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FOREWORD

In 2011, The American Society of Mechanical Engineers (ASME) established the Committee on Nonmetallic Pressure
Piping Systems (NPPS) to develop standards for the construction of nonmetallic pressure piping systems. This Commit-
tee’s goal was to specify construction’ requirements for nonmetallic piping and piping products: such requirements were
not adequately defined in existing standards.

Prigr to the development of the ASME Standards for Nonmetallic Pressure Piping Systems, nonmetallicpresqure piping
requirements were contained within several existing standards. The nonmetallic piping requirements of the ASME B31
Code for Pressure Piping varied across Sections, with some Sections having no requirements for nonmetallic cqmponents
atall. Pther standards and codes, such as ASME RTP-1 and the ASME Boiler and Pressure Vessel.Code (BPVC)] Section X,
included requirements for reinforced thermoset plastic (RTP) corrosion-resistant equipntent but not for piping and
piping components. ASME BPVC, Section 111 did have a few Code Cases that addressed requiréments for some npnmetallic
piping and piping components, including those made from glass-fiber-reinforced thermosetting resin (FRP)|and a few
thermoplastics, e.g., high density polyethylene (HDPE) and poly(vinyl chloride) (PVC)-However, the scope of these Code
Cases|was very limited, and in some cases the methodology was nearly 30 years old. The ASME NPPS Standardsfnow serve
as a centralized location for NPPS requirements and are developed by committees whose members are experts in this
field. The NPPS Committee’s functions are to establish requirements relatedt6 pressure integrity for the consfruction of
nonmgetallic pressure piping systems, and to interpret these requirements when questions arise regarding their intent.

ASNE NM.1 provides requirements for the construction of thermoplastic pressure piping systems. Thi§ Standard
addresses both pipe and piping components that are producedxas'standard products, and custom profucts that
are de¢signed for a specific application.

In this 2020 edition, a number of technical revisions have beeh made, and Chapter 5 has been rewritten in ifs entirety.
ASME|NM.1-2020 was approved by the American National Standards Institute (ANSI) on September 11, 2020.

L Construction, as used in this Foreword, is an all-inclusive term comprising materials, design, fabrication, erection, examination, inspection, testing,
and overpressure protection.

vii
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CORRESPONDENCE WITH THE NPPS COMMITTEE

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

revisi

Pro

ns or a case, and attending Committee meetings. Correspondence should be addressed to:

Secretary, NPPS Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

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

or degirable, as demonstrated by the experience gained from the application of the Stafidard. Approved revisi
publighed periodically.

Thd

citing
includ

an ap
imme

Req
Stand
existi
Case

ing any pertinent documentation.

Prolt)osing aCase. Cases may beissued to provide alternative rules\when justified, to permit early implem

Hiately upon ASME approval and shall be posted on the(ASME Committee web page.
uests for Cases shall provide a Statement of Need and\Background Information. The request should i

pplies.

posing Revisions. Revisions are made periodically to the Standard to incorporate changes that appear{necessary

bns will be

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

bntation of

roved revision when the need is urgent, or to provide rulesnot covered by existing provisions. Cases ate effective

lentify the

hrd and the paragraph, figure, or table number(s);.@and be written as a Question and Reply in the samd format as
g Cases. Requests for Cases should also indicate-the applicable edition(s) of the Standard to which thg proposed

Intgrpretations. Uponrequest, the NPPS Standards Committee will render an interpretation of any requirement of the

Stand
Stand
Req
form i
auton
Ift
Com

hrds Committee.

uests for interpretation should-preferably be submitted through the online Interpretation Submittal
s accessible at http://go.asme.org/InterpretationRequest. Upon submittal of the form, the Inquirer will
atic e-mail confirming receipt.

e Inquirer is unable tguse the online form, he/she may mail the request to the Secretary of the NPPS

hrd. Interpretations can only be rendered in response to a written request sent to the Secretary of the NPPS

Form. The
receive an

Standards

ittee at the above address. The request for an interpretation should be clear and unambiguous. It is fiirther rec-

ommaegnded that the Inquirer submit his/her request in the following format:

Subje¢t: Cite the applicable paragraph number(s) and the topic of the inquiry in one or two words.

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

Questjon: Phrase the question as a request for an interpretation of a specific requirement suitable for
general understanding and use, not as a request for an approval of a proprietary design or
situation—Pleaseprovide-acondensed-and-precise-question-compeosedinsuecha way thata
“yes” or “no” reply is acceptable.

Proposed Reply(ies): Provide a proposed reply(ies) in the form of “Yes” or “No,” with explanation as needed. If
entering replies to more than one question, please number the questions and replies.

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

understanding the inquiry. The Inquirer may also include any plans or drawin

gs that are

necessary to explain the question; however, they should not contain proprietary names or

information.

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

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

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

» o«

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

Attendilg Committee Meetings. The NPPS Standards Committee regularly holds meetings and/or telephénecpnfer-
ences thatfare open to the public. Persons wishing to attend any meeting and/or telephone conference should-€ontgct the
Secretary jof the NPPS Standards Committee.

Xii
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INTRODUCTION

The ASME Standards for Nonmetallic Pressure Piping Systems (NPPS) are as follows:

NM.1 Thermoplastic Piping Systems: This Standard contains requirements for piping and piping components that are

NM.2

NM.3

Itis
to be
other
stand
suppl
instal

Cer

produced using thermoplastic resins or compounds. Thermoplastics are a specific group of nen

hardened by decrease of temperature.

thermosetting resin.

Nonmetallic Materials: This Standard includes specifications for nonmetallic materials (except wood,

Parts:

Materials (ASTM International) and other recognized national or international organizations.

recognized national or international organizations:

- NM.3.3, Nonmetallic Materials, Part 3 — Properties: This Part provides tables and data sheets fo

thermal expansion and modulus of elasticity) for nonmetallic materials.

the owner’s responsibility to select the piping standard that best applies to the proposed piping installati
considered by the owner include limitations of the standard, jurisdictional requirements, and the appl

ation.

ASME B31.1, Power Piping:)This code contains requirements for piping typically found in electric power
stafions, industrial ahdiinstitutional plants, geothermal heating systems, and central and district heating and cooling

sys
ASME

ems.

metallic

materials that, for processing purposes, are capable of being repeatedly softened by increase of tempé¢rature and

Glass-Fiber-Reinforced Thermosetting-Resin Piping Systems: This Standard contains requirements for|piping and
piping components that are produced using glass-fiber reinforcement embedded in.orsurrounded by cured

nonfibrous

glass, and concrete) and, in conformance with the requirements of the individual construction standards,
methodologies, design values, limits, and cautions on the use of materials;This Standard is divided into three

- NM.3.1, Nonmetallic Materials, Part 1 — Thermoplastic Material SpeCifications: This Part contains thdrmoplastic
material specifications identical to or similar to those publishéd by the American Society for Tepting and

- NM.3.2, Nonmetallic Materials, Part 2 — Reinforced Thermoset Plastic Material Specifications: This Pgrt contains
reinforced thermoset plastic material specifications identical to or similar to those published by ASTM and other

 allowable

stresses, mechanical properties (e.g., tensile and yield strength), and physical properties (e.g., cdefficient of

bn. Factors
cability of

standards. All applicable requiremerits of the selected standard shall be met. For some installations, moife than one
hrd may apply to different parts:ef the installation. The owner is also responsible for imposing requirements
bmentary to those of the standard if such requirements are necessary to ensure safe piping for the| proposed

ain piping within a facilitymay be subject to other codes and standards, including but not limited to the{following:

penerating

B31.3, Process Piping: This code contains requirements for piping typically found in petroleum refinerigs; onshore

and offshorégetroleum and natural gas production facilities; chemical, pharmaceutical, textile, paper, ore-grocessing,
senjiconduetor, and cryogenic plants; food- and beverage-processing facilities; and related processing glants and
terminals.

ASME

bs1.4, Fipeline Iransportation Systems 1or LIqulds and SIurries: I'nls code contains requirements

or piping

transporting products that are predominately liquid between plants and terminals, and within terminals and pumping,
regulating, and metering stations.

ASME B31.5, Refrigeration Piping and Heat Transfer Components: This code contains requirements for piping for
refrigerants and secondary coolants.

ASME B31.8, Gas Transmission and Distribution Piping Systems: This code contains requirements for piping transporting
products that are predominately gas between sources and terminals, including compressor, regulating, and metering
stations; and gas gathering pipelines.

xiii


https://asmenormdoc.com/api2/?name=ASME NM.1 2020.pdf

ASME B31.9, Building Services Piping: This code contains requirements for piping typically found in industrial,
institutional, commercial, and public buildings, and in multi-unit residences, which does not require the range of sizes,
pressures, and temperatures covered in ASME B31.1.

ASME B31.12, Hydrogen Piping and Pipelines: This code contains requirements for piping in gaseous and liquid hydrogen
service, and pipelines in gaseous hydrogen service.

National Fuel Gas Code: This code contains requirements for piping for fuel gas from the point of delivery to the
connection of each fuel utilization device.

NFPA 99, Health Care Facilities: This standard contains requirements for medical and laboratory gas systems.
NFPA Fire Protection Standards: These standards contain requirements for fire protection systems using water, carbon

dioxide) halon, foam, dry chemicals, and wet chemicals.

The ASNIE NPPS Standards specify engineering requirements deemed necessary for safe design and construction of
nonmetalljc pressure piping. These Standards contain mandatory requirements, specific prohibitions;and nonnfanda-
tory guidapce for construction activities. These Standards do not address all aspects of these activitiesyand those agpects
that are ndt specifically addressed should not be considered prohibited. While safety is the overriding.consideration, this
factor alome will not necessarily govern the final specifications for any piping installation. With few exceptioys, the
requirem¢nts do not, of practical necessity, reflect the likelihood and consequences «f deterioration in s¢rvice
related to|specific service fluids or external operating environments. These Standards’are not design handbpooks.
Many decifions that must be made to produce a safe piping installation are not specified ifi detail within these Stanfards.
These Stanpdards do not serve as substitutes for sound engineering judgment by the 6wner and the designer. The ghrase
engineering judgment refers to technical judgments made by knowledgeable desigfiers experienced in the application of
these Standards. Engineering judgments must be consistent with the philosophy.ef these Standards, and such judgments
must nevqr be used to overrule mandatory requirements or specific prohibitions of these Standards.

To the greatest possible extent, Standard requirements for design are.stated in terms of basic design principlés and
formulas. These are supplemented as necessary with specific requirements to ensure uniform application of prirciples
and to guifle selection and application of piping elements. These Standards prohibit designs and practices knowrj to be
unsafe angl contain warnings where caution, but not prohibitien, is warranted.

These Standards generally specify a simplified approach forxany of their requirements. A designer may choose tp usea
more rigorous analysis to develop design and construction requirements. When the designer decides to tale this
approach, |he or she shall provide to the owner details‘and calculations demonstrating that design, fabrication, pxam-
ination, ingpection, testing, and overpressure protection-are consistent with the criteria of these Standards. These details
shall be adequate for the owner to verify the validity.of'the approach and shall be approved by the owner. The detailk shall
be documented in the engineering design.

The designer is responsible for complying'with requirements of these Standards and demonstrating compliancg with
the equatipns of these Standards when such'equations are mandatory. These Standards neither require nor prohibit the
use of computers for the design or analysisof components constructed to the requirements of these Standards. Hoyever,
designers pnd engineers using computer programs for design or analysis are cautioned that they are responsible[for all
technical assumptions inherent in)the programs they use and for the application of these programs to their design.

These Standards do not fully.address tolerances. When dimensions, sizes, or other parameters are not specifief with
tolerances, the values of thése parameters are considered nominal, and allowable tolerances or local variances may be
consideredl acceptable when based on engineering judgment and standard practices as determined by the dedigner.

Suggested requirements of good practice are provided for the care and inspection of in-service nonmetallic pr¢ssure
piping systems only as an aid to owners and their inspectors.

The reqfiirements‘of these Standards are not to be interpreted as approving, recommending, or endorsing any prpprie-
tary or specifiedesign or as limiting in any way the manufacturer’s freedom to choose any method of design or any form of
constructipn\that conforms to the requirements of these Standards.

It is intended that editions of the ASME NPPS Standards not be retroactive. Unless agreement is specifically made
between contracting parties to use another edition, or the regulatory body having jurisdiction imposes the use of another
edition, the latest edition issued atleast 6 months prior to the original contract date for the first phase of activity covering a
piping installation shall be the governing document for all design, materials, fabrication, erection, examination, inspec-
tion, testing, and overpressure protection for the piping until the completion of the work and initial operation. Revisions
to material specifications included in ASME NM.3.1 and ASME NM.3.2 are originated by ASTM and other recognized
national or international organizations, and are usually adopted by ASME. However, those revisions do not necessarily
indicate that materials produced to earlier editions of specifications are no longer suitable for ASME construction. Both
ASME NM.3.1 and ASME NM.3.2 include a Mandatory Appendix, “Guideline on Acceptable ASTM Editions,” that lists the

Xiv
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latest edition of material specifications adopted by ASME as well as other editions considered by ASME to be identical for
ASME construction.

Users of these Standards are cautioned against making use of revisions to these Standards without assurance that they
are acceptable to the proper authorities in the jurisdiction where the piping is to be installed.

XV
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SUMMARY OF CHANGES

Following approval by the ASME NM Committee and ASME, and after public review, ASME NM.1-2020 was approved by

the Ameri

ASME NM
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33
69
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90
91
94
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155
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can National Standards Institute on September 11, 2020.

1-2020 includes the following changes identified by a margin note, (20).

Location
1-3

2-1.2.3
2-3.2.1.1
Table 2-3.2.2-2

Table 2-3.2.2-3
Table 4-2.1-1
Chapter 5
6-2.2.1

6-2.3

6-2.7.2

8-3.2.1

8-3.11

8-5.4.1

8-5.4.4

Table B-4.2.1-%
Table B-4.2:2-1
Table B-4.2.2-2
TablesB=4.2.2-3
B-5

Change

(1) Definitions of design life, design temperature, solvent-cen
welding, and solvent-weld joint revised

(2) Definitions of design temperature_minimum and qualified
deleted

(3) Definitions of solvent welding and virgin plastic added
Subparagraphs (b) and (e}(2) revised
Equation (2-3-2) and stbpara. (a)(2) revised

Under ABS Pressure ‘Piping Components, ASTM D2661, AST

F2135, and ASTMD3311 deleted
Under ABS Pressure Piping Components, ASTM F2135 delé
ASTM D3313y ASTM F2135, and ASTM D2661 deleted
Revised\inits entirety
Subparagraphs (a) and (b) revised
First paragraph and subparas. (a)(2) and (a)(5) revised
Subparagraph (c)(3) revised
Subparagraph (c) revised
Revised in its entirety
Cross-reference updated
Former para. 8-4.4 redesignated
Revised
General Notes and Notes revised
Note (1) added
Column heads revised
(1) ASTM D4318 added
(2) Howard, A. K. (1977) revised
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Chapter 1
Scope and Definitions

1-1 SCOPE

(a)| This Standard prescribes requirements for the
desigh, materials, fabrication, erection, examination,
testing, and inspection of thermoplastic piping systems.

(b)| Thermoplastic piping, as used in this Standard,
includes pipe, flanges, bolting, gaskets, valves, fittings,
specipl connecting components, and the pressure-
contdining portions of other piping components,
whether manufactured in accordance with standards
refer¢nced in this Standard or specially designed. It
also icludes hangers and supports and other equipment
items|necessary to prevent overstressing the pressure-
contalning components.

1-2 GENERAL

(a) |Identification. This Standard covers thermoplastic
presstyire piping systems.

(b) | Responsibilities
(L) Owner. The owner of a thermoplastic piping
systemm installation shall have overall responsibility for
compliance with this Standard, and for establishing the
requifements for design, construction, examination,
inspelction, and testing that will govern the entire
fluid-handling or process installation~of which the ther-
mopldstic piping system is a part. The owner shall also
be regponsible for designating-the tluid service.
(£) Designer. The desigriey shall be responsible to the
owner for assurance that the engineering design of the
thermoplastic piping system complies with the require-
mentq of this Standard and with any additional require-
mentq established. by the owner.
(B) Manufacturer, Fabricator, and Erector. The manu-
facturfer, fabricator, and erector of thermoplastic piping
s_shall be responsible for providing materials,
compenénts, and workmanship in compliance with the re-
quirements of this Standard and of the engineering design.

(4) Owner’s Inspector. The owner’s Inspector (see

section 6-1) shall be responsible to the owner for ensuring
that the requirements of this Standard for inspection, ex-
amination, and testing, and any additional requirements
established by the owner, are met.

(c) Intent of the Standard

(1) 1t is the intent of this Standard to set forth the

requirements deemed necessary for safe construction
of thermoplastic piping system installations. (Construc-

tion includes design, materials, fabrication] erection,
inspection, examination, and testing.)

(2) This Standard is not intendéd to apply to the
operation, examination, inspection, testing, majintenance,
or repair of a thermoplastic piping System that Has already
been placed in service. The provisions of thig Standard
may be applied for those putposes, although other consid-
erations may also apply’

(3) Engineeringrequirements of this Standlard, while
considered necessaryand adequate for safe desjgn, gener-
ally employ a simplified approach to the subjpct.

(-a) A\designer capable of applyinfg a more
rigorous analysis than that included in this| Standard
shall have the latitude to do so; however, thg approach
shall*be’documented in the engineering design and its
validity accepted by the owner.

(-b) The approach used shall provide| details of
design, construction, examination, inspedtion, and
testing for the design conditions of section 2-1, with calcu-
lations consistent with the design criteria of thig Standard.

(4) Thermoplastic piping systems shall qonform to
the specifications and standards listed in Table 4-2.1-1.
Thermoplastic piping components neither specifically
approved nor specifically prohibited by thiqd Standard
may be used provided they are qualified for juse as set
forth in applicable Chapters of this Standard.

(5) Whereathermoplastic piping system ipstallation
necessitates measures beyond those required by this Stan-
dard, such measures shall be specified in the epgineering
design and shall be implemented.

(6) Compatibility of materials with the intgnded fluid
service and hazards inherent to the instpbility of
contained fluids are not within the scope of thi4 Standard.

(d) General Requirements

(1) The design and construction of a thefmoplastic
piping system shall take into consideration the limitations
and conditions specific to the Intended fluid service (e.g.,
temperature limits, necessary safeguarding), as these
factors affect the selection and application of materials,
components, and joints.

(2) A thermoplastic piping system shall meet the
most restrictive requirements of each of its components.

(e) Fluid Service

(1) The fluid service requirements considered in the
development of this Standard include those for nontoxic
fluids (including slurries) and gases, and flammable or
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combustible liquids and gases, except as specified in
Chapter 7.

(-a) The service temperatures and pressures for
such applications are limited by the material properties
and design of the specific piping components selected for
the given application.

(-b) When designing thermoplastic piping
systems, the designer shall consider the degradation of
material properties due to interaction with the process
fluids. However Qppr‘iﬁr‘ gnidp]inpc and requirements

anchor: a rigid restraint providing substantially full fixa-
tion, permitting neither translation nor rotational dis-
placement of the pipe.

assembly: the joining together of two or more piping
components by bolting, solvent-cement welding, fusing,
screwing, brazing, soldering, or cementing, or by use of
adhesive or packing devices, as specified by the engi-
neering design.

backup ring: a metallic or nonmetallic ring with bolt holes

for, or lithitations due to, interactions between the
fluid and|the pipe material are beyond the scope of
this Standprd.

(2) Ekcept as specified in Chapter 7, this Standard
does not pddress the requirements for thermoplastic
piping sygtems in Category M fluid service. The design,
material, fabrication, examination, and testing require-
ments of|such service are beyond those currently
defined in| this Standard.

1-2.1 Content and Coverage

(a) Thig Standard covers thermoplastic piping systems
operating under pressure.

(b) Thgrmoplastic piping used in some applications
may require special quality requirements and certifica-
tion.

(c) This Standard covers thermoplastic piping that
interconngcts pieces or stages within a packaged equip-
ment assembly.

(d) Exclusions. This Standard excludes the following:

(1) thermoplastic piping systems that meet all ofthe
following:

(-a) The system has internal gauge pressures at or
above zerp but less than 0.105 MPag (15_psig).

(-b) The system handles fluid that is nonflam-
mable, noptoxic, and not damaging t¢ hiiman tissues as
defined in| section 1-3.

(-c] The system'’s design temperature ranges from
-29°C thrpugh 100°C (-20°Ethrough 212°F).

(2) ppwer boilers in-accordance with ASME Boiler
and Presspire Vessel Codé. (BPVC), Section I, and boiler
external piping that isreéquired to conform to ASME B31.1

(3) pressurgmessels, heat exchangers, pumps,
compressprs, . dnd- other fluid-handling or processing
equipment,dincluding internal piping and connections
for externklpiping

sized and located per the applicable flange standard.[When
the backup ring is used with a thermoplastic’flange
adapter, threaded fasteners are used to joinaand conjpress
the two flange adapters (often used with ‘a gasKet) to
create a leak-free connection.

base material: the material to beswelded or othdrwise
fused.

bladder: a saclike device uséd\in the flow-fusion or elec-
trofusion welding process;that, when pressurized, makes
contact with the innerwalls of the weld zone prior(to the
commencement ofthe weld process to ensure a bead-free
weld zone on thie inner diameter of the pipe.

bolt design stress: see stress.

bulk flow velocity: the instantaneous average speed df fluid
througha@ pipe or fitting at a given point. It is stated|disre-
garding laminar and turbulent flow effects that ¢reate
different velocity zones within the cross section.

butt fusion: a type of joining of thermoplastic pipe, sheet, or
other similar forms by heating the ends to be joindd to a
molten state and then rapidly pressing them together to
form a homogeneous bond.

butt joint: a joint between two members aligned approxi-
mately in the same plane.

Category D: see fluid service.
Category M: see fluid service.

component: as used in this Standard, an item withjin the
piping system; components include, but are not limited to,
pipe, piping subassemblies, parts, valves, strainers| relief
devices, and fittings.

nonstandard component: a component not mapufac-
tured in accordance with any of the standards listed in
Table 4-2.1-1.

specially designed component: a nonstandard c¢mpo-

1-3 DEFINITIONS

Some of the common terms relating to thermoplastic
piping are defined below. For terms related to thermoplas-
tics but not defined here, definitions are in accordance
with ASTM F412 and abbreviations are in accordance
with ASTM D1600.

adhesive joint: a bonded joint made using an adhesive on
the surfaces to be joined.

et desigmed i accordance withsectiomr2=1;section
2-2, section 2-3, section 7-4, or section 8-3 and complying
with other requirements of this Standard.

standard component: a component manufactured in
accordance with one or more of the standards listed in
Table 4-2.1-1.

compression-type tube fitting: a flareless mechanical grip
connection consisting of a body, a nut, and single or dual
ferrules. See also para. 5-2.1.
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connections for external piping: those integral parts of in-
dividual pieces of equipment that are designed for attach-
ment of external piping.

convoluted backup ring: a unique geometric cross-
sectional shape intended to increase the stiffness of a
metallic or nonmetallic ring used within a thermoplastic
lap-joint flange connection.

damaging to human tissues: for the purposes of this Stan-
dard, this phrase describes a fluid service in which expo-

examination: quality control or nondestructive testing
performed by the manufacturer, fabricator, or erector
to verify conformance with requirements and specifica-
tions. Examples of examination include the following:
100% examination: complete examination of all of a
specified kind of item in a designated lot of piping.
random examination: complete examination of a per-
centage of a specified kind of item in a designated lot
of piping.
ination of

sure fo the fluid, caused by leakage under expected
operating conditions, can harm skin, eyes, or exposed
mucolis membranes so that irreversible damage may
resulf unless prompt restorative measures are taken.
(Restgrative measures can include flushing with water
or administering antidotes or medication.)

defect: a flaw (imperfection or unintentional disconti-
nuity) of such size, shape, orientation, location, or proper-
ties a$ to give cause for rejection.

design life: a period of time used in design calculations,
equivalent to life expectancy, that the designer projects
that tﬂ;e item or system will work within its specified pa-
rameters. (Design life does not pertain to the actual service
life of| the piping system because a properly maintained
and protected piping system should exceed design life
expecfations.)

design pressure: see para. 2-1.2.2.

design temperature: see para. 2-1.2.3.

designer: the person or organization in responsible eharge
of the| engineering design.

discontinuity: alack of continuity or cohesion;aninterrup-
tion ih the normal physical structure of material or a
product.

displacement stress range: see para~2-2.3.3(b).

electrpfusion welding (EFW): a joining process for thermo-
plasti¢ materials in which heatfor the welding is provided
by engrgizing an electrically resistive coil in the weld zone.

elemepts: see piping elenients.

emplayer: the owner, manufacturer, fabricator, contractor,
assembler, oy installer responsible for the welding,
joining, and\rnondestructive examination (NDE)
performed-by their organization.

engineering design: the detailed design governing a piping
g g gng g4 PIPINg

spot examination: a Qppr‘iﬁpd pnrt‘inl exa

each ofaspecified kind of item in a designated gt of piping.
examiner: a person who performs an ekXamingtion.

expansion joint: a flexible piping component of assembly
thatabsorbs seismic, thermal, and ferterminal tnovement.

fabrication: the preparatiofiiof piping for pssembly,
including cutting, threading, grooving,|forming,
bending, and joining of-components into subassemblies.
Fabrication can be perfermed in the shop or in the field.

fillet weld: a weld of approximately triangplar cross
section joining two surfaces approximatelly at right
angles to ea¢h other in a lap joint, tee joint, or cqrner joint.

flammable:for the purposes of this Standard, afterm used
to describe a fluid that under ambient or expected oper-
ating conditions is a vapor or produces vapors that can be
ignited and will continue to burn in air. The terjn thus can
apply, depending on service conditions, to fluids defined
for other purposes as flammable or combustiple.

flange adapter: a thermoplastic component designed to
attach to a thermoplastic pipe by solvert-cement
welding or heat fusing. The component has a plain end
or socket end on one side and a retaining |ip on the
other. Itis used with a backup ring to make a thefmoplastic
lap-joint flange connection.

flared plastic face: sealing surface formed on a jpipe spool
or fitting by plastic deformation of the liner. ometimes
used synonymously with “flare.”

flaw: animperfection or unintentional discontinfuity thatis
detectable by a nondestructive examination.

flow-fusion welding (FFW): a thermoplastif welding
process for sheets or pipe where the melt is cpnstrained
during the welding process.

fluid service: a general term concerning the appljcation ofa
piping system, considering the comhination of fluid prop-

system, developed from process and mechanical require-
ments, conforming to the requirements of this Standard,
and including all necessary specifications, drawings, and
supporting documents.

erection: the complete installation of a piping system in the
locations and on the supports designated by the engi-
neering design and including any field assembly, fabrica-
tion, examination, inspection, and testing of the system as
required by this Standard.

erties, operating conditions, and other factors that estab-
lish the basis for design of the piping system.

Category D fluid service: a fluid service in which all of the
following apply:

(a) The fluid handled is nonflammable, nontoxic, and
not damaging to human tissues as defined in section 1-3.

(b) The design gauge pressure does not exceed 1 035
kPa (150 psi).

(c) Thedesigntemperature ranges from -29°C through
186°C (-20°F through 366°F).
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Category M fluid service: a fluid service in which both of
the following apply:

(a) Thefluidis so highly toxic thata single exposure to a
very small quantity of the fluid, caused by leakage, can
produce serious irreversible harm to persons on
breathing or bodily contact, even when prompt restora-
tive measures are taken.

(b) After consideration of piping design, experience,
service conditions, and location, the owner determines
thatthere guirements fornormal fluid service donot suffi-

high-vapor-pressure application: a liquid-pipeline end use
in which the media transported are hydrocarbon liquids
having a vapor pressure greater than 110 kPa (16 psi)
absolute at 38°C (100°F), as determined by ASTM D323.

hot oiling: the activity of passing oil at an elevated
temperature into a piping system for the purpose of
removing paraffin and wax deposits from the pipe bore.

hydrostatic design basis (HDB): see stress.

ciently prqvide the leak tightness required to protect per-
sonnel from exposure.

normal fluid service: a fluid service not subject to the
requiremgnts for Category D or Category M fluid service.

fusing: a permanent bond between thermoplastic piping
components formed by heating the parts sufficiently to
permit the commingling of the materials when the
parts are pressed together. Also known as fusion.

fusing madhine operator: person who uses and controls the
equipment (including manual, semiautomatic, and auto-
matic mac¢hine styles) required to fuse thermoplastic
piping components together. The fusing processes
included Jare butt fusing, heated-tool butt welding,
infrared Welding, flow-fusion welding, socket fusion,
socket-fusjon welding, saddle fusion, electrofusion, elec-
trofusion welding, and electrofusion saddle joining or
welding.

Fusing Precedure Specification (FPS): a formal written
document describing the process for joining thermoy
plastic piping components by fusion, which provides
direction |to the installer or fusion machine opetator
for making sound and quality production fusign)joints.
See also J¢ining Procedure Specification (JPS) and Proce-
dure Qualffication Record (PQR).

Fusion Perfformance Qualification (FPQ): a/document that
is intenddd to verify the ability of the fusing machine
operator tp produce a sound, fused joint when following
a qualified Fusing Procedure Specification (FPS). See also
Performance Qualification.Fest Record (PQTR).

grounding lug: a connécting device to enable electrical
continuity betweensmetallic components of a thermo-
plastic-lined metallic’piping system.

heat fusioh: alpermanent bond between thermoplastic
piping compgnents formed by heating the parts sulffi-

hydraostatic dpcign stress (HDQI)- see stress

hydrostatic test (hydrotest): an evaluation precedjire in
which water is used as the medium to determiinethg pres-
sure containment capabilities of a piping systém or
component. Also called hydrotest.

imperfection: a condition of not being:perfect; a depgrture
of a quality characteristic from(its intended condifion.

inspection: the act of witnessing-or verifying compliance to
the specified requirements.

Inspector: a person wha'witnesses or verifies complliance
to the specified requirements.

installer: person'who performs the solvent weld, makes
flange connections, or assembles other types of m¢chan-
ical connections.

Joining Procedure Specification (JPS): general term for the
documrented procedure for all types of thermoplastic
joining processes.

Joint crush test: a method used to evaluate socket-fused or
electrofused thermoplastic joints.

