f U-tube
bnerally
hsitivity
and will

. Itis a

h locate

312-4.8.3 Seal Welding or Strength Welding

(a) Tube-to-tubesheet welds shall be in accordance
with the applicable construction code or post-construc-
tion code.

(b) If seal welds are to be made, consideration shall be
given to the mechanical tube-to-tubesheet joint to ensure
itsstrength. If seal welds are determined to be inadequate,

171

arrd-sizecracksm fcuuulagucdl, tubes—it luis‘u. not be
sensitive to 0.D. defects.

(d) Magnetic Flux Leakage (MFL) may also be selected
for inspection of ferromagnetic tubes. However, sensi-
tivity of this method can be poor for carbon steel
tubes, and might only be best at determining the
overall condition of the tube, not determining individual

defect location.
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(e) Ultrasonic examination systems designed to
measure tube wall thickness may be used for small
heat exchangers, where damage may be localized, or
for validation of other NDE results. These ultrasonic ex-
amination 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. metal

312-6 TESTING

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

loss in tubes. Another type of system is Shear Wave
IRIS (SWIRIS) and this can be effective for detecting
[.D. and O.D. cracks. Both IRIS and SWIRIS require
clean tybes.

(f) Other NDE methods may be more appropriate for
the inspection. Consideration should be given to the use of
radiogrfaphy (RT) or video probe inspection. These
methods may be better suited for inspection of the U-
bend pqrtion of U-tube bundles.

(g9) Cpnsideration should be given to the monitoring
and trerjding oftube condition as partof a predictive main-
tenance and/or replacement program.

(h) The minimum number of tubes to be inspected may
be deermined by the methods provided in
Mandatpry Appendix 312-1.

312-5.2 Examination of Tube-to-Tubesheet Repair

Repajrs shall be examined by one or more of the
following methods:

(a) pressure or leak testing on the shell side; see
section B12-6

(b) liguid penetrant examination (PT) in accordance
with the applicable construction code or post-cerstruc-
tion code

(c) v
BPVC, §

sual examination (VT) in accordance with ASME
pction V, Article 9

312-5.3 Examination of Tubesheet Repair

(a) YT in-process weld/éxamination shall be
perfornjed.

(b) Sprface examination\by PT shall be performed at
the conpletion of the weld repair.

(c) Vplumetric examination by UT should be consid-
ered when thepéis a possibility of additional flaws
being ifftroduced to the tubesheet during the repair.

312-5.4 Examination of Pressure Containment

Tha followinaica lict af nublicatione raofarancad in
L

his

Article. Unless otherwise specified, the latest edition) shall

apply.

API 579-1/ASME FFS-1, Fitness-For-Service, 2nd Edit
2007

API Standard 660, Shell and Tube Heat Exchangers
General Refinery Services, 2003\Edition

Publisher: American Petroletuiy Institute (API),
Massachusetts Avenue NW;\Suite 1100, Washing
DC 20001-5571 (www.apicorg)

for

P00
on,

ASME Boiler and Pressure Vessel Code, 2007 Edit
Section V — Nondestructive Examination

ASME Boiler and, Pressure Vessel Code, 2007 Editjon,
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Mandatory Appendix 312-I
Methods for Determining Minimum Number of Tubes to Inspect

312-I-1
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Introduction

Mandatory Appendix provides general good rec-
dations and requirements for determining the
of tubes to inspect by different methods. The
hy select any method, and may also deviate
e recommendations and requirements of each
based on the requirements of the heat exchanger.

1 Fixed Tube Count

pllowing minimum number of tubes inspected
be considered:

D tubes or 25% of tube total, whichever is greater,
exchangers with a total tube count ofless than 500

D% of tube total for heat exchangers with a total
int of 500 tubes or more, up to 750 tubes

5% of tube total for heat exchangers with a total
int of 750 tubes or more, up to 1,000 tubes

D% of tube total for heat exchangers with a total
int of more than 1,000 tubes

2 Tube Bundle

llowing areas of the tube bundle should be exam-
A minimum:

e first threerowsadjacent to thejnlet nozzle and
two rows adjacent to the exit/nozzle.

very second tube around tHe perimeter of the
For multipass heat _exchangers, the perimeter
pass shall be included:

selection of tubesiin the interior section of the

‘eas with ahistory of active damage mechanisms.
eas thatlfave not previously been examined.

lure6£10% of the tubes examined shall require an
al.10% of tubes to be examined in the examined

312-1-1.3 Use of Inspection Planning

(a) An inspection planning program maylbe im
mented to determine the number of tubes to insy
and the frequency at which the tubes-shall be inspec

(b) Program implementation guidelines are provi
in ASME PCC-3. The following factors should be con
ered:

(1) inspection effeetiveness required,
Table 312-1-1.3-1 for various effectiveness and the a
ciated methods of inspéection.

(2) maximundinspection interval permitted.

(3) type of.inspection required for the suspec
damage mechanism. See Table 312-1-1.3-1 for additi
details.

(c) See'para. 312-5.1 for inspection methods.

312-~1.4 Use of Extreme Value Analysis (EVA)

(a) Use of EVA makes it possible to accurately as
the remaining life of large numbers of tubes using r
tively minimal data.

(b) EVA assessment is based on ASTM E 2283, “S
dard Practice for Extreme Value Analysis of Nonmet
Inclusions in Steel and Other Microstructural Featui

(c) Use of EVA to assess the maximum wall loss data
been described in conference publications;
Table 312-1-1.3-1, Note (4).

(d) The EVA method and results may be incorpord
into an inspection planning assessment.
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(e) With smaller sample sizes, ideally 20 to 30 tybes

regardless of the number of tubes in the exchan
theappropriate inspection effectiveness may be achie]
by using the lower bound value of 99%, 95%, 90%,
80% confidence intervals.
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Table 312-I-1.3-1

Inspection Effectiveness Table

Number of
Number of Nonferromagnetic Number of
Inspection Ferromagnetic Tubes Tubes by Tubes by
Effectiveness by Intrusive Intrusive Nonintrusive
Category Damage to Consider Inspection Method Inspection Methods Inspection Methods Inspection Methods
Highly effective Wall loss IRIS 80% to 100% 80% to 100% Not applicable
[excluding MIC]
HRS—amd-EvA 26—to-36 26-to-39
99% Cl as
lower bound
RFET or MFL 100% and pull Not applicable
2 worst tubes
for lab analysis
ET Not applicable 100%
Cracking SWIRIS 100% Not applicable
Cracking or MIC ET Not applicable 100%

Usuglly effective Wall loss or IRIS 60% to 80% 60% te.80% Profile RT 50%
localized and at 0 deg apd
general corrosion 90 deg
(excluding MIC)

IRIS and EVA 20 to 30 20 to 30
95% Cl as
lower bound
RFET or MFL 100% and use Not applicable
IRIS on 2
worst ttibes
PSET 90% Not applicable
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 applicabje

(excluding MIC)
IRIS ahd EVA 20 to 30 20 to 30
90%-Cl 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%

Pootly effective Wall loss IRIS 20% to 40% 20% to 40% Not applicabje

(excluding MIC)
IRIS and EVA 20 to 30 20 to 30
80% Cl as
lower bound
RFET or MFL 60% and use Not applicable
IRIS on 2
worst tubes
PSET 50% Not applicable
ET Not applicable 40%
Cracking SWIRIS 40% Not applicable
PSET 60% Not applicable
RFET or MFL 80%
Cracking or MIC ET Not applicable 30%
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Table 312-I-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

SWIRJIS = shear wave internal rotary inspection system
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Mandatory Appendix 312-II
Examination of Pressure Containment Components

312-11-1 EXAMINATION

amination of the shell, channel, and other pressure

conftainment components, excluding the tubes, may be
performed by any of the following methods:

(@) RT

(b) UT

(§) MT

) VT

() internal inspection by removal of tube bundle

(f) internal inspection by remote camera or other

—
=}
(7}

—

ection probe instrument

312-11-2 INSPECTION

The inspection of these componentsi,should occur

concurrently with the inspection of the‘tubes.

312-11-3 SUITABILITY

Pressure containmentyCdmponents are partficularly

suited for inspection plantiing methods such as d
by ASME PCC-3.

scribed
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Article 313
Crimping of Metallic Pipe

313-1 DESCRIPTION

313-1.1 Introduction

(a) Pjpe crimping is a technique for isolating a section
of piping by plastically deforming the pipe cross section to
restrictjor prevent flow in a pipe using a crimping unit.

(b) This Article covers considerations for application of
a procegs for crimping of metallic pipe when block valves
are not javailable or not functioning to shut off flow.

(c) The scope of this Article does not include heat
exchanger tubes; however, the user may adopt portions
of this Article for that application.

313-1.

(a) During or after crimping operations, there is a
possibility of the pipe splitting/cracking longitudinally
at the fold of the crimp.

(b) While performing a crimping operation, a failure
could ofcur resulting in injury to personnel or damage
to equipment.

Risk

of this Standard contains additional require-
nd limitations. This Article/shall be used in

etallic pipe crihping should be performed only on
pipe or tubingthatis less than DN 80 (NPS 3) and
that is hot subject\to pipe-operating temperatures at
which material\ductility is an issue.

NOTE: Crimping of sizes larger than DN 80 (NPS 3) may be
possible) but special tooling may be required.

313-3 DESIGN

(a) There are three types of crimp setups.
(1) The most common type consists,of two crips
with a sealant injection valve in between.
(2) The other two are
(-a) a crimp and an installed isolation valve
(-b) a single crimp
(b) In this Article, the most'common type as described
in (a)(1) is discussed; however, the process is similaf for
the other two setups;

313-3.1 Pipe Materials

(a) The pipe’ material should be suitably ductile.

(1) The likelihood of embrittlement or environn

tal cracking due to previous operating conditions shd

be assessed as part of the crimping planning proc

Alternatively, a trial crimp on an identical mate

from the identical service may be used to verify the in
ence of environmental degradation.

(2) Carbon steel ductility is not at its lowes
ambient temperature. It reduces sufficiently to ca
problems with crimping at medium temperatures. Th
fore,thereisariskthatatestatambient temperature s
representative of, for example, a crimp at 95°C (200°F
that the pipe will be less ductile at 95°C (200°F) tha
ambient temperature].

(3) Inadditiontotheabove, thereislower ductilit
most materials atlow (cryogenic) temperature; theref
a trial crimp should be performed on a sample lengt
pipe of the same material and should mimic the ac
conditions as much as possible.

(b) Crimping shall not be performed on product v
longitudinal or spiral-welded seams. The user of
Article should field-verify that the pipe is seam
prior to crimping.
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(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:

L = 2+/RT

outside radius of pipe
minimum thickness of pipe (tmin)
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313-3.2 Crimping Tool
313-3.2.1 General

(a) The crimping tools 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

(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.

been proven in-service or by testing or through engi-

neeringanalysis may be used if justified by an engineering _ Noored]

andllysis. This analysis should be similar to a Level 3 313-4.1 Crimping

ass¢ssment in accordance with API 579-1/ASME FFS-1. (a) Crimping of metallic pipe is achievéd when
(b) If the crimping tool is to remain on the pipe, it flow has been stopped (Figure 313-4(1-1).

shd
ten]
dud

(

Suc

uld be designed to be suitable for the operating
perature and be of a material that will not degrade
to environmental conditions.

r) Placement of the crimping tool is critical to the
Cess of the crimping operation.

(1) Install each crimping tool and initially secure
m until they are hand tight.

(2) Align the crimping tool such thatit is square with
pipe or tube.

the

the
3013-3.2.2 Manual Crimping Operation
(1

(
the

1) Manual crimping blocks (Figure 313-4.1-1) should
ightened by hand.
b) The tightening process should alternate between
nuts, tightening the same amount so as to evenly
apply pressure to the pipe.

(t) Eachnutshould beturned no morethan 30 degeach
timp.

be

3013-3.2.3 Hydraulic Crimping Operation

t
the

1) Ahydraulic crimping tool provides'even pressure to
pipe.

he fluid
(b) Metallic pipe crimping might n'ot completgly shut
off flow through the crimped crioss section.

(c) A trickle flow can persist through the
section, unless a sealant is\ihjected.

(1) Ifsealantinjectionis desired tostop flow,
should be measured toallowthe mounting of an i
block on the pipefin‘between the two crimp pgsitions.
Crimping alone will rarely seal the flow as the [force to
completely erush the pipe will most likely cause the
wall to split:

(2)>The injection block will allow inject
sealant/into the isolated void after crimping.

(-a) The sealant shall be compatible
product, pressure, and temperature.

(-b) The injection pressure should be controlled,
monitored, and minimized and no more than lije oper-
ating pressure plus 1 MPa (150 psi).

(-c) Refer to the sealant manufacturer’s i
tion for specific characteristics.

(-d) After sealant has been injected and c
crimp blocks may be left in place or removed.

(3) Crimping may also be used to isolate, {
bypass a leaking or damaged section of pipe.

rimped

the pipe
hjection

on of a

pith the

hforma-
red, the

eal, and

Hydrauli houldbeclosel itored fi
(JJ yaraujic pressure siougbRoosely monitored for (-a) In this case, two crimp blocks shall bg placed
confirmation that the crimp has-been completed. ) . : .
on the pipe, one on each side of the section to be isdlated (A
313-3.3 Location and B in Figure 313-4.1-2).
(-b) A sealant injection block shall be placed in
(f) The pipe wallsthickness should be confirmed by  between (C in Figures 313-4.1-2 and 313-4.1-3) the
NDE when possibles two crimp blocks.
(1) If the pipe'wall is too thick, manual crimping of (-c) The pipe shall be tapped through thq sealant
the[pipe mag, not be possible. injection block and sealant injected, filling the pipe from
(2) M£the pipe wall is too thin, crimping of the pipe  one crimp block to the other (section A-B is filled with
may cause'a loss of containment. sealant in Figure 313-4.1-2).
(3)"The minimum pipe wall thickness required for (~d) Two hot taps (D and E in Figure 31B-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, asinglecrimp can be sufficient where the other end
has a valve or is a dead leg.

179

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 hot taps (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

§o

313-4.2 Injection

ose who do
followin

ve their own injection proce-
be adopted for use:

Step 1. Open estrictor on the injection clamp and
drill intp the line taking appropriate precautions for the
product} te ature, and pressure.

Step ove the drill and close the restrictor.

Step 3. Fit injection tool loaded with suitable sealant
compatible with the process and temperature.

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.

180

Step 8. Remove the crimp tools ifitis deemed that dd
so will not affect the seal.

313-4.3 In-Service

If crimping is performed on pipe used forhigh-temp
turefluids, the loss of fluid flowafter crimping will resu|
an increase in the tube metal temperature. In such cz

ing

] Il ;
modate for the associated additional thermal
(b) additional cooling should be provided to ens

)

expansion

ure

that relaxation of the crimp tool studs does not occur

NOTE: Relaxation can result in leakage at the crimp location.
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Figure 313-4.1-2
Crimp With Injection Arrangement
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Figure 313-4.1-3
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ERAL NOTE: A and B = crimp blocks (Figure 313-4.1-1), C = sealant injection box (Figt@i%

Crimp Clamp in Position (Right) and S&n%
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13-4.1-3), D and E = hot tap
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(a) Sealant Injection Box

(b) Crimp Clamp in Position
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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.

(b) Where possible, the thickness in the area to be

313-6 TESTING
313-6.1 Leak Tightness

(a) Where leak tightness is critical and configuration
permits, the pipe should be pressure tested to verify
the effectiveness of the crimping operation (prevention
of leakage through the crimped section) and the integrity
of the pipe wall (prevention of out-leakage to atmo-

crimped and 50 MmN (2 111.) 0N elther 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 thaf could indicate a less ductile region.

(d) The pipe should be verified as being free of corro-
sion, cifacks, or other defects in the area where the
crimping is being applied; such defects can cause pipe
failure quring the crimping process.

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
immediftely adjacent to the crimp should be examined
using elther the liquid penetrant or magnetic particle
NDE mgthod to verify that the crimping operation has
not intrpduced surface cracks.

Sphere).

eal,
ant.

NOTE: Increasing the pressure in the system could affedt the
resulting in leak-by that will necessitate reinjectipmnof sea

(b) For leak testing, applicable constrai¢tion codg
Article 501 may be followed.

(c) Foranemergency application, the owner-user jay
establish a special test pressure sditable to the unifjue
system conditions.

or

313-7 REFERENCES

The following publication is referenced in this Art
the latest edition Shall apply:

cle;

API 579-1/ASME FFS-1, Fitness for Service

Publisher:xAmerican Petroleum Institute (API),
Massachusetts Avenue NW, Suite 1100, Washing
DC20001-5571 (www.api.org)

P00
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PART 4
NONMETALLIC AND BONDED REPAIRS

401

Nonmetallic Composite Repair

401-1 DESCRIPTION

40]

401-1.1.1 Repair Requirements. This Article provides
the|requirements for the repair of fluid system compo-
ts (e.g., pipework, pipelines, tanks, and vessels)
ing a qualified Repair System.