Jjoint design: the joint geometry together with the required
dimensions of the welded or heat-fused joint.

lap joint: a type of mechanical connection made befween
piping components using a flange adapter with a bpckup
ring. Flared steel pipe with a thermoplastic liner can also
be used.

listed: for the purposes of this Standard, a term desdribing
a material that conforms to one or more specificatipns in
ASME NM.3.1, or as defined in this Standard, or fo the
extent as referenced in the standards in Table 4-2.1-1.

long-term hydrostatic strength (LTHS): the estimated hoop
stress, expressed in megapascals (pressure per square
inch), in a plastic pipe wall that will cause failfire of
the pipe at an average of 100 000 h when subjecfed to

ciently to permit the commingling of the materials
when the parts are pressed together.

heat joint: see heat fusion.

high-speed tensile impact test: a method used to evaluate
the mechanical properties of thermoplastic pipe (poly-
ethylene and others) joined by heat fusing, in which a
test sample under tension is exposed to a defined
impact load.

1 1 -
d CUIISUAITU ITyUrostaut pressurc.

material: a substance from which a component is made.
Materials include, but are not limited to, thermoplastics,
thermoset plastics, metal alloys, elastomers, reinforcing
fibers, and thermoplastic fibers.

maximum allowable operating pressure (MAOP): the
highest continuous internal pressure at which a piping
system may be operated in accordance with the provisions
of this Standard.
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maximum allowable operating temperature (MAOT): the
highest continuous operating temperature the piping
system is able to resist while complying with the provi-
sions of this Standard.

maximum allowable stress: the highest stress value that
may be used in the design formulas for a given material
and design temperature.

maximum allowable working pressure (MAWP): the pres-
sure at the coincident temperature to which a component

miter: two or more straight sections of pipe matched and
joined in a plane bisecting the angle of junction so as to
produce a change in direction.

monolithic thermoplastic: piping or piping component that
is formed from a homopolymer or copolymer resin or
compound without joints or seams.

nominal: anumerical identification of dimension, capacity,
rating, or other characteristic used as a designation, notas
an exact measurement.

can b¢ subjected without exceeding the maximum allow-
able sfress of the material or pressure-temperature rating
of thel component.

maximum pressure rating: the highest internal pressure to
which a piping component has been qualified.

maximum qualified temperature: the highest temperature
at whiich the maximum pressure rating and minimum
qualifjed pressure of a multilayered reinforced thermo-
plasti¢ piping system have been established.

maximum sustained operating pressure (MSOP): the
highept pressure at which a piping system is operated
during a normal operating cycle; sometimes referred
to as maximum actual operating pressure.

may: an expression of permission.

mechdnical coupling: in a thermoplastic-lined metallic
piping system, a metallic device that provides structural
suppdrt to a butt-fusion-welded joint.

mechaqnical joining: the mating of piping components
form¢d by a positive-holding mechanical assémbly
(e.g., flanged joint, threaded joint, or flared joint}:

mechqnical joint: a joint for the purpose of mechanical
strength or leak resistance, or both, in which the mechan-
ical strength is developed by threadéd;\grooved, rolled,
flare%: or flanged pipe ends, or by\bolts, pins, toggles,
or rings; and the leak resistance is developed by
threadls and compounds, gaskets, rolled ends, caulking,
or machined and mated suxfaces.

minimum allowable operating pressure: the lowest tran-
sient|internal presstre the piping system is able to
resist|without damage.

minimum alloewable operating temperature: the lowest
continuous temperature that the piping system is able
to res]stiwhile complying with the provisions of this Stan-

nominal thickness: the thickness given in(thle product
material specification or standard to which manjufacturing
tolerances are applied.

noncontact fusion: a heat-joining.process in which the
heating element does not touch. the ends of the thermo-
plastic piping components beihg joined.

nondestructive examination\(NDE): the procesyq of testing
or evaluating materials, components, or agsemblies
without affecting the serviceability of thle part or
system, in order(to detect, locate, measure,|interpret,
and evaluateflaws. Also known as nondgstructive
testing (ND[Y.

normal fluid service: see fluid service.

owner:the party or organization ultimately responsible
faroperation of a facility. The owner is usually the one
who would be granted an operating license by the regu-
latory authority having jurisdiction or who has the admin-
istrative and operational responsibility for the facility. The
owner can be either the operating organization((i.e., might
not be the actual owner of the physical property of the
facility) or the organization that owns and operates
the plant.

packaged equipment: an assembly of individual pieces or
stages of equipment, complete with intercpnnecting
piping and connections for external piping. Th¢ assembly
can be mounted on a skid or other structurfe prior to
delivery.

Performance Qualification Test Record (PQTR)} a written
record of a test administered to a welder or|a welding
operator to determine the individual’s cdpacity to
perform a specific welding application. Welding perfor-
mance qualification tests are specific to a Welding Proce-
dure Specification (WPS). See also Fusion Pefformance
Qualification (FPQ).

dard.

minimum operating bend radius (MOBR): the smallest
bending radius that the multilayered reinforced thermo-
plastic piping system should be subjected to when the
piping system is in operation.

minimum qualified pressure: the lowest internal pressure
the component has been proven to resist.

minimum qualified temperature: the lowest temperature
the component has been proven to resist.

permeation: the three-step physical process of absorption,
diffusion, and desorption by which a fluid passes through a
barrier.

pipe: a pressure-tight cylinder used to convey a fluid or to
transmit a fluid pressure, which is ordinarily designated
“pipe” in applicable material specifications. Materials
designated “tube” or “tubing” in the specifications are
treated as pipe when intended for pressure service.


https://asmenormdoc.com/api2/?name=ASME NM.1 2020.pdf

ASME NM.1-2020

pipe support elements: fixtures and structural attachments
as follows:

(a) Fixtures are elements that transfer the load from
the pipe or structural attachment to the supporting struc-
ture or equipment. They include, but are not limited to,
hanging-type fixtures, such as hanger rods including parts,
spring hangers, sway braces, counterweights, turn-
buckles, struts, chains, guides, anchors, and snubbers;
and bearing-type fixtures, such as saddles, bases,

reinforcing ring: a metallic or nonmetallic ring used to dis-
tribute the load from the threaded fasteners used with
thermoplastic flange adapters.

relining: a technique used to rehabilitate pipelines by
pulling or inserting a pipe liner into the existing host
piping system.

restraint: a device designed to prevent, resist, or limit
movement of a piping system.

rollers, brackets_and Q]iding supports

(b) Stryctural attachments are elements thatare bolted
or clampefl to the pipe, such as clips, lugs, rings, clamps,
clevises, straps, and skirts.

piping: asdemblies of piping components used to convey,
distribute} mix, separate, discharge, meter, control, or
snub fluid flows. Piping also includes pipe support
elements pbut does not include support structures, such
as building frames, bents, foundations, or any equipment
excluded from this Standard [see para. 1-2.1(d)].

piping components: mechanical elements suitable for
joining or|assembly into pressure-tight fluid-containing
piping systems. Components include pipe, piping subas-
semblies, fubing, fittings, flanges, gaskets, bolting, valves,
and devicgs such as expansion joints, flexible joints, pres-
sure hoseg, traps, strainers, inline portions of instruments,
and separhtors.

piping elements: any material or work required to plan and
install a piping system. Elements of piping include design
specificatipns, materials, components, supports, fabricar
tion, exanlination, inspection, and testing.

piping installation: designed piping systems to which a
selected standard edition applies.

piping system: interconnected piping and ¢omponents
subject to|the same set or sets of desigh ¢onditions.

plastic: a material that contains a variety’of semisynthetic
or synthetjc solids (polymers), is solid'in its finished state,
and, atsome stageinits manufactiire or processing, can be
shaped by|flow. The two general'types of plastics are ther-
moplastic|and thermosetting plastics.

pressure: dn application-of force per unit area; fluid pres-
sure (an applicatiofvof internal or external fluid force per
unit area jon the-pressure boundary of piping compo-
nents).

cpnling areq: the cross-sectional area of the molded or
flared plastic face of thermoplastic-lined imgtallic
piping, which has metallic backing that resists bplting
stress.

sealing stress: the sustained pressure imparted by flange
bolting necessary to effect along-termrleak-tight joint. Itis
normally less than seating stpess, as long-term| joint
performance implies the initial‘séating stress had been
previously applied.

seating stress: the initial{pressure imparted by flange
bolting necessary to effect a leak-tight seal. It is nofmally
greater than sealing stress, due to the necessdity of
deforming sealing surface imperfections intjo the
mating surface.

shall: an éxpression of a requirement.
should~an expression of a recommendation.

socket fusion: a fusion-joining method for assemply of
certain thermoplastic fittings and pipe in whidh the
pipe fits inside of the fitting. A metal socket mojunted
on a hot plate heats the outside circumference pf the
pipe along a defined length, which will vary depdnding
on the size of pipe and fitting being fused. A metal
spigot on the opposite side of the hot plate simultangously
heats the inside surface of the injection-molded fitting; the
length of the heated region is the same as that for th¢ pipe.
Both fitting and pipe are heated for a set length of time,
after which the heated socket or spigot tooling is rethoved
and the pipe is pushed into the fitting to form a coal¢scent
joint.
solvent-cement welding: a method for creating a perma-
nent bond between thermoplastic piping compdnents
formed sufficiently with solvent cement to pernlit the
coalescence of surfaces to form a pipe joint.

solvent welding: see solvent-cement welding.

ProcedureGuatifftutiom Record (PER—adocumment Hsting
all pertinent data, including the essential variables
employed and the test results, used in qualifying the
procedure specification. See also Fusing Procedure
Specification (FPS) and Joining Procedure Specification
(JPS).

proof testing: process or method for determining design
performance characteristics or quality of a component.

] I I 1 L1-
SUIVETIL-WETU JOUITIL. SCT SUIVETIL=CETTIETIL WCTUIITY.

Standard Fusing Procedure Specification (SFPS): see Fusing
Procedure Specification (FPS).

stress:
bolt design stress: the design stress used to determine
the required cross-sectional area of bolts in a bolted joint.
displacement stress: a stress developed by the self-
constraint of the structure. It must satisfy an imposed
strain pattern rather than being in equilibrium with an
external load. The basic characteristic of a displacement
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stress is that it is self-limiting. Local yielding and minor
distortions can satisfy the displacement or expansion con-
ditions that cause the stress to occur. Failure from one
application of the stress is not to be expected. Further,
the displacement stresses calculated in this Standard
are “effective” stresses and are generally lower than
those predicted by theory or measured in strain-gauge
tests.

hydrostatic design basis (HDB): selected properties of

being examined and determining various attributes of
the material from effects on the ultrasonic waves. Also
known as ultrasonic testing (UT).

unlisted: see para. 3-2.2.

vent: a small opening that allows air, gas, or the like to
escape piping systems or a closed space. In thermo-
plastic-lined metal piping, it is the method of relieving
pressure between the liner and the housing caused by
permeation.

p]asti" piping materials to be used in accordance with
ASTM D2837 to determine the hydrostatic design
stress| (see definition below) for the material.
hydyostatic design stress (HDS): the maximum contin-
uous ptress due to internal pressure to be used in the
design of plastic piping, determined from the hydrostatic
design basis by use of a service (design) factor.
sustained stress: a stress developed by an imposed
loading that is necessary to satisfy the laws of equilibrium
betwden external and internal forces and moments. The
basic [characteristic of a sustained stress is that it is not
self-limiting. If a sustained stress exceeds the yield
strength of the material through the entire thickness,
the prevention of failure is entirely dependent on the
strain-hardening properties of the material. A thermal
stresq is not classified as a sustained stress. Further,
the suistained stresses calculated in this Standard are
“effective” stresses and are generally lower than those
predi¢ted by theory or measured in strain-gauge tests.

tensilp test: a method used to determine the overall
strength of a given object by fitting the object between
two gdrips, one at each end, then slowly pulling the
grips|in opposite directions until the object-breaks.
This method provides information related to the
objeclt’s yield point, tensile strength, and ultimate
strength.

thermloplastic: a plastic (polymer)\that is capable of being
repeatedly softened by increasé of temperature and
hardeped by decrease of temperature.

thernosetting plasticiaxésin and catalyst (polymer)
capablle of being chdnged into a substantially infusible
or indoluble product/ when cured at room temperature,
or by|application.of heat, or by chemical means.

tube qr tubing: see pipe.

ultraspnie.examination: a nondestructive method of eval-

vent coupling: an accessory added to the(vent hole to
enable ducting of permeates.

virgin plastic: a plastic (polymer) material in the form of
pellets, granules, powder, floc, or liquid that hds not been
subjected to use or processing other than that r¢quired for
its initial manufacture.

visual examination: the.observation of the portion of
components, joints, and)other piping elements that are
or can be exposed to Vview before, during, or after manu-
facture, fabrication, ‘assembly, erection, exam|nation, or
testing.

Welding Procédure Specification (WPS):

(a) formal written documentdescribing the process for
joiningthermoplastic piping components by fugion, which
provides direction to the installer or fusiof machine
operator for making sound and quality pfoduction
fusion joints. See also Fusion Performance Qualification
(FPQ) and joining Procedure Specification (JPS).

(b) formal written document that lists the parameters
to be used in construction of weldments in accordance
with requirements of the ASME B31 Pressyre Piping
Code Sections, various ASME BPVC Sections|and AWS
B2.4.

1-4 ABBREVIATIONS

Unless otherwise noted, the abbreviations defined in
Table 1-4-1 are used in this Standard tp replace
lengthy phrases in the text and in the titles of|standards
in Table 4-2.1-1.

1-5 STATUS OF APPENDICES

Table 1-5-1 indicates for each Appendix of this Standard
whether it contains requirements or guidance. See the first
page of each Appendix for details

uatingortestimg materiats by imtroducimguttrasomic
waves into, through, or onto the surface of the article

! Normally, the most significant displacement stress is encountered in
the thermal expansion stress range from ambient to the normal oper-
ating condition. This stress range is also the stress range usually consid-
ered in a flexibility analysis. However, if other significant stress ranges
occur, whether they are displacement stress ranges (such as from other
thermal expansion or contraction events, or differential support move-
ments) or sustained stress ranges (such as from cyclic pressure, steam
hammer, or earthquake inertia forces), paras. 2-2.3.3(b) and 2-3.3.1.3
may be used to evaluate their effect on fatigue life.
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Table 1-4-1 Abbreviations

Abbreviation

Definition

ABS [Notes (1) and (2)]
CPVC [Note (1)]

DR [Note (2)]

E-CTFE [Note (1)]

EFW

ETFE [Note (1)]

FEP [Note (14

Acrylonitrile-butadiene-styrene
Chlorinated poly(vinyl chloride)
Dimension ratio
Ethylene-chlorotrifluoroethylene
Electrofusion welding
Ethylene-tetrafluoroethylene copolymer

Perfluora(ethylene propylene) copolymer

FFW
FIPT
FPQ
FPS
HDB
HDPE [Notes (1) and (2)]
HDS [Note (|2)]

HFP
L.D.
IDR
JPS
LCL
MAOP
MAOT
MAWP
MDPE [Notgs (1) and (2)]
MOBR
MPR
MRTPS
MSOP

NPR

NPS

0.D.

PA

PB [Note (1]
PE [Note (1
PE-RT

PEX

PFA [Note ([1)]
PP [Note (1
PQR

PQTR

PR [Note (2))]

—_—

—

Flow-fusion welding

Female (internal) iron pipe thread
Fusion Performance Qualification
Fusing Procedure Specification
Hydrostatic design basis stress
High-density polyethylene

Hydrostatic design stress
Hexafluoropropylene

Inside diameter

Ratio of the inside diameter to the wall thi¢kness of pipe
Joining Procedure Specification

Lower confidence limit pressure
Maximum allowable operating\pressure
Maximum allowable operating temperature
Maximum allowable working pressure
Medium-density polyethylene
Minimum operating bend radius
Maximum pressure rating
Multilayered, reinforced thermoplastic piping system
Maximum sustained operating pressure
Nominal pressure rating

Nominal pipe size

Outside diameter

Polyamide

Polybutylene

Polyethylene

Polyethylene of raised temperature
Cross-linked polyethylene
Perfluoroalkoxy alkane

Polypropylene

Procedure Qualification Record
Performance Qualification Test Record

Pressure rating

PTFE [Note {17]
PTFE-M

PVC [Note (1)]
PVC-0

PVDF [Note (1)]
PVDF-C

PVVE

RPM

RTP

RTR

Poly(Tetraliuoroetnylence)

Modified PTFE

Poly(vinyl chloride)

Oriented poly(vinyl chloride)
Poly(vinylidene fluoride)
Poly(vinylidene fluoride) copolymer
Perfluoroalkyl vinyl ether
Reinforced plastic mortar
Reinforced thermosetting plastic

Reinforced thermosetting resin
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Table 1-4-1 Abbreviations (Cont’d)

Abbreviation

Definition

SDR [Note (2)]
SIDR [Note (2)]

Standard dimension ratios

Standard inside diameter dimension ratio

SPIG Spigot end
WPS Welding Procedure Specification
NOTES:

(1) Abbreviation is in accordance with ASTM D1600.
(2) Abbreviation is in accordance with ASTM F412.

Table 1-5-1 Status of Appendices

Appendix Title Status
Mandatory
[ Fusing and Electrofusing of Polyamide-11 Plastic Piping; and Fusing of Polypropylene, Poly(Vinylidene Reqyirements
Fluoride), and Poly(Tetrafluoroethylene) Plastic Liners of Lined Steel Pipe
I Threaded Thermoplastic Connections Reqyirements
10 Acceptance Criteria for Thermoplastic Joints Reqyirements
\4 Stress Intensification Factors and Flexibility Factors Reqyirements
One-Piece Thermoplastic Flanges Reqyirements
Nonmandatory
A Components for Thermoplastic Lap-Joint Flange Connections Guidpnce
B Design Requirements for Buried Piping Guidpnce
C Pressure Surge From Fluid Transient Guidpnce
D Multilayered Reinforced Thermoplastic Piping System(s)‘Operation, Maintenance, and Repair Guidpnce
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Chapter 2
Design

2-1 DESIGN CONDITIONS

2-1.1 Ge

(a) The|piping capacity of many nonmetallic materials
degrades finder load with time. Therefore, the procure-
ment dodquments shall specify a design life for the
piping system.

(b) If the mechanical properties of the nonmetallic
material inder consideration vary or degrade with
time, the mechanical properties used in design shall be
consistent] with the load duration and design life of the
piping system. Therefore, care shall be taken in selecting
the appropriate material properties for a given loading.

NOTE: The
provided irf

eral

physical properties for thermoplastic materials are
ASME NM.3.3.

2-1.2 Pressure, Temperature, and Other Loads
2-1.2.1

(a) Thgse design conditions define the pressuresy
temperatures, and various loads applicable te the
design of thermoplastic piping systems.

(b) Piplng systems shall be designed for the most
severe cohdition of coincident pressurestemperature,
and loadipg, except as herein stated, . The most severe
condition|shall be that which results/in the greatest
required pgipe wall thickness and the highest flange rating.

2-1.2.2 (Pressure. All pressures referred to in this Stan-
dard are ¢xpressed in megapascals (MPa) above atmo-
spheric pressure [MPa.(gauge)] [pounds per square
inch gauge (psig)], unless otherwise stated.

(a) Internal Design‘Pressure. The internal design pres-
sure shall|be no:less than the maximum sustained oper-
ating presgure (MSOP) within the piping system, including
the effectd of static head

General

2-1.2.3 Temperature

(a) Alltemperaturesreferred toin this Standard gre the
average material temperatures of the respective materials
expressed in degrees Celsius (°C) [Fahrenheit (°F)], finless
otherwise stated.

(b) The piping should be designed for a material
temperature representing the maximum sustained fondi-
tion of coincident temperature and pressure thgt will
result in the greatest wall\thickness. The design temipera-
ture shall be assumed to'be the same as the fluid tenppera-
ture unless calculations or tests support the use of|other
data, in which caSe the design temperature shall not e less
than the average of the fluid temperature and the optside
wall temperature.

(c) Where a fluid passes through heat exchangers in
serigs,\the design temperature of the piping ir] each
section of the system shall conform to the most Jevere
temperature condition expected to be produced by the
heat exchangers in that section of the system.

(d) For outdoor exposed pipe subjected to
thermal heating, the evaluation of such heating ¢
shall be considered.

(e) Minimum material temperatures shall consider the
minimum fluid temperature or minimum one-day meteor-
ological conditions for the site.

(1) The pipe material shall not be used at a temipera-
ture below the manufacturer’s minimum temperature
limit.

(2) See ASME NM.3.3, as available, for maximum
design temperature of the various materials. If the[mate-
rial is not listed in ASME NM.3.3, the user should cpntact
the material manufacturer to determine the maximum
temperature limit.

solar
ffects

2-1.2.4 Ambient Influences

(b) External Design Pressure. Piping subject to external
pressure shall be designed for the maximum differential
pressure anticipated during operating, shutdown, or test
conditions.

(c) Pressure Cycling. This Standard does not explicitly
address the contribution of fatigue caused by pressure
cycling. Special consideration may be necessary where
piping systems are subjected to pressure cycling.

10

(u] Luut’iuy Eﬁ[m.m o Pressure—Where threcootir g ofa
fluid can reduce the pressure in the piping to below atmo-
spheric, the piping shall be designed to withstand the
external pressure, or provision shall be made to break
the vacuum.

(b) Fluid Expansion Effects. Where the expansion of a
fluid can increase the pressure, the piping system shall be
designed to withstand the increased pressure, or provi-
sion shall be made to relieve the excess pressure.

(20)
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2-1.2.5 Dynamic Effects

(a) Impact. Impact forces caused by all external and
internal conditions shall be considered in the piping
design. One form of internal impact force is due to the
propagation of pressure waves produced by sudden
changes in fluid momentum. This phenomenon is often
called water hammer or steam hammer and can be
caused by the rapid opening or closing of a valve in
the piping system. The pipe wall thickness determination

(d) Buried Piping System Load. For buried piping appli-
cation, additional design loads (backfill, soil cover and
burial depth, soil type, compaction, and surcharge
loads) shall be considered (see para. 2-3.3.2).

2-1.2.7 Thermal Expansion and Contraction Loads.
The design of thermoplastic piping systems shall take
account of the forces and moments resulting from
thermal expansion and contraction, and from the
effects of expansion joints. Thermal expansion and

shall {nclude consideration of these pressure increases.
Nonmjandatory Appendix C provides guidance on the
desigh for pressure surges. The designer should be
awarg that propagation of pressure waves is only one
example of impact loading and that other causes exist.
(b)| Wind. Exposed piping shall be designed to with-
stand| wind loadings. The analysis considerations and
loads may be as described in ASCE/SEI 7, or authoritative
local meteorological data may be used to define or refine
the d¢sign wind forces. Where local jurisdictional rules
cover]ng the design of building structures are in effect
and specify wind loadings for piping, these values shall
be cohsidered the minimum design values. Wind and
earthquake loads may be considered as not acting concur-
rentlyl
(©)
quakd

Earthquake (Seismic) Loads. The effect of earth-
s shall be considered in the design of piping,
piping supports, and restraints. The earthquake loads
may He as defined in ASCE/SEI 7, or authoritative local
seismplogical data may be used to define or refine the
desigh earthquake forces and building displacement
effect$ as applicable to the seismic design requirements
ofthellocal building codes. Where local jurisdictional rules
covering the design of building structures are-in effectand
specify earthquake (seismic) loadings ‘for piping, these
values$ shall be considered the minimum design values.
EartHquake (seismic) inertial effects and anchor
motidn effects shall be considered where required by
local puilding codes. Earthquake and wind loads may
be considered as not acting/ concurrently.
(d)|Vibration. The-designer shall consider vibration
when/determining the'arrangement and support of piping.
2-1{2.6 Weight Effects. The following weight effects
coml’)Ined with"loads and forces from other causes

shall |be taken into account in the design of piping.
When sustained loads on the pipe are evaluated, the

contraction shall be provided for, preférably by
elbows, offsets, or changes in direction of the pipeline.
Hangers and supports shall permit expansion anjd contrac-
tion of the piping between anchors. Expdansion|joints and
flexibility devices may be used if approved by the owner.

2-1.2.8 Building Settlement-Effects. Building settle-
ment displacements shallbé considered to afcount for
the fact that further settlement of buildings may occur
following initial construction. If the actual 4mount of
building settlement is‘unknown, then the total|calculated
vertical displacements shall be used.

2-2 DESIGN CRITERIA
2-2.X General

These criteria cover pressure-temperature
standard and specially designed components,|allowable
stresses, stress limits, and various allowarnces to be
used in the design of piping and piping comppnents.

ratings for

2-2.2 Pressure-Temperature Ratings forn
Components

Piping

2-2.2.1 Components Having Specific Ratings

(a) Pressure-temperature ratings for certpin piping
components have been established and are |contained
in some of the specifications listed in Table 4-2.1-1.
Where piping components have established |pressure-
temperature limits permitted by this Starldard, the
pressure-temperature ratings between those ¢gstablished
limits and the upper material temperature limjits may be
determined in accordance with the requirements of this
Standard, but such extensions are subject to restrictions, if
any, imposed by the standards listed in Tabld 4-2.1-1.

(b) Standard components may not be used at condi-

tions of pressure and temperature that ekceed the

sum of the dead loads and live loads shall always be
considered together.

(a) Live Load. The live load shall consist of the weight of
the fluid transported. Snow and ice loads shall be consid-
ered in localities where such conditions exist.

(b) Dead Load. The dead load shall consist of the weight
ofthe piping components, insulation, protective lining and
coating, and other superimposed permanent loads.

(c) TestorCleaning Fluid Load. The test or cleaning fluid
load shall consist of the weight of the test or cleaning fluid.
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limits imposed by this Standard.

2-2.2.2 Components Not Having Specific Ratings

(a) Unless limited elsewhere in this Standard, piping
components that do not have specific pressure-tempera-
ture ratings shall be rated for the same allowable pres-
sures as the thermoplastic pipe, as determined in
paras. 2-3.1 and 2-3.2 for material having the same allow-
able stress.
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(b) Piping components for which allowable stresses
have been developed in accordance with para. 2-2.3,
but that do not have established pressure ratings, shall
be rated by requirements for pressure design in para.
2-3.2, modified as applicable by other provisions of
this Standard.

(c) Methods of manufacture or design of components
not covered by this Standard or not listed in referenced
standards shall comply with the requirements of
paras. 2-3.1 and 2-3 2 and other npp]ir‘ah]p requirements

2-2.2.5 Ratings at Transitions. Where two piping
systems operating at different design conditions are
connected, a division valve shall be provided having a
pressure-temperature rating equal to or exceeding the
more severe conditions.

2-2.3 Allowable Stress Values and Other Stress
Limits for Piping Components

2-2.3.1 Allowable Stress Values. Allowable stress

of this Stalndard for design conditions involved.

(d) Where components other than those discussed in
(a) through (c), such as pipe or fittings not assigned pres-
sure-temperature ratings in an American National Stan-
dard, ard used, the manufacturer’s recommended
pressure-tfemperature ratings shall not be exceeded.

2-2.2.3
shall be c

Ratings: Normal Operation. A piping system
bnsidered safe for operation if the maximum
sustained operating pressure and temperature that
may act dn any part or component of the system do
not excegd the maximum pressure and temperature
allowed by this Standard for that particular component.
The desigi pressure and temperature shall not exceed the
pressure-femperature rating for the particular compo-
nentand njaterial as defined in the applicable specification
listed in Tjable 4-2.1-1.

2-2.2.
Normal O

(a) Thel maximum internal pressure and temperature
allowed shall include considerations for occasional loads
and transients of pressure and temperature. Sin€e varia-
tions in pressure and temperature inevitably-occur, the
piping system, except as limited by component standards
referred tq in para. 2-2.2.1 or by manufacturers of compo-
nents refefred to in para. 2-2.2.2, shall'\be considered safe
for occasional short operating périods at higher than
design priessure or temperature: For such variation,

Ratings: Allowance for Variation From
eration

values for thermoplastic pipe materials are based on
time duration and temperature and are provided in
ASME NM.3.3. The basis for the allowable.styess [limits
is also given in ASME NM.3.3.

2-2.3.2 Service Factors for Different Applications.
The allowable stress values listed;ih ASME NM.3.3 for
each material are based on gene¥ralindustrial applicptions
that use water as a working fltiid. Other service factqrs are
provided for other fluids.,Where certain industrigs are
governed by federal 6r local regulations that rgquire
the use of lower valves for the design factorq than
those used in ASME NM.3.3, the allowable stress yalues
from ASME NM.373 shall be multiplied by the rdtio of

the required.service factor over the service factor used
in ASME NM.3.3, as follows:
service factorgeif
pecific s
Sspeciﬁc = SNM.3.3 2-2-1)

design factoer\/L&3

where

design factorym.3 3z = the service factor used in development of the
ASME NM.3.3 S values

Snmzz = S value given in ASME NM.3.3, MPa [psi)

Sspecific = S value to be used in design, MPa (pisi)
service factorg,ecisic = the service factor to be used in design
This requirement applies only to the S values, not|to the
S4values, where S, is the secondary stress allowablejrange

either prdssure or temperdture, or both, may exceed  as found in NM.3.3, Table 1-1-3:

the desigr values, providéd the computed stress (hoop S = Sspeciﬁc(EF) 2-2-2)

or axial) |does not eXceed the maximum allowable

stress froth ASME NM:3:3 for the coincident temperature where

for the trgnsient €gnditions by EF = environmental derating factor based on [fluid-
(1) 1p% ifthe event duration occurs for no more than material interaction effects; EF < 1.0

8 h at any] one'time and not more than 800 h/yr
(2) 20%1f The event duratton occurs for not more 2-2.3.3 Limits for Sustained and Displacement

than 1 h at any one time and not more than 80 h/yr

(b) The safe pressure-temperature ratings can be
impacted by specific chemical fluid services (i.e., applica-
tions that use fluids other than water). Designers shall
consult manufacturers or review previous successful
service applications to determine the impact of chemical
service on the pressure-temperature rating. See
para. 2-2.3.2 for service factor considerations for different
applications.
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Stresses

(a) Sustained Stresses

(1) Internal Pressure Stress. The calculated stress due
to internal pressure shall not exceed the allowable stress
values given in the Allowable Stress Tables in ASME
NM.3.3 at the maximum operating temperature. This
criterion is satisfied when the wall thickness of the
piping component, including any reinforcement, meets
the requirements of paras. 2-3.2.1 through 2-3.2.7,


https://asmenormdoc.com/api2/?name=ASME NM.1 2020.pdf

ASME NM.1-2020

excluding para. 2-3.2.1.2 but including the consideration
of allowances permitted by paras. 2-2.2.4 and 2-2.4.

(2) External Pressure Stress. Piping subject to
external pressure shall be considered safe when the
wall thickness and means of stiffening meet the require-
ments of para. 2-3.2.1.2.

(3) Longitudinal Pressure Stress. For straight pipe,
the sum of the longitudinal stresses, S;, due to pressure,
weight, and other sustained loads shall not exceed the
basic

ATg = maximum temperature change
experienced by the pipe, °C (°F)

The maximum number of permitted equivalent full-
range temperature cycles, N, shall be 100 000.

(2) Materials Other Than HDPE. The total number of
thermal cycles shall be the sum of the cycles of each
temperature change, ATy, ATy, AT, ..., ATy:

N=Ng+N+Ny+...+N, (2-2-6)

material allowable stress S _in the hot condition
Where the material has different properties in the
axial gnd hoop directions, the allowable stress, S, shall
be thdt applicable to the axial direction. The longitudinal
pressuire stress, Sy, for pipe joined to transmit axial pres-
sure thrust loads may be determined by eq. (2-2-3) or eq.
(2-2-4):
_PD

= (2-2-3)
LTS
2
5y = —22 (2-2-4)
P D2 _ d2
wherd
D ¥ outside diameter, mm (in.)
d ¥ inside diameter, mm (in.)
P % internal pressure, MPa (psig)
t, ¥ nominal thickness, mm (in.)

(#) Combined Longitudinal Stress. The sum of the-lon-
gitudinal stresses produced by external pressure, live
loads,| dead loads, and other sustained loads,shall meet
the rgquirements of para. 2-3.3.1.1.

(b) | Displacement Limited Stress Range: The calculated
referdnce displacement stress range, per para. 2-3.3.1.3,
shall not exceed the allowable stress'range, Sy, as given in
ASME[NM.3.3 based on the fatigue properties for the given
mateifial at the given temperature. S, shall be selected
based on the total number of temperature cycles or
the number of equivalent reference displacement
stress| range cycle$, N, as determined below:

(I) HDPE

.0 .0
ALY ALY
= I\TE+N1TTE +1\]27

2-2.3.4 Limits of Calculated Stresses Dul to Occa-
sional Loads

(a) During Operation. The sumpof the lopgitudinal
stresses produced by internal pressure, live[and dead
loads, other sustained loads, and* occasional loads shall
meet the requirements of para: 2-3.3.1.2.

(b) During Test. During pressure tests penfformed in
accordance with seetjon 6-3, the circunjferential
(hoop) stress shall not exceed 150% of the|allowable
stress value given in ASME NM.3.3 at test tethperature.
In addition, the’sum of longitudinal stresses due to test
pressure,dive’and dead loads, and sustainefl loads at
the time. of test, excluding occasional loads]| shall not
exceed)120% of the allowable stress valu¢ given in
ASME NM.3.3 at test temperature.

If any piping system or portion thereof is sybjected to
pressure or stress levels beyond these limits furing the
pressure testing, it shall be removed and replaced.

2-2.4 Design Allowances

2-2.4.1 Corrosion or Erosion. When corfrosion or
erosion is expected to occur, an increase in wal| thickness
of the piping shall be provided over that requirgd by other
design requirements. This allowance, in the judgment of
the designer, shall be consistent with the expefted life of
the piping.

uired for
nce with

2-2.4.2 Threading. The allowances reg
threading shall be determined in accordj
Mandatory Appendix II.

2-2.4.3 Mechanical Strength. Where enhajcement of
mechanical strength is necessary to prevent damage,
collapse, excessive sag, or buckling of pipe dug¢ to super-
should be
excessive

N + ... imposed loads, the wall thickness of the pipe
ATg (2-2-5) increased. If this is impractical or would cause
AT VY local stresses, then the superimposed loads shall be
+ Nn(A T;) reduced or eliminated by other design methods.
2-2.4.4 Material Quality Factors. Factors for the
where quality of material made to various manufacturing
Ny, Ny, .., N, = numberof cycles atletter tempera-  methods shall be reflected in the allowable design stress.
tures changes, ATy, AT, ..., AT,
Ng = number of cycles at maximum
temperature change ATg
AT,, AT,, .., AT, = the lower temperature changes

experienced by the pipe, °C (°F)
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2-3 PRESSURE DESIGN OF PIPING COMPONENTS

2-3.1 Criteria for Pressure Design of Piping
Components

The design of piping components shall consider the
effects of pressure and temperature, in accordance
with paras. 2-3.2.1 through 2-3.2.7, including the consid-
eration of variations and allowances permitted by paras.
2-2.2.4 and 2-2.4. In addition, the mechanical strength of

where
t = minimum wall thickness from the standard to
which the pipe was made, accounting for manufac-
turing tolerances, or the minimum measured wall
thickness, mm (in.)

2-3.2.1.2 Straight Pipe Under External Pressure. See
Nonmandatory Appendix B for recommended require-
ments for external pressure design of buried piping

the piping|system shall be determined adequate in accor-
dance with para. 2-3.3 under other applicable loadings,
including, put notlimited to, those loadings and conditions
defined in| sections 2-1 and 2-2.

2-3.2 Pressure Design of Components
2-3.2.1 |Straight Pipe
2-3.2]1.1 Straight Pipe Under Internal Pressure

(a) Thg minimum required wall thickness, t,;,, of
straight pipe sections for pressure design shall be deter-

mined by [the following:
(1) Fpr 0.D.-controlled pipe
p
toin = _PpD (2-3-1)
28 + Pp
(2) Fpr LD.-controlled pipe
Ppd + 2SA + P
ton = 2 + + PpA (2-3-2)
28 — Pp
where
A = anallowance to be determined by the designer for

tHreading, grooving, erosion, or other wall loss
mlechanisms, mm (in.)

D = specified or actual outside diameter, mm (in.)
d = specified or actual inside diatneter, mm (in.)
Pp = dé¢sign pressure, MPa (psig)
S = mlaximum allowable stress from ASME NM.3.3,
Table 1-1-1, MPa (psi)
Wher] the pipe isSubjected to scratches, dents, or
other damage during-eonstruction, the remaining pipe

wall thickness shiall be greater than or equal to tyin
plus any grosjencer other required allowance.

(b) Thelmaximum allowable working pressure, P, shall
be deter

H 4 £a11
TICtasSTOTToO VY S

cycfnmc

2-3.2.1.3 Allowable Pressure Due to Prelssure
Spikes. For straight pipe made of HDPE,\the siim of
the maximum anticipated operating pyessure plyis the
maximum anticipated occasional pressure spikeg shall
be not greater than 1.5Pp. The maximum permitted| dura-
tion of the pressure spike is 15 min, and the total dufation
of the pressure spikes shall beNess than 20 h/yr.

2-3.2.2 Joints or Fittings:-This paragraph provides the
designrequirements and limitations for joints or fittings in
thermoplastic piping systems.
(a) General Requirements for All Thermoplasticy
(1) See Chapter 5 for allowable joining methqgds for
each type ofilisted thermoplastic.
(2) The'piping components permitted in sectipn 2-3
shall bedesigned to withstand a pressure greater than or
equakto the design pressure of the attached pipe
(3) See Mandatory Appendix II for requirements on
threaded thermoplastic connections.
(4) See Mandatory Appendix III for acceptance
criteria for thermoplastic joints.
(5) See Mandatory Appendix V and Nonmandatory
Appendix A for requirements and information on thermo-
plastic flanges and flange connections.
(b) Requirements Specific to HDPE. Pipe fittings,
including electrofusion fittings, shall be designed tq with-
stand a pressure greater than or equal to the design pres-
sure, Pp, of the attached HDPE pipe.
(1) The pressure rating (PR) of the fitting shall be
determined by testing or by the following calculation:

PR = GSR{ 2
DR

1) Z PD ("3'53)

where GSR is the geometric shape rating factqr per
Table 2-3.2.2-1 and DR is the dimensional ratio (D/t).

(1) For 0.D.-controlled pipe

_2st=4) (2-3-3)

@ D-(t-A)

(2) For 1.D.-controlled pipe
25(t — A) _28(t— A) (2-3-4)

ST U (—A)+2 drA+t
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(2) For components of different DRs, the item with
the smaller DR shall be counterbored and tapered to equal
the wall thickness of the item with the larger DR, or its
outside diameter shall be machined and tapered to equal
the wall thickness of the item with the larger DR and shall
comply with Figure 2-3.2.2-1, illustration (a) or illustra-
tion (b), as applicable. This requirement shall be identified
on the design and fabrication drawings.
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Table 2-3.2.2-1 Geometric Shape Rating (GSR) for
HDPE Fittings

Fitting Description

GSR [Note (1)]

(b) Materials Other Than HDPE. Molded intersections
may be used. Fabricated intersections may be used if
their use is backed by test data.

Straight pipe 1.0 2-3.2.4 Design of Mitered Elbows. For mitered elbows
Molded flange adapters 1.0 made of HDPE, the following requirements apply:
Machined flange adapters 1.0 (a) The design pressure rating of the mitered elbow,
Molded fittings 1.0 P,,, shall be calculated as the lesser of egs. (2-3-6) and
Concentric conical monolithic reducer 1.0 (2-3-7) (see Figure 2-3.2.2-1) or as determined by
(machined or molded) [Note (2)] testing per para. 2-3.2.2(b)(1):
Thrust|collar (machined or molded) 1.0 St ¢
p = elbow elbow (2-3-6)
=
r t + 0.622 tan 6./t 7
Fabricdted tee equal outlet (two DR less 0.65 2 elbow o2
than|pipe) DR 5 to DR 9
Miterefl elbows [Note (3)] (one to five 0.80 or
segnjents) DR 5.6 to DR 9 b Stelbow [ RIS 2-3.7)
Mitere§l elbows [Notes (1) and (3)] 0.75 m = R{+ 0.5
(one|to five segments) DR 9.5 to n2 1 ="
DR 13.5 (segments <22.5-deg
diredtional changes per fusion) where P,, shall be greatéer than or equal to Pj and
NOTES R; = centerline'radius of mitered elbow} mm (in.);
(1) Algernatively, the GSR factor may be determined by dividing the seg .Figure 2-3.2.2-1, illustrations (fa) and (b)
pressure rating determined by calculation or testing by the pres- r, = radius of curvature at the end offa tapered
sufe rating of the pipe used to make the fitting. transition joint, mm (in.)
(2) Pressure ratings for concentric conical monolithic reducers shall telbow = Minimum (mitered segment) wall| thickness
be|based on the minimum dimensional ratio (DR). In a reducer, for fabricated elbows, mm (in.)
the¢ wall thickness will vary from the greatest diameter to the

snfallest diameter. Since the DR is the ratio of the diameter to
the minimum wall thickness, the pressure rating of the
reqlucer shall be based on the section of the reducer with the
highest DR (lowest pressure rating).

Pressure ratings for all mitered fittings shall be determined@sing
eq| (2-3-5a) with an appropriate GSR factor. The equation has
values suitable for HDPE mitered elbows. Alternatively, the
mgnufacturer’s pressure ratings may be ugéednif they are
bagked by test data.

(3

(c) |[Materials Other Than HDPE. Tables 2-3.2.2-2 and
2-3.2|2-3 list the design factors (DF) and pressure
ratings (PR), respectively, for non-HDPE thermoplastic
molddd fittings made jn'€¢@mpliance with referenced speci-
ficatipns. Alternatively, the manufacturer’s pressure
rating may be usedifit is backed by test data. The pressure
rating for othetthermoplastic piping components shall be
determinedsby" testing or by the following calculation:

PR = m:( 28 \ > P (2-3-5b)

(b) Alternatively, the pressure rating for HDIPE mitered
fittings may be determined by testing as provid¢d in ASME
SF-2206.

(c) The maximum DR permitted for HDPE mitered
elbow segments shall be determined by thq pressure
rating.

(d) The minimum fabricated wall thickngss of the
monolithic reinforced sections of the mitefed elbow
shall be >1.25t,,;, of the attached straight pipe| The addi-
tional monolithic wall thickness shall be prpvided by
enlarging the pipe 0.D. while maintaining thle pipeline
I.D., or by reducing the pipe I.D. while maintpining the
pipeline O.D.

NOTE: If a mitered fitting design has been tested as|required in
ASME SF-2206, a wall thickness >1.25¢,,;, may not lpe required,
provided the owner approves the thickness and it hals been veri-
fied by test data.

(e) The fabricated tolerance of the fitting angular direc-
tion shall be +3 deg. Mitered joints of 3 deg or |ess (angle
& gn consid-

inFicure 2-3 2 4-1) shall not reguire redes
b 5 7 T

\D/t—1) " 7

2-3.2.3 Intersections

(a) HDPE. Fabricated intersections and molded tees as
provided in para. 2-3.2.2 may be used. For electrofusion
saddle fittings, the ratio of 0.D.pranch/0.D.run shall be less
than 0.6 per Mandatory Appendix IV, Table IV-1.
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Tl

eration as mitered elbows.

(f) HDPE mitered elbows shall comply with the
following requirements, except the wall thickness shall
be determined as outlined in (c):

(1) Theangle 8in Mandatory Appendix [V, Table V-1
shall not be more than 22.5 deg.

(2) The centerline distance shall be in accordance
with Mandatory Appendix IV, Table IV-1.

(3) The segments of the n miter bends shall be joined
by butt-fusion joints.
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Figure 2-3.2.2-1 Nomenclature for 90-deg Mitered Elbows

(a) Constant O.D., Five-Segment, Reinforced
Mitered Elbow [Note (1)]

4/’
(7

% ry / (B

N X . \\ [

/ < \ ||

“eltz 91 / - AN \"

: ' —_— /O‘eu) \\‘\ \[
elbow | ’;__'i_ Al Je ::,‘*

(b) Constant I.D., Five-Segment, Reinforced

Mitered Elbow [Note (2)]

DTE: e, = 22.5 deg max.; 0 = angle of miter cut, deg. See para. 2-3.2.4 for definitions of other terms.

ign has a reduced L.D. A thicker wall pipe shall be used for reinforcement:

(2) This degign has approximately the same I.D. as the pipe connecting to this fitting. Attoversize pipe shall be used for the fabricated se

Table 2-3.2.2-2 Design Factor (DF)

ments.

Fitting Description DF Reference Specification

PVC Schedyle 40

Straight pipe 1.0 ASME SD-1785

Molded fjttings, solvent weld 0.6 ASME SD-2466

Molded fjttings, threaded (threads are actually Sch. 80) 0.5 ASME SD-2464, ASME SD-2467
PVC Schedyle 80

Straight pipe 1.0 ASME SD-1785

Molded fjttings, solvent weld 0.6 ASME SD-2467

Molded fjttings, threaded 0.5 ASME SD-2464, ASME SD-2467
CPVC Schedqule 40

Straight pipe 1.0 ASME SF-441

Molded fjttings, selvent weld 0.6 ASME SF-438
CPVC Schedqule,80

Straight pipe 0 ASME-SF-441

Molded fittings, solvent weld 0.6 ASME SF-439

Molded fittings, threaded 0.5 ASME SF-437
ABS Pressure Piping Components

Straight pipe 1.0 ASTM F2806, ASTM F2969

Molded fittings, solvent weld 0.6 ASTM D2235

Molded fittings, threaded 0.5 ASTM F1498

16
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Table 2-3.2.2-3 Pressure Rating (PR) at 23°C (73°F)
Fitting Description PR, MPa (psi) Reference Specification

PVC Schedule 40

Molded unions 1.034 (150) ASME SF-1970

Molded wyes 1.034 (150) ASME SF-1970
PVC Schedule 80

Molded flange adapters 1.034 (150) ASME SF-1970

Molded unions 1034 (150) ASME SF-1970

Molded wyes 1.034 (150) ASME SF-1970
CPVC Bchedule 40

Molded unions 1.034 (150) ASME SF-1970

Molded wyes 1.034 (150) ASME SF-1970
CPVC Schedule 80

Molded flange adapters 1.034 (150) ASME SF-1970

Molded unions 1.034 (150) ASME SF-1970

Molded wyes 1.034 (150) ASME SF-1970
ABS Ppessure Piping Components

Molded flange adapters 1.034 (150) ASTM D2235
GENERAL NOTE: An appropriate derating factor shall be applied for higher;temperature applications or services.

2-3|2.5 Attachments 2-3.3 Analysis of Piping Components

(a) | External and internal attachments to piping shallbe (a) To validate a design under the rules in|this para-
desigied so as not to cause flattening of the pipe, excessive graph, the complete piping system shall be [evaluated
localized bending stresses, or harmful thermal @radients between anchors for the effects of thermal ¢xpansion,
in the pipe wall. weight, other sustained loads, and other occasipnal loads.

(b) [Such attachments shall be designed to minimize (b) Each component in the system shall meef the limits
stresp concentrations in applications where the in this paragraph. Equations (2-3-8) and (2-3-9) may not
number of stress cycles, due te‘either pressure or apply for bellows and expansion joints.
thermlal effects, is relatively high-for the expected life (c) When evaluating piping stresses in the |vicinity of
of the equipment. expansion joints, consideration shall be given to actual

cross-sectional areas that exist at the expansipn joint.
2-3|2.6 Closures . P )
2-3.3.1 Aboveground Pipe

(a)|General. Closurés-shall be made by use of closure . .

fittinds, such asthréaded or bonded plugs and caps, 2-3.3.1.1 Stress Due to Sustained Loads. [Longitudi-

manuffactured’in-accordance with standards listed in

Table
tempe

4-2.1=1"and used within the specified pressure-
rature ratings.
Openings in Closures

(b)

nal stresses, S;, in the pipe caused by applied pr
bending loads in thermoplastic pipe sh{
eq. (2-3-8):

pssure and
11 satisfy

(1) A closure with a threaded or socketed opening
shall be designed as a reducer or reducer bushing.

(2) Secondary drill and tap of a threaded or bonded
plug or cap is not permitted.

2-3.2.7 Pressure Design of Flanges and Blanks

(a)

Flanges — General. See Mandatory Appendix V and

Nonmandatory Appendix A.

(b)

Blind Flanges. Blind flanges shall be made of mate-

rials per ASME B16.5.

17

My
SL = Slp <+ 0.7517 < 1.08

where
i=
Appendix V)
M, = resultant bending moment due to the
applied sustained load

(2-3-8)

stress intensification factor (see Mandatory

applicable

(20)
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Figure 2-3.2.4-1 Tapered Transition Joint

b
- ¢ —
ry /r1’ ;
¢
T — Componentof — . —— . —— . — — Componentof — %4 . — Pipe
lower DR higher DR centerli
p
ry \ ry i
< ¢ —>
b

(a) Constant I.D. With Reinforcement on O.D.

ne

18


https://asmenormdoc.com/api2/?name=ASME NM.1 2020.pdf

ASME NM.1-2020

Figure 2-3.2.4-1 Tapered Transition Joint (Cont’d)
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S = basic allowable stress, MPa (psi), given in ASME
NM.3.3 for long-term load duration at the design
temperature

Sjp = longitudinal pressure stress, MPa (psi), for the
axially coupled pipe [see para. 2-2.3.3(a)(3)]

Z = section modulus (see para. 2-3.3.3)

2-3.3.1.2 Stress Due to Occasional Loads

(a) Longitudinal stresses, S;, in the pipe caused by

where

= range of resultant cyclic secondary moment load
on the cross section, if any

allowable fatigue stress, MPa (psi), from ASME
NM.3.3 at the given temperature and for the
given number of equivalent cycles as determined
in para. 2-2.3.3(b)

SA=

2-3.3.1.4 Stress Due to Nonrepeated Secondary
L oads

applied pressure and occasional bending Ioads in thermo-
plastic pige shall satisfy eq. (2-3-9):

SLE S (2-3-9)

My Mg
Ip + 0.75i— + 0.75i— < kS
Zz z

where

1
Uy

0 for design loads and any loads occurring more
than 8 h at any one time and more than 800 h/yr
1 if the event duration occurs for no more than
h at any one time and not more than 800 h/yr
2 ifthe event duration occurs for not more than
h at any one time and not more than 80 h/yr. In
the case of multiple possible k values, the limiting
k| value shall apply.

r

1

Il
= o

Mp bsultant bending moment due to occasional

ads

(b) If the load duration basis for the sustained loads

differs frpm that for the occasional loads, then the
Miner’s ryle summation shall be used:
M M
(slp n 0.751‘7A) (0.751'73)
— |+ .| — |+ K
(LT) 5(B)
(2-3-10)

shall
eated

(a) Noncyclic secondary longitudinal loads
include, but are not limited to, the effects of\nonref
anchor motions and ground settlement.

(b) The bending stresses in the thermoplasti¢ pipe
caused by applied noncyclic secondary axial and longitu-
dinal loads shall meet eq. (2-3:12):

Mp < o (1-3-12)
V4
where

Mp = noncyclic’secondary resultant moment Ig

on theycross section

ading

2-3.3.2. Buried Pipe

(a)The design loads for buried piping systemg shall
include, but are not limited to, soil loads, wheel Jloads,
ether surcharge loads, external pressure loads, negative
pressure loads, groundwater pressure, flotation [loads,
frost heave, soil settlement, and earthquake loads, ps ap-
plicable.

(b) An acceptable method for the design of burief pipe
is provided in Nonmandatory Appendix B.

2-3.3.3 Determination of Section Modulus

(a) For intersections, the section modulus uged to
determine stresses shall be the effective section modulus.

where (1) For the run pipe
S¢g) = (S value, MPa (psi), from ASME NM.3.3 at the 4 a4
. . (D, h dh)
duration of the-¢¢casional load, My —_—ot n’ (2-3-13)
S = |S value, MPa~(psi), from ASME NM.3.3 at the 32D,
duration ef‘the sustained load, M,
where
2-3.3]1.3 Stress Due to Displacement and Thermal dp = inside diameter of header, mm (in.)
Expansion| Load’Ranges D,n, = outside diameter of header, mm (in.)
(a) Cyclic secondary longitudinal loads shall include, (2) For the branch pipe
but are not limited to, the effects of thermal expansion, 4 4
seismic anchor motions [if not included in eq. (2-3-9)], _ n(Dob B db) (2-3-14)

and vibrations.

(b) The bending stresses in the thermoplastic pipe
caused by applied cyclic secondary loads shall satisfy
eq. (2-3-11):

Ze <, (2-3-11)

z

20

32Dy,

where
d, = inside diameter of the branch pipe, mm (in.)
D,, = outside diameter of the branch pipe, mm (in.)
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(b) Forcomponentsand joints otherthanintersections,
the section modulus used to determine stresses shall be

the classic section modulus:
21

zZ=—
D

2-4 OTHER DESIGN CONSIDERATIONS

(2-3-15)

2-4.1 Design of Pipe Support Elements

(c) Anchors should be carefully placed so as not to
excessively decrease the piping system’s flexibility or
ability to absorb expansion movement due to temperature
variation.

2-4.1.3 Guides

(a) Guides that are used to control movement of pipe
caused by thermal expansion and contraction or vibra-
tions shall not excessively restrict movement in the

Piple support elements (e.g., anchors, guides, and
suppdrts) shall be selected and applied to comply with
the ptinciples and requirements of this section.

2-4/1.1 General

(a)| Thermoplastic piping shall be supported, guided,
and apchored in such a manner as to prevent damage
to the piping.

(b) |Point loads and narrow areas of contact between
piping and supports shall be avoided.

(c) |Pipe support elements shall be designed to avoid
pinpdint stresses, since thermoplastic piping is less
rigid than metallic pipes.

(d)| Local stresses at points of support, including
clamping forces, shall be considered.

(e) |Padding placed between piping and supports where
damage to piping can occur shall be compatible for direct
conta¢t with the piping material.

(f) Where pipe support elements contact the pipe, the
load shall be distributed over the pipe using sleeves,
wrapy, etc. U-bolts should not be used.

(g) | Due to the high thermal expansion and contraction
propdrties of thermoplastic materials, thermioplastic
piping can move considerably more than metallic pipes.
(I) These movements shall not_be, restricted in a
mannpr that will cause excessive pipe stresses.

(£) Anchors and guides may be used to direct the
pipe [to expand and contractyinto portions of the
systern that are designed td_absorb them.

(h) |Valves and equipment that would transmit exces-
sive lgads to the pipingshall be independently supported
to prgvent such loads:

(i) |Considerations shall be given to mechanical
guarding in traffic areas.

(j) Manufacturer’s recommendations for support shall
be considered.

UIIT Cbtl dillCd dll CLtiUll.

(b) Metal guides, if used, shall be lined,with suitable
materials (wear resistant and/or flexible) o prevent
damage to the pipe surface.

2-4.1.4 Supports

(a) Supports shall be spaced to limit excess
deformation at the design\témperature and
design life of the piping-system.

(b) When determifiing pipe support reqy
consider the following:

(1) the effects of decreases in the modulus of elas-
ticity with-increasing temperature
(2)~creep effects of the pipe material with time

(c).. The thermal expansion of the piping syst¢m shall be
considered in the design and location of supgorts.

(d) Where axial restraint is required, posifive stops,
such as shear collars, shall be provided as axial restraint.
Frictional forces from clamping pressure shall not be
considered an anchor mechanism unless specifically rec-
ommended by the manufacturer.

ive sag or
within the

irements,

2-4.1.5 Thrust Collars for HDPE

(a) The shear stress in the thrust collar due
primary loads shall satisfy eq. (2-4-1):

to applied

F.
7= — <08S, (2-4-1)
A

S

where
Ag = shear area of the thrust collar at the i
the surface of the pipe, mm? (in.?)

hterface at

F; = axial force due to the maximum of simultaneously
occurring applied loads, N (Ib)
T; = shear stress in the interface of the thfust collar

and the pipe due to the applied prin
MPa (psi)

ary loads,

2-4.1.2 Anchors

(a) Athermoplastic piping system shall have sufficient
pipe anchors or restraints to ensure that the system can
withstand the effects of fluid transients caused by the
closure or opening of quick-acting valves.

(b) Valves should normally be anchored to absorb the
handwheel or operator loads required to operate the
valves.

21

(b) 1f other bonded or welded attachments to pipe are
used, the design shall consider pipe wall bending stresses
due to eccentricity of the loads from the restraint points on
the pipe, in addition to shear stresses.


https://asmenormdoc.com/api2/?name=ASME NM.1 2020.pdf

ASME NM.1-2020

2-4.2 Moduli of Elasticity

(a) The moduli of elasticity to be used in the analysis of
any given loading condition shall be taken from ASME
NM.3.3 for the appropriate material, temperature, and,
where appropriate, load duration.

(b) The mechanical properties of some materials vary
depending on the duration of the applied load. This load-
based variation shall be considered in the design to ensure
that the mechanical properties of the chosen material for a

given analysis are consistent with the anticipated load
duration.

(1) For HDPE piping, the modulus used for thermal
expansion analysis shall be selected to be consistent with
the duration of the application of the thermal expansion
load.

(2) For seismic loads on HDPE piping, the moduli of
elasticity from ASME NM.3.3 based on half-hour durations
shall be increased by 25% (see ASME PVP2012-78777).

22
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Chapter 3
Materials

3-1 GENERAL

Chdpter 3 contains limitations and required qualifica-
tions for thermoplastic materials based on their proper-
ties. Use of these materials in piping systems is also subject
to requirements and limitations in other parts of this Stan-
dard.

3-2 MATERIALS AND SPECIFICATIONS
3-2.1| Listed Materials

Materials meeting the following requirements shall be
considered listed and acceptable material:
(a) |thermoplastic materials listed in ASME NM.3.3
(b) |thermoplastic materials not listed in ASME NM.3.3
but ngt specifically prohibited by this Standard, provided
they datisfy one of the following requirements:
() Thematerials are referenced in other parts of this
Standprd and shall be used only within the scope of and_ it
the pfoduct form permitted by the referencing text:
(£) The materials shall comply with the require-
mentg of ASME NM.3.3, Mandatory Appendix.IlD for the
listing of new thermoplastic materials.
(c) |thermoplastic materials for pressure pipe
[) polyolefin: PE, PP
P) vinyl: PVC, CPVC
B) fluorinated: PVDF
/) polyamide: PA-11
b) ABS
thermoplastic materials for linings
[) polyolefin: RE-PP
P) fluorinated: PVDF, PTFE, FEP, PFA, ETFE, E-CTFE

~—~ =~~~ —~ —~

3-2.2| Unlisted”Materials

Thegrmoplastic materials other than those meeting the
requitements of para.3-2.1 shall be considered unlisted

(d) Unlisted materials shall meet a published specifi-
cation covering chemistry, physical and mechanical prop-
erties, method and process of manufadture, and quality
control.

(e) Unlisted materials shall be qualified fpr service
within a stated range of minimumrand maximum tempera-
ture and pressure based/on data associated with
successful experience, tests, or analysis, or a combination
thereof.

3-2.3 Unknown Thermoplastic Materialg

Thermoplastic materials of unknown specifidation shall
not be usedfor pressure-containing piping syst¢m compo-
nents.

3-2:4 Size or Thickness

Materials outside the limits of size or thickneiss given in
any specification listed in this Standard (see Table 4-2.1-1)
may be used if the material is in compliance with the other
requirements of the specification and no other similar
limitation is given in the requirements for copstruction.

3-2.5 Limitations on Materials

(a) A listed thermoplastic material for pregsure pipe
shall not be used at a design temperature pbove the
maximum temperature at which the allowapble stress
value has been determined for the material (see ASME
NM.3.3).

(b) The designer shall verify that thermoplgstic mate-
rials that meet other requirements of this Stgndard are
suitable for service throughout the operating temperature
range.

(c) Thermoplastic materials for use at tenjperatures
below those recommended by the manufacturer shall
be tested to determine that they are suitabletlfor use in

thermoplastic materials. Unlisted thermoplastic materials
shall be used only if they satisfy all of the following re-
quirements:

(a) The materials shall comply with the requirements
of ASME NM.3.3, Mandatory Appendix III for the listing of
new thermoplastic materials.

(b) The designer shall document the owner’s accep-
tance for use of unlisted thermoplastic materials.

(c) All other requirements of this Standard are satis-
fied.

standard piping. The designer shall have test results at
or below the lowest design temperature to ensure that
the thermoplastic materials are suitable for the intended
application at the design minimum temperature.

3-2.6 Marking of Thermoplastic Materials or
Products

Thermoplastic materials or products marked as
meeting the requirements of a material specification or
multiple specifications shall be acceptable provided
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(a) one of the markings includes the thermoplastic
material specification, and the type of thermoplastic mate-
rial is permitted by this Standard

(b) the appropriate allowable stress from ASME NM.3.3
for the specified type of thermoplastic material is used

(c) all other requirements of this Standard are satisfied

3-3 THERMOPLASTIC COMPOSITE MATERIALS

(a) Requirements for metallic and thermoplastic mate-
rial combinations (e.g., metallic-lined piping with thermo-
plastics) are listed in Chapter 7.