-1.1 Scope

01-1.1.2 Definition of Repair System. The Repair

[) application method (including sealing, coating, etc.,
eeded)

) curing protocol

) interlaminar adhesive for/Repair Systems that

01-1.1.3 Allowed Materials. The composite materials
ed for the Repait.System include, but are not limited
glass, aramid, oficarbon fiber reinforcement in a ther-

401-1.2.1 Example Applications. This Article is appli-
cable to the repair of a wide variety of components,
including the following:

(a) the repair of 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

183

T

Systems: High-Risk Applicat|ions (22)

(b) the repair of tanks originally designed i
dance with a variety of construetion standards, iy
AWWAD100, AWWA D108, API 620, API 650, BS 4
EN 13121-2, and PD 5500

(c) the repair of Viessels originally designed i
dance with a variety, of construction standards, i
ASME BPVC, BS EN 13121-2, and PD 5500

401-1.2:2\Definition of High Risk. High-risk
tions, fer which this Article is mandatory, are
as thoese'applications where at least one of the f
apply:

(a) piping systems containing hazardous or IDI

(b) piping systems that are critical to the s
workers (e.g., fire suppression systems)

(c) pipingsystems with design pressure above
to 150 psig (1 MN/m?)

(d) piping systems with design temperatures 3
equal to 120°F (50°C)

(e) piping systems with minimum design temp
less than or equal to 0°F (-20°C)

(f) the leaking defect diameter, d, and design p
P, satisfy any of the following relationships:

(1) PJd > 150 psig (in.)o'5
(2) P\Jd > 016 MN/m!?
(3) d 2 025 x D
NOTE: Article 402 may be used for low-risk applicat

| accor-
cluding
4994, BS

h accor-
cluding

hpplica-
defined
llowing

H fluids
pfety of

pr equal
bove or
bratures

Fessure,

ons.

401-1.2.3 Applicable Defects
nstalla-
in this
nmonly

(a) The Repair System qualification, design,
tion, and operational requirements provided

encountered in fluid systems.
(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).
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(3) cracks, if they are prepared in accordance with
the excavation requirements of Article 304.

(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
compat
ture linfits are dependent on the type of damage being
repairgd and the Repair System being used. These
limits afe determined by the testing and qualification re-
quiremgnts of this Article. A lower temperature limit of
-50°C (}F58°F) can be assumed unless a lower tempera-
ture capability is demonstrated through qualification
testing.

(d) This Article applies to repairs to both metallic and
nonmethllic (substrate) materials.

401-1.3

(a) An assessment of the risks associated with the
defect and repair method shall be completed. When
applyinlg a Repair System in accordance with this
Article, the following shall be considered:

(1)] the nature and location of the defects

(2)| design and operating conditions for the compo-
nentand contents(including pressure, temperature, sizes,
and combinations thereof)

(3)| repair life (see para. 401-1.4)

Risk Assessment

bility of the composite. The pressure/tempera- F0T-Z.1"Additional Requirements

401-2.2 Qualification of Repair System

401-2.3 Installation

The installation procedures shall be those used in

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 RP 579-1/ASME FFS-1, BS
7910, or equivalent.

401-2 LIMITATIONS

Part 1 of this Standard contains additionakrequjfre-
ments and limitations. This Article shall(he-usec
conjunction with Part 1.

in

(a) The use of this Article ghall*be limited to those
Repair Systems for which._the”qualification testling
described in Article 405 hasybeen completed (see p
401-3.2 for qualification ‘data).

(b) Any change toany element of the Repair Sys
(see para. 401-1.1%for scope) shall constitute a diffefent
and therefore riew Repair System.

(c) This new, Repair System shall require qualifica
as describedvin Article 405.

(d) The-Repair System supplier shall state the typp of
defectsfor which their Repair System has been qualiffied.

ara.

em

ion

the
lla-

(4)| the geometry of the component being repaired
(5)] hazards associated with system service

Repair System qualification (Article 405). If the instd
tion procedures are not those used in the Repair Sys
qualification, then the repair is not in compliance with

em
this

(6)| availability of personnel with the nece§sar'y skills

(7)] the ease of executing surface preparation opera-
tions

(8)| performance under upset and major incident
situatiofs including impact, abrasion,fire, explosion, colli-
sion, and environmental loading

Article.

401-3 DESIGN
401-3.1 Symbols

cle.

ent
in.)
ate
per

ate

(9)| failure modes The following symbols are used throughout this Art
(1Q) inspectability D = component outside diameter, m (in.)
(11) the Repair SyStém materials d = diameter (or diameter of the equiva
(b) The informatignand data describing any hazards circle) of the defect or leaking region, m
shall befincluded jn:the method statement (para. 401-4.4) E, = tensile modulus for the composite lamir
to be uged on-sité, in the axial direction, determined
(c) The application of these Repair Systems to piping Table 401-3.2-1, N/m? (psi)
will typ{callychange the mode of failure from rupture to a Eoe = (Eq % EC)O‘S N/m? (psi)
leak. EC - tCllbi:C lllU\:‘lU}ub fUl t}lC LUlllpUbitC :alllil
in the circumferential direction, determined
401-1.4 Repair Life per Table 401-3.2-1, N/m? (psi)
The specified repair life shall be defined by the risk Es = ten_sile modulus for substrate material, N/m”
assessment, and the achievable repair life will depend (psi) ) )
on the Repair System. The achievable life of the Repair F = sum gxml tensﬂg loads due to pressure,
System for a specific application can be affected by envi- bending, a_nd ax1z_11 thrust, N (1bf). Note
ronmental exposures, active internal degradation that.the ax1a! tensile load_ generated by an
mechanisms, and external mechanical influences. appl}ed bending moment is (4M/D)
f = service factor from Table 401-3.4.5-1
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cyclic derating factor

service factor for Type B repairs
temperature derating factor, determined by
eqgs. (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.)

tlayer

tmin

upper temperature limit of Repair System, °C
(°F)

nominal wall thickness of original compo-
nent, m (in.)

ply or layer thickness of the composite repair
material, m (in.)

minimum repair thickness determined by ap-
plicable equations, m (in.)

= design repair thickness, m (in.)

nel

Hdefect

LOVEI‘

Ltaper

wvs =X

P,
lext,soil
Py

IS live

Pmax

Pmin

Sa

Sc

total axial repair length, m (in.)

axial length of defect, m (in.), used in test
specified in Mandatory Appendix 405-III
greater of the axial length of the defect and
the value used in the calculations, m (in.)
overlap length, m (in.)

taper length, m (in.)

applied bending moment, N-m (1bf-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)

failure pressure of the undamaged pipe,
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 componenht-with
the defect determined from B31G;API RP
579-1/ASME FFS-1, or BS~-7910, N/m?
(psi), including consideration offuture corro-
sion allowance

test pressure, N/m? (psi)

pressure of the undamaged component to
yield, N/m? (psi)

cyclic loading(seyerity, defined as: R, = P/
Pmax

SMYS (Specified Minimum Yield Strength
derated as required by the appropriate
constrliction code) of component, N/m? (psi)
measured yield strength of component or
will certification, N/m? (psi)

characteristic tensile strength of composite
in circumferential (hoop) direction, where

Geepaic

ttest

Aq

as

YLcL

Vsoil

aT
€a

&c

Eco

= thermal strain

minimum remaining wall thicknesp of the
component, m (in.)
test thickness of compositefdetermined per
Mandatory Appendix 405-V
coefficient of thermal eXpansion of tHe repair
laminate in the axial direction, det¢rmined
per Table 401-3.241, °C™* (°F 1)
coefficient of thérmal expansion of tHe repair
laminate jifiithe circumferential difrection,
determinedper Table 401-3.2-1, °CT* (°F 1)
coefficient of thermal expansion of the
substrate, °C™* (°F™1)
toughness parameter (energy release rate)
for the composite-substrate interfacg, deter-
mined per Mandatory Appendix 4051V, ]/m?
(in-1b/in.?)

toughness parameter lower confidey
per Mandatory Appendix 405-1V
soil unit weight, kN/m? (Ib/in.?) [in
of data, assume yg,j; = 18 kN/m3
Ib/in.)]

temperature difference (absolute) |
operation and installation, °C (°F)
allowable axial strain obtained from
eq. (10b)
allowable circumferential strain optained
from eq. (10a)
allowable axial strain obtainejd from
Table 401-3.4.4-1
allowable circumferential strain optained
from Table 401-3.4.4-1

ce limit

hbsence
(0.072

etween

angle subtended by the axial slot (jadians)
lap shear strength, N/m? (psi)
Poisson’s ratio for the composite lanjinate in
the circumferential direction (load in|circum-
ferential direction, contraction in axipl direc-
tion), determined per Table 401-3.2-1

Sit

Td=

the characteristic strength is equal to the
mean strength minus two standard devia-
tions, determined per Table 401-3.2-1
lower confidence limit of the long-term
strength determined by Mandatory
Appendix 405-1I, N/m? (psi)

design temperature, °C (°F)

glass transition temperature, determined per
Table 401-3.2-1, °C (°F)
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401-3.2 Repair System Qualification

Qualification of the Repair System shall be completed in
accordance with Article 405. Table 401-3.2-1 lists
required test types, values, and methods for the Repair

System.
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Table 401-3.2-1

Repair System Required Material and Performance Properties

Property Test Type Detail Properties Minimum Values Test Methods
Engineering Properties
Tensile strength (Sye, Mandatory Tensile strength (s), Strain to failure must ISO 527, ASTM D3039

Swn) and tensile
modulus (E,, EJ);
Poisson’s ratio

modulus (E), Poisson’s
ratio (for leaking pipes
and some design cases;
strain to failure in

be >1%

In-plane|shear
modulus

Per ply thickness

Lap shedr adhesion
strenglth
[Note |(1)]

Impact gerformance

Energy release
rate ()f)

Long-term lap shear
performance

Mandatory for leaking
pipes only

Mandatory

Mandatory

Mandatory for leaking
pipes only

Mandatory for leaking
pipes only

Mandatory or see
Mandatory Appendix
405-11, section 405-11-3

both hoop and
axial directions)

Modulus only (G3;)

Thickness per ply

Shear strength of
composite bond to
substrate

Low velocity impact
performance

Toughness parameter;
energy release
rate (y)

Measurement of lap
shear-strength after
1.000-h heat
exposure

None

None

4 NM/m? (580 psi)

Withstand drop test per
Mandatory Appendix
405-VI

None

30% of lap shear
adhesion
strength

ASTM D5379

Népe (may be determinpd
from the tensile tests
above)

BS EN 1465, ASTM D31p5,
ASTM D5868

Mandatory Appendix 40%-VI

Mandatory Appendix 404-1V

Mandatory Appendix 40
section 405-11-2

Short-tefm pipe: Mandatory Wrapped pipe with Wrap must not fail Mandatory Appendix 403-I11
spool purvival test defect must withstand
a short-term pressure
test
Compregsive modulus Mandatory Load transfer material None ASTM D695, ASTM D6641,
ISO 604, ISO 14126
Long-terjm strength Optional Determine long-term None [Note (3)] Mandatory Appendix 40§$-V,
[Note |(2)] (creep-rupture) ASTM D2990, ASTM
strength of the wrap D2992
by either of
three methods
Cyclic loading Optional None None ISO 14692, ISO 24817
Physical Properties
Hardness Mandatory Barcol or Shore None BS EN 59, BS 2782, ISO 868,
hardness data ASTM D2583, ASTM
D2240
Coefficient of Mandatory CTE value None ISO 11359-2, ASTM E831

thermal
expansion
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Table 401-3.2-1
Repair System Required Material and Performance Properties (Cont’d)

Property Test Type

Detail Properties

Minimum Values Test Methods

Physical Properties (Cont’d)

Glass transition
temperature (T,)

Mandatory or use HDT
below

Glass transition
temperature (7,)

ISO 11357-2, ASTM E831,
ASTM E1640, ASTM
E6604

None, except this
can determine
maximum operating
temperature of
composite

Hedt distortion

emperature (HDT)

Mandatory or use T,
above

Heat distortion
temperature (HDT)

system

None, except this ISO 75, ASTM'D64

can determine

[Note (4)] maximum operating
temperature of
composite
system
Cathodic disbondment Mandatory for Disbondment None ASTM G8, ASTM G42, ASTM
cathodically protected G95
pipes
Elegtrical conductivity Optional None Norre ISO 14692, ASTM p149
Chgmical compatibility Optional None None ASTM D543, ASTM|C581,
ASTM D3681, ISP 10952
NOTES:
(1) Whenusing test methods ASTM D3165,ASTMD5868, or BS EN 1465, itshall serve to provide general guidelines for this test. A sanjple of the
composite instead of just the adhesive should be used between the plates.
(2) When using practices ASTM D2990 and ASTM D2992, they 'shall serve to provide general guidelines for this test.
(3) [This test qualifies the wrap pursuant to Table 401-4.6-1.
(4) [For the matrix polymer (without the reinforcing fibers)yuse'test method ASTM D648 or ISO 75-1 to measure HDT under aload of|1.82 MPa

the modulus.

401-3.2.1 Basic Material Documéntation

(
sys
dar

(

wo

1) This shall include a statement of the polymer
fems, including reinforcéments used, and any stan-
(s to which they are supplied.

b) Basic data on material compatibility with the
king environment:shall also be available.

(1) It shall be.gnsured that any chemical interaction
Wween the composite and substrate will not cause
her degradation in the substrate surface.

(2) €oxsideration may need to be given to the effects
of the palymer resin systems and their associated curing
agepts!

bet]
furt

(264 psi). As an alternative, when measuring HDT forréinforced polymers (using test method ISO 75-3), the minimum load should

e 0.1% of

(b) The specific method of surface preparation|shall be

an integral part of the Repair System.

401-3.2.3 Short-Term Test Data. For the
System, these shall include the following:

(a) tensile strength

(b) ultimate tensile strain and modulus, in k
hoop and axial directions

(c) strength of the adhesive bond between th|
laminate and the substrate material

(d) energy release rate for Type B repair qual

Repair

oth the
e repair

fication

401-3.2.4 Long-Term Test Data

(c) Particular attention may need to be given to carbon
FRP laminates and the potential for bimetallic (galvanic)
corrosion of the host substrate.

401-3.2.2 Surface Preparation

(a) The durability of a bonded assembly under applied
load is determined by the quality of the surface prepara-
tion used.

187

(a) For the Repair System, these shall include the
following:
(1) strengthofthe adhesive bond between the repair
laminate, substrate, and filler material
(2) optionally the long-term tensile strain of the
repair laminate
(b) “Long-term” is defined as greater than or equal to
1000 h
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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
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

tion temperature of the polymer, and compression
strength of filler material.

(b) Theseresultsshall be traceable to material supplied
with the Repair Systemand shall indicate thatthe material
used for the Repair System is representative of the Repair
System qualification testing referenced by the Repair
System supplier.

(c) The RepairSystem supplier shall provide the mate-
rial test report.