(b) Requirements for metallic, nonmetallic, and ther-
moplastic material combinations (e.g., multilayer rein-
forced, fiberglass reinforced) are listed in Chapter 8.

(c) Combinations of any of the above materials are
listed in Chapter 8.

24
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Chapter 4
Standards for Piping Components

4-1 (
(@)

comp
one o
NM.3.

(b)
piping
comp
4-2.11
and o

ENERAL

Standard Piping Components. Standard piping
bnents are piping components that comply with
' more standards listed in Table 4-2.1-1 or ASME
1.
Nonstandard Piping Components. Nonstandard
b components are piping components that do not
y with one or more standards listed in Table
1; however, they shall meet the pressure design
ther requirements of this Standard.

4-2 REFERENCE DOCUMENTS

4-2.1

The
are in|
docun
and s
nenty
rings)
stand
Table
listed
As it
each
this §

Standards and Specifications

standards and specifications listed in Table 4-2.1-1
corporated into this Standard by reference. These
hents contain references to other codes, standards,
becifications for thermoplastic piping and compg-
(including metallic and nonmetallic backup
and metals lined with thermoplastics. Any codes,
ards, and specifications not explicitly‘listed in
4-2.1-1 shall be used only in the context of the
standard or specification in which.they appear.
is not practical to refer to a-Specific edition of
standard or specification threughout the text of
tandard, the approved-editions are shown in

Table 4-2.1-1. Additional ASTM standards™a
ASME will appear in ASME NM.3.1 and will
to ASME NM.1 in future editions.

The names and addresses of the“organizat
which the referenced standards.and specific
be procured are shown in Table-4-2.1-2.

4-2.2 Additional References

The following additional publications are ref]
this Standard and-may be used for guidance:

ASME PVP2012-78777, Determination of Ten
Modulusin'High Density Polyethylene Piping
StrainrRates, by D. Munson, T. Adams, and S. N
ASME Pressure Vessels and Piping Conferen
1<Codes and Standards, pp. 217-228

Publisher: The American Society of Mechanical
(ASME), Two Park Avenue, New York, NY 1
(www.asme.org)

PPI Material Handling Guide, Chapter 2, “In
Tests and Safety Considerations”

PPI TN-46, Guidance for Field Hydrostatic Test
Density Polyethylene Pressure Pipelines
Considerations, Planning, Procedures, and

Publisher: Plastics Pipe Institute (PPI), 105 De

Hopted by
be added

ions from
htions can

erenced in

sile Elastic
at Seismic
ikholds, in
re, Volume

Engineers
016-5990

spections,

ng of High
. Owner’s
[hecklists

ker Court,

Suite 825, Irving, TX 75062 (www.plasticpipe.org)
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Table 4-2.1-1 Specifications and Standards
Designator Title
General Standards
49 CFR 192 Code of Federal Regulations; Title 49, Transportation; Part 192, Transportation of Natural and Other Gas by
Pipeline: Minimum Federal Safety Standards
API 570 Piping Inspection Code and Inspection Certification
ASCE/SE1 7 Minimum Design Loads and Associated Criteria for Buildings and Other Structures
ASME B1.1 Unified Inch Screw Threads (UN and UNR Thread Form)
ASME B1.20.1 Pipe Threads, General Purpose, Inch
ASME B16.1 Gray Iron Pipe Flanges and Flanged Fittings: Classes 25, 125, and 250
ASME B16.5 Pipe Flanges and Flanged Fittings: NPS % Through NPS 24 Metric/Inch Standard
ASME B16.9 Factory-Made Wrought Buttwelding Fittings
ASME B16.1 Forged Fittings, Socket-Welding and Threaded
ASME B16.41 Ductile Iron Pipe Flanges and Flanged Fittings: Classes 150 and 300
ASME B16.4] Large Diameter Steel Flanges: NPS 26 Through NPS 60 Metric/Inch Standard
ASME B18.2.JL Square, Hex, Heavy Hex, and Askew Head Bolts and Hex, Heavy Hex, Hex Flahge, Lobed Head, and Lag Screws
(Inch Series)
ASME B18.2.p Nuts for General Applications: Machine Screw Nuts, Hex, Square/(Hex Flange, and Coupling Nufs (Inch
Series)
ASME B18.2.pM Metric Fasteners for Use in Structural Applications
ASME B31 ASME Code for Pressure Piping
B31.1, Power Piping
B31.3, Process Piping
B31.4, Pipeline Transportation Systems for ‘Liquids and Slurries
B31.5, Refrigeration Piping and Heat Transfer Components
B31.8, Gas Transmission and Distribution Piping Systems
B31.9, Building Services Piping
B31.12, Hydrogen Piping and_Pjipelines
ASME B46.1 Surface Texture (Surface Roughness, Waviness, and Lay)
ASME BPE Bioprocessing Equipment
ASME BPVC ASME Boiler and Pressure Vessel Code
Section I, Rules\for the Construction of Power Boilers
Section II,, Materials, Part D — Properties
Section\HI, Rules for Construction of Nuclear Facility Components
Section'V, Nondestructive Examination
Segtion VIII, Rules for the Construction of Pressure Vessels, Division 1, and Division 2, Alternatiye Rules
Section IX, Qualification Standard for Welding, Brazing, and Fusing Procedures; Welders; Brazgrs; and
Welding, Brazing, and Fusing Operators
ASME NM.3. Nonmetallic Materials, Part 1 — Thermoplastic Material Specifications
ASME NM.3. Nonmetallic Materials, Part 3 — Properties
ASME PCC-1 Guidelines for Pressure Boundary Bolted Flange Joint Assembly
ASME PCC-2 Repair of Pressure Equipment and Piping
ASME SF-477 Specification for Elastomeric Seals (Gaskets) for Joining Plastic Pipe
ASTM D638 Standard Test Method for Tensile Properties of Plastics
ASTM D1599 Standard Test Method for Time-to-Failure of Plastic Pipe Under Constant Internal Pressure
ASTM D159 Stamdard TestMethod for Reststance to Stort-Time Hydraultic Pressureof PrasticPipe; Tubing, amd Fittings
ASTM D1600 Standard Terminology for Abbreviated Terms Related to Plastics
ASTM D1603 Standard Test Method for Carbon Black Content in Olefin Plastics
ASTM D2122 Standard Test Method for Determining Dimensions of Thermoplastic Pipe and Fittings
ASTM D2321 Standard Practice for Underground Installation of Thermoplastic Pipe for Sewers and Other Gravity-Flow
Applications
ASTM D2444 Standard Practice for Determination of the Impact Resistance of Thermoplastic Pipe and Fittings by Means
of a Tup (Falling Weight)
ASTM D2774 Standard Practice for Underground Installation of Thermoplastic Pressure Piping
ASTM D2837 Standard Test Method for Obtaining Hydrostatic Design Basis for Thermoplastic Pipe Materials or Pressure

Design Basis for Thermoplastic Pipe Products
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Table 4-2.1-1 Specifications and Standards (Cont’d)

Designator Title
General Standards (Cont’d)

ASTM D3139 Standard Specification for Joints for Plastic Pressure Pipes Using Flexible Elastomeric Seals

ASTM D4218 Standard Test Method for Determination of Carbon Black Content in Polyethylene Compounds by the
Mulffle-Furnace Technique

AWS B2.4 Specification for Welding Procedure and Performance Qualification for Thermoplastics

AWS G1.10 Guide for the Evaluation of Thermoplastic Welds

AWS QC1 Standard for Certification of Welding Inspectors

AWWA[C207 Steel Pipe Flanges for Waterworks Service, Sizes 4 in. Through 144 in. (100 mm Through} 3,600 mm)

CSA Z6p2 0il and Gas Pipeline Systems

DIN 25p1 PN16 Plate Flange

DVS 22p7-1 Welding of thermoplastics — Heated element welding of pipes, piping partsyand‘panels rhade out of
polyethylene

DVS 22p7-5 Welding of thermoplastic materials — Testing and assessing welded joints*in PE casing pipes

DVS 22p7-6 Welding of thermoplastics — Non-contact heated tool butt welding of‘\pipes, pipeline coniponents and
sheets — Methods, equipment, parameters

DVS 22p7-11 Welding of thermoplastic materials — Heated element weldingofpipes, piping parts and pangls made of PP

DVS 22p7-15 Welding of thermoplastics — Heated tool welding of pip&syyiping parts and panels madg of PVDF

DVS 2210-1 Industrial piping made of thermoplastics — Design and\execution — Above-ground pipe [systems —
Recommendations for the internal pressure and leak tests

DVS 22f12-1 Qualification testing of plastic welders — Qualifieation Test Groups I and II

EN 1092-1:2002 Flanges and their joints — Circular flanges fokpipeés, valves, fittings and accessories, PN designated — Part
1: Steel flanges

EN 12814-3:2014 Testing of welded joints in thermoplastics semi-finished products — Part 3: Tensile creep test

EN 12814-7:2002 Testing of welded joints of thermoplastics semi-finished products — Part 7: Tensile test with waisted test
specimens

EN 130/67:2003 Plastics welding personnel —+-Qualification testing of welders — Thermoplastics welded @ssemblies

EN 131j00-1 Non-destructive testing ofwelded joints of thermoplastics semi-finished products — Par{ 1: Visual
examination

ISO 161/1:1978 Thermoplastic pipés fer the transport of fluids — Nominal outside diameters and nominal prefsures — Part
1: Metric seties.

ISO 7005-1:1992 Metallic flanges’— Part 1: Steel flanges

PPI TR{3 Policies and’Procedures for Developing Recommended Hydrostatic Design Basis (HDB), Hydr¢static Design
Stresses (HDS), Pressure Design Basis (PDB), Strength Design Basis (SDB), and Minimym Required
Sttength (MRS) Ratings for Thermoplastic Piping Materials or Pipe

PPI TR{4 PPI Listing of Hydrostatic Design Basis (HDB), Hydrostatic Design Stress (HDS), Strength|Design Basis
(SDB), Pressure Design Basis (PDB) and Minimum Required Strength (MRS) Ratings for Thermoplastic
Piping Materials or Pipe

PPI TR{45 Butt Fusion Joining Procedure for Field Joining of Polyamide-11 (PA-11) Pipe

ABS Standards

ASTM Ip1527 Standard Specification for Acrylonitrile-Butadiene-Styrene (ABS) Plastic Pipe, Schedules 40 and 80

ASTM 1p2235 Standard Specification for Solvent Cement for Acrylonitrile-Butadiene-Styrene (ABS) Plastic Pipe and
Fittings

ASTM 1p2282 Standard Specification for Acrylonitrile-Butadiene-Styrene (ABS) Plastic Pipe

ASTM 1)2468 Standard Specification for Acrylonitrile-Butadiene-Styrene (ABS) Plastic Pipe Fittings, Schiedule 40

ASTM 1)3965 Standard Classification System and Basis for Specifications for Rigid Acrylonitrile-Butadiene-$tyrene (ABS)
Materials for Pipe and Fittings

ASTM F2806 Standard Specification for Acrylonitrile-Butadiene-Styrene (ABS) Plastic Pipe (Metric SDR-PR)

ASTM F2969 Standard Specification for Acrylonitrile-Butadiene-Styrene (ABS) IPS Dimensioned Pressure Pipe

CPVC Standards

ASME SD-1784

ASME SD-2846/SD-2846M
ASME SF-437

ASME SF-438

ASME SF-439

ASME SF-441/SF-441M

Specification for Rigid Poly(Vinyl Chloride) (PVC) Compounds and Chlorinated Poly(Vinyl Chloride) (CPVC)
Compounds

Specification for Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Hot-and-Cold-Water Distribution Systems
Specification for Socket-Type Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Pipe Fittings, Schedule 40
Specification for Threaded Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Pipe Fittings, Schedule 80
Specification for Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Pipe Fittings, Schedule 80
Specification for Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Pipe, Schedules 40 and 80
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Table 4-2.1-1 Specifications and Standards (Cont’d)

Designator Title
CPVC Standards (Cont’d)

ASME SF-442 /SF-442M Specification for Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Pipe (SDR-PR)

ASME SF-1970 Specification for Special Engineered Fittings, Appurtenances or Valves for Use in Poly(Vinyl Chloride) (PVC)
or Chlorinated Poly(Vinyl Chloride) (CPVC) Systems

ASTM F493 Standard Specification for Solvent Cements for Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Pipe and
Fittings

CSA B137.6 CPVC Pipe, Tubing, and Fittings for Hot and Cold Water Distribution Systems

PE-Stamrdards

API 15LE Specification for Polyethylene Line Pipe (PE)

ASME SD-2239 Specification for Polyethylene (PE) Plastic Pipe (SIDR-PR) Based on Controlled Inside Dianfete

ASME SD-2513 Specification for Polyethylene (PE) Gas Pressure Pipe, Tubing, and Fittings

ASME SD-2699 Standard Specification for Plastic Insert Fittings for Polyethylene (PE) Plastic Ripe

ASME SD-2683 Specification for Socket-Type Polyethylene Fittings for Outside Diameter-Controlled Polyethylene Ripe and
Tubing

ASME SD-2787 Specification for Polyethylene (PE) Plastic Tubing

ASME SD-3085 Specification for Polyethylene (PE) Plastic Pipe (DR-PR) Based on"Controlled Outside Diameter]

ASME SD-3261 Specification for Butt Heat Fusion Polyethylene (PE) Plastic Fittings-for Polyethylene (PE) Plastic Hipe and
Tubing

ASME SD-33%0 Specification for Polyethylene Plastics Pipe and Fittings’ Materials

ASME SD-49f16 Specification for Polyethylene Plastics Molding and Extrusion Materials

ASME SF-714 Specification for Polyethylene (PE) Plastic Pipe (DR-PR) Based on Outside Diameter

ASME SF-10%5 Specification for Electrofusion Type Polyethylene Fittings for Outside Diameter Controlled Polydthylene
and Crosslinked Polyethylene (PEX) Plastic\Pipe and Tubing

ASME SF-19%4 Specification for Plastic Mechanical Fittings for Use on Outside Diameter Controlled Polyethylephe Gas
Distribution Pipe and Tubing

ASME SF-2206 Specification for Fabricated Fittings'of Butt-Fused Polyethylene (PE) Plastic Pipe, Fittings, Sheet Sto¢k, Plate
Stock, or Block Stock

ASME SF-2619/SF-2619M Specification for High-Density“Polyethylene (PE) Line Pipe

ASME SF-2880 Specification for Lap-Joint Fype Flange Adapters for Polyethylene Pressure Pipe in Nominal Pipe Siges %, in.
to 65 in.

ASTM F2164 Standard PracticeforField Leak Testing of Polyethylene (PE) and Crosslinked Polyethylene (PEX) Pressure
Piping Systems Using Hydrostatic Pressure

ASTM F2435 Standard+Specification for Steel Reinforced Polyethylene (PE) Corrugated Pipe

ASTM F2620 Standard\Practice for Heat Fusion Joining of Polyethylene Pipe and Fittings

ASTM F2634 Standard Test Method for Laboratory Testing of Polyethylene (PE) Butt Fusion Joints Using TensilefImpact
Method

ASTM F3123 Standard Specification for Metric Outside Diameter Polyethylene (PE) Plastic Pipe (DR-PN)

AWWA €901 Polyethylene (PE) Pressure Pipe and Tubing, %, in. (19 mm) Through 3 in. (76 mm) for Water|Service

AWWA €906 Polyethylene (PE) Pressure Pipe and Fittings, 4 in. Through 65 in. (100 mm Through 1,650 min), for
Waterworks

AWWA M55 PE Pipe — Design and Installation

ISO 13953:2001 Polyethylene (PE) pipes and fittings — Determination of the tensile strength and failure mode of tedt pieces
from a butt-fused joint

PPI MAB-02 Generic Electrofusion Procedure for Field Joining of 14 Inch to 30 Inch Polyethylene (PE) Pipe]

PPI TN-38 Bolt Torque for Polyethylene Flanged Joints

PPI TR-33 Generic Butt Fusion Joining Procedure for Field Joining of Polyethylene Pipe

PE-RT Standards

ASME SF-2623 Standard Specification for Polyethylene of Raised Temperature (PE-RT) SDR 9 Tubing

ASME SF-2769 Standard Specification for Polyethylene of Raised Temperature (PE-RT) Plastic Hot and Cold-Water Tubing
and Distribution Systems

ASTM F2735 Standard Specification for Plastic Insert Fittings for SDR9 Cross-Linked Polyethylene (PEX) and
Polyethylene of Raised Temperature (PE-RT) Tubing

CSA B137.18 Polyethylene of Raised Temperature Resistance (PE-RT) Tubing Systems for Pressure Applications

PP Standards
ASME SD-4101 Standard Specification for Polypropylene Injection and Extrusion Materials
ASME SF-2389 Standard Specification for Pressure-Rated Polypropylene (PP) Piping Systems
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Table 4-2.1-1 Specifications and Standards (Cont’d)

Designator

Title

PP Standards (Cont’d)

ASTM D5857

CSA B137.11

Standard Specification for Polypropylene Injection and Extrusion Materials Using ISO Protocol and
Methodology

Polypropylene (PP-R) Pipe and Fittings for Pressure Applications

PVC Standards

ASME SD-1784

Specification for Rigid Poly(Vinyl Chloride) (PVC) Compounds and Chlorinated Poly(Vinyl Chloride) (CPVC)
Compounds

ASME §D-1785
ASME 4D-2241
ASME 4D-2464
ASME 4D-2466
ASME 4D-2467
ASME §F-1970

ASTM 1p2152

ASTM Ip2564
ASTM 1p2672
ASTM 1)2855

AWWA|C900

AWWA|M23

Spetification for Potyt¥inytChioride)tPVE)Plastic Pipe,Schedutes 40, 86—amd—126
Specification for Poly(Vinyl Chloride) (PVC) Pressure-Rated Pipe (SDR Series)
Specification for Threaded Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule, 80
Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 40
Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule.80

Specification for Special Engineered Fittings, Appurtenances or Valves for'sein Poly(Vinyl CHloride) (PVC)
or Chlorinated Poly(Vinyl Chloride) (CPVC) Systems

Standard Test Method for Adequacy of Fusion of Extruded Poly(Vinyl Chloride) (PVC) Pip¢ and Molded
Fittings by Acetone Immersion

Standard Specification for Solvent Cements for Poly(Vinyl~Chloride) (PVC) Plastic Piping pystems
Standard Specification for Joints for IPS PVC Pipe Using, Solvent Cement

Standard Practice for the Two-Step (Primer and Solvent‘Cement) Method of Joining Poly (Vinyl Chloride)
(PVC) or Chlorinated Poly (Vinyl Chloride) (CPV.C) Pipe and Piping Components With Tapered Sockets

Polyvinyl Chloride (PVC) Pressure Pipe and{Fabricated Fittings, 4 in. Through 60 in. (100 fnm Through
1,500 mm)

PVC Pipe — Design and Installation

PVCO Standards

ASME {F-1483
AWWA|C909

CSA B1B7.3.1

Standard Specification for Oriented Poly(Vinyl Chloride), PVCO, Pressure Pipe

Molecularly Oriented Polyvinyl*Chloride (PVCO) Pressure Pipe, 4 in. Through 24 in. (100 mm{Through 600
mm) for Water, Wastewater, and Reclaimed Water Service

Molecularly Oriented. Polyvinylchloride (PVCO) Pipe for Pressure Applications

PVDF Standards

ASME 4D-3222

ASME 4D-5575

ASME dF-1673

Standard Specification for Unmodified Poly(Vinylidene Fluoride) (PVDF) Molding Extrusiop and Coating
Materials

Standard Classification System for Copolymers of Vinylidene Fluoride (VDF) With Other Fluorinated
Monomers

Standard Specification for Polyvinylidene Fluoride (PVDF) Corrosive Waste Drainage Sysffems

ASTM I)6713 Standard Specification for Extruded and Compression Molded Shapes Made From Poly(Vinylidene
Fluoride) (PVDF)

CSA B1B1.3 Polyolefin Laboratory Drainage Systems
Standard for Metals Lined With Thermoplastics

ASTM H1545 Standard Specification for Plastic-Lined Ferrous Metal Pipe, Fittings, and Flanges

PA Standards

ASME 4F-1733

ASME dF-2600

ASME JF-2945

Standard Specification for Butt Heat Fusion Polyamide (PA) Plastic Fitting for Polyamide (P4) Plastic Pipe
and Tubing

Standard Specification for Electrofusion Type Polyamide-11 Fittings for Outside Diameter] Controlled
Polyamide-11 Pipe and Tubing

Standard Specification for Polyamide 11 Gas Pressure Pipe, Tubing, and Fittings

ASTM F1973

ASTM F2145

ASTM F2767

ASTM F2785

Standard Specification for Factory Assembled Anodeless Risers and Transition Fittings in Polyethylene (PE)
and Polyamide 11 (PA11) and Polyamide 12 (PA12) Fuel Gas Distribution Systems

Standard Specification for Polyamide 11 (PA 11) and Polyamide 12 (PA12) Mechanical Fittings for Use on
Outside Diameter Controlled Polyamide 11 and Polyamide 12 Pipe and Tubing

Standard Specification for Electrofusion Type Polyamide-12 Fittings for Outside Diameter Controlled
Polyamide-12 Pipe and Tubing for Gas Distribution

Standard Specification for Polyamide 12 Gas Pressure Pipe, Tubing, and Fittings

Standards for Other Thermoplastics

ASME SD-3307
ASME SD-4894

Standard Specification for Perfluoroalkoxy (PFA)-Fluorocarbon Resin Molding and Extrusion Materials

Standard Specification for Polytetrafluoroethylene (PTFE) Granular Molding and Ram Extrusion Materials
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Table 4-2.1-1 Specifications and Standards (Cont’d)

Designator

Title

Standards for Other Thermoplastics (Cont’d)

ASME SD-4895
ASME SD-6779

ASTM D3159
ASTM F1412
ASTM F1498

Standard Specification for Polytetrafluoroethylene (PTFE) Resin Produced From Dispersion

Standard Classification System for and Basis of Specification for Polyamide Molding and Extrusion
Materials (PA)

Standard Specification for Modified ETFE Fluoropolymer Molding and Extrusion Materials
Standard Specification for Polyolefin Pipe and Fittings for Corrosive Waste Drainage Systems

Standard Specification for Taper Pipe Threads 60° for Thermoplastic Pipe and Fittings

Standards for Multilayered Reinforced Thermoplastic Piping Systems

API Specification 15S Second Edition
ASTM D323
NACE MRO0175/ISO 15156-2

Spoolable Reinforced Plastic Line Pipe
Standard Test Method for Vapor Pressure of Petroleum Products (Reid Method)

Petroleum and natural gas industries — Materials for use in H,S-containing envirohments in oil pnd gas
production — Part 2: Cracking-resistant carbon and low-alloy steels, and the\use of cast irofs

Composites Standards

ASTM F1281

ASTM F1282
ASTM F1488
ASTM F1974

ASTM F2262,

ASTM F2434

ASTM F2686

ASTM F2720

ASTM F2805)
ASTM F2855)

ASTM F2896

CSA B137.9
CSA B137.10,

Standard Specification for Crosslinked Polyethylene/Aluminum/Crosslinked Polyethylene (PEX-AL-PEX)
Pressure Pipe

Standard Specification for Polyethylene/Aluminum/Polyethylene((PE*AL-PE) Composite Pressufe Pipe
Standard Specification for Coextruded Composite Pipe

Standard Specification for Metal Insert Fittings for Polyethylene/Aluminum/Polyethylene and Crogslinked
Polyethylene/Aluminum/Crosslinked Polyethylene CompoSite Pressure Pipe

Standard Specification for Crosslinked Polyethylene/Aluminum/Crosslinked Polyethylene Tubihg OD
Controlled SDR9

Standard Specification for Metal Insert Fittings\Utilizing a Copper Crimp Ring for SDR9 Cross-linked
Polyethylene (PEX) Tubing and SDR9 Cross:Linked Polyethylene/Aluminum/Cross-Linked
Polyethylene (PEX-AL-PEX) Tubing

Standard Specification for Glass Fibex Reinforced Thermoplastic Pipe

Standard Specification for Glass Fiber Reinforced Polyethylene (PE-GF) Spiral Wound Large Digmeter
Pipe

Standard Specification for Multilayer Thermoplastic and Flexible Steel Pipe and Connections

Standard Specification fer Chlorinated Poly(Vinyl Chloride)/Aluminum/Chlorinated Poly(Vinyl Chloride)
(CPVC-AL-CPVC) CGomposite Pressure Tubing

Standard Specifieation for Reinforced Polyethylene Composite Pipe for the Transport of Oil and fzas and
Hazardous Liquids

Polyethylene/Aluminum/Polyethylene Composite Pressure Pipe Systems
Crosslinked Polyethylene/Aluminum/Crosslinked Polyethylene Composite Pressure Pipe Systeths

Piping Standards

ASCE MOP 119
ASTM A53/A53M

ASTM A105/A105M
ASTM A106/]A106M
ASTM A126
ASTM A135/A135M
ASTM A182/]A182M

ASTM A216/A216M

Guidelines for the Design of Buried Steel Pipelines (2001)
Buried Flexible Steel Pipe: Design and Structural Analysis
Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, Welded and Seamlesk
Standard Specification for Carbon Steel Forgings for Piping Applications

Standard Specification for Seamless Carbon Steel Pipe for High-Temperature Service
Standard Specification for Gray Iron Castings for Valves, Flanges, and Pipe Fittings
Standard Specification for Electric-Resistance-Welded Steel Pipe

Standard Specification for Forged or Rolled Alloy and Stainless Steel Pipe Flanges, Forged Fittifgs, and
Valves and Parts for High-Temperature Service

Standard Specification for Steel Castings, Carbon, Suitable for Fusion Welding, for High-Tempeyfature

ASTM A234/A234M

ASTM A312/A312M
ASTM A333/A333M

ASTM A351/A351M
ASTM A395/A395M

ASTM A403/A403M
ASTM A513/A513M

Service

Standard Specification for Piping Fittings of Wrought Carbon Steel and Alloy Steel for Moderate and High
Temperature Service

Standard Specification for Seamless, Welded, and Heavily Cold Worked Austenitic Stainless Steel Pipes

Standard Specification for Seamless and Welded Steel Pipe for Low-Temperature Service and Other
Applications With Required Notch Toughness

Standard Specification for Castings, Austenitic, for Pressure-Containing Parts

Standard Specification for Ferritic Ductile Iron Pressure-Retaining Castings for Use at Elevated
Temperatures

Standard Specification for Wrought Austenitic Stainless Steel Piping Fittings
Standard Specification for Electric-Resistance-Welded Carbon and Alloy Steel Mechanical Tubing
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Table 4-2.1-1 Specifications and Standards (Cont’d)

Designator Title
Piping Standards (Cont’d)
ASTM A536 Standard Specification for Ductile Iron Castings
ASTM A587 Standard Specification for Electric-Resistance-Welded Low-Carbon Steel Pipe for the Chemical Industry
ASTM A796 Standard Practice for Structural Design of Corrugated Steel Pipe, Pipe-Arches, and Arches for Storm and
Sanitary Sewers and Other Buried Applications
ASTM E94 Standard Guide for Radiographic Examination Using Industrial Radiographic Film
ASTM E114 Standard Practice for Ultrasonic Pulse-Echo Straight-Beam Contact Testing
ASTM K125 Standard Reference Photographs for Magnetic Particle Indications on Ferrous Castings
ASTM K165/E165M Standard Practice for Liquid Penetrant Examination for General Industry
ASTM K186 Standard Reference Radiographs for Heavy-Walled [2 to 4% in. (50.8 to 114 mm)] Steel Lastings
ASTM K280 Standard Reference Radiographs for Heavy-Walled [4% to 12 in. (114 to 305 mm)] Steel| Castings
ASTM H446 Standard Reference Radiographs for Steel Castings Up to 2 in. (50.8 mm)tin Thickness
ASTM K709 Standard Guide for Magnetic Particle Testing
MSS SP}43 Wrought Stainless Steel Butt-Welding Fittings
MSS SP}53 Quality Standard for Steel Castings and Forgings for Valves, Flanges, and Fittings and OtHer Piping
Components — Magnetic Particle Exam Method
MSS SP}97 Integrally Reinforced Forged Branch Outlet Fittings — Socket"Welding, Threaded, and Buttpvelding Ends
GENERAL NOTES:
(a) AlJ ASME SD and SF specifications are published in ASME NM.3.1.

(b) As
sp

it is not practical to refer to a specific edition of each standard or specification-throughout the text of this Standard, unle
bcified, the latest edition shall apply.

bs otherwise
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Table 4-2.1-2 Procurement Information

Organization Contact Information
ASCE The American Society of Civil Engineers

1801 Alexander Bell Drive

Reston, VA 20191

(www.asce.org)
ASME The American Society of Mechanical Engineers

ASTM Intern

s 1
trohar

Two Park Avenue
New York, NY 10016-5990
(www.asme.org)

CSA

DIN

ISO

MSS

NACE Intern

PPI

tional

A - C s £, T ey AN lad L
American-Soctetyfor-Festing-and-Materiats
100 Barr Harbor Drive

P.0. Box C700

West Conshohocken, PA 19428-2959
(www.astm.org)

Canadian Standards Association
178 Rexdale Boulevard

Toronto, Ontario MOW 1R3, Canada
(www.csagroup.org)

Deutsches Institut fir Normung e. V.
Am DIN-Platz

Burggrafenstrafie 6

10787 Berlin

Germany

(www.din.de)

International Organization for Standardization
Central Secretariat

Chemin de Blandonnet 8

Case Postale 401

1214 Vernier, Geneva

Switzerland

(www.iso.org)

Manufacturers Standardization Society of the Valve and Fittings Industry, Inc.
127 Park Street, NE

Vienna, VA 22180

(www.msshq.org)

National Assaciation of Corrosion Engineers
15835 Park-Ten Place

Houston, TX_77084-4906

(www,nace.org)

Plastics Pipe Institute

105/Decker Court, Suite 825

Irving, TX 75062

(www.plasticpipe.org)

32



https://asmenormdoc.com/api2/?name=ASME NM.1 2020.pdf

ASME NM.1-2020

Chapter 5
Fabrication, Assembly, and Erection

5-1 GENERAL

5-1.1| Scope

(a)|This Chapter contains the requirements for the
qualiffication of welders, fusing operators, joiners, and
the lﬁfterial processes used during fusing and joining
operations. This Chapter is divided into the following
sectiops:

(1) Section 5-1 contains the general requirements
for al] material joining processes.

(£) Section 5-2 contains requirements for thermo-
plasti¢ fusion.

(B) Section 5-3 contains requirements for solvent
fusion].

(b) |Whenever the referencing code, standard, or spec-
ification imposes qualification requirements different
than those given in this Chapter, the requirements of
the r¢ferencing code, standard, or specification shall
take precedence over the requirements of this Chapter

(c) |Throughout this Chapter, references are made' to
variolils non-ASME documents. Unless a specifictdate is
refergdnced, the latest edition of the referenced:document
in effect at the time of performance or proecedure quali-
ficatign is to be used.

(d)| Thermoplastic piping materialssand components
shall be prepared for assembly dand erection by one or
more|of the fabrication processes covered in this
Chapter, as applicable.

(e)| The requirements, for the processes used for
assembly and/or erection shall be the same as those
used for fabrication:

(f) [The joiner-(also called welder or fusing operator)
shall he employ€d by an entity thatis responsible for fabri-
catior], assémbly, and/or erection.

(g9)| Thé-dcceptable joining procedure qualification
record (DQD) for Hiffarnnffhnrmnp]acﬁr‘c shallbeas cpﬂr‘i_

in this Chapter. Mechanical joining is discusfed in the
following sections:
(a) Chapter 8 discusses mechanical joining|for multi-
layered reinforced thermoplastic piping systems.
(b) Mandatory Appendix II discusses requirgments for
threaded thermoplastic connéctions.
(c) Mandatory AppendixXV discusses requir¢ments for
one-piece thermoplastictflanges.
(d) Nonmandatory. Appendix A provides guidance for
mechanical joining:using lap-joint thermoplastic flanges
(LJTFs).
NOTES:
(1) Not every joining process will work on every type of ther-
moplastic. The selection of compounds and joining techni-
ques'is based on the selected thermoplasfic and the
application requirements.
(2) "Mechanical joining is a joining method in which|a device or
fitting, rather than heat fusion or solvent-cemenf welding, is
used to connect the thermoplastic pipe sectionf. The term
“mechanical fittings or devices” applies only t
(a) stab-type fittings
(b) nut-follower-type fittings
(c) bolted-type fittings
(d) other compression-type fittings

5-1.3 Procedure Specification

(a) A procedure specification is a written [document
providing direction to the person applying the material
joining process. Details for the preparation and qualifica-
tion of procedure specifications for fusing and bpnding are
given in the respective sections of this Chapter gddressing
those processes.

(b) Procedure specifications used by an organization
responsible for operational control of materfal joining
processes shall have been qualified by that organization
or shall be a standard procedure specification faicceptable

fied in this Chapter.

5-1.2 Joining Thermoplastic Piping Components

The components used in thermoplastic piping systems
are composed of various polymeric compounds. Various
methods may be used to join different polymeric
compounds. Three common joining methods are heat
fusion, solvent-cement welding, and mechanical joining.
Heat fusion and solvent-cement welding are discussed

under the requirements of the section of this Chapter ap-
plicable to the joining process to be used.

(c) Procedure specifications shall be available for refer-
ence and review.

(d) Procedure specifications shall address the condi-
tions (including ranges, if any) under which the material
joining process shall be performed. These conditions are
referred to in this Chapter as “variables.”

(20)
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Table 5-1.4-1 Fusing Variables Procedure Specification Polyethylene Pipe Butt Fusing

Category Brief of Variables Essential Nonessential
Joints Joint type X
Pipe surface alignment X
Material PE pipe X
Wall thickness X
Cross-sectional area X
Thermal conditions Heater surface temperature X
Interfacial pressure X
Decrease in melt bead width X
Increase in heater removal time X
Decrease in cooldown time X
Initial heating pressure X
Equipment Fusing-machine manufacturer X

(e) Theg procedure specification shall address, as a
minimum) the specific essential and nonessential vari-
ables thdqt are applicable to the material joining
process tq be used.

5-1.4 St3gndard Fusing Procedure Specification

(a) Standard Fusing Procedure Specification (SFPS)
(1) Prerequisites

(-a) An SFPS is a fusing procedure specification
that contalins acceptable fusing variables based on stan-
dard induftry practice and testing as defined iiWASTM
F2620.

(-b) An SFPS may be used for production‘fusing by
organizatipns without further qualification:

(2) Cpntents of the SFPS

(-a) The SFPS shall address@ll,of the essential and
nonessential variables listed in(Tables 5-1.4-1 through
5-1.4-4.

(-b) In addition, the SEPS shall include all the re-
quirements listed in this\€hapter.

(-c] The organization may include any additional
informatidn in thefSEPS that may be helpful in making a
fused joint.

(3) Changes. Changes in the essential variables or
conditions—of-an-SEPS hnynnr‘] the limits cpnr‘iﬁ'ar] in

(-b) An MEFPS may be used for production py or-
ganizations fusing’the same electrofusion fittings ag were
used to qualify the MEFPS without further qualifi¢ation.

(2) Cantents of the MEFPS

(¢a) The MEFPS shall address all essentigl and
nonessential variables listed in Tables 5-1.4-1 through
5:1.4-4.

(-b) In addition, the MEFPS shall include all|of the
requirements listed in this Chapter.

(-c) The manufacturer or employer may include
any additional information in the MEFPS that may be
helpful in making a fused joint.

(3) Changes. Changes in the essential variablles or
conditions of an MEFPS beyond the limits specified in
this Chapter or Tables 5-1.4-1 through 5-1.4-4 shall
require the qualification of an FPS.

5-1.5 Procedure Qualification Record

(a) The purpose of qualifying the procedure speifica-
tion is to demonstrate the joining process proposgd for
fabrication, assembly, and/or erection is capable of grodu-
cing joints having the required mechanical propertles for
the intended application.

(b) Qualification of the procedure specification d¢mon-

stratesthemechanical prnpnrﬁpc aofthe }'ninf made1 Sing a

this Chapter shall require the qualification of a fusing
procedure specification (FPS).
(b) Manufacturer-Qualified Electrofusion Procedure
Specification (MEFPS)
(1) Prerequisites
(-a) An MEFPS is an electrofusion procedure spec-
ification that has been qualified by an electrofusion fitting
manufacturer based on standard industry practice in
accordance with PPI TN-34, ASTM F1055, and ASTM
F1290.

joining process, and not the skill of the person using the
joining process.

(c) The PQR documents what occurred during the
production of a procedure qualification test coupon
and the results of testing that coupon.

(d) As a minimum, the PQR shall document the essen-
tial procedure qualification test variables applied during
production of the test joint and the results of the required
tests.
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Table 5-1.4-2 Fusing Variables Procedure Specification Polyethylene Pipe Electrofusion

Category Brief of Variables Essential Nonessential
Joints Joint design X
Fit-up gap X
Material PE pipe X
Pipe wall thickness X
Pipe diameter X
Thermgl conditions Cooldown time X
Fusion voltage X
Nominal fusion time X
Material temperature range X
Taple 5-1.4-3 Manual Butt-Fusing Variables Procedure Specification Polyethylene Pipe Manual Butt|Fusing
Category Brief of Variables Essential Nonessentipl
Joints Joint type X
Pipe surface alignment X
Materigl PE pipe X
Pipe wall thickness X
Cross-sectional area X
Thermal conditions Heater surface temperature X
Decrease in melt bead width X
Increase in heater removal, time X
Decrease in cooldown tinie X
Equipnpent Fusing-machine manufacturer X
Table 5-1.4-4 Fusing Variables Procedure Specification Polyethylene Sidewall Fusing
Category Brief of Variables Essential Nonessentipl
Joints Joint type X
Pipe surface alignment X
Material PE pipe X
Header pipe diameter X
Thermgl conditions Heater temperature X
Interfacial pressure X
Melt bead size or time X
Heater plate removal time X
Cooldown time X
Initial heating pressure X
Equipment Fusing-machine manufacturer X
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(e) The organization shall certify the PQR by a signa-
ture or other means as described in the organization’s
quality control systems.

(f) The PQR shall be available for review.

(g) Aprocedure specification may be supported by one
or more PQRs, and one PQR may be used to support one or
more specifications.

5-1.6 Performance Qualification

5-1.8.2 Essential Performance Variables. Essential
performance variables are conditions in which a
change, as described in the specific variable, will affect
the ability of the person to produce a sound joint.

5-1.8.3 Supplementary Essential Variables

(a) Supplementary essential variables are conditions
in which a change will affect the properties of the
joint, heat-affected zone, or base material.

The puifpose of qualifying the person wiho will USe a
joining prpcess is to demonstrate that person’s ability
to produce a sound joint when using a procedure speci-
fication.

5-1.7 Pe

(a) Theg performance qualification test record docu-
ments what occurred during the production of a test
coupon by a person using one or more joining processes
following an organization’s procedure specification. As a
minimum,| the record shall document the following:

(1) the essential variables for each process used to
produce tIe test coupon

(2) the ranges of variables qualified as required by
the applicpble paragraphs of this Chapter
3) t}e results of the required testing and nondes-

formance Qualification Test Record

tructive examinations
(4) the identification of the procedure specification
or specifidations followed during the test
(b) Thelorganization shall state on the record that the
performarce qualification test was conducted in accor-
dance with the requirements of this Chaptenand
certify the record by signature or other nfeans as
described|in the organization’s Quality Controel System.
(c) Performance qualification shall be:available for
review.

5-1.8 Variables
5-1.8.1

(a) Esspntial procedure‘variables are conditions in
which a change, as descyibed in the specific variables,
is considefed to affeet:the mechanical properties of the
joining.

(b) Befpre,using a procedure specification whose
essential yarjables have been revised and fall outside

Essential Proceduré Variables

(l’l) Sul.}l.)}ClllClltdly CDbClltidl vdl id‘U}CD bCLUlllC addl'
tional essential variables in situations where prodedure
qualifications require testing.

(c) When procedure qualification does/not rq
additional testing, supplementary essehtial var
are not applicable.

quire
ables

5-1.8.4 Nonessential Variables. Nonessential vari-
ables are conditions in which.a change, as described in
the specific variables, is ot considered to affeft the
mechanical properties 6f the joint. These varjables
shall be identified in the procedure specification.

A procedure spegification may be editorially revised to
change a nonessential variable to fall outside [of its
previously listed range. Such a change does not re¢quire
requalification of the procedure specification.

5-1{8:5 Special Process Variables

{a) Special process variables are conditions that]
only to special fusing or joining processes th
described in the section of this Chapter that add
those processes.

(b) When these special processes are used, only the
applicable special process variables shall apply.

apply
it are
Fesses

5-1.8.6 Applicability. The applicable essential, syipple-
mentary essential, nonessential, and special procesp vari-
ables for a specific joining process are given in the spction
of this Chapter addressing that joining process.

5-1.9 Organizational Responsibility

(a) Employers are responsible for all joining of thermo-
plastic components and subassemblies done by thejr per-
sonnel. In addition, employers shall

(1) conductthe qualification tests required to qualify
the procedure specification used by their personnel
(2) conduct the qualification tests required to ¢ertify

their qual fred Tange; the Pt ocedure opc&,iﬁbatiuu must
be requalified.

(c) Procedure qualification records may be changed
when a procedure qualification test supporting the
change has been completed, or when an editorial revision
is necessary to correct an error, as permitted by the re-
quirements of this Chapter for the material-joining
process.
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the operators, welders, or joiners

(3) train and qualify Inspectors and examiners in
accordance with the requirements in Chapter 6

(4) conduct the requalification tests required to
maintain qualifications for operators, welders, or joiners

(b) Personnel performing supervisory activities speci-

fied in this Chapter shall

(1) bedesignated by the organization responsible for
certifying qualification documents
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(2) have a satisfactory level of competence in accor-
dance with the organization’s quality program. As a
minimum, they shall be qualified by education, experience,
or training in the following areas:

(-a) knowledge of the requirements of this
Chapter for the qualification of procedures and/or
joining personnel

(-b) knowledge of the organization’s quality
program
(—r) the scope, complexity or special nature of the

(e) Theinformationrequired to be in the PQR may be in
any format, written or tabular, to fit the needs of each
organization, provided all essential variables are included.

(1) The types and number of tests and their results
shall be reported on the PQR.

(2) When required, additional sketches or informa-
tion may be attached to or referenced in the PQR to record
the required variables.

5-1.9.2 Performance Qualifications

activities to which oversight is to be provided

(B) have a record, maintained by the organization,
contdining objective evidence of the qualifications,
training, or experience

5-119.1 Procedure Qualifications. Each employer is
respojnsible for conducting the tests required by this
Chapter to qualify the procedures that are used in the
fabri¢ation, erection, and assembly of components
under|the rules of the codes, standards, and specifications
that reference this Chapter.

(a)| The personnel who produce test joints for proce-
dure qualification shall be under the full supervision and
contr¢l of the qualifying organization during the produc-
tion of these test joints. The persons producing test joints
for the qualification of procedures shall be direct
emplgyees or shall be personally engaged by contract
for material-joining services.

(b)|Production of qualification test joints under the
superjision and control of another organization is not
permitted. However, the organization may subcontract
the following work, provided it accepts full responsibility
for the work:

() any or all of the work necessary for preparing the
materfials to be joined

(£) the subsequent work for preparing test speci-
mens [from the completed test joint, and the performance
of nonpdestructive examination and mechanical tests

(c]]ulf the effective operdtional control of procedure
qualifications of two or’more companies of different
names exists under theisame corporate ownership, the
complanies involyed-shall describe in their Quality
Contrpl System er:Quality Assurance Program the opera-
tional| control‘ef procedure qualifications.

In this case; separate procedure qualifications are not
required,,provided all other requirements of this Chapter
are mlet:

(a) Each organization is responsible for\thle supervi-
sion and control of material joining performeéd by the per-
sonnel for whom they have organizational coptrol.

(b) Theorganization shall conduct the testsrpquired by
this Chapter to qualify the performance of its personnel.
Individuals shall be qualified for.each joining prjocess they
will use for fabrication, a§sémbly, and/or erection of
components under thegules of this Chapter. Thiis require-
ment ensures that thequalifying organization |has deter-
mined that the personnel using its procedures gre capable
of achieving th€ minimum requirements for an ficceptable
joint. This reésponsibility cannot be delegated fo another
organizatien.

(c). The personnel who produce test joints
mance-qualification shall be tested under the
vision and control of the qualifying organizatjon.

(d) The performance qualification test shall be
performed following either a qualified procedure speci-
fication or a standard procedure specification acceptable
under the requirements of this Standard for {he joining
process. The part of the qualification addressirlg any spe-
cific joining process may exempt a portion of fthe proce-
dure specification from being followed during groduction
of the performance qualification test coupons

(e) The performance qualification test may| be termi-
nated at any stage, whenever it becomes apparent to
the supervisor conducting the test that tlhe person
being tested does not have the requirefl skill to
produce satisfactory results.

(f) When a procedure qualification test cpupon has
been tested and found acceptable, the pefrson who
prepared the test coupon is also qualifidd for the
joining procedure used, within the ranges spgcified for
performance qualification for the applicable process or
processes.

(g) The qualifying organization shall aslsign each

for perfor-
full super-

(d) Changes to the PQR are not permitted except for
documented editorial corrections or those added by
addenda.

(1) Additional information may be incorporated into
a PQR at a later date, provided the information is substan-
tiated as having been associated with the original quali-
fication conditions by use of lab records or similar
documented evidence.

(2) All changes to the PQR require recertifications
(including date) by the organization.
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successfully qualified individual an identification
number, letter, or symbol, which shall be used to identify
the individual’s work.

(h) If effective operational control of performance
qualifications for two or more companies of different
names exists under the same corporate ownership, the
companies involved shall describe the operational
control of performance qualifications in their Quality
Control System or Quality Assurance Program. In this
case, requalification of persons working within the
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companies of such an organization are not required,
provided all other requirements of this Chapter are met.

(i) The record of operator performance qualification
tests shall include the qualified ranges of essential perfor-
mance variables, the type of tests performed, and the test
results for each operator.

5-1.9.3 Simultaneous Performance Qualifications

(a) Organizations may participate in an association to

(5) prepare and certify a performance qualification
record for each person qualified
(f) When a qualified person changes employers
between participating organizations, the employing or-
ganization shall verify the continuity of the person’s quali-
fications has been maintained by previous employers
since his or her qualification date, as required by the
section of this Chapter applicable to the joining method.
Evidence of activities supporting performance qualifi-

cation continuity may be obtained from anvmember ofthe

collective y qualify the pleUl matrceofomeormore
persons for material-joining processes simultaneously association, even if the member was not a participant in
and may $hare performance qualification information the simultaneous welder qualifications.
with other] participating organizations within the associa- (9) 1faperson has had their performance|qualifiation
tion. revoked for specific reasons, the employing organigation
(b) When simultaneous performance qualifications are shall notify all other participating organizations that the
conducted, each participating organization shall be repre- person’s qualification has been révoked. The rempining
sented by hn employee with designated responsibility for participating organizations shall determine wHether
performar|ce qualifications. they will uphold or revoke theiperformance qualifichtions
(c) Thelessential variables of the procedure specifica- ~ for that person in accordanee with this Chapter.
tions to bp followed during simultaneous performance (h) When a person’s, performance qualificatiops are
qualificatipns shall be compared by the participating or- collectively renewed 'in accordance with the section of
ganization]s, and shall be identical, except as otherwise this Chapter applicable to the joining method, the
provided [in the section of this Chapter applicable to testing procedres shall follow the rules of this paragraph.
the specific joining method. The qualified thickness .
ranges dq not need to be identical but shall include 5-1.10 Ownership Transfers
the test cqupon thickness. (a)(An organization may maintain effective operdtional
(d) As dn alternative to (c), the participating organiza-  control of PQRs, procedure specifications, and perfor-
tions shalllagree to follow a single procedure specification mance qualification records if its ownership changes
thathas bden reviewed and accepted by each participating after the original procedure qualification.
organizatipn. Each participating organization shall haved (b) Multiple organizations under a common owngrship
supporting PQR or shall have accepted responsibilityfor may use PQRs, procedure specifications, and perforinance
using a standard procedure specification in accordance qualification records under that owner’s namg. The
with the |section of this Chapter applicable.to the  Quality Control System or Quality Assurance Prggram
joining mg¢thod. of each organization shall describe the effective ¢pera-
(e) Each participating organization’s-representative  tjonal control and authority for technical directjon of
shall welding.
(1) ppsitively identify the person whose perfor- (c) When an organization or some part therfeof is
mance is fo be tested acquired by a new owner, the PQRs, procedure spefifica-
(2) vrify the markings ©n the test coupon corre-  tjons, and performance qualification records may remain
spond to the person’s identification valid for use by the new owner without requalifi¢ation.
(3) verify that the positional orientation markings on The new owner’s PQRs, procedure specificationp, and
the test cqupon reflectthe test position of the couponas  performance qualification records become valid for use
required tp identify the location of test specimen removal by the acquired organization, provided all of the follpwing
(4) pprform.awisual examination of each completed requirements have been met:
test coupgn_and each test specimen to determine their (1) The new owner takes responsibility for the
acceptabillty procedure specification records

(-a) When one or more test coupons are prepared
and the test specimens are mechanically tested by an inde-
pendent laboratory, the laboratory’s report may be used
as the basis for accepting the test methods and the test
results.

(-b) When the test coupon is examined by volu-
metric examination, the examining organization’s
report may be used as the basis for acceptance of the
test methods, the qualification and certification of the
examiner, and the results of the examination.
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(2) Theprocedure specifications identify the name of
the new owner prior to use.

(3) The Quality Control System or Quality Assurance
Program documents the original source of the PQRs,
procedure specifications, and performance qualification
records as being from the original qualifying organization.


https://asmenormdoc.com/api2/?name=ASME NM.1 2020.pdf

ASME NM.1-2020

Figure 5-1.11-1 Fusion Positions

Tabulation of Positions in Joints

Vertical plane

Diagram Reference Indication of Axis, deg

Position
Horizontal A
Intermediate B
Vertical C

GENERAL NOTE: Inclination of the axis is measured from the horizontal reference plane toward the vertical.

5-1.11 Qualification-Tests

(a) | Orientatien-categories for fused joints are illustrat-
ed in |[Figure S<111-1.

(b) |Fusedijoints may be made in test coupons oriented
in any of.the positions shown in Figure 5-1.11-2.

0+ 45
B +20
90 * 20

(5) gauge pressure and elapsed time during the
fusing and cool

(6) drag pressure, when applicable

(7) joint configuration

(8) pipe diameter and wall thickness

(9) type of material (specification and clagsification)

5-1.11.1 Test Records Requirements. The following
variables shall be recorded for each fused joint, as appli-
cable:
(a) For Butt and Sidewall Fusing Procedures
(1) heater surface temperature immediately before
inserting the heater plate
(2) gauge pressure during the initial heat cycle
(3) gauge pressure and elapsed time during the heat
soak cycle
(4) heater removal (i.e., dwell) time

(10) FPS used, operator identification, time, date,

and fusing machine identification
(b) For Electrofusion Procedures

(1) date

(2) ambient temperature

(3) material temperature

(4) pipe diameter and wall thickness

(5) FPS used

(6) nominal fusion time

(7) adjusted fusion time
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Figure 5-1.11-2 Fusion Test Positions

0100 )

{a) Horizontal {5G)

-

D &2

{

{b) Intermediate

(8) términation code

(9) fikting description

(10) elapsed time for fusion and cooling

(11) pperator identification

(12) pperator verification of scraping and cleaning

(13) fit-up gap

(14) fusion number

(15) fusion machine identifier

(16) yoltage

(17) preheat voltage and time, if applicable

(c) For|Manual Butt Fusing Procedure

(1) hpater surface temperature immediatély before
inserting the heater plate

(2) verification that heating pressure was reduced to
zero after|initial indication of melt

(3) elapsed time during thé heat soak cycle

(4) hpater removal (i.e,dwell) time

(5) elapsed time for fusion and cooling

(6) jdint configuration

(7) pipe diameter.and wall thickness

(8) type of material (specification and classification)

(9) FPS uséd,operator identification, time, date, and
fusing machine-identification

-
) S

(¢} Vertical (2G)

(1) For.Biitt and Sidewall Fusing Qualificatio
(-a). Interfacial fusing pressure was within the FPS
range.
(-b) Heater surface temperature recordefl was
within the FPS range.
(-c) Fusing pressure applied during the fusig and
cool cycle was correctly calculated to include th¢ drag
pressure.
(-d) Fusing machine was opened at the end|of the
heat soak cycle, the heater was removed, and the| pipe-
joint ends were brought together at the fusing pré¢ssure
within the time frame specified in the FPS.
(-e) Cooling time at fusing pressure met the
minimum time specified in the FPS.
(2) For Electrofusion Qualification
(-a) Voltage was within the FPS range.
(-b) Nominal fusion time was within the FPS fange.
(-c) There was no electrical fault during fusing
operation.
(3) For Manual Butt Fusion Qualification
(-a) All data required in this Chapter|were
recorded.
(-b) Heater surface temperature recordefl was

5-1.11.2 Test Records Review

(a) The test record for each fused test joint shall be
compared to the FPS after completion of the test.

(b) Thereviewer of the test records shall verify that the
conditions meet the requirements in this Chapter.

(c) Ifthe recorded datais found to be outside the limits
specified in the FPS, the joint will be deemed unacceptable.

(d) The review of the test records shall verify that the
following requirements have been met:

within the FPS range
(-c) The fusing machine was opened at the end of
the heat soak cycle, the heater was removed, and the pipe-
joint ends were brought together at the fusing pressure
within the time frame specified by the FPS.
(-d) Cooling time at butt fusing pressure met the
minimum time specified by the FPS.
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5-2 THERMOPLASTIC FUSING REQUIREMENTS
5-2.1 Scope

(a) The rules in this section apply to the preparation
and the qualification of the FPS and the performance quali-
fication of fusing operators.

(b) The procedure shall be prepared as required in this
Chapter; Chapter 8; Mandatory Appendix I; ASME BPE,
Part MJ; ASME BPVC, Section IX, Article XXII; CSA

5-2.3 Fusion Performance Qualifications
5-2.3.1 General

(a) Thermoplastic fusing operators, welders, and
joiners shall be qualified in accordance with this
Chapter; Chapter 8; Mandatory Appendix I; or ASME
BPVC, Section IX.

(b) Every fusing operator shall be trained to the appro-
priate FPS by qualified personnel who have been trained

2662;[or DVS 2212-T.

(c) |Performance qualifications shall be qualified in
accorflance with this Chapter; Chapter 8; Mandatory
Appendix [; or ASME BPVC, Section IX.

5-2.2
5-2

(a)| The FPS used for joining thermoplastic pipe,
fittings, and components in production shall be prepared
and qpalified by the employer.

(b) |Several FPSs may be prepared from the qualifica-
tion t¢st data recorded on a single PQR. A single FPS may
encorppass the range of qualified essential variables
represented by multiple PQRs supporting the qualified
combijnation and range of essential variables.

(c) [To avoid duplication of effort, an employer may
accept an FPS qualified by a technically competent
group| or agency, provided it complies with the following:
() The procedure specification meets the require-
menty of this Chapter.

() The employer shall have qualified at least one
fusing operator using the qualified FPS.

(B) The employer’s trade name or mark shall be
showh on the qualified FPS to be used‘and on each
PQR. [n addition, the PQRs shall be\signed and dated
by thg employer, who thereby accepts responsibility
for the qualification performed by others.

(#) The owner’s appraval for using the procedure
specification qualified by others shall be documented

Procedure Qualifications
2.1 Procedure Qualification Specifications

and tested as rpnlnirpd in this Standard or as re quired for
fusing in CSA Z662 or DVS 2207.
(c) To avoid duplication of effort, an erganization may
accept the performance qualification of a fusing operator,
welder, or joiner granted by a previous ¢mployer,
provided it complies with the fellowing:
(1) The previous employer’s performancg qualifica-
tions and procedure specifications essentiall variables
shall be within the limits established in ASME BPVC,
Section IX or this Standard.
(2) The new*employer shall have a cqpy of the
previous employer’s PQR and procedures spgcification
that was followed during qualification. Thgq PQR and
procedurés’ specification shall identify the enjployer by
whom the .fusing operator, welder, or joiner was qualified
and the’date of that qualification.
(3) Evidence shall also be provided that[the fusing
operator, welder, or joiner has maintained qyalification
in accordance with this Chapter; Chapter 8; Mandatory
Appendix [; ASME BPVC, Section IX; CSA Z642; or DVS
2212-1.
(4) The current employer’s business nanje shall be
shown on the qualification record, and the qyalification
record shall be signed and dated by the employer, who
thereby accepts responsibility for the qualifications
performed by others.
(5) The current employer’s approval fpr perfor-
mance qualification of the fusing operator, welder, or
joiner by others shall be documented before the perfor-
mance qualification is used and the perspnnel are
permitted to work.

prior fto the proceduretspecification’s use. ) ) o

(d) | The completed ¥PS shall address all of the essential _(6) If the previous employer’s documentation is not
and npnessential variables for each fusing processusedin ~ available, then the fusing operator, welder, or jpiner shall
the FHS. The efiployer may include any other information D€ requalified.
in the FPS that may be helpful in making a fused .]omt. 5-2.3.2 Qualification Records

(e)|Changes in the documented essential variables
requite tequalification of the FPS (a) The employer shall maintain copies of

he proce-

5-2.2.2 FPS Format. The information required to be
included in the FPS may be in any format, written or
tabular, to fit the needs of the employer, provided all
the essential and nonessential variables are addressed.
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dure and performance qualification records specified
in this Chapter; Chapter 8; Mandatory Appendix I;
ASME BPVC, Section IX, Article XXII; CSA Z662; or DVS
2212-1. These copies shall be available to the owner at
the location where fabrication, assembly, and erection
are being done.

(b) The employer shall be responsible for maintaining
records.

(c) The retention period for qualification records shall
be 5 yr after qualification.
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Table 5-2.4.3-1 Pipe Fusing Diameter Limits

Size Qualified — IPS [in. (mm)]

Size of Test Coupon — IPS [in. (mm)]

Minimum | Maximum

(a) Butt Fusing

<6 [<6.625 (<168)]
6 to <8 [6.625 to <8.625 (168 to <219)]
8 to 20 [8.625 to 20 (219 to 508)]

None
None
8 [8.625 (219)]

Size tested
<8 [<8.625 (<219)]
20 [20 (508)]

>20 [>20 (>508)] >20 [>20 (>508)] Unlimited
{b)Eleetrefusion
<14 [<14 (§356)] None <14 [<14 (<356)]

14 to 24 [1l4 to 24 (356 to 610)]
>24 [>24 ($610)]

14 [14 (356)]
24 [24 (610)]

24 [24 (610)]
Unlimited

(c) Manual Butt Fusion

<6 [£6.625((=168)]

| None

| Size tested

5-2.4 Variables
5-2.4.1 |General

(a) For|each specific fusing process, the fusing vari-
ables des¢ribed in this Chapter are applicable for the
procedure qualification or requalification.

(b) Forkach specific fusing process, the fusing variables
described|in this Chapter are applicable for the perfor-
mance qualification or requalification.

(c) A cHange from one fusing process to another fusing
process (d.g., from butt fusing to electrofusion) requires
requalificqtion.

(d) The| fusing data shall include the fusing variables;
grouped into the following categories: joints, pipe.ate-
rial, position, thermal conditions, and technique.

(e) Tables 5-1.4-1 through 5-1.4-4 list the essential and
nonessentjal variables.

5-2.4.2| Joints. Changes in the following conditions
shall requjre requalification:
(a) a change in the pipe O.D.(surface misalignment.
(b) any|change in the design, of an electrofusion joint
that causgs a change in any~other essential variables of
Tables 5-1.4-1 through™51.4-4. The configuration of a
fitting may change without impacting those variables, e.g.
(1) fijlom a 90«deg elbow to a 45-deg elbow
(2) fjomanNPS 2 x NPS 8 (DN 50 x DN 200) saddle
connection te,an NPS 3 x NPS 8 (DN 80 x DN 200) saddle

(b) a change in the pipe-wall thickness beyond the
range qualified in the FPS
(c) achange in the thickness or cross-sectional grea to
be fused beyond the range specified in the perforinance
qualification
(d) a change in nominal pipe (header) diametef

5-2.4.4 Thermal Conditions. Changes in the follpwing
conditions shall require requalification:
{a) a change in the heater surface temperaturg to a
fzalue beyond the range qualified
(b) a change in the interfacial pressure to a|value
beyond the range qualified
(c) adecrease in melt bead size or time from that qual-
ified
(d) an increase in heater plate removal time from that
qualified
(e) a decrease in the cool time air pressure froyn that
qualified
(f) a change in fusion voltage
(g9) a change in the nominal fusion time
(h) achange in material fusing temperature beyond the
range qualified
(i) a change in initial heating pressure beyond the
range qualified

5-2.5 Thermoplastic Fusing Equipment
Qualifications

connection
(c) an increase in the maximum radial fit-up gap qual-
ified. This variable may be expressed in terms of maximum
alignment and out-of-roundness.
(d) a change from socket-type (full-wrap) joint to
saddle-type (partial-wrap) joint, and vice versa.