System fupplier.
(4)| The availability of relevantdatashould be consid- 401-3.4 Design Methodology
ered in [the risk assessment. . i \ )
(b) An example of a design data sheet is provided in 401-3.4.1 Overview. The design of the repairlaminate
; i} shall be carried out using the requirements specified ir] (a)
Mandatpry Appendix 401-1. d (b)
an .
401-3.3.1 Original Equipment D_es?ign Data. The There are two design cases:
follpwng items may be relevant original equipment (a) Type A Design Case. Components not leak|ng,
design data: o ) ' o requiring structural reinforcément only. One of [the
(a) cpmponent _llne lists (1.e., bill of mate_rlal llstu?g_] or following three design methods shall be used:
other dgcumentation showing process design conditions (1) include allowar¢e-for original component (see
and a description of the categorization class including para. 401-3.4.3) wheré.yielding of the component thay
materidl specifi_cation, wall thickness, and pressure- or may not be included
tempergture rating (2) exclud€ allowance for original component (see
(b) iJometric drawings including sufficient details to para. 401-3.4%)
permit 3 component flexibility calculation if this analysis (3) lang-term performance test data (pee
is deemked necessary ' . para. 401-374.5)
' (c) sy e.c1f1cat10n of 31'1 aperating mechamc.a.l loads not (b)~Type B Design Case. Components leaking requifing
includeq in the above, including upset conditions strucstural reinforcement and sealing of through-wall
(d) ofiginal design calculations defects.
401-3.3.2 Maintenance and Operational History. The (1) The design method in para. 401-3.4.6 shall be
followirlg items may be relevant maintenance and opera-)  used in addition to the Type A design case.
tional history: (2) For components with active internal corrosjon,
(a) dpcumentationofanysignificantchangesiidetvice ~ the repair laminate shall be'designeq on the ERELUNL ion
conditidns including pressure, temperature, fluid tontent, thata through-wall defect will occur if the remaining yvall
and corfosion rate thickness at the end of service life is expected to be |ess
(b) phst service conditions than 1 mm (0.04 in.). .
(c) summary of all alterations and-past repairs local to (3) The greater thickness of the Type A and Type B
the confponent section of concern design case shall be taken as the repair laminate thicknless,
(d) igspection reports detailing-the nature and extent trepair-
CiCen SN 401-3.4.2 Service Temperature Effects
sh:l(l)lb-: '3':;;:;‘::; S o U L O (a) The Repair System shall not be used above |the
1o i . . valuesof T,,listed in Table 401-3.4.2-1. When determirjing
ser(gi)c;lfi(;;lme ECT S OB E I QRS T,, for the Repair System, the lowest value of T, for|the
) T S et K e e e e e Repair System polymer components (e.g., the load trangfer
and exthra$ttemperatures material, primer layer, and composite material) shal| be
(c) expected future service conditions =
(D) Imabsence of other Repair system quaiificationdata

(d) if applicable, MAWP/MAOP/MOP as stated by the
owner or as calculated according to the requirements of
ASME B31G, API RP 579-1/API FFS-1, BS 7910, or appli-
cable construction code

401-3.3.4 Repair System Documentation

(a) The Repair System manufacturer shall maintain
documentation of materials testing results, including
tensile properties of the composite, shelf life, glass transi-

188

(see Article 405), the allowable strains to be used in egs.
(8)and (9) and the service factors to be used in eqgs. (10a),
(10b), (13), (14), and (15) shall be down-rated by the
temperature factor, fr, given in eqgs. (1) and (2).

(SI Units)
fr = 6 X 107°(T,, — T)* + 0.001(T,, — Ty) + 0.7014 (1)
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Table 401-3.4.2-1
Service Temperature Limits for Repair Systems

(b) Forhoop strain due to internal pressure, the design
repair laminate thickness, tepair, may be calculated by
iteration using

Property Substrate Leaking, Substrate Not
Measurement T Leaking, T,, . = PD _ t, _ PiiveD (5)
T, T, - 30°C (54°F) T, - 20°C (36°F) © 2Etmin Etmin  2(Ectmin + Ests)
HDT HDT - 25°C (45°F)  HDT - 15°C (27°F)
(c) Iftherepairisapplied at zero internal pressure, i.e.,
Piive = 0, then eq. (5) can be rearranged to give
. tmin = LLQ - StsJ (6)
(U§. Customary Units) eE\ 2
frF2Xx10 5(Tm - Td)2 + 0.0006(T,,, = Ty) + 07014 (2) (d) The assumptions made in deriving €qs. (5)[and (6)
are that the substrate material is-elastic and perfectly
plastic (i.e., no strain hardening);and that n¢ defect
Thq maximum allowable value of fr is 1. assessment is performed{dther than use|of the
401-3.4.3 Component Allowable Stress. Use of the minimum remaining wall¢thickness (of the supstrate)
desfgn method in this section is appropriate if the contri- to infer the internal pressure at the point of substrate
butjon of the componentis to be included in the calculation yield.
for [load-carrying capability. (e) Thevalueofgthe&allowablestrainofthe composite in
. ) the circumferentialydirection can be taken from eqs. (10a)
401-3.4.3.1 Underlying Substrate Does Not Yield and (10b) orif performance data are available, from
(f) In the derivation of eqs. (3) and (4), it is assumed =~ Mandatopy Appendix 405-V. The appropriate|service
thaf the underlying substrate does not yield. factor is taken from Table 401-3.4.5-1.
(b) For hoop stresses due to internal pressure, the (f).For axial loads due to pressure only, eq. (7)|shall be
mirlimum repair laminate thickness, tmi,, is given by utilized.
D (E . - 7
tmin = % E—z (P -p) (3 tmin = 5aEa( 4 Sts] ™
(¢) For axial stresses due to internal pressure, bending, where t; may b,e conservatl\.@y the mml'mum wall thick-
and axial thrust, the minimum repair laminate thickness, ness or the equivalent remaining wall thickness Hased on
tad is g b the defect assessment.
given by
D [ E, ( 2F P] @ 401-3.4.4 Repair Laminate Allowable Strains
™2 | By ) lap? &3 (a) Use of the design method in this section i appro-
priateifthe contribution of the original component s to be
(f) The designrepairlaminatethickness, tepair, Shallbe  excluded in the calculation for load-carrying cgpability
the|greater value determined from egs. (3) and (4). and if short-term material properties are to be jised.
(p) Where the purpose_of the Repair System is to (b) Theallowable repair laminatestraindesignjmethod
strgngthen an undamaged section of the component to is a function of design temperature.
caryy additional bendiitg or other axial loads, the value (c) For hoop stresses due to internal presspre, the
of I shall be the/increased total axial load requirement minimum repair laminate thickness, tmin, is givgn by
and the value«ofiP; shall be the original MAWP/MAOP/
MOJP. The value of F depends on the specific application min = i(@i i@) 8)
dethils afid) shall be considered by the Repair System e\ 2 E. 7D E
desjgner—(outside the scope of this Article).
(d) For axial stresses due to internal pressure, bending,

401-3.4.3.2 Underlying Substrate Yields

(a) In the derivation of eqs. (5) and (6), it is assumed
that the underlying substrate does yield and the repair
laminate is designed based on the allowable strain of
the composite. Only hoop loading should be considered
in determining the design repair laminate thickness,

trepair-
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and axial thrust, the minimum repair laminate thickness,
tmin, IS given by

(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

1

1 F 1 PDUC_a
&

nD E, 2 E

€))

tmin =
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Table 401-3.4.4-1
Allowable (Long-Term) Strains for Repair Laminates
(No Allowance for Temperature Effects)

g oAl A
min = | T (11)

(d) For axial stresses due to internal pressure, bending,

Rarely Continuous ) > . - s
Occurring, (Sustained), and axial thrust, the minimum repair laminate thickness,
Load Type Symbol % % tmin, 1S given by eq. (4) or eq. (9), as appropriate.
For E, > 05 E.  £.0, €10 0.40 0.25 (e) The design repair laminate thickness, t;epair, shall be
For E, < 0.5 E, the greater of the values determined by (c) and (d).
Circu - Ol P (f) If allowance for the component is to be included,
myerenttar—eo \vr 4 ) \ prore)
Axial 0o 0.25 0.10 then eq. (12) shall be used.

typically less than ten times in the life of the component
with ea¢h duration less than 30 min.

(f) The continuous (sustained) long-term allowable
strains |isted in Table 401-3.4.4-1 shall be used only if
the shogt-term tensile strain to failure of the repair lami-
nate is 4t 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 test carried out to determine the tensile proper-
ties of the laminate (Table 401-3.2-1).

(h) Spme Repair System suppliers may choose to use
laminatp analysis to calculate modulus values for lami-
natesbyilt upfroma series of differentlayers. This is satis-
factory) provided that the results from the laminate
analysiq have been validated using measured data.

(i) Thermal expansion coefficients for composite
Repair Jystems are different than those for the substrate,
so thermal stresses will be generated where operating
temperjatures vary from installation temperature.
Where [this absolute temperature change is\greater
than 407C (72°F), the effect of differential thermal expan-
sion betjween the repair laminate and the substrate shall
be consjdered in the design assessment.

(j) Theallowablerepair laminate strains (circumferen-
tial and|axial) shall be calculated-by.

& = freco — AT(& - ) (10a)

& =fT8a0 ~ AT (e, — @) (10b)

where d.¢ and €gg.are from Table 401-3.4.4-1.

NOTE: The téem AT (as - a. or a,)] is the absolute value.

(g) For hoop stresses due to internal pressure, |the
minimum repair laminate thickness, ty,, is given by

PD 1
tmin = [7 - tss}[ﬁ] 12)
lt

(h) The service factor, f, is the lesser of that obtaiped
from Table 401-3.4.5-1 and Mrom the appropriate
construction code.

(i) The 1000 h datasefvice factor shall be used if|the
product is qualified td the testing in para. 405-V-2.1. [The
design life data sérvice factor may be used if the Repair
Systemis qualifiedto Article 405 (eitherpara.405-V-2.p or
para. 405-V-2.3).

401-3.4.6 Leaking Components

(a)\Use of the design method in this paragraphis appro-
priate if the component is leaking or considered td be
leaking at the end of its service life. The requiremgnts
of this paragraph are in addition to those described in
para. 401-3.4.4 or para. 401-3.4.5.

(b) A (substrate) component shall be considered t¢ be
leaking if the wall thickness at any point of the affeqted
area is determined to be less than 1 mm (0.04 in.) at|the
end of its life.

(c) For a circular or near-circular defect, the mininjum
repair laminate thickness, t.y, is iterated using eq. (|3).

p= foleak

"LcL 13)
I 4,1 3 2
——d*+ —d|+ ———d
Eac Sl Ztmin s 64G3 ltmin

NOTE: Add factor 1E - 3 to yyc. for SI units.
(1) Equation (13) is valid for defect sizes where|d <

401-3.4.5 Repair Laminate Allowable Stresses Deter-
mined by Performance Testing

(a) Use of the design method in this section is appro-
priate if performance-based test data are available.

(b) Ifallowance forthe componentisnotincluded, then
eq. (11) shall be used.

(c) For hoop stresses due to internal pressure, the
minimum repair laminate thickness, tmin,, is given by

190

6Dt where E = |EE
- 7 L2 oo v/

(2) The value of fleax 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 (see
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Table 401-3.4.5-1
Service Factors for Repair Laminates

P=f Tfleak

Test Service Factor, f
1000-h data 0.5
Design life data 0.67 "LcL (16)
4 Eac
2 D [— + 2]
1—v 4
\ ( ) Dy, D° 44 4631 ) 46
‘ E 3 zw}“m 11,52063.
Mandatory Appendix ZILOS-IV.) shall be conducted on the NOTE: Add factor 1F - 3 to yoe, for SI ufilts,
whole Repair System including any plug arrangement. o o o
(P The value of d or W to be used in the Type B equa- where thellmlt.on the applicability of éq. (16) is gi en by ¢
tiofs shall be the greater diameter or width of the < 1, where ¢ is the angle subtended by the axial slot
follpwing: (ra(lilans]. £
(1) the defect size at the end of the expected design (i) ThevalueofE,.and Sinegs. (14) through (}6) shall
life be takenas (E,- E_C]O‘5 and\(V.,> - E,/E.), respective y,as the
(2) the area where the qualified surface preparation repair laminate is anisetropic, i.e., the propertigs of the
is rjot completed material are different in the axial and circumfprential
(3) the size of the stopgap used to seal a live leak directions.
(4) the width of the weld containing the defect
(5) 15 mm (0.6 in.) 401-3.4.7 Impact
(6) the area faired in with filler material (a). Eor repairs to leaking components, the Repair
() For a circumferential slot defect, the minimum System supplier shall demonstrate that the| Repair
thigkness for a repair laminate, tyy, is iterated using System is capable of withstanding a low-veldcity 5 ]
the| smallest value of the repair thickness calculated (44.3 in.-lb) impact in accordance with the precedure
from both eqs. (13) and (14). Note that t,;, can be iterated described in Mandatory Appendix 405-VI.
in 4q. (14). (b) The repair laminate thickness, as designed|per this
R =ff Article, may be insufficient to address external impact
T leake loads. Consideration should be given to increaging the
LcL (14) laminate repair thickness or providing other methods
(1 _ vl) (i + 1] of protection.
[ Loty fW] 4 3 s 2).2
Bae | 24t3, . 16G3 1tmin N1 +v) 401-3.4.8 Axial Length of Repair
' (a) Unless it can be demonstrated thata shortg¢r repair
NOTE: Add factor 1E - 3 to yyq-for-SI units. length is sufficient, the design thickness of the repir lami-
nate shall extend beyond the damaged regiop in the
component, Lover, by
p = IR e — (15) - )
D over = 2.5y/Dt/2
NOTE: Add faefer1£ - 3 to y.c. for SI units. (b) For repairs designed in accordande with
para. 401-3.4.6, L,yer shall be the greater of
(h) For.ah'axial slot-type defect, where the circumfer-
entfal width of the slot, W = ¢D/2, the minimum thickness I = max. | 2.5VDE/2 or Eatatrepair (18)
fora répair laminate, ¢, is calculated using . 7
(c) The total axial length of the repair is given by
L = 2Lgyer + Ldefect + 2Ltaper (19)

(d) The ends 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.
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(e) Theoverlap length shall also be designed to be suffi-
cient to transfer the axial load.

401-3.4.9 Component Fittings

(a) Equations (3) through (12) relate to the stressesin
the substrate (component) under combinations of
internal pressure and axial load. For fittings, such as
bends, reducers, tees, flanges and nozzles, the stress
systemsare—+
eration] Calculations may be based on pressure stress
multipllers for components taken from ISO 14692 or
ISO 24417.

(b) The pressure stress multiplier for bends, reducers,
and other components where the membrane stress due to
pressurk is the same as for the simple component shall be
taken a$ unity, and for pipe tees shall be taken as 2. The
diametdr required for repair design is the largest diameter
of the cpmponent.

401-3.4.10 Other Design Considerations

(a) Ppragraphs 401-3.4.10.1 through 401-3.4.10.6 may
be applled if appropriate.

(b) Additional calculations for the repair thickness
under g3xial stresses due to external axial loads and
moments can be found in ISO 24817.

401-3.4.10.1 Other External Loads

(a) Tp resist external pressure or vacuum applied to
the Reppir System, the minimum repair thickness, tmin,

is given| by
13

31— )R
2E

(20)
tmin = D

(4

(b) Fpr soil loads, to prevent the collapse of a buried
repairedl component, the external soily pressure, Pey soil
shall be| less than the collapse résistance of the Repair
System,|P,

3

2E tmi
P, < _;[ﬂ) (21)
ext,soil o~ v2) D

where
2 2
4, D nD 1 D
Pext shil = v D[h + —2‘] R + g(” + ;) ]7’5011

(b) Cyclic loading is not necessarily limited to internal
pressure loads. Thermal and other cyclicloads should also
be considered when assessing cyclic severity.

(c) Ifthe predicted number of pressure or other loading
cycles is less than 7,000 over the design life, then cyclic
loading does not require consideration.

(d) If the predicted number of pressure or other
loadmg cycles exceeds 7, 000 over the design life, then

(23). The equatlons are conservative for loyer
numbers of cycles.

(e) If the predicted number of pressure“er other
loading cycles exceeds 10® over the design”life, then
in eqs. (22) and (23), N shall be set(to/10°.

(f) For the design of nonleaking defefts
(paras. 401-3.4.4 and 401-3.4.5), the’composite allowable
strain in both circumferential and axial directions, &, pnd
£, in egs. (10a) and (10b) shallbe derated by the factoy, £,
where f. is given by

— [|r2 1 2 22)
= [|R” + 1-R
% \/ [ ¢ .2488Log (N) — 7.108( &)

(g) For thedesign ofleaking pipes (para.401-3.4.6)the
service factor, fi.., in egs. (13) through (16) shall be
replaced, by

feak = 0333f. 23)

(h) These equations are intended for cyclic intefnal
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.
(1) Flame spread and smoke generation shall als¢ be
considered in the assessment.
(2) Due account shall be taken of the response offthe
Repair System (component substrate and the repair 1gmi-
nate).
(b) Strategies for achieving fire performance rhay
include the following:
(1) application of additional wraps of repair lgmi-
nate material such that enough basic composite will
remain intact for the duration of the fire event

where v? is defined as (vm2 x Eqf/E.).

(c) For repairs to buried components, see
Mandatory Appendix 403-1 for additional technical re-
quirements.

401-3.4.10.2 Cyclic Loading

(a) Cyclicloadingshall be consideredin therisk assess-
ment for the application of the Repair System.

(2]‘ dppliLdLiUll Uf illLullleLCllL CALCT lldl LUdLills..)

(3) application of intumescent and other energy
absorbent materials within the repair laminate

(4) use of polymer formulations with specific fire-
retardant properties

(c) Further details oftest methods for fire performance

and fire mitigation are contained in test methods ASTM
E84 or ISO 14692.
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401-3.4.10.4 Electrical Conductivity

(a) For repairs to metallic substrates, itislikely that the
properties of the substrate will satisfy electrical conduc-
tivity requirements.

(b) Where the substrate is insulating, e.g., glass FRP,
and electrical conductivity requirements are specified,
the electrical conductivity properties of the Repair
System should be measured to ensure that the original

laminate may suffer material loss. The Repair System
supplier shall demonstrate that despite this potential
loss of laminate material, the Repair System should
survive for the specified repair lifetime.