5-2.4.3 Pipe Material. Changes in the following condi-
tions shall require requalification:

(a) a change in the pipe diameter beyond the range
qualified in Table 5-2.4.3-1
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5-2.5.1 Fusion Equipment Operators

(a) Thermoplasticfusing operators shall be trained and
qualified to operate the fusing equipment to be used.

(b) The employer shall be responsible for ensuring that
each fusing equipment operator has been trained and
qualified for the equipment to be used.

(c) The qualification shall be performed per the equip-
ment manufacturer’s guidelines.
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(d) Evidence shall also be provided that the fusing
operator has been qualified to operate the fusing equip-
ment.

(e) The employer’s business name shall be shown on
the qualified record and it shall be signed and dated by the
employer, who thereby accepts responsibility.

(f) A change in the fusing equipment type (e.g., manual
to hydraulic) or manufacturer shall require new qualifica-
tion.

(-1) PA-11 shall not be joined to PA-12 using
heat fusion.

(-2) PP shall not be fused to polyethylene (PE)
using heat fusion.

(-3) Medium-voltage PE may be fused to high-
density PE using heat fusion, as indicated in ASME BPVC,
Section IX, Articles XXI through XXIV.

(b) Procedure
(1) Joints shall be made in accordance with a qual-

5-2|5.2 Fusion Equipment Maintenance Operators

(a)| Setup and maintenance on fusion equipment
machines shall be performed by qualified personnel.
Qualification shall include initial setup, routine mainte-
nance} and clamp size changing.

(b) | The qualification shall be performed per the equip-
ment [manufacturer’s guidelines.

(c) |The employer shall be responsible for ensuring that
the fusion equipment maintenance operators have been
traingd and qualified for the equipment to be used.

(d) | The employer shall provide evidence that the fusing
maintenance operator has been qualified to perform work
on th¢ fusing equipment.

(e) |The employer’s business name shall be shown on
the qualified records, and the records shall be signed and
dated| by the employer, who thereby accepts responsi-
bility.

5-2.6 Thermoplastic Joining Using Heat-Fusion
Methods

(a)|Joining Like Piping Compounds. In pressure piping
systerps, heat-fusion joining methods shall bé used only to
join like piping compounds.

() Many thermoplastic polymeric compounds
cann¢t be joined to other, different thermoplastic
comppunds using standard heat fusion. There are excep-
tions fo this general statement related to thermoplastic
pipe ljners.

(£) Heat-fusion reguirements for polyamide-11
(PA-11) and for preéssure-rated polypropylene (PP),
poly(vinylidene fluoride) (PVDF), and polytetrafluor-
oethyllene (PTEE) liners are included in Mandatory
Appendix I.

(-a}-Pipes or components made of thermoplastic
comppunds with the same physical properties, as shown

ified FPS that meets the npp]irnh]p requirements of this
Standard.
(2) For socket fusion and saddle fusien|joints not
addressed in this Standard, ASTM D2657 grovides a
basis for FPS development.
(3) Both surfaces to be joined shall be juniformly
heated to produce a contifuous homogenous bond
between them. This willpfeduce a small cpntinuous
fillet of fused material-at-the outer limits of [the joints.
See Figure 5-2.6-1.
(4) For pipingto'be used in fuel gas applidations, the
FPS shall be qualified in accordance with the requirements
in the Codecof Federal Regulations (49 CFR Pprt 192).
(c) Prepgdrdtion
(1)~Joining surfaces shall be prepared by cutting,
facing,“scraping, or machining to provideé a clean,
smeoth end or external pipe surface.
(2) Surfaces to be heat fused togethef shall be
cleaned of any foreign material.
(3) Cuts shall be free of burrs and circumferential
cuts shall be as square as those obtained by [the use of
a saw with a miter box or square-end sawing vise.
(d) Joining Area
(1) The joining area shall be protectdd against
adverse environmental conditions such as dirt| moisture,
material shavings, oil, and other contaminants.
(2) Environmental conditions shall be addressed in
the FPS for the thermoplastic.

Figure 5-2.6-1 Heat Fusion Joints

by ASTM cell classification or by comparison of physical
properties, shall be joined using an FPS that has been qual-
ified as specified in this Standard.

(-b) Pipes or components made of thermoplastic
compounds of the same or similar polymeric compounds
(copolymers and homopolymers) with different ASTM cell
classifications or slightly different physical properties
shall be joined using an FPS that has been qualified as
specified in this Standard and approved by the owner,
the owner’s representative, or both.
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Figure 5-2.6.1-1 Required Minimum Melt Bead Size

“A” minimum melt bead size is

required prior to heater removal

Pipe or fitting

Pipe (0.D.), in. (mm)

=~ ® ~Q ® T

/\/

“A” Minimum Melt'Bead Size, in. (mm)

Pipe or fitting

<2.37 (<60)

22.37 to <3.5 (26 to <89)

>3.5 to <8.63 (>89 to <219)
>8.63 to <12.75 (>219 to <324)
>12.75 to <24 (>324 to <610)
>24 to <36 (>610 to <900)

>36 to <65 (>900 to <1625)

(e) Limjtations. Unfilled or unbonded-areas in ajoint, as
indicated py the lack or interruptien of the continuous
fillet, are fonsidered defects and-shall be repaired and

reexamindd.

5-2.6.1 [Butt Fusion

NOTE: The terms “hot plate” and “heated tool butt welding” are
used to degcribe butt‘fusion joining. Butt fusion is also called
heat fusion|

Butt fudion~procedure qualification shall include the

Ts2 (1)
16 (1.5)
%16 (5)
Ya (6)
% (10)
e (11)
%6 (14)

(e) The external surfaces of the pipe shall be alighed to
within 10% of the pipe wall thickness.
(f) Applied pressure during fusing shall megt the
requirement of the FPS.
(g) The heater surface temperature shall meet the re-
quirements of the FPS.
(h) The initial heating shall begin by inserting the
heater into the gap between the pipe ends and applying
the fusing pressure until an indication of melt is obgerved
around the circumference of the pipe. When njelt is

following conditions:

(a) The axis of the pipe is limited to the horizontal posi-
tion #45 deg.

(b) The pipe ends shall be faced to establish clean,
parallel mating surfaces that are perpendicular to the
pipe centerline on each pipe end, except for mitered joints.

(c) For mitered butt-fusion joints, the pipe faces shall
be at the specific angle to produce the mitered joint.

(d) When the ends are brought together at the drag
pressure, there shall be no visible gap.
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observed, the pressure shall be reduced to drag pressure
and the fixture shall be locked in position so that no
outside force is applied to the joint during the heat
soak cycle.

(i) The ends shall be held in place until the minimum
bead size is formed between the heater faces and the pipe
ends (see Figure 5-2.6.1-1).

(j) After the proper bead size is formed, the machine
shall be opened, and the heater removed. The pipe end
surfaces shall be smooth, flat, and free of contamination.
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The pipe ends shall be brought together, and the fusing
pressure reapplied.

(k) The maximum time from separating the pipe ends
from the heater until the pipe ends are pushed together
shall not exceed the time given in Tables 5-2.6.1-1 through
5-2.6.1-3.

The fusing pressure shall be maintained until the joint

Table 5-2.6.1-1 Maximum Heater Plate Removal Time
for Polyethylene Butt and Sidewall Fusion

Maximum Heater Plate
Removal Time, sec

Pipe Wall Thickness,
in. (mm)

Field Applications

0.17 to 0.36 (4 to 9) 8

has cooled, after which the pipe may be removed from the >0.36 t0 0.55 (>9 to 14) 10
fusing machine. >0.55 to 1.18 (>14 to 30) 15
>1.18 to 2.5 (>30 to 64) 20
5-2[6.2 Sidewall Fusion. Sidewall fusion procedure 2.5 to 4.5 (>64 to 114) 25
qualifjcation shall include the following conditions: 545 (>114) 30
(a)| The sidewall fusing tool shall be centered and Fabrication Shop
secur¢d to the header and adequately supported.
(b) | The mating surfaces of the header and saddle fitting 118 t0 2.5 (30 to 64) 40
shall pe abraded or scraped to remove oxidation and ~ >2° t0 45 (>64 to 114 50
contamination. After abrading or scraping, the surfaces ~ >%5 (>114) 60

shall be cleaned of all dust and residue with a dry,
lint-free, nonsynthetic cloth.

(c)| The heater shall be brought to the required
température per the FPS and centered on the header
beneath the saddle fitting.

(I) Once the heater has reached temperature, the
saddl¢ fitting shall be immediately pressed against the
heater with a heat-fusing force equal to the interfacial
presstire, unless otherwise specified by the manufacturer
of the fitting.

(£) Whenanindication of meltappears on the header
attheppex of the saddle, the pressure shall be reduced to-a
heat Joak pressure equal to drag pressure, unless other-
wise gpecified by the manufacturer of the saddle fitting.

(d) | The heat soak pressure shall be maintaineduntil the
appropriate melt bead is visible around the circumference
of thq fitting, unless a heating time is specified by the
saddl¢ fitting manufacturer.

(e) |After the proper bead size is formed (or heating
time is achieved), the heater shall be removed.

(I) The fusion surfaces 0f the header and saddle
fitting shall be uniform andfree of contamination.

(£) The fitting shall be pressed against the header for
the hefater plate removaltime specified in Tables 5-2.6.1-1
through 5-2.6.1-3 and with a fusing force equal to the
interfacial pressure:

(f) [The fusing force shall be maintained until the fusion
is coalled.

(9) | The-assembly should then cool a minimum of an

additltenal30-—-minbefore—theplusis—cut-out-of-the
eHar—=v—h-Betrere—+tiePp H—oe+—the

pval Time
sion

Table 5-2.6.1-2 Maximum Heater Plate Rem
for Polypropylene Butt and Sidewall Fu

Pipe WallyThickness, Maximum Hedter Plate

in.”(mm) Removal Time, sec
<0.177 (34:5) 5
>0.177%0 0.276 (>4.5 to 7) 6
>0:276 to 0.472 (>7 to 12) 7
>0.472 to 0.748 (>12 to 19) 9
>0.748 to 1.024 (>19 to 26) 11
>1.024 to 1.457 (>26 to 37) 14
>1.457 to 1.969 (>37 to 50) 17
>1.969 to 2.756 (>50 to 70) 22

Table 5-2.6.1-3 Maximum Heater Plate Rempval Time

for PVDF Butt Fusion

Pipe Wall Thickness, Maximum Heater Plate

in. (mm) Removal Timpe, sec
0.075 to 0.217 (1.9 to 5.5) 3
>0.217 to 0.591 (>5.5 to 15) 4
>0.591 to 0.984 (>15 to 25) 5

lug—is—euto
header or external forces are applied near the joint.

5-2.6.3 Electrofusion. Electrofusion procedure quali-
fication shall include the following conditions:

(a) The pipe ends shall be cleaned with water to
remove dirt, mud, and other debris.

(b) For socket-type connections, the pipe ends shall be
cut perpendicular +5 deg to the pipe centerline on each
pipe end and fully inserted into the center of the fitting.
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(c) When applicable to the material, immediately
before electrofusion, the external surfaces of the pipe
shall be scraped with a nonsmearing scraping device
to cleanly remove approximately 0.01 in. (0.25 mm) of
material from the outer surfaces of the pipe, such that
a complete layer of material is removed from the surfaces
to be fused.

(d) In the event of touching or recontamination of the
pipe after scraping, the pipe shall be cleaned with

5-2.7.4 Size of Bead

(a) Removal or reduction in size of the 0.D. bead
created during heat fusion may be performed as long
as the minimum wall thickness required for hoop or
axial strength or tensile load is not reduced.

(b) When 0.D. bead removal is planned, inspection or
examination of the bead shall be done during or after the
heat-fusion process and before bead removal.

(c) No more than a 10% misalignment shall be allowed

isopropy] lcohal and a clean lint-free cloth

(e) For|socket-type connections, the proper insertion
depth shall be marked on the pipe with a non-petroleum-
based mayker before the electrofusing fitting is installed.

The fitting shall be installed on the pipe end to the
marked d¢pth, and care shall be taken to avoid reconta-
mination ¢f the clean fusion surfaces.

(f) Thel|fitting shall be connected to the electrofusion
control bdx with the prescribed leads.

(g) Thelvalues for fusing energy voltage, nominal fusing
time, and |cooling period qualified by the electrofusion
fitting manufacturer based on permitted material
temperatyre range shall be entered into the processor
before engrgizing the coils.

(h) Thelpower supply or generator and any extension
cords shall meet the electrofusion fitting manufacturer’s
specified fequirements.

(i) Oncp the coils are energized, the leads may be
disconne¢ted. No movement of the fused assembly
shall be pprmitted until the end of the fitting manufac-
turer’s pr¢scribed cooling period.

5-2.7 Application-Specific Joint Requirements for
Heat Fusion

5-2.7.1|Bead or Crevice. Some applicatioris do not
permit the presence of an inside bead or indention (some-
times call¢d a crevice) on the inside sunface of the pipe.
Depending on these limitations, various methods shall be
used to frevent or eliminaté beads or indentions,
including| fusing with the @id’of a bladder or using
heated or| nonheated inside*bead removers. The user

or the designer shall be consulted for bead-size allowance.

on outside beads even if minimum wall thickness refjuire-
ments are met.

5-2.8 Examination and Tests

5-2.8.1 General Requirements. Results of required
examinations and tests shall be recorded on the prodedure
qualification record or the péerformance qualifi¢ation
record.

5-2.8.1.1 Visual Examination Criteria

(a) Butt Fusion gnd_Sidewall Fusion
(1) There shall be no evidence of cracks or ihcom-
plete fusing. See Figures 5-2.8.1.1-1 and 5-2.8.1.142.
(2) Joints shall exhibit proper fused bead configura-
tion.

(3)7?Variations in upset bead heights on op
sides.of the cleavage and around the circumfere
fused pipe joints are acceptable.

(4) Theapexofthe cleavage between the upsetbeads
of butt-fused joints shall remain above the base material
surface.

(5) For sidewall-fused joints, there shall be|three
beads: a main (header) bead around the saddle Hase, a
main pipe melt bead, and a bead on the main (h¢ader)
from the edge of the heating tool.

(-a) The saddle and main (header) melt pbeads
should be rounded and of a size recommended by the
fitting manufacturer.

(-b) The heater bead should be visible all afound
the fitting base but may be separate from the|main
(header) pipe melt bead, depending on the shape of
the header.

(6) Fused joints shall not display visible apjgular

bosite
nce of

1 wall

5-2.7.2 | Other Joining Processes misalignment. For butt-fused joints, the outside diameter
(a) Othpr joining processes that create a bead, inden- misalignment shall be less than 10% of the nominz

tion, or othefehange in the inside or outside surface of the thickness.

thermoplastic pipe or fitting that does ot affect tie joint {7) Thedatarecord for the FPSor performance quali-

strength may be used aslong as the difference in alignment
is less than 10% of the wall thickness.

(b) Anindention below the nominal I.D. of the pipe may
be acceptable provided the indention or misalignment
does not infringe on the minimum wall thickness required
for hoop or axial strength.

5-2.7.3 Removal of I.D. Bead. For butt-fusion joints,
removal of the I.D. beads shall be at the option of the
user, purchaser, or designer.
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fication tests shall be reviewed and compared to the FPS to
verify observance of the specified variables applied when
completing the fused test joint.
(b) Electrofusion Assemblies

(1) Thereshall be novisible evidence on external and
accessible internal surfaces of cracks, excess 1.D. melt
caused by overheating, fitting malfunction, or incomplete
fusion.
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Figure 5-2.8.1.1-1 Cross Section of Upset Beads for Butt-Fused Pipe

TN

(a) Visually Acceptable — Uniform Bead Around Pipe

(b) Visually ‘Acceptable — Nonuniform Bead Around Pipe,
but Localized Diameter Mismatch Less Than 10%
of the Nominal Wall Thickness

(c) Visually Unacceptable — V-Groove Too Deep at Pipe Tangent
for Both Uniform and Nonuniform Beads

47



https://asmenormdoc.com/api2/?name=ASME NM.1 2020.pdf

ASME NM.1-2020

Figure 5-2.8.1.1-2 Cross Section of Upset Beads for Sidewall-Fused Fitting (Profile at Crotch of Fitting)

Saddle bead

/ Main bead
/
H Heater bead

(a) Visually Acceptable — Similar Beads Around Fitting

Saddle bead
/ Main bead

d Heater bead
/eae ea

(b) Visually Unacceptable — Misalignment,Overheating, or Overpressurization
(Crevice at Fitting, Abrupt Profile, Deep Ridges)

Saddle bead

/ Main bead
/

— Heater bead

(c) Visually Unacceptable — Misalignment, Underheating, or Underpressurization
(Low Profile, Undefined Beads)
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Table 5-2.8.1.2-1 Pipe Fiber Stresses —
Elevated-Temperature Sustained-Pressure Test

Pipe Material Test Pressure, psi (MPa) Test Time, hr

(-b) Test Pressure. The assemblies are to be
subjected to pipe fiber stresses as shown in
Table 5-2.8.1.2-1.

(3) Test Procedures. Elevated-temperature

PE2708 >80 (4.0) 1,000 sustained-pressure tests shall be performed in accordance
670 (4.6) 170 with ASTM D3035 or ASTM F714 for pipe, or ASTM F905
for saddle fittings.
PE3608 580 (4.0) 1,000 (4) Acceptance Criteria
670 (4.6) 170 (-a) Any failures within the specified time periods
shall be of the pipe independent of the joint
PI}4710 660 (4.5) 1,000 (-b) If there is a ductile pipe failure, tllle average
750 (5.2) 200 time before failure for all three specimens-shallnot be less

Maximum fit-up gap, or maximum misalignment and
out-of-roundness, shall be within the FPS limits.

(£) Thedatarecord for the FPS or performance quali-
ficatign test shall be reviewed and compared to the FPS to
verifylobservance of the specified variables applied when
completing the fused test joint.

(c) |Sectioned Electrofusion Joints. Voids due to trapped
air or ghrinkage during the cooling process are acceptable
only if round or elliptical in shape with no sharp corners,
and pfovided they meet the following requirements:
(1) The individual voids shall not exceed 10% of the
fusion] zone length.

(£) Multiple voids shall not exceed a combined total
of 20% of the fusion zone length.

(B) When voids are detected, additional sectionser
examinations shall be made to verify that the void does-hot
follow a diametric path connecting with the pressure-
contajning area of the joint.

5+2.8.1.2 Pressure Tests

(a) | Elevated-Temperature Sustained-Pressure Tests for
Butt of Sidewall Fusion. These testsassess the resistance to
slow ¢rack growth of the fused joint.

(1) Test Coupons

(-a) Fusion joint test‘coupons shall be made with a
minimum of NPS 8 (DN 200) DR 11 pipe or the maximum
size tp be fused, whichever is less.

(-b) Thecompleted test coupons shall contain pipe
on either side.of the butt or sidewall joint with a minimum
length of A5.times the joint (header) O.D. or 12 in. (300
mm), Whichever is greater, from the fused joint to free-end

than the specified time.

(-¢c) If more than one ductile pipe failurg occurs at

the higher pressure, the pressute of the teft may be

reduced and repeated until 1,000-hr results ar¢ obtained.

(-d) Any brittle failurés shall necessitat¢ new tests

using different pipe.

(b) Elevated-Temperature Sustained-Pressurg Tests for

Electrofusion. TheSe tests assess the resistanfe to slow

crack growth at points of stress concentration due to elec-

trofusion fitting design.

(1) Test Coupons. Four test coupong shall be

prepared.and conditioned in accordance with ASTM

F1055.-The pipe material PE designation shall not be

less‘than the electrofusion fitting.

(2) Test Conditions

(-a) Test Temperature. All tests shall be conducted

at 176°F + 4°F (80°C £ 2°C).

(-b) Test Pressure. The assemblieq shall be

subjected to pipe fiber stresses as shown in

Table 5-2.8.1.2-1.

(3) Test Procedures. Elevated-temfperature

sustained-pressure testing shall be performed in accor-
dance with ASTM F1055.

(4) Acceptance Criteria

(-a) Any failures within the specified titne periods

shall be of the pipe, independent of the joint.

(-b) If there is a ductile pipe failure, the average

time before failure for all three specimens shallnot be less

than the specified time.

(-c) If more than one ductile pipe failurg occurs at

the higher pressure, the pressure of the tept may be

reduced and repeated until 1,000-hr results ar¢ obtained.

(-d) Any brittle failures shall necessitat¢ new tests

using different pipe.

closuresomrtheemdsof the d:bcm'uly.

(-c) The testing shall be performed in accordance
with ASTM D3035 or ASTM F714 for pipe, or ASTM F905
for saddle fittings, as applicable.

(-d) Manual butt-fusion joint test coupons shall be
made with amaximum of NPS 6 (DN 150) DR 11 pipe or the
maximum size to be fused, whichever is less.

(2) Test Conditions

(-a) Test Temperature. All tests shall be conducted

at 176°F + 4°F (80°C + 2°C).

(c) Minimum Hydraulic Burst Pressure. This test
assesses the short-term burst capacity of the fused
joint in order to identify any fundamental weaknesses
in the integrity of the assembly in accordance with
ASTM D1599.

(1) Test Coupons
(-a) Butt Fusion. Four burst test coupons shall be
prepared and conditioned in accordance with the hydro-
static burst test requirements of ASTM D3035.
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Table 5-2.8.1.2-2 Pipe Fiber Stresses —
Minimum Hydraulic Burst Pressure

Pipe Material Test Pressure, psi (MPa)

PE2708 2,520 (17.4)
PE3608 2,520 (17.4)
PE4710 2,900 (20)

located in the approximate center of the strip. See
Figure 5-2.8.1.3-1.

(-c) The width shall be planed or machined to 0.25
in. £ 0.02 in. (6.4 mm #* 0.5 mm) with a smooth finish on
both sides. See Figure 5-2.8.1.3-1.

(2) Test Conditions

(-a) Test Temperature. The GSBT shall be
conducted at temperature between 60°F and 80°F
(16°C and 27°C).

(.b F'Ior‘frnﬁrcinn Eourbursttest coupons shallbe
prepared|and conditioned in accordance with ASTM
F1055. Pipe material PE classification shall not be less
than the dlectrofusion fitting.

(2) Test Conditions

(-a) Test Temperature. The test shall be performed
at 73°F + U°F (23°C = 2°C).

(-b) Test Pressure. The minimum hydraulic burst
pressure ¢f the test coupon shall not be less than that
required [to produce the fiber stress in the pipe as
shown in [lable 5-2.8.1.2-2.

(3) Test Procedures. The test coupons shall be tested
in accordqnce with ASTM D1599.

(4) Atceptance Criteria. The assembly shall not fail in
the electrofusion fitting or the fused joint.

5-2.8/1.3 Bend Tests

(a) Revprse-Bend Test (RBT). This test is for butt- or
sidewall-fusion joints of pipe with a wall thickness of
approximately 1 in. (25 mm) or less but may be used
for thicker pipe.

(1) Test Specimens. RBT specimens shall be cut\to.a
minimum [width of 1.5 times the test coupons’ thickness
for testing and removed as shown in Figure 5-2.8.1.3-1.

(2) Test Conditions: Test Temperature. The RBT shall
be condudted at a temperature betweep~60°F and 80°F
(16°C and| 27°C).

(3) Test Procedures

(-a) One test specimen shall"be bent to place the
outside sufrface of the joint in €ension. For butt fusion, an
additional|test specimen shallbe bent to place the inside
surface of|the joint in tension.

(-b) The bending-process shall ensure the ends of
the specimens aredbrought into contact with one another.

(-c] Testingshall be performed in accordance with
ASTM F2420, " Appendix X4.

(b) Guided Butt-Fusion Side-Bend Test (GSBT). This test

(—h) Test anppﬂ The plnpcpd time of the test shall
be 30 sec to 60 sec.
(3) Test Procedures
(-a) Jigs
(-1) The test specimens shall be' hentin a fest jig
consisting of a fixed member with twe support mahdrels
to support the specimen while fofce*is applied.
(-2) The hydraulic fai, used to supply the
bending force, shall also-be-attached to the jig and
have a ram attached to-the end of the cylindef. See
Figure 5-2.8.1.3-1.
(-b) Bend Procedure
(-1) The'side-bend test specimen shall bg posi-
tioned with the/butt-fusion joint in the center of the jig
between thé.support mandrels.
(-2) The ram shall be positioned in the center of
the fusion bead on the test specimen.
(-3) The ram shall be moved slowly until it
contacts the test specimen and is positioned ip line
with the fusion bead.
(-4) The bending force shall be applied and
deflect the side-bend test specimen.
(-5) The test shall be complete when the test
specimen is bent to a maximum included angle[of 90
degas shown in Figure 5-2.8.1.3-1, or when failure dccurs.
(-6) The convex surface of the specimen shall be
visually examined after testing, with the specimen ither
in or removed from the test fixture.
(-7) Due to specimen spring back, examihation
immediately after removal from the fixture is recommend-
ed.
(4) Acceptance Criteria. The test specimen shall not
break or exhibit cracking or fractures on the cpnvex
(outer) surface at the fusion interface during the fest.
(c) Electrofusion Bend Test. This test is used to assess
the integrity of electrofusion couplings and fittings. ItLis for

couplings and fittings NPS 12 (DN 300) and greater.

is limited to butt-fusion joints of pipe with a wall thickness
greater than 1 in. (25 mm).
(1) Test Specimens

(-a) Test specimens shall be removed from the
fused test coupon with the upset bead remaining on
the outside and inside surfaces.

(-b) A strip having the full thickness of the test
coupon and measuring approximately 1 in. (25 mm)
wide and 18 in. (450 mm) long shall be removed along
the longitudinal axis of the test coupon, with the joint

(1) Test Specimens

(-a) Socket Fittings (Full Wrap). Test coupons shall
be prepared and conditioned, with four specimens cut
from each half of the fitting and machined to Y6 in.
(1.5 mm) width in accordance with ASTM F1055. See
Figure 5-2.8.1.3-2.

(-b) Saddles (Partial Wrap)

(-1) Thestackand bottom half of the pipe should

be removed.
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Figure 5-2.8.1.3-1 Bend Test Specimen Removal, Configurations, and Testing

vV
Q
,\‘1/

Length of test spemmecﬁ
6.0 in.to 8.5 in. 12.0in.t0 17.0in to 430 mm)

(150 mm to 215 mm)

»

(a) Guided Side-Bend Test cimen

Width = 0.25 in. = Q.02 in.
(6.4 mm %(0.5 mm)

@ 0.75in.
rotatable
support

Loading nose with radius
R=0.50in. +0.02 in.
(12.7 mm = 0.5 mm)

2.31in. £ 0.01in.
‘ (68.7 mm + 0.2 mm)

Centerline of butt fusion

(b) Guided Side-Bend Test Machine Dimensions
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Figure 5-2.8.1.3-1 Bend Test Specimen Removal, Configurations, and Testing (Cont’d)

15t + 0.5x
—

[6in. (150 mm)
min.]

€—— X —> [€—

[

15t + 0.5x
—

6in. (150 mm)
min.]
1%t
—_——— - [1in. (25 mm)
min.]

-2) The saddle shall be cut in half in the trans-

ction and then each half cut again in the longi-
ection. See Figure 5-2.8.1.3-2.

t3) Specimen slices shall be removed at all four

cut edges gnd machined to %4 in. (1.5 mm) width through

the fusion|base of the saddle fitting.

-4) Two diagonal quarters shall be used for the
specimens, and the two remaining diagonal

quarters ghall be used for the longitudinal specimens.

See Figurg 5-2.8.1.3-2.

(2) Test Conditions: Test Temperature. The test shall
be performed at 73°F + 4°F (23°C * 2°C), unless otherwise
specified.

(3) Test Procedure

(-a) The cross section of the machined specimens
shall be injspected for visual discontinuities.

(-b) Each % in. (1.5 mm) wide specimen shall be
placed in p clamp such that the bond linesbetween the
fitting and the pipe is located at the plane of bending.

(-c] The entire length of the bond’shall be flexed 90
degalong the plane of bending fourtimes in each direction.
See Figurg 5-2.8.1.3-2.

(4) Afceptance Criteria

(-a) The cross section of the machined specimens
shall meetjshall meet thewvisual examination criteria in this
Chapter.

(-b) Separation of the specimen along the fusion
line constifutesfailure of the specimen. Minor separations
at the outer\dimits of the fusion heat source and voids

verse dire
tudinal di

transversg

(c) Reverse-Bend Specimen Removal — Sidewall Fusion

Saddle fitting

5-2.8.1.4 Tensile Tests

(a) High Speed Tensile\Impact Test (HSTIT). Th
method is designed t0)impart tensile impact ene
a butt-fused PE pipé specimen to evaluate its duc

(1) Test Spgcimens

(-a) Fest specimens shall be removed fro
butt-fused-\test coupon with the upset bead rem
on the gutside diameter and inside diameter surf

(-b) Specimens for test coupon thicknessd
than or equal to 2 in. (50 mm) shall include tH
Wall thickness of the fused joint.

(-c) Specimens for test coupon thicknesses g
than 2 in. (50 mm) may be cut into approximately
strips between 1 in. (25 mm) and 2.5 in. (64 mm) w
testing. Each segment shall be tested individually sug
the full cross section is tested.

(-d) Test specimens shall be prepar
machining to achieve the dimensions giv
Figure 5-2.8.1.4-1, with the upset beads remaining

(-e) A smooth surface free of visible f
scratches, and imperfections shall remain on all
of the reduced area with no notches, gouges, or und
exceeding the dimensional tolerances given in
F2634.

(-f) Marks left by coarse machining operations
shall be removed, and the surfaces shall be smoothed
with abrasive paper (600 grit or finer). The sanding
strokes shall be applied parallel to the longitydinal

s test
rgy to
tility.

m the
hining
hces.

s less
e full

reater
equal
de for
h that

ed by
En in
ntact.
laws,
faces
brcuts
ASTM

between the wires are acceptable as long as the voids
do not exceed the limits stated in the visual examination
section of this Chapter.

(-c) Ductile failure in the pipe, fitting, or the wire
insulation material is acceptable as long as the bond inter-
face remains intact.
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axis—of the-test-specimemn:

(-9) The test specimens shall be conditioned at
73°F + 4°F (23°C £ 2°C) for not less than 1 hr just
prior to conducting the test.

(2) Test Conditions

(-a) Test Temperature. The HSTIT shall be
conducted at a temperature of 73°F + 4°F (23°C + 2°C)
unless otherwise specified.
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Figure 5-2.8.1.3-2 Electrofusion Bend Test

Electrofusion coupling

/Pipe

for EBT

Final cuts

specimens,

Y6 in. (1.5 mm)
(typical)

baddle fusion

Transverse cut

Plane of bending

#

N g]_|
A e

Strip Bent at
Fusion Zone

(a) Socket Fusion Bend Specimens

—>‘ ‘4— Y6 in. (1.5 mm)

Longitudinal cus

Pipe

(b) Fusion Evaluation Bend Test

=5 '4— Yie in. (1.5 mm)
| Stack removed
I/

Pipe

/ |

\ Electrofusign

coupling

<— Y6 in. (1.5 mm)

Final cuts flor
<~ EBT specimens

[

L —Bottom half removed
f Kl

Transverse cut

(c) Saddle Fusion Bend Specimens
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Longitudinal cut


https://asmenormdoc.com/api2/?name=ASME NM.1 2020.pdf

ASME NM.1-2020

Figure 5-2.8.1.4-1 HSTIT Specimen Configuration and Dimensions
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1%in. (35 mm) —

@ 1.03in. (26.2 mm)
through (2) PLCS
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+
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=\

+ ¥ /—q,_ SYWVI —

-=4 < A
] 2in.(50mrr;) L 1
o5 1in. (25 mm) \J A
~ Y
0.20 in. (6 mm)

D.40 in. (10 mm)
<«— 2% in. —>|
(56 mm)

] \\

J 0.40 in. (T0"mm)

A ¢ of Fusion

a4\

1in. (256 mm)

1in. (25 mm) 4% in. (113 mm)

GENERAL NPTES:

(a) All machined surfaces are 126 RMS or finer.

(b) All fracfional dimensions shown are +%¢ in. (#1.5875 mm).
(c) All decimal dimensions are +0.010 in. (¥0.3 mm).

(d) All intefnal radii are % in. (13 mm), and external radii are % in. (10 mm).

(e) Fusion bead should remain in place after machining.

(-b) Test Speed. The speed of testing shall be in
accordande with Table 5-2.8.1.4-1 with a testing speed
tolerance|of +0.5 in./sec to -1 in./sec (+13 mm{s"to
-25 mm/§).

(3) Test Procedure

(-a) The machine shall be set up andithe test speed
set in accgrdance with (2)(-b).

(-b) Each specimen shall be.pinned in the clevis
tooling of|the testing machine, aligning the long axis of
the specimen and the tooling/with the pulling direction
of the test machine.

(-c)] Testing shall be'performed in accordance with
ASTM F2434.

(-d] The test specimen fracture shall be evaluated
to determilne the mode of failure. The results shall be noted
in the test record and on the PQR.

(4) TestRecord. The HSTIT shall be documented by

| «<——6%in. (163 MM) —MM >

(-b) testing temperature observed
(-c) specimen dimension verification
(-d) test machine clarification data
(-e) test specimen identification
(-f) test date
(-g) test operator identification
(-h) testing failure mode and acceptance or|rejec-
tion
(-i) test equipment identification
(5) Acceptance Criteria. The failure mode shall be
ductile, with no evidence of brittle failure at the fusion
interface. See Figure 5-2.8.1.4-2 for examples.
(b) Electrofusion Axial Load Resistance. Thif test
assesses the ability of a socket-type electrofusion} joint
to transmit axial loads.
(1) Test Specimens
(-a) Except as permitted by this or other| stan-

preparing a test record that includes the following infor-
mation:
(-a) testing speed applied

Table 5-2.8.1.4-1 Testing Speed Requirements

Wall Thickness, in. (mm)
<1.25 (32)
>1.25 (32)

Testing Speed, in./sec (mm/s)
6 (150)
4 (150)

dards, tensile test coupons and specimens shall be
prepared and conditioned in accordance with ASTM
F1055.

(-b) Tensile tests shall be made on a complete elec-
trofusion test assembly, not on specimen straps cut from
test coupons.

(-c) When the equipment to conduct full-scale
tensile tests on test coupons larger than NPS 8 (DN
200) is not available, testing for resistance to axial
loads shall be conducted through one peel test plus
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Figure 5-2.8.1.4-2 HSTIT Specimen Failure Examples one short-term hydrostatic pressure test for each material
temperature.

y (-1) Peel Test. Four specimens shall be cut at

approximately 90-deg intervals from each test coupon

and prepared as shown in Figure 5-2.1.8.4-3.

(-2) Short-Term Hydrostatic Test. To ensure
axial forces are exerted only on the fusion joint, test
coupons shall be tested using flanged or capped pipe
segments such that no exposed pipe protrudes outside
the sacket. See Figure 5-2814-4

(2) Test Conditions
(-a) Test Temperature. The test shallbe performed
(a) Brittle Rupture at 73°F + 4°F (230(: + ZOC).
(-b) Peel Test Speed. Peel testlead shall pe applied
at a rate of 0.2 in./min (5 mm/min).
(3) Test Procedure
(-a) Tensile Test. This test shall be perfformed in
accordance with ASTM-F3055 using the test|apparatus
described in ASTM D638.
(-b) Peel Tést.'Specimens shall be subjected to a
tensile load until failure. See Figure 5-2.8.1.43.
(-c) Shert-Term Hydrostatic Test

(1)"One or more test coupons shall be filled
with water.

(-2) The test coupons shall be pressutized using
the‘@apparatus described in ASTM D1599 to the specified
pressure at arate sufficient to achieve the full te§t pressure
within 60 sec.

(-3) The test coupons shall remain unfler the full
test pressure for a period of not less than 5 min.

(4) Acceptance Criteria
(-a) Tensile Test

(-1) Test coupons less than or equal] to NPS 8
(DN 200) shall not fail in the pipe or fitting wher} subjected
to a tensile stress that causes the pipe to yield fo an elon-
gation of 25% or greater or cause the pipe to brdak outside
(c) Ductile Rupture Adjacent to the joint area.

Fusion Interface (-2) Yielding shall be measured only in the pipe,
independent of the fitting or joint.

@V (-b) Peel Test
Q~

,

(b) Ductile Rupture Outside Fusion Interface

@)

(-1) Specimens for sizes larger than NPS 8 (DN
200) shall not separate in the fusion interface |n a brittle
manner.

(-2) Ductile failure between wirefs, tearing
through the coupling or pipe wall, and up to 15% sepa-
ration at the outer limits of the heat source are permitted.

(-c) Short-Term Hydrostatic Test. Test coupons for
sizeslarger than NPS 8 (DN 200) shall not rupture or break
through the fitting or fusion interface.

5-2.8.1.5 Crush Tests and Impact Resistance Tests.
(d) Ductile Ruptures of Split Specimens Crush tests and impactresistance tests assess the integrity
of electrofusion and sidewall-fusion joints.

(a) Crush Tests. Crush tests are used to evaluate socket-
type (full-wrap) or saddle-type (partial-wrap) electrofu-
sion joints. These are required for pipe sizes less than NPS
12 (DN 300) and may be used as an alternative to the
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Figure 5-2.8.1.4-3 Electrofusion Peel Test

OW= 0.75 + 0.125/-0.0 (19 + 3/-0 mm)

(a) Peel Test Sample Configuration ,\(1/

N“Tensile
force

C) (b) Peel Test Loading

Ductile through
pip permitted

D
&
N
v

Ductile failure between

7/ wires permitted

Minor separation at outer 15%
of heat source permitted

(c) Acceptable Peel Test Results
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Figure 5-2.8.1.4-4 Short-Term Hydrostatic Test Specimen

| [

[

Flanged Test Coupon

electrpfusion bend test for pipe sizes NPS 12 (DN 300) and
greatdr.
(1) Test Specimens

(-a) Socket Type. Socket-type joint crush test
coupdns shall be prepared and conditioned, and speci-
mens ghall be removed by cutting the coupons in half lon-
gitudinally at the fusion zones in accordance with ASTM
F1055.
(-b) Saddle Type. Saddle-type crush test coupons
shall be prepared, conditioned, and tested in acegrdance
with ASTM F1055.

(R) Test Conditions: Test Temperature, The tests shall
be performed at 73°F + 4°F (23°C + 2°C)‘unless otherwise
speciffed.

(B) Test Procedure

(-a) Socket Type. Crush(testing shall be performed
on eafch end half by clamping at a distance of 1 in.
(32 mim) from the outermost wires and closing the
jaws yntil the inner walls'of the pipe meet in accordance
with ASTM F1055¢

(-b) Saddie:Type. Crush testing shall be performed
by plafing thejaws of a vise or hydraulic press within % in.
(13 mm) of the edges of the saddle and tightening until the
inner|walls’of the pipe meet in accordance with ASTM

Capped-Test Coupon

(1) Test.Specimens. Impact test specimens shall be
prepared and conditioned in accordance with ASTM
F1055for electrofusion or ASTM F905 for sidewall fusion.

(2) Test Conditions: Test Temperature. The test shall
be performed at 73°F + 4°F (23°C £ 2°C).

(3) Test Procedure

(-a) Thejointbranch connection shall b¢ impacted
in a direction parallel to the axis of the pipe wjith a force
sufficient to break the body or other portlon of the
specimen.

(-b) The test device and method of testihg shall be
in accordance with ASTM F905.

(4) Acceptance Criteria

(-a) Breaking shall initiate outside of th¢ joint area
without failure of the joint.
(-b) For electrofusion saddles, separation in the
fusion interface greater than 15% of the fusjon length
at the outer limits of the fusion heat source donstitutes
failure of the test.

5-2.8.2 Tests Required for Procedure Qualifications

(a) The fusion test coupons shall be prepared in accor-
dance with the FPS.
(b) Each fusion joint shall be subjected to 4 visual ex-

F1055:
(4) Acceptance Criteria
(-a) Separation of the fitting from the pipe at the
fusion interface constitutes a failure of the test, except that
minor separation at the outermost limits of the fusion heat
source up to 15% of the fusion length is acceptable.
(-b) Ductile failure in the pipe, fitting, or wire insu-
lation material is acceptable as long as the bond interface
remains intact.
(b) Impact Resistance Test. Impact tests are used to
evaluate saddle-type branch connection joints.

amination 1n accordance with the requirements listed in
the applicable visual examination section of this Chapter.

(c) Each fusion joint shall have passed the applicable
tests for the process to be used.

The employer shall document the process and the test
method or methods used.

(d) All test data shall be reviewed for compliance with
the FPS requirements.

(e) The test coupons shall be produced at any ambient
temperature within the range specified in the FPS.
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(f) If any of the test specimens fail to meet the appli-
cable acceptance criteria, the test coupons shall be consid-
ered unacceptable.

(1) If it is determined that the cause of the failure is
not related to incorrectly selected or applied variables,
additional test specimens may undergo qualification
testing. Another test coupon shall be prepared using
the original procedure specifications.

(2) Ifitis determined that the test failure was caused
mare incorrectly selected or applied essential

(f) Electrofusion crush tests shall be performed in
accordance with the requirements in this Standard
under the Crush and Impact Resistance Test section.

(g) Electrofusion and sidewall fusion impact resistance
tests shall be performed in accordance with this Standard
under the Crush and Impact Test section.

(h) Ifany of the required mechanical test specimens fail
to meet the applicable acceptance criteria, the test
coupons shall be considered unacceptable.

(1) If it is determined that the cause of failure is not

by one or
variables,
priate cha
mined to

(3) 1

@ new test coupon may be fused after appro-
hges are made to the variables that were deter-
have caused the test failure.

itis determined that the test failure was caused
by one or more fusing conditions other than the essential
variables, i new set of test coupons shall be fused after the
appropriafe changes are made to the fusing conditions
that were|determined to have caused the previous test
failure. The changes to the fusing conditions shall be
addressed|by the organization to ensure that the required
propertieq are achieved in all fusion production joints.

5-2.8

(a) A high speed tensile impact test (HSTIT) shall be
conducted as follows:

(1) The specimens shall be prepared for butt fusion
in accordance with the requirements in this Standard
under the|Tensile Test section.

(2) The minimum number of specimens required to
be tested fhall be as follows:

(-a) For pipe specimens less than NPS 4 (DN 100);
notless than two specimens removed from fused pip€ test
coupons af intervals approximately 180 deg apart shall be
tested.

(-b) For pipe specimens NPS 4 (DN 100) and
greater, rot less than four specimens.removed from
fused pip¢ test coupons at intervals ‘approximately 90
deg apart|shall be tested.

(-c] For other product-forms, not less than two
specimeng removed from fused test coupons shall be
tested.

(b) Ele

2.1 Mechanical Tests

vated-tempeérature sustained-pressure test
results for] butt fusing, sidewall fusing, and electrofusion
shall be cqnducted.int accordance with the requirements
listed in this $tandard under the Pressure Test section.

(c) Minjmum hydraulic burst pressure tests for electro-

related to incorrectly selected or applied fusing varlables,
additional test specimens may be removed-as.clpse as
practicable to the original specimen locationto replace
the failed specimen. If sufficient material is not avajilable,
another test coupon may be fused usingthe original fusing
parameters.
(2) Ifitis determined thatthetest failure was daused
by one or more incorrectly-selected or applied esgential
variables, a new test coupor’ may be fused after gppro-
priate changes are made to the variables that were fdeter-
mined to have caused-the test failure.
(3) Ifitis determined that the test failure was daused
by one or moreé fusing conditions other than essentidl vari-
ables, a new.set of test coupons may be fused aftpr the
appropriate‘changes are made to the fusing conditions
that were determined to have caused the previoys test
failure. The changes to the fusing conditions shfall be
addressed by the organization to ensure that the required
properties are achieved in all fused production jofnts.

5-2.8.2.2 Testing Procedure to Qualify the FPS

(a) Butt Fusing
(1) For pipe having a wall thickness less tHan or
equal to 2 in. (50 mm), one set of test coupong shall
be prepared using any thickness of pipe less than or
equal to 2 in. (50 mm) but not less than one-half the[thick-
ness of the pipe to be fused in production.
(2) For pipe having a wall thickness greater thgn 2 in.

(50 mm), one set of test coupons shall be prepared|using
pipe of a thickness at least 2 in. (50 mm) but not lesk than
one-halfthe maximum thickness to be fused in prodyction.
(3) Butt-fusing joint coupons shall be prepated in
accordance with the FPS using the following combinptions
of heater temperature ranges and interfacial pr¢ssure
ranges:
(-a) high heater surface temperatures and high

fusion or butt-fusing joints shall be performed in accor-
dance with the requirements listed in this Standard under
the Pressure Test section.

(d) Bend tests shall be performed in accordance with
the requirements list in this Standard under the Bend Test
section for electrofusion joints.

(e) Electrofusion axial load resistance tests (tensile
tests or peel tests plus short-term hydrostatic tests)
shall be performed in accordance with the requirements
in this Standard under the Tensile Test section.
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interfacial pressure, five joints

(-b) high heater surface temperature and low
interfacial pressure, five joints

(-c) low heater surface temperature and high
interfacial pressure, five joints

(-d) lowheater surface temperature and low inter-
facial pressure, five joints

(4) Each fused joint shall be subject to visual exam-

ination in accordance with the requirements listed in the
applicable visual examination section of this Chapter.
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(5) Two fused joints of each combination shall be
evaluated using the elevated-temperature sustained-
pressure tests for the pipe specified in this Standard
under the Pressure Test section.

(6) Three fused joints of each combination described
in (3) shall be evaluated using the HSTIT requirements
listed in this Standard.

(-b) Two low-temperature coupons fused in the
low-temperature environment and two high-temperature
coupons fused in the high-temperature environment are
required for each of the following tests, which shall be
performed at the temperatures specified in the Standard
in the appropriate section:

(-1) elevated-temperature sustained-pressure

150)

(b) Manual Butt Fusion test
(1) Manualbuttfusion joints are limited to NPS 6 (DN (-2) minimum hydraulic burst pressure test
or smaller (—?) bend test or crush test
(£) Joint coupons shall be prepared in accordance (-4) forsocketconnections, axial ldad|resistance
the FPS using the following combinations of  test

with
heater temperatures:

(-a) highestheater surface temperature, five joints
(-b) lowest heater surface temperature, five joints
(B) Whenthe FPSrequires verification of pressure by
torque, then the high pressure (verified by torque) and the
low pressure (verified by torque) shall be tested at each
tempgrature extreme.

(#) Each fused joint shall be subject to visual exam-
inatioh in accordance with the requirements in the appli-
cable [visual examination section of this Chapter.

(b) The fused joints shall be tested using the
hydrgulic burst pressure test for pipe in accordance
with the requirements in this Standard under the Pressure
Test dection.

(b) Failure of any test joint is cause for test failure.
(c) |Sidewall Fusing

(1) Sidewall fusing coupons shall be prepared for
Hesign of saddle fitting base in accordance with
S using the specified heater temperatures and pres-

each
the FH
sures
Successful testing shall qualify the FPS(for the actual
heater temperatures applied +10°F (+5.5°C) and for the
actual gauge pressures applied +10%:

() Two fused joints for each.design of saddle fitting
base ghall be evaluated using the-elevated-temperature
sustained-pressure test in aecordance with the require-
mentg listed in this Standard under the Pressure Test
sectioj.
(B) Two fused joints for each design of saddle fitting
base shall be evaluated by the sidewall fusion impact resis-
tance(test in accordance with the requirements in this
Standprd under+the Crush and Impact Resistance section.

(d) | Electrofusion
() \Fittings for testing shall be selected at random in

(-5) for saddle connections, fusion impact test,

when required by contract documerits
(2) Failure of one of the fourspecimens tested in each

test is cause for test failure. Alternatively, fourjadditional
specimens may be produtéd at the failed specimen’s
joining temperature and: retested. Failure|of any of
these four additional, specimens constitutes|failure of
the test.

5-2.8.3 Tests Required for Fusion Performance
Qualifications

(a). Each fusing operator shall have passed|the visual
examination tests.
(b) Each fusing operator shall have passed|either the
nrechanical or pressure test criteria. The employer shall
document the test method used for each fusing operator.
(c) The employer shall review all test data for compli-
ance with the FPS requirements.
(d) Each fusing operator’s test coupons shall consist of
fusing one pipe joint assembly in at least one df the posi-
tions shown in Figure 5-1.11-1.
(e) The test coupons may be produced at arly ambient
temperature within the range permitted by the FPS.

5-2.8.3.1 Visual Examination. Before fuging of the
specimen, all surfaces of each test coupon shall be exam-
ined per the requirements listed in the applicable visual
examination section of this Chapter. Test coupons shall be
visually examined over the entire circumference.

5-2.8.3.2 Mechanical Tests

(a) General The mechanical test method shall be appli-
cable to the FPS.

(1) For butt fusion, the test method shall|follow the

the quantities shown in Table 5-2.8.2.2-1. The pipe
segments needed to make the fused coupons shall also
be selected at random, and all material shall be prepared
and conditioned for aminimum of 16 hrimmediately prior
to fusing, as follows:

(-a) Condition half of the coupons at the lowest
material temperature to be fused in production and
the other half at the highest material temperature to
be fused in production.
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requirements for butt fusion coupons.

(2) Forelectrofusion, the test method shall follow the
requirements for electrofusion coupons.

(3) For sidewall fusion, the test method shall follow
the requirements for sidewall fusion coupons.

(b) Test Coupons and Methods

(1) Butt Fusion. One butt fusion coupon shall be
prepared, from which two test specimens shall be
removed from the fused test joint at intervals of
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Table 5-2.8.2.2-1 Electrofusion Procedure Qualification Test Coupon Required

Saddle Saddle
Socket Socket Socket <NPS 12 =NPS 12
<NPS 8 >NPS 8, <NPS 12 2NPS 12 (<DN 300) (=DN 300)
(sDN 200) | (>DN 200, <DN 300) | (=DN 300) | [Note (1)] | [Note (1)]
Conditioning and Fusing Temperature [Note (2)]

Test Procedure Low | High Low High Low | High | Low | High | Low | High
Elevated-temperature sustained-pressure test 2 2 2 2 2 2 2 2 2
Minimum hydraulic quick-burst pressure test 2 2 2 2 2 2 2 2 2
Joint integrity crush test [Note (3)] 2 2 2 2 2
Electrofusign bend test [Note (3)] 2 2 2 2
Electrofusign axial load resistance-tensile test 2 2
Peel test 1 1 1
Short-term hydrostatic test 1 1 1 1
Impact resigtance test [Note (4)] 2 2
NOTES:

(1) Size listed is that of the branch connection.
(2) Fitting manufacturer should be consulted prior to fusing outside of their recommended temperature-tange.
(3) Itispermissible to use specimens tested for the short-term hydrostatic test or minimum hydraulic quick-burst pressure test provided peither
the joinf area nor the pipe segment needed for crushing was a part of the failure mode in, the.quick-burst pressure test.
(4) An impact resistance test is only required when specified in contract documents.
approximately 180 deg. Each specimen shall be tested by 5-2.8:3.3 Pressure Tests
one of the following methods: .
(-a Reversel-gBen d Test. The test specimens shall be (a)(General. The pressure test method shall be Jappli-
o ' . cableto the FPS.
removed as shown in Figure 5-2.8.1.3-1 and tested in (1) For butt and sidewall fusion, the test method
accordang¢e with the applicable Bend Test section in . L
this Standhrd shall follow the requirements for butt fusion coupgons.
(-b G;u'ded Side-Bend Test. The test specimens (2) Forelectrofusion, the test method shall follpw the
i i - requirements for electrofusion coupons.
shall be removed as shown in Figure 5-2.8.1.3-1and C(lb) Test Couvons and Methods p
tested in|accordance with the applicable Bénd Test pon .
section inlthis Standard (1) Butt Fusion. One butt fusion coupon shjall be
(] High Speed 7."ensile Impact Test-(HSTIT). Test prepared, from which two test specimens shpll be
specimenb shall be removed, prepared, and test.ed in removed from the fused test joint at intervals of approxi-
p ] ) . .
accordance with the HSTIT section_in-this Standard mately 180 deg. The test specimens shall be tested in
(2) Electrofusion. One electrofusion coupon shall be accordance with the applicable Pressure Test s¢ction
o . in this Standard.
prepared, from which either of-thefollowing tests may be . . . .
performedl at ambient tempetature between 60°F and (2) Sidewall Fusion. One sidewall fusion coupoh shall
[ be prepared, from which two test specimens shall be
80°F (16°C and 27°C): prep p
(-a ! Electrofuslion Bend Test. Four electrofusion removed from the fused test joint. The test specjmens
bend testlspecimerts-shall be rem;)ved in accordance shall be tested in accordance with the applicable Pr¢ssure
. be L . Test section in this Standard.
with the applicablé\Bend Test section in this Standard. . .
(-b) Crush Test. The test specimens shall be (3) Electrofusion. One electrofusion coupon shall be
. . prepared and shall be used as the test coupon. Tiie test
Is)gsg(?;ei(il tnn;ascz(t);gzgfg with the applicable Crush Test specimen shall be tested in accordance with the applicable

(3) Sidewall Fusion. One sidewall fusion coupon shall
be prepared, and the following test shall be performed at
ambient temperature between 60°F and 80°F (16°C and
27°C):

Reverse-Bend Test. One test specimen including
fusion samples from two edges of the fused saddle
shall be removed in accordance with Figure 5-2.8.1.3-1
and tested in accordance with the applicable Bend Test
section in this Standard.

Pressure Test section in this Standard.

5-2.8.3.4 Limits of Qualified Positions and
Diameters

(a) Fusing operators who pass the required tests for
butt fusing in the test positions shown in Figures
5-1.11-1 and 5-1.11-2 shall be qualified for fusing
within the following limits:

(1) The 5G test position qualifies the operator for
fusing in the horizontal position +45 deg.
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(2) A test position other than 5G qualifies the
operator for fusing in the orientation tested +20 deg.
(b) Electrofusion operators who pass the required tests
for fusing in any test position qualify for all positions.
(c) Pipe sizes within the ranges listed in Table 5-2.4.3-1
shall be used for test coupons to qualify within the ranges
listed.

5-2.8.3.5 Retest Qualification

5-3 THERMOPLASTIC SOLVENT FUSION
REQUIREMENTS

5-3.1 Scope

(a) The requirements in this section apply to the
preparation and the qualification of the FPS and the
performance qualifications for joining operators.

(b) Solvent-cement joining of poly(vinyl chloride)
(PVC) to chlorinated poly(vinyl chloride) (CPVC) shall

(@)
the fusing operator.

(b) |When the qualification coupon has failed the visual
examination, and an immediate retest is conducted, the
fusing operator shall make two consecutive test
coup¢ns. If both additional test coupons pass the
visual] examination requirements, the examiner shall
select| one of the acceptable test coupons for specimen
remoyal to facilitate the required mechanical or pressure
tests.

(c)|When the qualification coupon has failed the
mechanical or pressure test, and an immediate retest
is conducted, the fusing operator shall make two consec-
utive ftest coupons. If both additional coupons pass the
mechanical or pressure test, the fusing operator is qual-
ified.

1L £ H 4 £ail 41 1 4 4
I dad 1ubllls UlJCl diUl 14115, UIT Cllll_)lU_yCl llldy ITLTSU

5-2.8.3.6 Expiration of Qualification

(a) |When a fusing operator has not completed a fused
jointysing a qualified FPS for a period of 6 months or more,
the operator’s performance qualification shall expire!

(b)|When there is a specific reason to question the
ability of the fusing operator to make fused joints
meetihg the requirements of this Chapter, the operator’s
performance qualification shall be reydoked.

5/-2.8.3.7 Renewal of Qualification
(a)

the re¢

Performance qualificationsthat have expired under
quirements of this Standard may be renewed by
having a fusing operator. fuse a single test coupon and
subjefting the test coupon to the testing required in
this Standard. A successful test shall renew all of the
fusing operator's-previous qualifications for that fusing
procegs.

(b) | Fusing operators whose qualifications have been
revokedsunder the provisions of this Standard may be

not be allowed in pressure piping systems,
The quality of the thermoplastic joint dépe
qualification of the joiner, the materjal~and 4
used, environmental influences, and, the joing
ence to the FPS.

hds on the
quipment
r's adher-

5-3.2 Procedure Qualifications
5-3.2.1 Procedure Qualification Specificat

(a) The FPS to be'‘used for joining PVC or
fittings, and components in production shall b4
and qualified by the employer.

(b) Several FPSs may be prepared from the
tion test.data recorded on a single PQR. A singl
encompass the range of qualified essential
represented by multiple PQRs supporting th
¢ombination and range of essential variables.

(c) The completed FPS shall address all of the essential
and nonessential variables for each joining process used in
the FPS. The employer may include any other infformation
in the FPS that may be helpful in making a solvent-cement
welded joint.

(d) Changes in the documented essential
require requalification of the FPS.

(e) The employer’s trade name and mark shall be
shown on the qualified FPS to be used anfl on each
PQR. In addition, the PQRs shall be signed and dated
by the employer.

ons

LPVC pipe,
prepared

qualifica-
e PQR may
variables
b qualified

variables

5-3.2.2 FPS Format. The information required to be
included in the FPS may be in any format, yritten or
tabular, to fit the needs of the employer, provided all
the essential and nonessential variables are addressed.

5-3.3 Performance Qualifications

(a) Thermoplastic joiners shall be qualified in accor-
dance with the requirements in this Chapter

requatifredby fusing = test toupom Tepresemntative of
the planned production work. The fused test coupon
shall be tested per the requirements of this Standard.
A successful test shall restore the fusing operator’s quali-
fication.
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(b) To avoid duplication of effort, an organization may
acceptthe performance qualification of ajoiner granted by
a previous employer provided the following conditions
are met:

(1) The previous employer’s performance qualifica-
tions and procedure specifications essential variables are
within the limits established in this Chapter.

(2) The new employer has a copy of the previous
employer’s PQR procedure that was followed during
qualification. The PQR shall show the name of the
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Table 5-3.4-1 Joining Variables Procedure Specification Solvent Cement

Category Brief of Variables Essential Nonessential
Material PVC / CPVC pipe X
Pipe wall thickness X
Pipe diameter X
Thermal conditions Atmospheric temperature X
Set times X
Cure times X

employer by whom the joiner was qualified and the date of
that qualification.

(3) Evidence is provided that shows the thermo-
plastic joimer has maintained qualification per the proce-
dure specification. This evidence may be provided by an
employer fesponsible for the individual’s joining perfor-
mance evgn if the employer is not the original qualified
employer.

(4) The current employer’s business name is shown
on the PQR, and it shall be signed and dated by the current
employer| who thereby accepts responsibility for the
qualificatipns performed by others.

(5) The employer’s approval of performance quali-
fication ofjoiners by others is documented before the PQR
is used.

If the pievious employer’s documentation is not avail-
able, then|the joiner shall be requalified.

5-3.3.1|Performance Requalification. Renewal of a
bonding performance qualification is required when
one of the following occurs:

(a) Ajolnerhas notused the specificjoining process for
a period df 6 months or more.

(b) Thdre is a specific reason to question a joiner’s
ability to make a bond that meets_the-requirements of
the FPS.

5-3.3.2 [Qualification Records

(a) Thel employer shallykmaintain copies of the proce-
dure and [performanee.qualification records specified
in this se¢tion. Thiese copies shall be available to the
owner at fhe location where the fabrication, assembly,
and erectipn are being done.

(b) Thelretention period for qualification records shall

(c) The joining data shall include the joinirg varjables,
grouped into the following categories; pipe material,
thermal conditions, and technique.

The essential and nonessential variables listed in
Table 5-3.4-1 are for reference.only.

5-3.4.1 Pipe Material..The joining variables formate-
rials are as follows:
(a) a change in thé_pipe diameter beyond the [range
qualified in the FRS
(b) a chang® in the pipe wall thickness beyond the
range qualified in the FPS
(c) achange in the thickness or cross-sectional grea to
be joinéd beyond the range specified in the FPS
(d);a change in nominal pipe (header) diamete

—

5-3.4.2 Thermal Conditions. The joining variables for
thermal conditions are as follows:
(a) a change in the temperature range during joint
assembly and cure period
(b) a change in solvent-cement set and cure tithes

5-3.4.3 Technique. The joining variables for technique
are as follows:
(a) achange in the type or reduction in the concpentra-
tion of joint cleaning agent or solution
(b) a change in the concentration of solvent cements
(e.g., a change from medium to heavy duty)

5-3.5 Thermoplastic Joining Using Solvent
Cement

(a) Procedure
(1) Joints shall be made in accordance with g qual-
ified FPS.