401-3.4.10.6 Cathodic Disbondment

(a) For repairs to components that are cathodically
protected, it shall be demonstrated that the repair will

chapacteristics of the substrateare Testored: hotdisbond-dueto-thecathodicprotection-system.

() Electrical conductivity testing details are contained (b) Test method ASTM G8, ASTM G42, or /ASI'M G95

in test methods ASTM D149 or ISO 14692. may be used to demonstrate that the repair \will not be
susceptible to substantial disbondment ujder an
401-3.4.10.5 Environmental Compatibility imposed electrical current.

() The suitability of the Repair System in the service 401-3.4.11 Design Output
envlironment shall be based on the following considera-
tions: (a) trepair €quals the larger of all the applicable calcu-

(1) The service environmentis the environment that lated tmin (&8, circumferent-ial, axial, le‘.':lking]. '
wil| contact the repair laminate. It may be either the (b) The outputs of thedesign calculations of the repair
external or internal environment. laminate are the following:

(2) When required by the service environment, the (1 number' of layers, L
Reffair System shall be protected from UV exposure (e.g., (2) total@xial repair length, L [from eq. (1P)]
sunflight), water, and damaging chemicals, either as an (c) The number of layers for installation purposes is
inhprent characteristic of the Repair System or by the trepair o
appllication of coating or mechanical barrier. = t ()

(b) The application of the Repair System shall be ayer
con| patlble.vi/lth.aqueous and hydrocarbon environments $here n shall be not less than 2 and rounded up to the
at the qualification temperature.

01 I th | ibl nearest whole number.

. (D 1 general, t ermoset polymers are compatia e (d) Thelayer thickness, tj,yer, may be determined from
with a wide range of environments. . . .

. - . . the thickness of the tension test coupons dividedl by the

(2) Consideration should be given when the entiron- . ) i

. . . number of layers used in preparing the coupons.
ment is strongly acidic (pH < 3.5), strongly alkaline (pH >
11) or is fa strong solvent, e.g., methanol,\teluene in 401-3.5 Approval
conkentration greater than 25%. . ' ' . '

(f) When the compatibility of the\Repair System is Designs of repairs according to this Article phall be
unknown, then the Repair System supplier shall authorized by a professional engineer (or interhational
projide oneofthe following to demonstrate compatibility: ~ equivalent) or shall be undertaken by a technicallyjcompe-

(1) environmental compatibility data from the  tent person acceptable to the owner.
polymer supplier demonstrating that the environment
is nfo more aggressive thanaqueous or hydrocarbon en- ~ 401-4 FABRICATION (INSTALLATION)
virgnments at the design’temperature.

(2) if no compatibility data from the polymer  401-4.1 General
sup_plie_r is a\_/ailable, then specific environmental The repair thickness to be installed shall be expressed
testing is required. ) as the number of layers to be applied (based on the

(-a] Results from tests according to one of the minimum thickness per layer determined during valida-
following-test methods, ASTM D5f}3, ASTM (€581, tion); see para. 401-3.4.11.
ASTM/D3681, or I1SO 10952, comparing the exposure

of the specific environment and aqueous environment
to the repair laminate at the design temperature shall
be performed.

(-b) The Repair System shall be considered
compatible to the specific environment if the test
results from the specific environment are no worse
than for the aqueous environment.

(d) When erosion is the cause of the degradation
process of the substrate material and the repair laminate
is in contact with the eroding medium, then the repair
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401-4.2 Materials of Construction

(a) The materials of construction shall be those for
which the qualification and design have been completed.

(b) The Repair System manufacturer shall have a
quality program in place, such as ISO 9001, that demon-
strates 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
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Repair System supplier. Batch testing may include tests
such as

(1) physical properties of the fabric (eg., 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

(e) e Repair System supplier shall label Repair
System] materials issued with the relevant batch
number|(s)

401-4.3 Storage Conditions

(a) Storage of material shall comply with the Repair
System [supplier’s instructions.

(b) The materials safety data sheets (MSDS) shall be
retained for reference.

NOTE: The materials used need to be stored and controlled
according to national, state, or local safety regulations (e.g.,
OSHA or] COSHH).

401-4.4 Method Statements

(a) Iystallation of a Repair System shall be covered by a
method| statement, which describes each of the main
procedyres to be carried out.

(b) Input to the method statement comes from, the
following:

(1)] risk assessment (supplied by owner)

(2)| working conditions (supplied by owner)

(3)| design information
-a) plant operating conditions, layout, etc.
d by owner)
b) design of repair (supplied by Repair System
supplier])

(4)] materials inforniation for Repair System
(suppligd by Repair Systent supplier)

(supplie

MSDS

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
written description or a drawing incorporating standard
details such as overlap and taper and taper length infor-
mation)

(b) details of surface preparatlon procedure, mcludmg
IT [ ec-

tion method
(c) details of infill required to achieve a sm@oth o
profile prior to the application of the repair laminat

ter

401-4.4.3 Repair Application
the
ion
bair

(a) details of time limitations between stages of
repair, e.g., between surface préparation and lamina

(b) details of lay-up procedure including if the re
laminate is to be applied_in“stages

(c) details of curing¢procedure including postcuriy
necessary

g if

401-4.4.4 Quality Assurance

bair
ory

(a) details.of hold/inspection points during the Re
System application (see para. 401-4.6 and Mandat
Appendix 401-VIII)

(b)\ details of any materials tests to be carried ouf
specified by owner or the Repair System supplier)

(c) details ofany pressure systemtests to be carried
(see section 401-6)

Shore or Barcol hardness values should be used s a
field indication of cure. Measured hardness values
should be no less than 90% of the minimum obtaiped
from Repair System qualification.

(if

out

401-4.4.5 Environmental. The Repair System instdller
shall provide information on disposal of unused matetfials
and waste.

401-4.5 Installer Qualifications

Personnelinvolved intheinstallation ofaRepairSys

(c) Typically, the meéthod statement includes informa- i/[h alil S Zrain Zd 281dv(1]1u UTHICC R
tion spdcified in paras’ 401-4.4.1 through 401-4.4.5. andatory Appendix o
.4.1 Health and Safety 401-4.6 Installation Guidance
(a) lit.of materials to be handled, including copies of (a) Repair System suppliers shall provide full instdlla-
tion-instructions—These-ipnstructions-shall-include (un]r ere

(b) national, state, or local safety regulations (e.g.,
OSHA, COSHH) assessment for process

(c) details of personal protective measures to be
adopted

(d) list of hazards associated with equipment to be
repaired and equipment in the vicinity of the repair
site with protective measures
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appropriate)

(1) acceptable environmental conditions of site at
time of repair

(2) material storage

(3) substrate surface preparation

(4) load transfer material

(5) polymer mixing

(6) laminate lay-up

(7) laminate consolidation
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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

0 polymer

Substrate surface preparation
O inspection

Installer or supervisor

(c) The basic structure of a composite repair in this
context is considered in Figure 401-5.1-1.

401-5.2 Defects Within the Repair System

(a) The Repair System supplier shall provide postin-
stallation visual inspection criteria. Guidance on
defects and allowable limits that are likely to be of impor-
tance are given in Table 401-5.2-1.

Fille
Stag|

Test]
O cuf
o th
o di
O ex|

profile Installer

b check on reinforcement lay-up Installer

on repair laminate
e (hardness)
ckness
nensions
fernal inspection (see Table 401-5.2-1)

Installer or supervisor

Prespure test Inspection authority

(8) cure

(9) key hold points

b) Further details of these requirements can be found
landatory Appendix 401-VIII.

') The key hold points that may be observed during a
hir are summarized in Table 401-4.6-1.

1) The results of the tests on the repair laminate shall
rompared with the qualification data. Acceptance
valpes of the test results shall be provided by the
Repair System supplier prior to Repair System installa-
tion).

be

40]
(

pos
con
Thi
equ
(
sivg
bet
upg

-4.7 Live Repairs

1) Repairs to nonleaking, live process'systems are
Sible, provided that the associated hazards are fully
sidered in the risk assessment for the operation.
5 should include any hazards toand from surrounding
ipment in addition to the cofipohent being repaired.
b) The tensile (radial) stressesinduced into the adhe-
bond as aresult of the thermal contraction differences
veen the composit€ and the component substrate
n the removal ofdive loads should be negligible.

401-5 EXAMINATION

40]

T
opée -
(a) Theinstallation of a Repair System should not affect
any internal inspections that may be carried out.
(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

-5.1 Antroduction

his.section provides guidance on the postinstallation/
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pt these
Repair

(’l’lj‘ ThC illde‘l}Cl bhd‘l‘l Ld‘R\C CdlI'C LU TIUuIrc L}l
defects are not formed during application of thd
System.

401-5.3 Repairof Defects Within the Repair Bystem

(a) Dry areas in the polymer-richsurface layer
repaired by abrading and cledning the affected 4
then wetting out with more/polymer.

(b) Repairs containing-defects that exceed the
Table 401-5.2-1 shall beremoved in their entire
new repair installedf However, on agreement
owner, local reméval of the damaged area and re
tion of the Repdir System materials to this area a
able if the"Repair System supplier can demonst
this will restore the full performance of the rep

may be
rea and

imits in
y and a
vith the
applica-
e allow-
ate that
Rir.

401-5.4 Inspection Methods
401-5.4.1 Visual Inspection

(a) The inspection of the repair (composite) laminate
may be performed visually after installation.
(b) The inspection of the bond quality betw
repair laminate and substrate may be performed
during installation.
(c) The inspection of the substrate may be pe
visually before installation of the repair (composi

nate.

een the
visually

-formed
e) lami-

401-5.4.2 Hardness Test

(a) Barcol hardness may be performed in accprdance
with Table 401-3.2-1.
(b) Shore hardness may be performed in acc

with Table 401-3.2-1.

brdance

401-5.4.3 Tap Test

(a) The tap test may be utilized to identify d¢
tions and voids in the cured laminate that sound h|

lamina-
ollow in

(b) Inthe taptest,thesurfaceof the structure is tapped
by hand using a hard, blunt object, such as a tapping
hammer[lessthan 60 g (2 0z)], a sounding wand, or a coin.

NOTE: This method is often used as the first inspection method,
which may be followed by other NDE techniques.

401-5.4.4 Repair System Supplier Guidance. Refer to
Repair System supplier for guidance on methods for
inspecting the Repair System.
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Figure 401-5.1-1
Schematic of a Repair System and Location of Defects

Internal laminate
defect

Composite repair

Interface delamination
debond

———Substrate-pipe-wat—

Internal defect

401-5.% Repair System Replacement Strategy

(a) The maintenance and replacement strategy for
Repair $ystems will be a function of the type of original
defect ip the component.

(b) Fpr above-ground process systems, visual inspec-
tion of the repair laminate for defects in accordance with
Table 4(1-5.2-1 should be performed as part of the main-
tenance|strategy. The frequency of inspection should be
determined in accordance with the risk assessment. If
defects|are located, then further assessment will be
requiredl.

(c) Iflthe assessment determines that replacement is
requiredl, then replacement options include

(1)| removal of the repair (e.g., through ultra-high
pressurg water jetting or sand blasting) and replacemeént

(2)] repair the repair laminate. In thigcase the
damaggd repair laminate shall be considered as the
defect flor design purposes and a new repair designed
according to para. 401-3.4

(3] localized repair of thle damaged area,
para. 4(1-5.3

401-5.5.1 External Defects. For external defects, it is
assume(l that further deterioration ofthe defectis stopped
on application of the repairlaminate. Therefore, the main-
tenance|strategy shouldbe to ensure that the repair lami-
nate remains iptact, i.e., the repair laminate is not
damagef or delaminated in part from the substrate.

401-3.5:2 -Internal or Through-Wall Defects

External defect

(b) The frequency of inspection should be determihed
in accordance with the risk-assessment.
(c) Ifthe design assessnrent determines that the Repair
System is no longer fit for purpose, then other
maintenance/repair options should be considered} as
described in this Standard.

401-6 SYSTEM PRESSURE TESTING

(a)..System pressure testing, if required, shall be spgci-
fied“by the owner.
(b) All repairs shall be cured in accordance with|the
Repair System supplier instructions before pressure
testing.
(c) Apressure test ofnot less than 1.0 times the MAPDP/
MOP shall be performed.
(d) A pressure test may be performed for a reasongble
period of time to capture other potential Repair System
conditions.
(e) Ifthetest pressure exceeds the pressure for which
the Repair System has been designed, then this higher
pressure shall be considered as a separate design cpse.
For the purposes of the calculation, the test condition
may be treated as an occasional load.
(f) Anysigns ofleakage or indication of repair lamirjate
failure shall be cause for rejection of the repair.
(g) See Article 501 for additional guidance on presdure
testing.

401-7 REFERENCES

NOTE: For internal corrosion or through-wall defects, further
deterioration or growth of the defect can continue despite appli-
cation of the repair laminate.

(a) In addition to the requirements set out in
para. 401-5.5.1, the maintenance strategy should
ensure that the internal defect does not grow to a size
greater than assumed in the design of the repair or
that the repair laminate does not delaminate from the
component substrate.
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401-7.1 Referenced Codes and Standards

The following codes and standards are referenced in
this Article.

API RP 579-1-2016/ASME FFS-1, Fitness-For-Service
(latest edition)

API 620-2013, Design and Construction of Large, Welded,
Low-pressure Storage Tanks
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Table 401-5.2-1
Defect Type and Allowable Limits for the Composite Wrap

Repair Section Defect Allowable Limits

Check that substrate materials are
those specified by design

Repair material and
substrate prior to
repair application

Changes in geometry Repair area to be free of sharp changes in

geometry [all radii > 5 mm (0.2 in.}], or

Substrate preparation

Surface temperature

Defect

Location of repair

sharp geometry to be faired-in
T 7

In accordance with Repair Systend specif;

cation

Axial extent to be in accordance with dedign

In accordance with repair.design

Dimensions do 4ot exceed those for whid
repair has.been” designed
Defect natfire'to be that for which the rep
been designed

Axial'extent and positioning to be in acco
with design

h the

hir has

rdance

Irjterface Delamination Tap test may indicate presence of debondling
None at ends of repair
Polymer-rich layer Cracks None (check adhesive fillets)

Wrinkles No step changes in thickness greater tha
2.5 mm (0.1 in) in height
Pinholes None deeper than polymer-rich layer
Polymef color Uniform
Dry spots None
Cpmposite laminate Eiber orientation As specified in design
Unimpregnated/dry fiber None
Exposed, cut edges/fibers None
Foreign matter None

Foreign matter, blisters,and pits

Axial extent and positioning of
the repair

Maximum 10 mm (0.4 in.) in width, 2.5 1
(0.1 in.)) in height

As specified in the design

Does not extend beyond prepared surfac

h

APJ|650-2013 with 2014 addendum, Welded Tanks for Oil

Storage
PulbbH :

ASME B31.1-2016, Power Piping
ASME B31.3-2016, Process Piping

Massachusetts Avenue NW, Suite 1100, Washington,
DC 20001-5571 (www.api.org)

ASMEB31G-2012, Manual for Determining the Re|
Strength of Co

maining

rroded Pipelines: Supplement ]

o ASME

ASME PCC-2-2015, Repair of Pressure Equipment and

Publisher: The American Society of Mechanical Engineers

ASME B31.4-2016, Pipeline Transportation Systems for

Liquids and Slurries

ASME B31.8-2016, Gas Transmission and Distribution

Piping Systems
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(ASME), Two Park Avenue, New York, NY 10016-5990
(www.asme.org)
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ASTM (C581-2003(2008)el, Standard Practice for Deter-
mining Chemical Resistance of Thermosetting Resins
Used in Glass-Reinforced Structures Intended for
Liquid Service

ASTM D149-2009(2013), Standard Test Method for
Dielectric Breakdown Voltage and Dielectric Strength
of Solid Electrical Insulating Materials at Commercial
Power Frequencies

ASTM D543-2014, Standard Practices for Evaluating the

ASTM D6641-2014, Standard Test Method for Compres-
sive Properties of Polymer Matrix Composite Materials
Using a Combined Loading Compression (CLC) Test
Fixture

ASTM EB84-2015a, Standard Test Method for Surface
Burning Characteristics of Building Materials

ASTM E831-2014, Standard Test Method for Linear
Thermal Expansion of Solid Materials by Thermome-
chanical Analysis

Resistance of Plastics to Chemical Reagents

ASTM [)648-2007, Standard Test Method for Deflection
Temperature of Plastics Under Flexural Load in the
Edgeyvise Position

ASTM Dp95-2010, Standard Test Method for Compressive
Propdgrties of Rigid Plastics

ASTM [)790-2010, Standard Test Method for Flexural
Propgrties of Unreinforced and Reinforced Plastics
and Hlectrical Insulating Materials

ASTM D1598-2002(2009), Standard Test Method for the
Time{to-Failure of Plastic Pipe Under Constant Internal
Pressjre

ASTM [J1599-2014 el, Standard Test Method for Resis-
tance|to Short-Time Hydraulic Pressure of Plastic Pipe,
Tubing and Fittings

ASTM [)2240-2005(2010), Standard Test Method for
Rubbgr Property — Durometer Hardness

ASTM D2583-2013a, Standard Test Method for Indenta-
tion Hardness of Rigid Plastics by Means of a Barcol
Imprg¢ssor

ASTM I)2990-17, Standard Test Methods for Tensile,
Comgpressive, and Flexural Creep and Creep-Rupture
of Plgstics

ASTM I2992-2012, Standard Practice for @btaining
Hydrpstatic or Pressure Design Basis for/(Glass-
Fibern-Reinforced Thermosetting ReSin) Pipe and
Fittings

ASTM [)3039-2014, Standard Test(Method for Tensile
Propqrties of Polymer Matrix Composite Materials

ASTM Ip3165-2007(2014), Standard Test Method for
Strefggth Properties gf Adhesives in Shear by
Tensipn Loading of Single-Lap-Joint Laminated Assem-
blies

ASTM DB681-2012 el;-Standard Test Method for Chemical
Resigtance of “Fiberglass” (Glass-Fiber-Reinforced
Thermosetting Resin) Pipe in a Deflected Condition

ASTM Dp379-2012, Standard Test Method for Shear Prop-
ertieq offComposite Materials by the V-Notched Beam

ASTM E1640-2013, Standard Test Method for Assignin
of the Glass Transition Temperature By Dyna
Mechanical Analysis

ASTM G8-1996(2010), Standard Test'Methods
Cathodic Disbonding of Pipeline Coatings

ASTM G42-2011, Standard Test Method for Cathg
Disbonding of Pipeline Coatings‘Subjected to Elev{
Temperatures

ASTM G84-1989(2012), Stafidard Practice for Measyre-
ment of Time-of-Wetness on Surfaces Exposed to
Wetting Conditions as in Atmospheric Corrosjion
Testing

ASTM G95-200%(2013), Standard Test Method [for
Cathodic Disbondment Test of Pipeline Coatipgs
(Attached Cell Method)

Publishek®American Society for Testing and Mater
(ASTM International), 100 Barr Harbor Drive,
Box*C700, West Conshohocken, PA 19428-2
(www.astm.org)

ent
mic

for

dic
ted

ials
P.0.
D59

AWWA D100-11, Welded Carbon Steel Tanks for W
Storage

AWWA D103-14, Factory-Coated Bolted Carbon S
Tanks for Water Storage

Publisher: American Water Works Association (AWW
6666 West Quincy Avenue, Denver, CO 801
(www.awwa.org)

hter
eel

A),
35

BS 7910: 1999, Guide on Methods for Assessing [the
Acceptability of Flaws in Metallic Structures

BS EN 59:1977, Measurement of Hardness by Means
Barcol Impressor

BS EN 1465:1995, Determination of Tensile Lap Sh
Strength of Rigid to Rigid Bonded Assemblies

BS EN 4994-1987, Specification for the Design
Construction of Vessels and Storage Tanks in R
forced Plastics

BS EN 13121-2:2003, GRP Tanks and Vessels for

Al A

pf a

ear

hnd
Pin-

Use

Method

ASTM D5868-2001(2014), Standard Test Method for Lap
Shear Adhesion for Fiber Reinforced Plastic (FRP)
Bonding

ASTM D6604-2000(2013), Standard Practice for Glass
Transition Temperatures of Hydrocarbon Resins by
Differential Scanning Calorimetry
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C 1.
PD 5500, Specification for Unfired Fusion Welded Pres-
sure Vessels
Publisher: British Standards Institution, Inc. (BSI), 12950
Worldgate Drive, Suite 800, Herndon, VA 20170
(www.bsigroup.com)

ISO 75-1:2013, Plastics — Determination of temperature
of deflection under load
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ISO 75-3:2004, Plastics — Determination of temperature
of deflection under load — Part 3: High-strength ther-
mosetting laminates and long-fibre-reinforced plastics

ISO 178:2010, Plastics — Determination of flexural prop-
erties

ISO 527-5:2009, Plastics — Determination of tensile prop-
erties — Part 5: Test conditions for unidirectional fibre-
reinforced plastic comp051tes

[SO0[ 10952:1999, Plastics piping systems — Glass-rein-
forced thermosetting plastics (GRP) pipes and fittings

Determination of the resistance to chemical attack
from the inside of a section in a deflected condition

[SO|11357-2:1999, Plastics — Differential scanning calori-

hetry (DSC) — Part 2: Determination of glass transition
temperature

ISO[11359-2:1999, Plastics —Thermomechanical analysis
(TMA) — Part 2: Determination of coefficient of linear
thermal expansion and glass transition temperature

1SO|13623:2000, Petroleum and natural gas industries —
Hipeline transportation systems

ISO[ 14126:1999, Fibre-reinforced plastic composites —
[Jetermination of compressive properties in the in-
plane direction

1SO[14692:2002, Petroleum and(natural gas industries —
(lass reinforced plastic (GRR) piping

ISO 15649 2001, Petroleurn and natural gas industries —

Qualificatiohand design, installation, testing and
imspection

PuBlishersInternational Organization for Standardization
(ISO);Central Secretariat, Chemin de Blandonnet 8, Case
Postale 401, 1214 Vernier, Geneva, Switzerland
(www.iso.org)

401-7.2 Related Codes and Standards

The following are related codes and standards. Unless
otherwise specified, the most recent standard (latest
edition) available may be used.
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ASME Boiler and Pressure Vessel Code, Section III, Divi-
sion 1, Subsection ND (ND-3611.2), Piping Design/
General Requirements/Acceptability/Stress Limits

ASME Boiler and Pressure Vessel Code, Section III, Divi-
sion 1, Subsection ND [ND-3672.6(a)], Piping Design/
General Requirements/Expansion and Flexibility/
Stresses/Stress Range

ASME B31.5, Refrlgeratlon Plpmg

ASME B31 11, Slurry Transportation Piping, §
(Note: ASME B31.11 was absorbed by-ASM}
ASME B31.11 is not referenced in text'and is p
for reference only.)

Publisher: The American Society of/Méchanical Ex
(ASME), Two Park Avenue, Néw York, NY 100
(www.asme.org)

ystems
B31.4.
rovided

|gineers
6-5990

ASTM A106, Standard Specification for Seamless
Steel Pipe for High-Femperature Service

ASTM D638, Standard Test Method for Tensile Pr
of Plastics

ASTM D696, Standard Test Method for Coeffi
Linear Fhepymal Expansion of Plastics Betwee
and 30°€ with a Vitreous Silica Dilatometer

ASTM. D903, Standard Test Method for Peel or S
Strength of Adhesive Bonds

ASTM D1763, Standard Specification for Epoxy

ASTM D2105, Standard Test Method for Long
Tensile Properties of “Fiberglass” (Glass-Fib
forced Thermosetting-Resin) Pipe and Tube

ASTM D2344, Standard Test Method for Shoi
Strength of Polymer Matrix Composite Mater]
Their Laminates

ASTM D2837, Standard Test Method for Obtaining
static Design Basis for Thermoplastic Pipe M4

ASTM D3846, Standard Test Method for In-Plan
Strength of Reinforced Plastics

ASTM F412, Standard Terminology Relating td
Piping Systems

Publisher: American Society for Testing and M
(ASTM International), 100 Barr Harbor Dri
Box C700, West Conshohocken, PA 1942
(www.astm.org)

Carbon
bperties

cient of
h —30°C

[ripping

Resins
tudinal
br-Rein-

t-Beam
als and

Hydro-
terials
e Shear

Plastic

aterials
ve, P.O.
8-2959

AWWA C-150/A21.51, Standard for Thickness D)
Ductile Iron Pipe
AWWA C-151/A21.51, Standard for Ductile Ir

esign of

n Pipe,

AWWA C- 200 Standard for Steel Water Pipe 6 in. and
Larger

AWWA M-11, Steel Pipe — A Guide for Design and Instal-
lation

Publisher: American Water Works Association (AWWA),
6666 West Quincy Avenue, Denver, CO 80235
(www.awwa.org)
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BS2782: Part 10,Method 1001, Measurement of Hardness
by Means of a Barcol Impresser

Publisher: British Standards Institution, Inc. (BSI), 12950
Worldgate Drive, Suite 800, Herndon, VA 20170
(www.bsigroup.com)

CSWIP, CSWIP-GRP-1-96 and CSWIP-GRP-2-96, as per ISO
8503
ISO 14129, Fibre-reinforced plastic composites — Deter-

ISO 15310, Fibre-reinforced plastic composites — Deter-
mination of the in-plane shear modulus by the plate
twist method

ISO EN 13121, GRP tanks and vessels for use above ground

NTS-GRP-FJS/01 and NTS-GRP-INSP/01, NTS GRP Guide-
lines for Approval Schemes for Fitters, Joiners, Super-
visors and Inspectors

Publisher: International Organization for Standardization
(ISO), Central Secretariat, Chemin de Blandonnet8, Case

mination of the in-plane shear stress/shear strain
respdnse, including the in-plane shear modulus and
strenigth, by the plus or minus 45 degree tension
test method

Postale 401, 1214 Vernier, Geneva, Switzegland
(www.iso.org)
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Mandatory Appendix 401-I
Design Data Sheet

—

his Appendix provides an example of a design data
shept as referenced 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

Address

Postal|code Country

TelepHone

Fax

E-mail

Job reference

Compenent Details

Compénent supports e.g., buried, hangers, pipe racks, sleepers, thrust blocks
Accessibility

Locatipn e.g., inside, outside

Quantity

Comp¢nent identification

Compéonent reference

Compé¢nent specification

Materijal / grade

External diameter

Wall thickness

Medium
Design Design | | Operating Operating
Tempgrature Maximum Minimum Maximum Minimum

Compgnent coating (existing)

Risk Assessment

Repaill Requirements (see para)401-1.2)

Repair|type e:g., A (nonleaking) or B (leaking)

Required repair lifetipne

Other fata

Compenentloading Operating Design Test Comments

Pressyre

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 specification

Type of defect

Nature of defect

Current size Area Depth

Plojected size Area Depth

Cpuse Corrosion Erosion

Effect External Internal
Perforated

MAWP

GENERAL NOTE: MAWP/MAOP/MOP is the maximum ,allowable working/operating pressure as defined in ASME B31G
AP} 579-1/ASME FFS-1, or BS 7910.

Ahnticipated Conditions During Implementation.of Repair

pe temperature Minimum Maximum

mbient temperature Minimum Maximum

ternal environment

P
Al
Humidity
E
C

bnstraints

-

hcilities to be Provided'by Client / Installation (surface prep., etc.)

Otther 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-l|
Qualification Data for the Repair System

DELETED
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Mandatory Appendix 401-Ill
Short-Term Pipe Spool Survival Test

DELETED
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Mandatory Appendix 401-1V
(22) Measurement of y for Leaking Defect Calculation

DELETED
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Mandatory Appendix 401-V
Measurement of Performance Test Data

DELETED
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Mandatory Appendix 401-VI
Measurement of Impact Performance

DELETED
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Mandatory Appendix 401-VII
Installer Qualification

401-VII-1 INTRODUCTION

Tlhe repair of components using composite laminates
difflers considerably from other repair techniques, and
the|quality of the installation depends strongly on satis-
factfory craftsmanship. Training and qualification of per-
sonpel are therefore key elements of a successful repair.
Thip Appendix outlines the requirements for training,
qudlification, and approval of installers and supervi-
sor$/trainers for the specific Repair System.

NOTE: Supervisors and trainers have the same qualification re-

quirements but may be different positions within the organiza-
tion| of the Repair System vendor.

401-VIl-2 TRAINING

(f1) Courses and training shall be arranged by or with
the|assistance of the Repair System supplier.

(1) The Repair System supplier shall use qualified
trainers to train installers and other supervisors.

(2) The Repair System supplier shall be respofisible
for[the training of the supervisors/trainers.

(b) The basic course shall give a theoreticaldnd prac-
tical introduction to the most important elements in the
instlallation of a composite repair.

401-VIl-2.1 Coursework (Installer)

(f) The course shall include,training in

(1) definition of a Répair System

(2) terminology, types of repair

(3) hazards associated with pressurized systems
(4) health, saféty, and environment

(5) surfacé.preparation

(6) material preparation

(7)_material application

(8)control of repair conditions

(9) quality control

(2) evaluation methods used in repaijr‘desi
(3) health and safety
(4) installation checklist and hold points
(5) inspection of repairs
(c) Awritten test covering thé above subjects|shall be
taken and passed by the supépvisor/trainer.

T
=

=]

401-VII-2.3 Installer-Specific Qualification

(a) Installers shallbé qualified for each specifif Repair
System through practical tests for Type A and/or{Type B.

(b) All specific-approval tests shall be carriefl out in
accordancewith a written procedure, relevant tofthe spe-
cific Repair System and approved by the Repair| System
supplier,

(c)\Qualification records shall be maintaine
employer of the Repair System installer.

401-VIl-2.3.1 Type A

(a) Repair shall be applied to a pipe test specinpen of at
least 100 mm (4 in.) diameter.
(b) Repair shall pass visual inspection complleted in
accordance with para. 401-5.2 witnessed by a supervisor
or instructor.

by the

401-VIl-2.3.2 Type B

(a) In addition to the requirements for Type A|repairs,
an identical test specimen to one of the nije from
Mandatory Appendix 405-1V shall be prepared.

(b) The specimen shall be subject to a pressurg test as
described in Mandatory Appendix 405-1V (see Arficle 501
for guidance).

(c) The y value of the test shall be calculated adcording
to Mandatory Appendix 405-1V.

(d) The calculated y value shall be not less than y,c;.

401-VII-3 TRAINING RECORDS

(b) A written test covering the above subjects shall be
taken and passed by the installer.

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

(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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401-VIl-4 REQUALIFICATION

(a) The type-specific qualification shall be valid for a
period of 1 yr.

(b) Ifthe 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, fora maximum oftwo renewals.

(c) Iftheinstaller has not performed a repairin 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-VIill
Installation

401-VIlI-1 INTRODUCTION

(#1) Repair System suppliers shall provide full installa-
tior} instructions.

(b) The requirements given in the following sections
are|intended to complement those given by Repair
System suppliersand specify the key operations necessary
for p successful repair. In the event of conflict, the Repair
System supplier should be contacted for clarification.
(¢) Full instructions for each repair situation shall be
given in the method statement prepared in each instance.

401-VIII-2 SURFACE PREPARATION

(#) The surface preparation shall extend at least over
the|whole surface onto which the repair laminate is to be
apglied and be in accordance with the specific Repair
System.

(b) Assessment of the prepared surface for roughness
and cleanliness may be obtained from SSPC (SP 1 through
14 /NACE 1 through 8), ISO 8501, ISO 8502, ISO 8503, or
1SO| 8504.

(¥) Any chemicals used for surface preparationshall be
within the recommended shelf life and freshly mixed
(where appropriate).

(§) The time period between surface.preparation and
initjal coating/laminate applicatiofi should be as short as
poskible, to avoid formation of flash corrosion.

(¢) Prepared surfaces shall be'protected from contam-
ination prior to the application of the repair laminate.
Detlerioration of the prepared surface shall be cause
for|rejection and the surface preparation procedure
reppated.

(P) The specified surface preparation technique shall
not| be replaced by another, without explicit guidance
from the Repair System supplier, who shall have qualified
the|altefnative 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 (topcoat)

(1) taper details (see para. 401-34.8)

401-VIlI-4 CURE

CAUTION: Each polymerinthe Repair System canbe|cured to
a range of glass tramsition temperatures. Repair Systems
will not achieve the ultimate glass transition temperature
determined by the’ qualification testing specified in this
Standard unless they experience the same temperature
for the same\period of time as the sample tested.
Repairs.designed for elevated temperature service will not
meet therequirements of this Article unless they ar¢ subject
to a postcure (heating) cycle that matches the fhermal
history of the sample tested during qualification.

(a) Since the cure of a repair laminate is strongly influ-
enced by temperature and the correct mixing of polymer
constituents prior to lamination, the limits set by Repair
System supplier shall not be exceeded without gpproval
from the Repair System supplier.

(b) Where elevated temperatures are requjred for
curing, the temperature shall be monitored thrpughout
the curing process and adhere to Repair System sypplier’s
guidance.

(c) The time for full cure is dependent on the type of
polymer used in the repair and ambient conditi¢ns. The
extent of cure achieved during installation shalfl be the
same as that assumed in the design.

(d) If the process system pressure has been feduced
prior to repair, then the repaired component shall not
be returned to its normal operating pressure until satis-
factory cure has been achieved.

401-VIII-5 DOCUMENTATION

L)

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

425 ATrecordforeach 1cpai1 stroutd—bemrade and
retained for the repair life.
(b) A unique identifier should be assigned to each
repair.
(c) The designrecordsthat 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 instal-
lation

(6) Barcol or Shore hardness measurement (if speci-
fied)

(3)| reinforcement type and quantity
(4)| batch numbers for materials
(e) The quality control records that should be kept

include |the following:

(7) T, measurement (if specified)
(f) The details of future service inspection-interyals
should be kept.

212


https://asmenormdoc.com/api2/?name=ASME PCC-2 2022.pdf

ASME PCC-2-2022

Nonmandatory Appendix 401-A
Glossary of Terms and Acronyms

401-A-1 GLOSSARY OF TERMS

anikotropic: exhibiting different properties in different
dirgctions.

Bar|col hardness: measure of surface hardness using a
surface impresser.

batth: a quantity of a material that is produced in a single
production run or single cycle of manufacture. A batch
may be divided into one or more lots.

conpposite: a thermoset plastic (polymer) thatisreinforced
by fibers.

confinuous (fiber): unbroken fiber lengths throughout the
strycture.

curg or curing: process of hardening a thermosetting
polymer by an irreversible chemical reaction.

delgmination: separation of layers within a composite
lamlinate or between the laminate and the host pipe.

deng: indentation of the pipe or distortions of the pipe’s
cirdular cross section caused by external forces.

design life: expected maximum service period ofthe repair
under the design conditions.

desfgn life data: information necessary to support a
“design life” for a repair. This information could
incjude long-term strength, long-term modulus, cyclic
fatigue, chemical exposure, temperature, and impact
and abrasion resistance.

differential scanning calorimetry (DSC): method of deter-
mirling the glass transition temperature of a thermoset-
ting polymer.

dispondment; ‘separation of the laminate from the
subktrate.

glajs transition temperature: temperature at which a
polymer-undergoes a marked change in physical proper-
tied

wrapped or stacked, one on top of the‘dtH¢r. This
stacked construction is the “laminate.”

leak: this does not refer to a fluid leaking through 4 hole or
breach in the pipe. Rather, this refers to a condition of a
pipe (substrate) wall that could.or does allow the ¢ontents
of a pipe to make contact with<and act directly ypon the
(composite) repair laminatg,

load transfer materiali-material used to repair ¢xternal
surface imperfections’prior to the application of|compo-
site laminate.

may: word thaf indicates an action that is permifted but
not required.

mechahical damage: damage to the pipe surface cqused by
exterial forces. Mechanical damageincludes featufres such
as'creasing of the pipe wall, gouges, scrapes, gmeared
metal, and metal loss not due to corrosion. Qracking
may or may notbepresentin conjunction with meghanical
damage. Denting of the pipe may or may notbe apgarentin
conjunction with mechanical damage.

modified qualified Repair System: a Repair Syster, devel-
oped by modifying one or more elements of a previously
qualified Repair System, for which the qualificatiof testing
recommended by Nonmandatory Appendix 405-B of this
Article has been completed.

owner: the company or entity that owns or is responsible
for the substrate being repaired.

pipeline: pipe with components (e.g., bends, flanges,
valves) subjecttothe samedesignconditionsand fypically
used to transport fluids between plants, usually| buried.

pipework: interconnected piping subject to the sarhe set or
sets of design conditions.

piping: assemblies of piping components (e.g., pipe,
fittings, flanges, gaskets, bolting, valves) fised to
convey fluids within a plant, often above ground bfit some-

hardener: component added to a polymer resin to affect
cure (curing agent).
heat distortion temperature: temperature at which a stan-

dard test bar deflects a specified amount under a given
load.

laminate: thepart of a Repair Systemthatis the composite.
Most composites considered in this document are
composed of discrete lamina or layers, which are

times buried.

plaindent: dentthatvariessmoothly and does not contain
creases, mechanical damage, corrosion, arc burns, girth, or
seam welds.

ply: a single wrap or layer (lamina) of a repair laminate.

postcure: additional elevated temperature cure.
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qualified Repair System: a Repair System for which the
qualification testing mandated by this Article has been
completed.

reinforcement: a high-strength fiber imbedded in the
plastic (polymer), resulting in mechanical properties
superior to those of the base polymer.

resin system:; all of the components that make up the matrix
(plastic or polymer) portion of a composite. Often this is a

401-A-2 GLOSSARY OF ACRONYMS

401-A-2.1 Organizations

API
ASME
ASTM

AWWA

American Petroleum Institute
The American Society of Mechanical Engineers

American Society for Testing and Materials
(ASTM International)

American Water Works Association

resin, fi[ler(s), pigment, mechanical property modifiers,
and catglyst or hardener.

risk: atdrm encompassing what can happen (scenario), its
likelihopd (probability), and its level of damage (conse-
quencey).

shall: a yvord used to indicate an action thatis mandatory.
It indicdtes an action that is an essential element of the
repair method that cannot be eliminated.

Shore hprdness: measure of surface hardness using a
surface impresser or durometer.

should: § word used to indicate an action that is not man-
datory.|It indicates an action that when performed is
generally considered to be good practice; however,
there aye some circumstances when the action is not
approptiate or required, so the word should is used to
provid¢ flexibility for the article to cover a broad
range of circumstances. It is not mandatory unless so
specifiefl by others in the application of these articles.

substratle: the original component to be modified.

supplierf the company or entity taking responsibility fér
testing and qualifying a Repair System; usually the manu-
facturer, but possibly a provider of private-relabeled
product

thermoget polymer: plastics that cannot be resoftened
followirlg polymerization.

BS (BSI)
COSHH
CSWIP

EN
ISO
OSHA

British Standards Institute
Control of Substances Hazardous to Health

Certification Scheme for Welding Inspection
Personnel

European Standard (or Normg Europeenne)
International Standards Organization

Occupational Safety and ‘Health
Administration

401-A-2.2 Terms

DSC
FRP
HDT
IDLH
MAWP
MOR
MSDS
NDT
PD
PVC
SMYS
uv

Diffefential scanning calorimetry
Fiber reinforced plastic/polymer

Heat distortion temperature
Immediately dangerous to life or health
Maximum allowable working pressure
Maximum operating pressure
Materials Safety Data Sheet
Nondestructive testing

Pressure directive

Polyvinyl chloride

Specified minimum yield strength
Ultraviolet
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Nonmandatory Appendix 401-B
Recommended Retesting for a Modified Qualified Repair System

DELETED

215


https://asmenormdoc.com/api2/?name=ASME PCC-2 2022.pdf

ASME PCC-2-2022

Article 402

=2 Nonmetallic Composite Repair Systems: Low-Risk Applications

402-1 PESCRIPTION

402-1.1 Scope
402-1.1.1 Repair Requirements. This Article provides

402-1.1.2 Definition of Repair System. The Repair
System|is defined as a combination of the following
elemenjts for which qualification testing has been
completed:

(a) suibstrate (component)

(b) syrface preparation

(c) coémposite material (repair laminate)

(d) lgad transfer material (filler material)

(e) primer layer adhesive (an adhesive used in some
Repair Systems, attaching the composite laminate to
the substrate)

(f) application method (including sealing, coating, etc.,
as needpd)

(g) curing protocol

(h) imterlaminar adhesive for Repair Systéms that

utilize grecured plies

402-1.1.3 Allowed Materials.

(a) The composite materials alloawed for the Repair
System| are engineering fiber (g.g., carbon, glass,

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 repair of tanks originally designed in accor-
dance with a variety of construction standards, including
AWWA D100, AWWA D103, API 620, and API 650
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(c) the repair of pressure vessels designed.in) ac
dance with a variety of construction standards,\incluc
ASME BPVC and BS EN 13445 Standard

402-1.2.2 Definition of Low Risk.. Low-risk appl
tions, for the purposes of this Article, are defined
those applications where all of the‘\following apply:

(a) nonhazardous or non-IDLH fluids

(b) systems containing piping, tanks, and press
vessels not critical to thessafety of workers

(c) less than 150 psig (1 MN/m?)

(d) less than 120°F(50°C)

(e) above 0°F_(%20°C)

(f) the leaking defect size, d, and design pressursg
satisfy the fellowing relationships:

(1), PJd < 150 psig (in)o'5

{2) PJd < 0.6 MN/m'?
(3) the defect size shall be limited to d < 0.25

402-1.2.3 Applicable Defects. The following type
defect may be repaired:

(a) external corrosion

(b) external damage

(c) internal corrosion and/or erosion

(d) leaks

(e) manufacturing or fabrication defects

402-1.3 Risk Assessment

(a) A determination shall be made as to whether
repair is low risk, as defined in para. 402-1.2.2.

(b) The risk assessment should define the accept
life of the repair.

(c) An assessment of the risks associated with
defect and repair method should be completed.

NOTE: See Article 401 for guidance in risk assessment.
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402-1.4 Repair Life

The specified repair life shall be defined by the risk
assessment, and the achievable repair life will depend
on the Repair System.

NOTE: The useful service period of the Repair System for a spe-
cific application can be affected by external and environmental
exposures, active internal corrosion/erosion, and external
mechanical influences.

402-3.2 Repair System Qualification Data

(a) Qualification of the Repair System shall be
completed in accordance with Article 405. Table
402-3.2-1 lists required test types, values, and
methods for the Repair System.

(b) The Repair System supplier shall specify the
following parameters:

(1) component material

(<) surtace preparation

(3) repair laminate (polymer matrix and filjer rein-

402-2 LIMITATIONS
forcement)
402-2.1 Additional Requirements (4) reinforcement orientation
(5) overlaps between neighboring’wraps
rt 1 of t.his' Stgndard C'ontain's additional requir.e- (6) overlaps between individual layers
g s apd llmltatlons. This Article shall be used in (7) filler material (dimenSjonal restoration]}, if used
confjunction with Part 1. (8) adhesive/primer, if used
. (9) application instructions
402-2.2 Loading (c) Any change in thezabove parameters to th¢ Repair
Ifother loads (e.g., bending, in-plane loads) are present ~ System shall constitute'a new Repair System and|require
within the repair area, in addition to those caused by qualification.
intgrnal pressure, then Article 401 shall be used. {. .
402-3.3 Additional Required Data
402-3 DESIGN (a) The ‘following data should be provided for each
repairs
402-3.1 Symbols (1) lifetime requirements/expectation of the repair
hese are the symbols used throughout this Article. service life ) ) )
D = component outside diameter, mm (in.) (2) required design and operating prefsures/
d = diameter (or diameter of the equivalept’ temperatures . -
circle) ofthe defect or leaking region, mnr(in.) (3) efcpecte(-i fu.ture service conditions
dy = design factor 4 piping llpe identity . . .
E. = tensile modulus for the composite laminate in (5) description of the component, including paterial
the circumferential direction, detérmined per specification and wall thickness
Table 402-3.2-1, N/m? (psi) (6) strength per ply per thickness that may be calcu-
HDT = heat distortion temperature; determined per ~ 1ated by the following relationship:
Table 402-3.2-1, °C (°F) S,waand S,y (psiperplyperin.) =
L = totgl axial repair length, mm (ln] load at failure of coupon, Ib/cross-sectional area of coupon
Lacrecr = axial length of the defect, mm (in.) thickness of coupon/number of layers of coupon
Lover = overlap length,.mm (in.)
Liaper = taper lengthymm (in.) . (b) The data used in the design shall be recorded.
n = number oflayers as determined by the rele- Mandatory Appendix 402-1 should be utillized to
vant(repair design case display this information.
ny4 = minimum number of layers for Type A repairs
(dxial direction) 402-3.4 Calculations
ng- =~minimum number of layers for Type B repairs . . . )
ny—% minimum number of layers for Type A repairs (a) The design of the repair laminate shall be carried
(oo diraction) out using the requirements in paras. 402-3.4.1 fhrough
theep-direction’ -
P = repair design pressure, N/m2 (psi) 402-3.4.5. There art? two design cases:
Swa = wrap axial tensile strength per ply per meter (1) TypeA Design Case. For components that are not
(per inch), determined per Table 402-3.2-1 leaking (requiring structural reinforcement only). This
Swn = wrap hoop tensile strength per ply per meter shall be calculated fgr all repalr.s. ,
(per inch), determined per Table 402-3.2-1 (2) Type B Design Case. This shall be calculated for
t = wall thickness of substrate, mm (in.) components that are leaking. ) o
T, = design temperature of Repair System, °C (°F) (b) A component shall be considered to be leaking ifthe
T, = glass transition temperature determi;led per wall thickness at any point of the affected area is expected
g )

Table 402-3.2-1, °C (°F)
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to be less than 1 mm (0.04 in.) at the end of the repair life.
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Table 402-3.2-1

Repair System Required Material and Performance Properties

Property Test Type Detailed Properties Minimum Values Test Methods
Engineering Properties
Tensile strength Mandatory Tensile strength (s), Strain to failure ISO 527,
(Swe» Swr) and tensile modulus (E), Poisson’s shall be > 1% ASTM D3039
modulus (E.) ratio (for leaking pipes
[Note (1)] and some design cases;
strain to failure in both
hoop and axial
directions)
Long-terjn lap shear Optional Measurement of lap 30% oflap shear Mandatory Appendix 40%-11,
perforjmance shear strength after adhesion section 405-11-3
1000-h heat strength
exposure
Adhesiop strength Mandatory Lap shear Mandatory Appendix ASTM D3165,
Leak sealing 405-VII BS EN 1465
performance (optional)
Physical Properties
Hardnesp Mandatory Barcol or Shore hardness None ASTM D2240, ASTM D283,

Glass trdnsition
temperature (T,)

Heat disfortion
temperature (HDT)
[Note |(2)]

Mandatory or
use HDT below

Mandatory or
use T, above

data

Glass transition
temperature (T,)

Heat distortion
temperature (HDT)

Nene, except that ISO 11357-2,
this can determine ASTM EB831,
the maximum ASTM E1640,
operating temperature ASTM D6604
of the Repair System

None, except that ISO 75,
this can determine ASTM D648

the maximum operating

temperature of the
Repair System

ISO 868, BS EN 59, B
2782

NOTES:

(1) Swa dAnd Sy are calculated from the coupons used in the test methods for qualifying the Repair System (see Article 405).
(2) Forthe matrix polymer (without the reiniforcing fibers),usetest method ASTM D648 or[SO 75 tomeasure HD T under a load 0f1.82MPa
psi). jAs an alternative, when measuting HDT for reinforced polymers, the minimum load should be 18 MPa (2,640 psi).

This shpuld take account-of active internal corrosion

where dpplicable.

(c) F

402-3.4/2 shall be used.
402-3.4.1 -Type A Design Case

r nozzles, elbows, bends, reducers, and flanges,
the repgir thickaness calculated in paras. 402-3.4.1 and

nA

PD

- 4dfSyq

(c) The design repair minimum required numbe
layers shall be the greater of the values determined
(d) For tees, the number of layers shall be twice
number determined in (c). For pipe tee joints, the diam

(2)

- of

the

pter

(a) For hoop stresses due to internal pressure, the
minimum number of wraps, ny, is given by

PD

of the larger pipe shall be used in the calculation.

402-3.4.2 Type B Design Case

Ny =
H deswh

where dyis setat 0.2 and S, is taken from Table 402-3.2-1.

(b) For any cases where the substrate wall thickness
has been reduced by 50% or more, then the following
calculation shall be made:
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Q) (a) The number of wraps, ng, applied shall be that qual-

ified in Article 405.

(b) For tees that are leaking, the number of layers shall
be the greater number of that determined in
para. 402-3.4.1 and np.
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402-3.4.3 Axial Length of Repair

(a) The design thickness of the repair laminate shall
extend beyond the damaged region in the component
by Lover-

Lover = 2.54/Dt/2 ®)
(b) Lgyer shall be at least 0.05 m (2 in.).
(c) The ends of the repair may be tapered. A minimum

402-4.2 Materials of Construction

(a) The materials of construction shall be those for
which the qualification and design have been completed.

(b) The Repair System manufacturer shall have a
quality program in place, such as ISO 9001, that demon-
strates consistent and repeatable production quality.

(c) The quality program shall include batch testing of
fibers and fabrics, polymers (resins and curing agents),

tapgr length, Liaper, of approximately 5:1 should be used. ~ and fillers. The frequency of sampling and.the tests
() The total axial length of the repair is given by required shall be specified by the Repair System4upplier.
Batch testing may include tests such as
L = 2Lover + Ldefect + 2L taper 6 (1) phyiicalyproperties of the fabric!(e.g., mhass per
(¢) The repair shall be centered over the defect. unit ?Zr;at)ensile properties of the-Rbdrs
02-3.4.4 Environmental Compatibility. The suit- (3) tensile properties of £he-Composite
ability of the Repair System for use in the service envi- (4) glass transition tempetrature of the polymer
ronment specified by the owner shall be determined. (5) gel times of the.polymer
(6) compression ‘stpength of filler material
02-3.4.5 Design Output (d) Test results,shall be retained or be retrieyable by
(k) The outputs of the design calculations of the repair ~ the Repair Systemsupplier and be traceable Hy batch
lamfinate are the following: number.

(1) the number of layers, n, shall be determined by (e) The-Repair System supplier shall label Repair
thelappropriate design case specified in para. 402-3.4 (n ~ System materials issued with the relevanf batch
sha|l not be less than 2) numbex(s).

(2) total axial repair length, L ege  as

(b) The Repair System instgller shall be provided with 402-4.3 Installer Qualifications
the|following information: Personnelinvolved in theinstallation ofa Repaif System

(1) details of laminate lay-up, including number;0f>  shall be trained and qualified for that Repair|System
layérs, repair area to be covered, and orientation of ifidi- according to Mandatory Appendix 402-IV.
vidtial layers of reinforcement (this may be presented’as a
written description or a drawing incorporating'standard ~ 402-4.4 Installation Guidance
det 11;52)Suc§:tzsil(s)v§;lzﬁrafr:ietapr))reg)paration brocedure, . (a) Rgpair System .supplier's shall proyide installation
including method of application, equipment to be used, 1nstruct‘1ons. These instructions shall include|(where
and inspection method I3 . - )

(3) details of in-fill requig@qM® achieve a smooth ' (1) accgptable environmental conditions of site at

) : N . . time of repair
outpr profile prior to the application of the repair laminate .
(4) details of cure protocol (2) matgrlal storage.
(3) surface preparation
402-3.5 Approval (#) polymer mixing
(5) laminate lay-up
Designs of repairs according to this Article shall be (6) laminate consolidation
undertaken by-atéchnically competent person acceptable (7) cure
to the owngw: (8) key hold points
(b) Further details of these requirements can fe found
402-4, FABRICATION (INSTALLATION) in Mandatory Appendix 402-V.
(L) e }\c_y rotd }JU;lltD that may be-observed uring a

402-4.1 Storage Conditions

(a) Storage of material should comply with the
supplier’s instructions.
(b) The MSDS should be retained for reference.

NOTE: The materials used will need to be stored and controlled
according to national, state, or local safety regulations (e.g., OSHA
or COSHH).
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repair are summarized in Table 402-4.4-1.

(d) The results from the inspection of the repair lami-
nate shall meet the acceptance criteria of the design
output.
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Table 402-4.4-1
Hold Points During Installation

Hold Point

Materials preparation

O reinforcement

O polymer

Substrate surface preparation
O inspection

402-5.3 Inspection Methods
402-5.3.1 Visual Inspection

(a) The inspection of the repair (composite) laminate
may be performed visually after installation.

(b) The inspection of the bond quality between the
repair laminate and substrate may be performed visually
during installation.

Filler progile (c) The inspection of the substrate may be performed
Stage chdck on reinforcement lay-up visually before installation of the repair (composite)jqmi-
Inspectioh of repair laminate nate.
O cure (Hardness)
O numbef of wraps (thickness) 402-5.3.2 Hardness Test
E S;r;i?lc loir;lSS}?:(ii};?ISl(tsfenTable 402-5.2-1) (a) Barcol hardness may be performed in accordance
Pressure ltest with Table 402-3.2-1.
(b) Shore hardness may be performed in accordance
with Table 402-3.2-1.
402-4.5 Live Repairs 402-5.3.3 Tap Test
(a) Rlepairs to nonleaking, live component systems are (a) The tap test may be utilized to identify delamjna-
possibld, provided that the associated hazards are fully tions and voids in the cured laminate, which sound holjow
considdred in the risk assessment for the operation. in comparison.with'a solid area.
This shquld include any hazards to and from surrounding (b) Inthe taptest, the surface of the structure is tapped
equipment in addition to the component being repaired. by hand, using a hard, blunt object, such as a tapging
(b) The tensile (radial) stresses induced into the adhe- ~ hammer [lessthan60 g (2 0z}], asounding wand, or a cpin.
sive bonyd as aresult of the thermal contraction differences NOTE: This method is often used as the first inspection method,
betweep the composite and component substrate upon which may be followed by other NDE techniques.
the rempval of live loads may be ignored.
402-5.3.4 Repair System Supplier Guidance. Refer to
402-5 EXAMINATION the Repair System supplier for guidance on methods| for
inspecting the Repair System.
402-5.1 Introduction . . ]
402-5.4 Repair of Defects Within the Repair
(a) This section provides guidance on the postinstalla- System
tion/opgrational issues of Repair Systems) The installa-
tion of p Repair System will not adversely affect any (a) Corrective actions shall be as specified by |the
internal| inspections that may be cakriéd out. Repair System supplier to address the defects identified
(b) The inspection of the Repair)System may include in Table 402-5.2-1.
(1)| cure (hardness) (b) Repairs containing defects that exceed the limifs in
(2)| number of wraps (thickness) Table 402-5.2-1 should be removed and reappljed.
(3)| dimensions and)position However, on agreement with the owner, local remqval
(4)| examinationfor defects (see Table 402-5.2-1) of the damaged area and reapplication of the Repair
(c) The basic structure of a composite repair in this System materials to this area are allowable if [the
contextlis illustfated in Figure 401-5.1-1. Repair System supplier can demonstrate that this will
restore the full performance of the repair.
402-5.2 Defects Within the Repair System
402-6 SYSTEM PRESSURE TESTING |

(a) The Repair System supplier shall provide postin-
stallation visual examination criteria.

(b) Guidance on defects and allowable limits that are
likely to be of importance are given in Table 402-5.2-1.

(c) The installer shall take care to ensure that these
defects are not formed during application of the Repair
System.
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(a) System pressure testing, if required, shall be speci-
fied by the owner.

(b) All repairs shall be cured in accordance with the
Repair System supplier instructions before pressure
testing.

(c) Apressure testofnotless than 1.0 times the MAOP/
MOP shall be performed.
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Table 402-5.2-1

Defect Type and Allowable Limits for the Composite Repair

Repair Section

Defect

Allowable Limits

Repair materials and substrate
component prior to repair

application

Check that the materials are those
specified by the design output

Changes in geometry

Repair area to be free of sharp changes in
geometry [all radii < 5 mm (0.2 in.}], or

sharp geometry to be smoothed (filler
P-5 ¥ T

terface

blymer-rich layer

mposite laminate

Substrate surface preparation

Surface temperature

Defect

Location of repair

Delamination/disbonding

Cracks

Foreign matter, blisters, and pits
Wrinkles

Pin holes
Palymer color

Dry spots

Fiber orientation

Unimpregnated/dry fiber

Exposed, cut edges/fibers

Foreign matter

Axial extent and positioning of the repair

contour material)

In accordance with Repair System, specifijcation

Axial extent to be in accordance with dedign

In accordance with,repaitr design

Dimensions do\not exceed those for
which thé-repair has been designed

Defect nature to be that for which
the repair has been designed

Axial extent and positioning to be in
accordance with design

Tap test may indicate presence of delamjnation

or disbonding

None exist at ends of repair

None (check adhesive fillets)

Maximum 10 mm (0.4 in.)) in width, 2.5 njm (0.1

in.) in height
No step changes in thickness greater than
(0.1 in)) in height
None deeper than polymer-rich layer
Uniform

None

As specified in design
None

None

None

As specified in the design

Does not extend beyond prepared surfacg

5 mm

221
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(d) Apressure test may be performed for a reasonable
period of time to capture other potential Repair System
conditions.

(e) If the test pressure exceeds the pressure for which
the Repair System has been designed, then this higher
pressure shall be considered as a separate design case.
For the purposes of the calculation, the test condition
may be treated as an occasional load.

AWWA C301-14, Prestressed Concrete Pressure Pipe,
Steel-Cylinder Type

AWWA C302-11, Reinforced Concrete Pressure Pipe,
Noncylinder Type

AWWA (C303-08, Concrete Pressure Pipe, Bar-Wrapped,
Steel Cylinder Type

AWWA C400-03 (W), Asbestos-Cement Pressure Pipe 4
in.-16 in. (100 mm-400 mm) for Water Distribution

(f) Anysignsofleakage orindication of repair laminate Systems
failure ghall be cause for rejection of the repair. AWWA C402-05 (W), Asbestos-Cement Transmisgion
(g) See Article 501 for additional guidance on pressure Pipe, 18 in. Through 42 in. (450 mm Through 1 P50
testing. mm) for Water Supply Service
AWWA D100-11, Welded Steel Tanks for (Water Storfage
402-7 REFERENCES AWWA D103-09, Factory Coated Bolted Steel Tanks|for
Water Storage
402-7.1 Referenced Codes and Standards Publisher: American Water Works'\Association (AWWA),
The fpllowing is a list of publications referenced in this 6666 West Quincy Avenlig, Denver, CO 80235
Article. (www.awwa.org)
. ) BS EN 59:1977, Measurenient of hardness by means pf a
API 579-1/ASME FFS-1-2016, Fitness-For-Service Barcol impressor
APLI‘ 620r2014, Desmgn andTCOI;(structlon of Large, Welded, BS EN 1465:2009 Adhesives — Determination of tensile
ow-pressure storage Tanks lap shear strength of rigid to rigid bonded assembjlies
API 650-2016, Welded Steel Tanks for Fuel Storage ¢
! ; . BSEN 13121-2:2003, GRP tanksand vessels for use abpve
Publisher: American Petroleum Institute (API), 200

Mass
DC 2

chusetts Avenue NW, Suite 1100, Washington,
0001-5571 (www.api.org)

ASME Boiler and Pressure Vessel Code

ASME B31.1-2016, Power Piping

ASME B31.3-2016, Process Piping

ASME HCC-2-2015, Repair of Pressure Equipment ahgd
Piping

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

ASTM [J648-2016, Standard Test Method for Deflection
Temperature of Plastics Under Flexural Load in the
Edgeyvise Position

ASTM I)2240-2015, Standard, Test Method for Rubber
Propgrty — Durometer. Hardness

ASTM D2583-2013a, Standard Test Method for Indenta-
tion Hardness of.Rigid Plastics by Means of a Barcol
Impr¢ssor

ASTM [)3165-2007 (R2014), Standard Test Method for
Strepgth-Properties of Adhesives in Shear by
Tensipn koading of Single-Lap-Joint Laminated Assem-
blies

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)

AWWA C200-12, Standard for Steel Water Pipe 6 in. (150
mm) and Larger

AWWA C300-11, Reinforced Concrete Pressure Pipe,
Steel-Cylinder Type

222

ground.~Part 2: Composite materials — Chemjfcal
resistance
BSEN'13121-3:2008(2010), GRPtanksand vessels for
above ground — Part 3: Design and workmanship
BS EN 13445:2012, Unfired Pressure Vessels
PD 5500:2012, Unfired fusion welded pressure vess
Publisher: British Standards Institution, Inc. (BSI), 12
Worldgate Drive, Suite 800, Herndon, VA 20
(www.bsigroup.com)

use

bls
D50
[ 70

ISO 75-1:2013, Plastics — Determination of temperature
of deflection under load — Part 1: General test method

ISO 527-1:2012, Plastics — Determination of tensile pi
erties — Part 1: General principles

ISO 527-2:2012, Plastics — Determination of tensile pf
erties — Part 2: Test conditionsformouldingand exf
sion plastics

ISO 868:2003, Plastics and ebonite — Determinatio
indentation hardness by means of a duroms
(Shore hardness)

ISO 11357-2:2013, Plastics — Differential scanning cal

metry (DSC) — Part 2: Determination of glass transi

temperature and glass transition step height

1 of
ter

ori-
on

—-

7

Pipeline transportation systems

ISO 15649:2001, Petroleum and natural gas industries —
Piping

Publisher: International Organization for Standardization
(ISO), Central Secretariat, Chemin de Blandonnet 8, Case
Postale 401, 1214 Vernier, Geneva, Switzerland
(www.iso.org)
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402-7.2 Related Codes and Standards

The following are related codes and standards. Unless
otherwise specified, the latest edition available may be
used.

ASME B31G, Manual for Determining the Remaining
Strength of Corroded Pipelines: Supplement to ASME
B31 Code for Pressure Piping

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)

BS EN 59:1977, Measurement of hardness by means of a
Barcol impressor

BS EN 1465:2009, Adhesives — Determination of tensile
lap shear strength of rigid to rigid bonded assemblies

Pubt

el Tla A . el P £aa_ L q 1L .
TISTICT T e AIICT I AT SOCTCT y OT vV iCCITare ar CITgTTetTS

ASME), Two Park Avenue, New York, NY 10016-5990
(

Vww.asme.org)
ASTM D1599, Standard Test Method for Short Time
Hydraulic Failure Pressure of Plastic Pipe, Tubing
apd Fittings
ASTM D3039, Standard Test Method for Tensile Proper-
tles of Polymer Matrix Composite Materials
ASTM D3681, Standard Test Method for Chemical Resis-
tance of Fiberglass (Glass-Fiber-Reinforced Thermoset-
ting Resin) Pipe in a Deflected Condition
ASTM D5379, Standard Test Method for Shear Properties
f Composite Materials by the V-Notched Beam Method
'M D6604, Standard Practice for Glass Transition
emperatures of Hydrocarbon Resins by Differential
canning Calorimetry
M EB831, Standard Test Method for Linear Thermal
xpansion of Solid Materials by Thermomechanical
nalysis
M E1640, Standard Test Method for Assignment of the
lass Transition Temperature by Dynamic Mechanical
nalysis

Q

AS]]

©

AST

AST

o=

BS 7910, Guide to methods for assessing the acceptability
of flaws in metallic structures

Publisher: British Standards Institution, Ine. (BSI
Worldgate Drive, Suite 800, Herndon, VA
(www.bsigroup.com)

, 12950
20170

ISO 8501, Preparation of steel.spbstrates before
tion of paints and related preducts

ISO 8502, Tests for the assesSment of steel cleaphliness

ISO 8503, Surface rotghness characteristics pf blast
cleaned steel substrates

ISO 8504, Surface-preparation methods

ISO 10952, Plastics piping systems — Glass-rejnforced
thermosétting plastics (GRP) pipes and fitfings —
Determination of the resistance to chemical attack
from>the inside of a section in a deflected condition

ISO 1I359-2, Plastics — Thermomechanical Analysis
(TMA) — Part 2: Determination of coeffi¢ient of
linear thermal expansion and glass transition tempera-
ture

Publisher: International Organization for Standar]
(ISO), Central Secretariat, Chemin de Blandonne
Postale 401, 1214 Vernier, Geneva, Swit
(www.iso.org)

hpplica-

dization
t 8, Case
rerland
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Mandatory Appendix 402-|
Repair Data Sheet

This Appendix provides an example of a design data
sheet ag referenced in para. 402-3.3.
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Repair Data Sheet

Job Reference

Component Details

Component identification

Material / grade

External diameter

Wall thickness

Jomponent contents
(perating temperature Minimum Maximum
Pressure Operating Design Test Commients
Repair Requirements (see para. 402-1.2)
Repair type e.g., A (nonleaking) or B (leaking)
Repair design pressure, P
Hepair Specification
Nature of defect
Oefect length, /
Defect size used in Diameter Depth
design, d
Jause of defect Corrosion Erosion
Uocation External Internal
Leaking YorN
Flosition on component
(¢.9., 6 o'clock)

onditions During Implementation of Repair

omponent temperature

umidity

kternal environment

G
g
Ambient temperature
H
E]
g

onstraints

Dletails of Repair Applied

Number of layers

Length of repair

Rlepair Materials

Manufacturer

Batch number

Installed date

Installed time

Installer

Name

Prepared by: Date:
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Mandatory Appendix 402-I
Qualification Data for Repair System
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Mandatory Appendix 402-Ili
Validation for Repair of Leaking Component (22)
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Mandatory Appendix 402-1V
Installer Qualification

402-IvV
(@) T

nates d
and the|
satisfac
(1)
fore key
(2)
training
supervi
(b) S

fication

-1 INTRODUCTION

he repair of components using composite lami-
ffers considerably from other repair techniques
quality of the installation depends strongly on
ory craftsmanship.

Training and qualification of personnel are there-
elements of a successful repair.

This Appendix outlines the requirements for
, qualification, and approval of installers and
ors/trainers.

ipervisors and trainers shall have the same quali-
requirements but may hold different positions

within the organization of the Repair System vendor.

402-1V
(a) C

the assi

(b) T
duction
of the R

402-IvV

(@) T
(1)
(2
&)
)
()
(6)
)
(8)
)

-2 TRAINING

purses and training shall be arranged by or with
stance of the Repair System supplier.

Faining shall give a theoretical and practical intro-
to the most important elements in the installation
epair System.

2.1 Coursework (Installer)

he course shall include training ing

definition of a Repair System

terminology, types of repair

hazards associated with pressurized systems
health, safety, and enyirenment

surface preparation

material preparation

material appli€ation

control of repair conditions

quality eontrol

(b) A written test covering the above subjects shdl
taken and passed by the installer.

402-1V-2.2 Coursework (Supervisor/Trainer)

(a) Thesupervisor/trainer shall be.aqualified insta
(b) The supervisor/trainer shall complete
following additional training:
(1) supervisor’s/trainer'sduties and responsibili
(2) evaluation methods used in repair design
(3) health and safety
(4) installatiof checklist and hold points
(5) inspection of repairs
(c) A written test covering the above subjects shal
taken and passed by the supervisor/trainer.

402-]V=2.3 Installer-Specific Qualification

{a) Installers shall be qualified for each specific Re
System through practical tests for Type A and/or Typ

be

ler.
the

ties

be

bair
e B.

(b) All specific approval tests shall be carried ouft in

accordance with relevant installation procedures.

(c) Repair shall pass visual inspection complete
accordance with para. 402-5.2 witnessed by a superv
or instructor.

402-IV-3 TRAINING RECORDS

The employer of the Repair System installers and suj
visors/trainers shall keep records of their training.
402-1V-4 QUALIFICATION PERIOD

The installer qualification shall remain valid for a pet
of 1 yr following the installation of the last succes
repair.

sor

er-

iod
sful
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Mandatory Appendix 402-V
Installation

-V-1 INTRODUCTION

) Repair System suppliers shall provide full installa-
instructions.

(b) Assessment of the prepared surface for roughness
and cleanliness should be provided by the Repair System
supplier. The specified surface preparation techniqué
sha]lnotbereplaced by another, without explicit guidance
froin the Repair System supplier, who shall have qualified
thelalternative as part of a different Repair.System.

() Any chemicals used for surface preparation shall be
within the recommended shelf life, freshly mixed (where
apgropriate).

(1) The time period between surface preparation and
initjal coating/laminate application should be as short as
poskible (e.g., to avoid formation of flash corrosion).
(¢) Prepared surfaces_shall be protected from contam-
ination prior to the application of the repair laminate.
Deterioration of the prepared surface should be cause
for|rejection andzthe surface preparation procedure
reppated.

402-V-3"LAMINATE LAY-UP

Thespecific Repair System may need toinclude instruc-

(g) consolidation of the layers
(h) finishing layer/coating (top coat)
(i) taper details (see para. 402-3.4(5)

402-V-4 CURE

(a) Since the cure of a repair laminate may be §trongly
influenced by temperatute“and the correct mfxing of
polymer constituents prjor to lamination, the limits set
by Repair System ‘\supplier shall not be exlceeded
without approval-from the Repair System suppljer.

(b) The tinde'for full cure is dependent on thg type of
polymer used)in the repair and ambient conditipns.

(c) If the component pressure has been reducpd prior
to regpair, then the repaired component shalll not be
returhed to its normal operating pressure until patisfac-
tory cure has been achieved.

402-V-5 DOCUMENTATION

(a) A record for each repair should be mgde and
retained for the repair life.

(b) A unique identifier should be assigned |to each
repair.

(c) The records that should be kept inclfide the
following:

(1) Design Records
(-a) layers and orientation of reinforcement
(-b) preparation procedure
(-c) cure protocol
(-d) postcure
(-e) number of layers
(-f) axial extent of repair
(-g9) design data (Mandatory Appendix 40R-1) and

calculations
(-h) location of repair
(2) Material Records

tions for

(a) infill compounds

(b) primer application

(c) polymer/load transfer material (if needed)/primer
layer (if needed) preparation

(d) reinforcement orientation

(e) overlaps between neighboring layers

(f) overlaps between individual layers

229

(.n) anair chfom cnpp]inr
(-b) polymer type and quantity
(-c) reinforcement type and quantity
(-d) batch numbers for materials
(3) Quality Control Records
(-a) repair reference number
(-b) visual inspectionreport(see Table 402-5.2-1)
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(<) thickness measurement (-f) Barcol or Shore hardness measurement (if
(d) repair dimensions specified)
(-e) qualification for personnel completing the

installation
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Nonmandatory Appendix 402-A
Glossary of Terms and Acronyms

407
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P-A-1 GLOSSARY OF TERMS

col hardness: measure of surface hardness using a
face impressor.

Ch: a quantity of a material that is produced in a single
duction run or single cycle of manufacture. A batch
be divided into one or more lots.

posite: a thermoset plastic (polymer) thatisreinforced
ibers.

b or curing: process of hardening a thermosetting
ymer by an irreversible chemical reaction.

imination: separation of layers within a composite
inate.

brential scanning calorimetry (DSC): method of deter-
ing the glass transition temperature of a thermoset-
polymer.

bondment: separation of the laminate from the
strate (pipe).

s transition temperature: temperature at which a
bmer undergoes a marked change in physical.proper-

Hener: component added to a resin to affect cure of the
'moset polymer.

¢ distortion temperature: temperature at which a stan-
H test bar deflects a specified_amount under a given
.

I material: material/used to repair external surface
erfections prior te.thé’application of composite wrap.

inate: the part-efa Repair Systemthatis the composite.
5t composites’ considered in this document are
hposed ©f discrete lamina or layers, which are
pped.orstacked, one on top of the other. This
ked-Construction is the “laminate.”

leal

ét-h-i-s-dees-n-e-t-l:eﬁer*" afluidleakina thrauah 4 hala or
* =] O

of a pipe to make contact with and act direétlyu
(composite) repair laminate.

owner: the company or entity that owns or is resj
for the pipe substrate being repaited.

pipeline: pipe with components”(e.g., bends,
valves) subject tothe samedésignconditionsand f
used to transport fluids.between plants, usually]

pipework: interconnectéd piping subject to the sar]
sets of design conditions.

piping: assemblies of piping components (e.
fittings, flanges, gaskets, bolting, valves)
convey flaids'within a plant, often above ground b
times buried.

ply: a‘single wrap or layer (lamina) of a repair I

bolymer system: all of the components that mak
matrix (plastic or polymer) portion of a composift

pon the
onsible

flanges,

ypically
buried.

e setor

., pipe,
1sed to
tsome-

minate.

P up the
e. Often

this is a resin, filler(s), pigment, mechanical pjroperty

modifiers, and catalyst or hardener.

reinforcement: a high-strength fiber imbedde
polymer, resulting in mechanical properties sup
those of the base polymer.

risk: a term encompassing what can happen (scen
likelihood (probability), and its level of damage
quences).

Shore hardness: measure of surface hardness
surface impressor or durometer.

substrate: the original pipe or pipe componentto t
fied.

supplier: the company or entity taking responsik
testing and qualifying a Repair System; usually th|
facturer, but possibly a provider of private-rd
product.

thermoset polymer: these are plastics that cannd

1 in the
erior to

hrio), its
(conse-

using a
e modi-
ility for
F manu-

labeled

t be re-

breach in the pipe. Rather, this refers to a condition of a
pipe (substrate) wall that could or does allow the contents

231

softened following polymerization.
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402-A-2 GLOSSARY OF ACRONYMS

402-A-2.1 Organizations

API
ASME
ASTM

AWWA
BS (BSI)
1S0
OSHA

402-A-2.2 Terms

BPVC (ASME) Boiler and Pressure Vessel Code

American Petroleum Institute COSHH Control of Substances Hazardous to Health
The American Society of Mechanical Engineers DSC Differential Scanning Calorimetry
American Society for Testing and Materials (ASTM EN European Standard (or Norme Europeenne)’

International) FRP Fiber-reinforced plastic/polymer
American Water Works Association HDT Heat distortion temperature
The British Standards Institute IDLH Immediately dangerous to life or health
International Organization for Standardization MSDS Materials Safety Data Sheet

Occupational Safety and Health Administration

232

!The EN standards are published in various languages (e.g., BSI

publishes the English version).
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Article 403
Nonmetallic Internal Lining for Pipe:
Sprayed Form for Buried Pipe

403-1 DESCRIPTION the sprayed-form Repair System in small pipes bly remo-
tely-operated robots. This is availabl€ for spefialized
403-1.1 Background applications.
his Article concerns the use of thermoset polymers as
prdtective or structural lining for buried pipe when 403-2 CAUTIONS AND LIMITATIONS
aplled in a sprayed f.orm (see Figure 403-1.1-1). The 403-2.1 General
pipk can be steel, cast iron, concrete, or other materials,
locdted below ground/buried, and with/without liners Part 1 of this Standard contains additional fequire-
(e.d., cement, paint). When using thermoset polymers, ments and limitations. This Article shall be used in
the| repair is commonly called cured-in-place pipe conjunction/with Part 1.
(CIPP). This Article does not apply to aboveground
piplng, pumps, valves, tanks, or pressure vessels. 403-2:2 Application Temperature Limitatipns

se of CIPP repair methods can provide added struc-
turgl strength, increased chemical and abrasion resis-
tangfe, reduced infiltration and exfiltration, and reduced
pipgline flow resistance. This repair method is particularly
useful for buried piping greater than 600 mm (24 in.) iu
diameter.

he sprayed-form application of nonmetallic,internal 403-2.3 Operating Temperature Limitatior
linihg can be considered the in-place formation of a

The thermoset polymer’s maximum and m
design temperature limitations shall be consid
the specific application, since the material pr
are substantially affected above the glass trg
temperature, T, or heat distortion temperature

conpposite pipe. The thermoset polymer’s maximum and m

Apoxies are perhaps the best of the thermoset polymers ~ Operating temperature shall be considered for the
for|buried pipe rehabilitation due<totheir versatility, application, since the polymer's performance (
strgngth, adherence to the host pipe; low coefficient of ~ greatly on its composition. Beyond that temp
friction, and chemical and abrasion resistance. range, theservice life of thisrepairmethod can be

tially shortened.

403-2.4 Application Humidity Limitations

nimum
ered for
perties
nsition
THDT-

S

nimum
specific
epends
erature
ubstan-

Strate is
ication

lication
pbcess.
th to the

polymer adheres well'to the pipe and becomes part of a The thermoset polymer’s bond to the pipe subj
composite systerfi (polymer lining plus the host pipe). The ~ affected by application humidity. The app
polymer canieTeinforced with chopped fiber (e.g, glass, ~ humidity requirements shall be identified

carbpon), fikef.eloth, preimpregnated carbon, or pultruded (a) for polymers that use solvents for the apy
carpon; thereby making the composite pipe much  Pprocess, since humidity can affect the drying pr
stronget” The polymer spray-form Repair System can (b) forapplications that need high bond streng
'-' . i | ptpe tHo ate; ..‘;“'-.: eH 5 &P
pipe instead of the entire buried pipe. It is relatively ~ tion (ie, flash rust). This is a particularly impor

easy to apply where the pipe size permits man entry. rameter for aluminum and iron pipe.

d oxida-
tant pa-

Thus, humidity within the application area needs to be
403-1.3 Disadvantages controlled as recommended by the manufacturer.

This repair method is more difficult to apply for buried
pipelessthan DN 600 (NPS 24) in diameter, since manned
pipe entry and spraying is practically impossible for in-
dividuals of typical size. There is the possibility of applying
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Figure 403-1.1-1
Structural Liner in Raw Water System

O
o e NN
Application Surface leltatlonsc)

ipe requires
lining adher-
and the surface

403-2.

The dffective formation of a composite
that thellining adhere to the host pipe
ence is densitive to the surface cleanlin
profile.

403-2.6 Application C@z

Thec ringf'ortherm?e_ lymersis time and tempera-
ture sepsitive. The g process at lower application
temperature uire auxiliary heat to avoid ex-

s m
C imes.

imitations

(2) The liner shall be sized to provide protective
barrier against further degradation.
(b) Design Application Category B — load-bealling
member for a system within a partially deteriordted
buried pipe
(1) This Article applies to continuously suppor
buried piping systems where the degraded host p
still has sufficient strength to carry a portion of
soil, surface, and internal pressure loads.
(2) The liner shall be sized to resist the extel
groundwater hydrostatic load.
(c) Design Application Category C — load-beai]ing
member for a system within a fully deterioralted
buried pipe

ted
ipe
the

nal

403-3.1 General Design Considerations

There are three design application categories for CIPP
repair.

(a) Design Application Category A — pipe corrosion
protection liner from the contained fluid (nonload
bearing)

(1) This CIPP application is assumed to carry no
system loads.

234

{1)-This-Article-applies-when-the buried-hostpipe
has insufficient structural capacity to carry the soil,
surface, and pressure loads and serves only as a form
for CIPP application.

(2) The liner shall be sized to handle all applicable

loads.
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403-3.2 Types of Sprayed Form

403-3.2.1 Polymer System. The sprayed-form Repair
System shall consist of polymer application, with or
without reinforcing fiber. The reinforcing fiber may be
chopped, cloth, partially cured, or pultruded materials.
The sprayed form may use a variety of reinforcing
fibers (e.g., glass, carbon, Kevlar). Typically, the
polymer resin and curing agent is mixed on-site,

Paragraphs 403-3.3.1 through 403-3.3.5 provide the
recpmmended design application category that should
be fised with the five degradation case scenarios. Alter-
natjvely, fitness-for-service standards (such as API 579-1/
ASME FFS-1 or ASME B31G) may be used to determingif
othpr design application categories may be employedorif
rephirs are even necessary.

403-3.3.1 Piping Degradation, Case-#l. Internal
corfosion has not yet occurred or has penetrated less
thah the depth of the accepted corrosion allowance. In

ancerThe losses in these small areas do not affect the
eral.overall strength of the host pipe and do not indi-

of cathodic protection. The losses due to this generalized
corrosion are greater than the corrosion allowance and
some degree of failure of the host pipe might be imminent.
This case is a good candidate for design application Cate-
gory B.

403-3.3.4 Piping Degradation, Case #4. There is
significant generalized internal corrosion. The host
pipe has lost all or most of its corrosion allowance.
The r CTITAJOTItY O equired
strophic
lication

strength and is under noimmediate danger ofcata
failure. This case is a good candidate for design‘apy
Category B or Category C.

403-3.3.5 Piping Degradatiomn, Case #5. T
severe generalized corrosion, either internal or
or both. The host pipe is in immediate danger o
The host pipe can no longé€r be expected to c
majority of the design loads: The host pipe may d
to undergo external.corrosion even if a CIPP
installed. This Casé:isa good candidate for design
tion Category C.

here is
bxternal
failure.
rry the
ontinue
liner is
applica-

403-3.4 /Material Considerations

(a) ThisArticletypically applies to thermosetp
that ‘may have reinforcing fiber.

() The thickness of the applied thermoset |
(and amount/type of reinforcing fiber) shall de
whether the material is to provide protective |
pipe (design application Category A), stru
augment the partially deteriorated host pipe
application Category B), or carry all the design
the pipe (design application Category C).

(c) Polymer mixing ratios, setting time, and curj
shall comply with the manufacturer’s specificat

blymers

olymer
bend on
ning to
turally
(design
oads of

ngtime
ons.

403-3.5 Material Property Determination

nimum
er that
hs shall
ided by
r has a
cation’s

(a) The design life and the maximum/m
temperatures to which CIPP will be exposed o
design life for all anticipated loading conditio
be specified. Material properties shall be provj
the manufacturer. Normally the Manufacture
variety of thermoset polymers to fit the appli
needs.

(b) Material testing is addressed in para. 403

(c) A time-temperature-corrected flexural moflulus of
elasticity shall be determined in accordance with ASTM

-5.2.

Catc Clll_)’ 1Icar tCl Il illlpClldills fdl}ul C. T}IC 1 Cpclil Uft:lCDC
locally corroded areas will allow the host pipe to remain
satisfactory until the next required inspection. This case is
a good candidate for design application Category B.

403-3.3.3 Piping Degradation, Case #3. There is
severe corrosion, limited to short lengths or sections
of host pipe. This general corrosion might have been
caused by loss or damage to the original liner, flaws in
the host pipe, poorly controlled weld material, or loss

235

D790 or ISO 178 using the maximum temperature and
design life from para. 403-3.6.1.

(d) A time-temperature-corrected ultimate tensile
strength shall be determined in accordance with ASTM
D638, ASTM D3039, or ISO 527 using the maximum/
minimum temperature and design life from
para. 403-3.6.1.
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