(2] Preparation of the joining materials shigll be
A I 7 (=]

be 5 yr after qualification.

5-3.4 Variables

(a) For each specific joining process, the joiner vari-
ables described in this Chapter are applicable for the
procedure qualification or requalification.

(b) For each specific joining process, the joining vari-
ables described in this Chapter are applicable for the
performance qualification or requalification.

defined in the FPS and shall specify such requirements as

(-a) cutting

(-b) cleaning

(-c) temperature

(-d) end preparation

(-e) fit up

(3) Solvent cements used to join PVC or CPVC shall

conform to ASTM D2564 or ASTM D2846, respectively.
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Figure 5-3.5-1 Solvent Fusion Joint

(3) Solvent cements come in different bodies, colors,
and types. The employer shall use the solvent cement that
is appropriate for the material being joined and the appli-
cation method appropriate for the chosen solvent cement.
PVC cement shall be used for PVC pipe, and CPVC cement

ents are

N4 1N shall be used for CPVC pipe.

NIZ SN (4) Solvent cements come in regular-, medium-, and
JV AN heavy-body options. The employer shall use the solvent
N L7777 77 T N cement appropriate for the diameter of pipe being joined.
S - . \\ {-a) Regular- and medium-hody ce

(#) Cement shall be sufficient to produce a small
continuous fillet of cement at the outer limits of the
joints|(see Figure 5-3.5-1).

(b) The joining area shall be protected against
adverfe environmental conditions such as dirt, moisture,
materjial shavings, oil, and other contaminants. Environ-
mentdl conditions shall be addressed in the FPS.

(b) | Preparation. Preparation shall be defined in the FPS
and shall include the following:

(1) The surfaces to be cemented shall be cleaned. All
dirtshall be removed prior to applying the solvent cement.
Cleaning may be performed by wiping with a clean cloth
moistened with acetone or methylethyl ketone.

(£) Cuts shall be free of burrs, and circumfereitial
cuts shall be as square as those obtained by. the use of
a saw| with a miter box or a square-end sawing vise.
(B) The interference fit shall be checked before
solvett-cement welding. The pipe shall'go one-third to
two-thirds of the depth of the fitting with moderate pres-
sure.

(c) |Branch Connections. For_branch connections not
using|a tee, a manufactured full-reinforcement saddle
with an integral branchtsecket shall be solvent-cement
welded to the pipe ovelrits entire contact surface.

(d) | Limitations én\Imperfections. The following imper-
fectiohs are considered defects and shall be repaired and
reexamined:

(1) protrusion of dried cement exceeding 50% of
pipe yall-thickness into the bore of the pipe

generally used for pipe 2 in. or smaller in digmeter.
(-b) Heavy-body cements are generally used for
pipe 2.5 in. or larger in diameter.
(5) The different solvent cements may havle different
storage requirements. The employer is respqnsible for
ensuring that storage of the Solvent cement adheres to
the manufacturer’s requiréments.
(6) Solvent cements:that have exceeded ftheir shelf
life or have become discelored or gelled shall npt be used.
(7) Solvent cément shall not be used near|sources of
heat or open flante; or in the presence of anygne who is
smoking.
(f) Application Process
(1)\The employer shall ensure that th
cement‘used adheres to the solvent-cement
turer’s requirements.
(2) Application of the solvent cemenf shall be
performed only after preparation of the pipe is gompleted.
(3) Theapplicator used shall be adequate fpr the pipe
diameter.
(-a) For pipe diameters 2 in. (50 mm) ¢r smaller,
an applicator at least one-half the size of the pipg diameter
should be used.
(-b) Forpipe diameterslargerthan 2 in.[50 mm),a
natural bristle brush or roller should be used.
(-c) See Table 5-3.5-1 for recommengled appli-
cator sizes.
(4) If a primer is required, it shall be applied before
the solvent cement. The primer prepares the bohding area
for the addition of the solvent cement and spibsequent
assembly.
(-a) The applicator recommended by the primer
manufacturer shall be used to apply the primer. A rag
should not be used.
(-b) The primer shall be applied tof both the
outside of the pipe end and the inside of the fitting.

e solvent
manufac-

(Zumfittedorunbonded areas trajoimnt, as imdicated
by the lack of interruption of the continuous fillet
(e) Solvent-Cement Materials and Equipment

(1) Fixtures and tools used in making joints shall be
in such condition as to perform their function satisfacto-
rily.

(2) Solvent-cement materials that have deteriorated
by exposure to air or prolonged storage or that will not
spread smoothly shall not be used in making joints.
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The applicator shall be redipped as necessary to
ensure that the entire surface of both the outside of
the pipe end and the inside of the fitting are tacky.
(-c) The solvent cement shall be applied when the

pipe surface is tacky with primer.

(5) A heavy, even coat of solvent cement shall be
applied to the pipe end to the depth of the socket. No
surface shall be left uncoated.
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Table 5-3.5-1 PVC/CPVC — Applicator Selection Guide

Pipe Diameter, in.

Applicator 1/, 3/4 1

1/, 1Y/, 2

2'/,-4 6-8 8+

3%-in. dauber X X
Y-in. dauber X X
%,-in. dauber

1%-in. dauber

3-in. roller,

4-in. rollet

7-in. rolleq

4-in. swab

GENERAL NPTE: See manufacturer’s procedures for application requirements.

(6) Almedium coat of solvent cement shall be applied
to the insjde of the fitting, with care taken to prevent
puddling df the solvent cement. Puddling can cause weak-
ening and|premature failure of the pipe or fitting.

(-a) Ifrequired by the manufacturer, a second coat
of solvent|cement shall be applied.

(-b) Pipe sizes greater than 2 in. (50 mm) shall
receive a gecond coat of solvent cement on the pipe end.

(7) The parts shall be assembled quickly while the
solvent cenent is fluid. If the solvent cement surface starts
to dry, both the pipe and fitting shall be recoated.

(8) The pipe shall be fully pushed into the fitting
using a onje-quarter turn motion until the pipe bottoms.

(-a) A bead of cement should be evident around
the pipe and fitting juncture. If this bead is not cofitinuous
around thg socket shoulder, it may indicate thatinsuffi-
cient solvént cement was applied. In this case, the fitting
shall be discarded and the joint reassembled.

(-b) Any excess solvent cement.shall be wiped off.

(9) The pipe and fitting shall be'held together until
the solvent cement sets. This is to’ avoid pipe push-out.

(10) [The pipe and fitting/shall be cured prior to
testing.

(g) Set jpnd Cure Times

(1) Splvent-centent set and cure times are a function
of pipe sizg, temperature, relative humidity, and tightness
of fit.

(2) Dryingtime is faster for dry environments, small

requirements. See Table 523.5-3 for examples of cure
times.

NOTES:
(1) Fast-set solvent'cements give the joiner little time t¢ make
adjustments’in‘the position of the pipe and fitting omce the
solvent cément is applied.
(2) Slowet;RVC and CPVC solvent cements are better foi large-
diameter applications where it takes more time to ppsition
theé ‘pipe and fittings correctly.

553.6 Examinations and Tests

5-3.6.1 General Requirements. Results of required
examinations and tests shall be recorded on th¢ PQR
or the performance qualification record.

5-3.6.1.1 Visual Examination Criteria

(a) There shall be no visible evidence of exterior or
interior cracks.
(b) There shall be no evidence of exterior or ifterior
excess solvent cement.
(c) The pipe assembly shall not be loose. If it is|loose,
more cure time shall be required prior to visual gxami-
nation.
(d) The assembly shall have no visible evidende that
dirt or debris is within the solvent cement.

5-3.6.1.2 Pressure Tests

(a) Hydrostatic Pressure Test

pipe sizes, high temperatures, and tgnt 11ts.

(3) The assembly shall be allowed to set, without any
stress on the joint, for the time required by the manufac-
turer. See Table 5-3.5-2 for examples of set times.

(4) Followingtheinitial set period, the assembly may
be handled carefully, avoiding significant stresses to the
joint.

(5) After a joint is assembled, the cement shall be
allowed to cure before the assembly is pressurized.
Cure times shall be in accordance with the manufacturer’s

(1) Test Coupons

(-a) When the largestsize to be joined is NPS 4 (DN
100) or smaller, the test coupon shall be the same NPS as
the largest size to be joined.

(-b) When the largest size to be joined is greater
than NPS 4 (DN 100), the test coupon shall be either NPS 4
(DN 100) or a minimum of 25% of the NPS of the largest
pipe component to be joined, whichever is larger.

(-c) The completed test coupons shall contain an
assembly that includes a coupling, a cap, or both.
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Table 5-3.5-2 PVC/CPVC — Average Handling and Setup Times

Temperature Range, °F (°C), of

Pipe Diameter, in. 60 to 100 (16 to 38)

40 t0 60 (5 to 16) 0 to 40 (-18 to 5)

Y% to 1Y, 2 min 5 min 10 min
1Y% to 2 5 min 10 min 15 min
2% to 4 15 min 30 min 2 hr
6to8 30 min 2 hr 12 hr
10 to 16 2 hr 8 hr 16 hr
16+ 4 hr 16 hr 48 hr

GENERAL NOTE: See manufacturer’s procedure for specific handling and setup times.

Table 5-3.5-3 PVC/CPVC — Average Cure Times

Temperature Range, °E/(°C), of

40 to 60
Pipe Diameter, in. Test Pressure, psi 60 to 100 (16 to 38) (5 te.16) 0 to 40 (-18 to 5)
% to 1Y, Up to 180 15 min 20, ntin 30 mif
180+ 6 hr 12 hr 48 hr
1% to 2 Up to 180 30 min 45 min 1 hr
180+ 12 hr 16 hr 96 hr
2% to 4 Up to 180 2 hr 4 hr 36 hr
180+ 16 hr 24 hr 4 day{
6to 8 Up to 180 8 hr 16 hr 72 hr
180+ 24 hr 48 hr 8 dayg
10 to 16 Up to 100 48 hr 96 hr 8 dayg
100+ Note (1) Note (1) Note (f1)
16+ Upto 100 72 hr 6 days 14 days
100+ Note (1) Note (1) Note (f1)

GENERAL NOTE: See manufacturer’s procedure for average cure times.

NOTE:|(1) Contact solventscement manufacturer.

¢

P) Test Conditions

(-a)<When the coupon has been appropriately
it ‘shall be subjected to a hydrostatic pressure
[ 1$5 times the design pressure.

cured
test a

5-3.6.2 Testing Required for Procedure Qualification

(a) The solvent cement test coupons shall b¢ prepared
in accordance with the FPS.

(-b) The test pressure shall not exceed 1.5 times
the maximum rated pressure of the lowest rated compo-
nent in the system.

(-c) The test shall be conducted so that the joint is
loaded in both the circumferential and longitudinal direc-
tions.

(3) Acceptance Criterion. The joint shall not leak or
separate when tested.
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(b) Fhemmimmumrmomber UfDPCLilllCIlD Teq tired to be
tested shall be as follows:

(1) one test coupon equal to NPS 4 (DN 200)
consisting of pipe and a coupling (see Figure 5-3.6.2-1)

(2) one test coupon equal to NPS 4 (DN 200)
consisting of a pipe and a cap

(c) Each solvent-cement joint shall be subjected to a

visual examination in accordance with the requirements
listed in the applicable visual examination section in this
Standard.
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Figure 5-3.6.2-1 Solvent Fusion Specimens

Coupling

l

Pipe

Pipe

- —Cp— O

Pipe

(d) The solvent-cement joint shiall-be subjected to a
hydrostatic pressure test in accordance with the require-
ments listed in the applicablé hydrostatic pressure test
section in|this Standard.

(e) If any of the requireéd test specimens fails to meet

(3) Ifitis determined that the test failure was daused
by one or more joining conditions other than esgential
variables, a new set of test coupons may be jpined
with the appropriate changes to the joining conditions
that were determined to be the cause for the pr¢vious

the applicable acceptance criteria, the test coupons shall test failure. The changes to the joining conditiong shall

be consid¢red unacceptable. be addressed by the organization to ensure that the
(1) it is.determined that the cause of the failure is required properties are achieved in all solvent-c¢ment

not relatefl to incorrectly selected or applied variables, production joints.

additional test specimens may undergo qualification

testing. For this qualification testing, another test
coupon shall be prepared using the original solvent-
cement parameters.

(2) Ifitis determined that the test failure was caused
by one or more incorrectly selected or applied essential
variables, a new test coupon may be joined after appro-
priate changes are made to the variables that were deter-
mined to have caused the test failure.
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5-3.6.3 Testing Required for Performance
Qualification

(a) Each joiner shall have passed the visual examina-
tion tests.

(b) Eachjoiner shall have passed either the mechanical
or pressure test criteria.

(c) All test data shall be reviewed for compliance with
the FPS requirements.
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(d) Each joiner’s test coupons shall consist of joining
one pipe joint assembly in at least one of the positions
shown in Figure 5-3.6.2-1.

(e) A test coupon may be prepared at any ambient
temperature within the range permitted by the FPS.

(f) One solvent-cement coupon shall be prepared and
undergo visual examination and pressure testing.

5-3.6.3.1 Visual Examination. All surfaces of each
test coupon shall be examined per requirements listed

coupons pass the visual examination, the examiner
shall select one of the acceptable test coupons for pressure
testing.

(c) Ifthe qualification coupon fails the pressure test, an
immediate retest shall be conducted. The joiner shall make
two additional test coupons. If both test coupons pass the
pressure test, the joiner is qualified.

5-3.6.3.5 Expiration of Qualification

in th¢ visual examination section in this Standard
beforp additional testing is performed. Test coupons
shall he visually examined over the entire circumference.

5(3.6.3.2 Pressure Tests

(a)
FPS.
(b)

ment{

The pressure test method shall be applicable to the

The pressure test shall be performed per require-
listed in the Pressure Test section in this Standard.

5/-3.6.3.3 Limits of Qualified Diameters

(a)|Joiners who pass the required tests for solvent-
cement joining for pipe NPS 4 (DN 100) shall be qualified
for joining pipe up to NPS 16 (DN 400).

(b)|]Joiners who pass the required tests for solvent-
cement joining for pipe NPS 16 (DN 400) or greater
shall be qualified for joining pipe of all sizes.

5/3.6.3.4 Retest Qualification
(a)
joiner
(b)
tion, 4
shall

If a joiner fails a test, the employer may retest the

If the qualification coupon fails the visual'examina-
n immediate retest shall be conducted.) The joiner
make two test coupons. If both additional test

(u) Whenra jU;llCl hastot \.Uulp}ctcd asotvgnt-cement
jointusing a qualified FPS for a period of 6 montls or more,
the joiner’s performance qualification shall’expire.

(b) When there is a specific reasonto question the
ability of the joiner to make splvent-cemgnt joints
meeting the requirements of this: Chapter, the joiner’s
performance qualifications shall be revoked.

5-3.6.3.6 Renewal.of Qualification

(a) Performance qualifications that have expjired under
the requirements-of this Standard may be rgnewed by
having a joiner solvent-cement a single [joint test
coupon and subjecting the test coupon to the tet required
in this Stahdard. A successful test shall renew all of the
joiner’s\previous qualifications.

(b) Joiners whose qualifications have beeh revoked
under the provisions of this Standard may be fequalified
by solvent-cement joining a test coupon represgntative of
the planned production work. The joined test cqupon shall
be tested per the requirements of this Standard. A
successful test shall restore a joiner’s qualifichtion.
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Chapter 6
Inspection, Examination, and Testing

6-1 INSPECTION

This Chapter distinguishes between inspection and ex-
amination| (see section 6-2). Inspection applies to func-
tions performed for the owner by the owner’s
Inspector|or the Inspector’s delegates. References in
this Stanglard to the “Inspector” are to the owner’s
Inspector jor the Inspector’s delegates.

NOTE: Reqyirements in this Chapter for inspection, examination,
and testing(of thermoplastic piping systems apply to all thermo-
plastic mat¢rials referenced in this Standard; additional require-
ments and| exceptions for thermoplastic-lined metals and
multilayer¢d reinforced thermoplastic piping systems are in
Chapters 7|and 8, respectively.

6-1.1 Responsibility for Inspection

It is the]l owner’s responsibility, exercised through the
owner s Injspector, to verify thatall required examinations
and testing have been completed and to inspect the ther-
moplastic|piping system to the extent necessary to be
satisfied that it conforms to all applicable examinationre-
quirements of this Standard and of the engineering.désign.

6-1.2 Rights of the Owner’s Inspector

The owher’s Inspector and the Inspector’s delegates
shall havg access to any place where work concerned
with the thermoplastic piping sysStem installation is
being performed. This work shall)include manufacture,
fabricati¢gn, assembly, erection, examination, and
testing of|the thermoplasticipiping system. They shall
have the right to audit-any examination, to inspect the
thermoplastic piping\system using any examination
method specified by the engineering design, and to
review all certifications and records necessary to
satisfy thg owhner’s responsibility stated in para. 6-1.1.

cator, or erector unless the owner is also the mapufac-
turer, fabricator, or erector.
(b) The owner’s Inspector shall be trainéd on the prin-
ciples of the specific joining process te be insgected
(minimum 24 h). This training shall\be documjented
and shall cover, as a minimum, safety, fundamentals of
the joining and installation prégess, and recognition of
typical joint imperfections.“In“addition, the Inspector
shall meet one of the following requirements:
(1) have at least 8fyr'experience in the design|fabri-
cation, or examinatioh-of industrial thermoplastid pres-
sure piping systems. Completion of an engineer|ng or
technical degree ‘dccredited by the Accreditation Board
for Engineering and Technology (ABET) shall be cpnsid-
ered equivalent to 3 yr experience of the 8 yr required.
(2)have a professional engineering registratjon or
nationally recognized equivalent with at least 3 yr experi-
ence in the design, fabrication, or examination of {ndus-
trial thermoplastic pressure piping systems.
(c) In delegating performance of inspectiop, the
owner’s Inspector shall be responsible for determining
that any person to whom an inspection function ig dele-
gated is qualified to perform that function.

6-2 EXAMINATION

Examination applies to quality control fungtions
performed by the thermoplastic piping systems mahufac-
turer (for piping components only), fabricator, or effector.
Reference in this Standard to an examiner shall be to a
person who performs quality control examinationis.

6-2.1 Responsibility for Examination

Inspection shall not relieve the thermoplastic piping
system manufacturer, the fabricator, or the eredtor of
the responsibility for

6-1.3 Qualifications of the Owner’s Inspector

(a) The owner’s Inspector shall be designated by the
owner and shall be the owner, an employee of the owner,
an employee of an engineering or scientific organization,
or an employee of a recognized insurance or inspection
company acting as the owner’s agent. The owner’s
Inspector shall not represent nor be an employee of
the thermoplastic piping component manufacturer, fabri-

(a) providing thermoplastic materials, components,
and workmanship in accordance with the requirements
of this Standard and of the engineering design (see
Chapter 2)

(b) performing all required examinations

(c) preparing suitable records of examinations and
tests for the Inspector’s use
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6-2.2 Examination Requirements

6-2.2.1 General. Prior to initial operation, each ther-
moplastic piping system installation, including compo-
nents and workmanship, shall be examined in
accordance with the applicable requirements of
section 6-2. The type and extent of any additional exam-
ination required by engineering design, and the accep-
tance criteria to be applied, shall be specified.
Thermoplastic joints not included in examinations

(b) If any of the items examined as required by
Step 2(b) reveals a defect, all items represented by
progressive sampling shall be either

(1) replaced and the replacement items examined as
required, or

(2) fully examined and replaced as necessary and the
replacement items examined as necessary to meet the re-
quirements of this Standard

Step 4. If any of the defective items are replaced and the

rpp]nrpmpnf items examined and a defectis detected in a

requifed by para. 6-2.3 or by engineering design may
be acgepted if they pass the leak test requirements in
sectiop 6-3.

(a)| Examination of thermoplastic items shall be
performed after extrusion, injection molding, or other
formipg process.

(b) |Examination of fabricated items shall be performed
after final assembly.

6-2(2.2 Acceptance Criteria. Acceptance criteria shall
be as ptated in the engineering design and shall meet the
applidable requirements in Mandatory Appendix III. AWS
G1.10/may also be used to evaluate thermoplastic welds.

6-2,2.3 Defective Piping Components and Workman-
ship. If examination of an item reveals defects (imperfec-
tions jof a type or magnitude exceeding the acceptance
criterfia for joints and material in this Standard), the
item ghall be replaced, and the replacement item shall
be supject to the same examination and acceptance

criterfa as the original.

6-2,2.4 Progressive Sampling for Examination. When
requifed spot or random examination reveals a.defect, the
following steps shall be taken:

Step 1. Two additional samples of the same kind of item
or from the same lot shall be given the Same examination.
For alfused item, the sample should‘be from the same
fusior] equipment operator. For-a solvent-welded or adhe-
sive-jpined item, the sample should be from the same ther-
mopldstic assembler.

Step 2

(a) |1f the items examined as required by Step 1 are ac-
ceptable, the defective item shall be replaced and the re-

replacement item, continued progressive sgmpling in
accordance with Steps 1, 2(b), and 3(b}~is/noft required
based on the defects found in the replacements.[The defec-
tive item(s) shall be replaced and the replacemént item(s)
examined until acceptance as specified in pard 6-2.2.3 is
reached. Spot or random examination (whichever is ap-
plicable) shall then be perforimed on the remaihing unex-
amined joints, items, or‘cemponents.

6-2.3 Extent of Required Examination

Thermoplastic piping intended for fluid service shall be
examined td\the extent specified herein or to any greater
extent specified in the engineering design. Acceptance
criteriasare as stated in para. 6-2.2.2 and in Mandatory
Appendix III for fluid service.

{a) Visual Examination. At minimum, the|following
shall be examined in accordance with para. 6{2.7.2:

(1) sufficient materials and components,|as agreed
on by the owner, selected at random, to satisfy|the exam-
iner that they conform to the specifications ard are free
from defects.

(2) atleast 5% offabrication, assembly, anld erection.
For fused, solvent-welded, and adhesive joints, every
operator’s or joiner’s work shall be repres¢nted and
shall meet the requirements of Mandatory |Appendix
[II. AWS G1.10 may also be used to evaluate thermoplastic
welds for acceptance.

(3) random examination of the assembly of
threaded, bolted, and other mechanical jointq to satisfy
the examiner that they conform to the applicabje require-
ments of the engineering design.

(4) random examination of joint alignthent. Pipe

placement itepd examined as specified in para. 6-2.2.3,and hangers and supports, where applicable, shal| be exam-
all items represénted by the two additional samples shall ined to ensure spacing is at intervals per the |designer’s
be ac¢epted: . _ _ requirements.

(b) [If'\any of the items examined as required by Step 1 (5) erected thermoplastic piping system for

reveals a defect, two further samples of the same kind shall
be examined for each defective item found by that
grouping.

Step 3

(a) If all the items examined as required by Step 2(b)
are acceptable, the defective item(s) shall be replaced
and the replacement item examined as specified in para.
6-2.2.3, and all items represented by the additional
sampling shall be accepted.
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evidence of defects that would require repair or replace-
ment, and for other evident deviations from the intent of
the design.

(b) Certification and Records. The examiner shall be
assured by review of certifications, records, and other
evidence that the thermoplastic piping components
meet the requirements of the specifications. The examiner
shall provide the Inspector with a certification that all of
the quality control requirements of the specifications,

(20)
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applicable standard(s), and engineering design have been
carried out.

6-2.4 Supplementary Examination

6-2.4.1 General. Any of the methods of examination
described in para. 6-2.7 may be specified by the engi-
neering design to supplement the examination required
by para. 6-2.3. The extent of the supplementary examina-
tion to be performed and the acceptance criteria that differ

(b) Special Methods Not Specified in This Standard. If a
method not specified herein is to be used, then the method
and its acceptance criteria shall be specified in the engi-
neering design in enough detail to permit qualification of
the necessary procedures and examinations.

6-2.7.2 Visual Examination

(a) Visual examination of thermoplastic piping systems
includes verification of standards, code, and engineering

from thos¢ i para. 6-2:2-25hail be specified I the engi- destgmrequirements—for
neering d¢sign. (1) materials, components, and dimensions
. . (2) preparation and alignment of joint§
6-2.4.2[ Examination to Resolve Uncertainty. Any

method may be used to resolve doubtful indications.
Acceptance criteria shall be those for the required exam-
ination.

6-2.5 Expmination Personnel

6-2.5.1 |Personnel Qualification and Certification

(a) Examiners shall be trained and shall possess a valid
qualification certificate from the manufacturer for the
process t¢ be used and the material being welded or
shall have] experience with nondestructive examination
technique$ commensurate with the needs of the specified
examinatipns.

(b) Personnel performing nondestructive examination
(NDE) to the requirements of this Standard shall be qual-
ified and dertified for the method to be used following a
procedurejas described in ASME BPVC, Section V, Article 1,
T-120(e) ¢r T-120(f).

6-2.5.2 Specific Requirements. For in-process.exam-
ination, the examination shall be performed by personnel
other thar those performing the production work.

6-2.6 Expmination Procedures

(a) Anylexamination shall be pefformed in accordance
with a wrjitten procedure that'conforms to one of the
methods gpecified in paras. 6:277.1(a) and 6-2.7.1(b).

(b) Profedure shall be-written as required in ASME
BPVC, Section V, Article 1, T-150.

(c) The|employersshall certify records of the examina-
tion procefures usedyshowing dates and results of proce-
dure quallfications, and shall maintain them and make
them available-to the Inspector.

(3) alignment of materials and components

(4) method of joining, i.e., fusion, solvent wglding,
adhesive joining, bell-and-spigot join{s;bolting, threpding,
etc.

(5) assembly of supports

(6) erection

(b) Visual examinatiofirshall be performed in
dance with ASME BPVC(;. Section V, Article 9.

(c) A joint shall receive a visual examination|of all
accessible pipe,{itting, and component surfaces. Accep-
tance criteria afe as follows:

(1) There shall be no evidence of cracks, voids,|inclu-
sions, defects or flaws, lack of fusion, or inconplete
joining»AWS G1.10 may be used to evaluate thermojplastic
weldsfor acceptance. Either the designer or the owper or
owner’s representative shall identify which accegtance
level from AWS G1.10 is applicable.

(2) Joints shall exhibit proper design configuration.

(3) Anydatarecord as aresult of the fusing or jpining
process shall be reviewed and compared to design re-
quirements for acceptance.

(d) Visual examination results shall be recordgd and
submitted to the owner or owner’s delegate on cdmple-
tion. The records shall include the following information:

(1) date of examination

(2) identification of piping system examined

(3) examination procedure

(4) certification of results by examiner

ACCor-

6-2.7.3 Ultrasonic Examination. Ultrasonic examina-
tion of welds or joints shall be performed in accorjdance
with ASME BPVC, Section V, Article 4, as required py the
engineering design.

6=274 In-Pro
O=&~4—hH=-r10

6-2.7 Types of Examination
6-2.7.1 General

(a) Methods Specified in This Standard. Except as
provided in (b), any examination required by this Stan-
dard, by the engineering design, or by the Inspector
shall be performed in accordance with one of the
methods specified herein.
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IO

(a) In-process examination shall comprise examina-

tion of the following, as applicable:

(1) joint preparation and cleanliness

(2) fit-up, joint clearance, and external and internal
alignment prior to joining

(3) variables (such as temperatures, cooling or cure
times, environmental conditions) specified in the FPS, JPS,
or this Standard

(4) appearance of the finished joint
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(b) In-process examination shall be visual in accor-
dance with para. 6-2.7.2 unless additional methods are
specified in the engineering design.

6-3 TESTING

6-3.1 Required Leakage Test

Prior to initial operation and after completion of the
applicable examinations required by section 6-2, each

6-3.2 General Requirements for Leakage Tests

Requirements in para. 6-3.2 may apply to more than one
type of leakage test.

6-3.2.1 Limitations on Pressure

(a) Exceeding Piping Component Strength. If the test
pressure would produce a nominal pressure in excess
of 1.5 times rated pressure of the weakest or lowest-
rated component at test temperature, the test pressure

piping system shall be tested to ensure tightness. The
test shall be a hydrostatic leakage test in accordance
with para. 6-3.4, except as provided in paras. 6-3.1.1
and 6[3.1.2.

6-3{1.1 Exception to Hydrostatic Test. If hydrostatic
testinlg would create a hazardous situation or risk of
contamination, the owner may choose to subject the
piping system to a pneumatic leakage test, in accordance
with para. 6-3.5, in lieu of the hydrostatic leakage test.
Wherp pneumatic tests are performed, consideration
shall pe given to the hazard, precautions, and safety
measjures associated with the energy stored in
compressed gas.

6-3

(a) |Where the owner considers both hydrostatic and
pneurhatic leakage testing impracticable, an alternative
NDE test may be used if both of the following conditions
apply
() a hydrostatic test would

(-a) damage the piping system or liningé.in the
system
(-b) contaminate a process that would’be hazard-
brrosive, or inoperative in the presence of moisture
(-¢) require significant suppertimodifications for
the hydrostatic test load, or
(-d) present the danger-of.brittle fracture due to
low t¢mperature during the test
(£) a pneumatic test would
(-a) presentantindue hazard of possible release of
energly stored in the System, or
(-b) present-the danger of brittle fracture during
the tefst

(b) | The NDE test shall be approved by the owner, and
shall he followed by an initial service leakage test in accor-
dancel with para. 6-3.6

1.2 Allowance for NDE Test

piping

ous, ¢

may be reduced to the maximum pressurd that will
not exceed the pressure rating at test tempeftfature.

(b) Test Fluid Expansion. If a pressurg testis ffo be main-
tained for a period of time and the testflutd in the system is
subjectto thermal expansion, precautions shall pe taken to
avoid excessive pressure.

6-3.2.2 Other Test Requiréments

bt shall be
nnections

(a) Examination for-Leakage. A leakage te
maintained for atdedst 1 h. All joints and cd
shall be examined for leakage after the 1-h period.

(b) Low Test Temperature. The possibility|of testing
near theglass transition temperature or below the
rapid crack growth prorogation critical tethperature
shall‘berconsidered when leakage tests are fonducted
on S§ystems where the ductile-brittle transition tempera-
ture range is near the testing conditions.

(c) Sectioning the System for Test. The pipe
tested shall be either the whole pipeline or a seq
entire pipeline capable of being isolated, dependlent on the
length and diameter of the section of the pipe| the avail-
ability of water, the disposability of the watdr, and the
spacing between sectioning valves or blind flanged
ends. Based on elevations and distance, the pipeline
shall be divided into test sections such that

(1) the hydrostatic test pressure at any ppint in the

test section shall be
(-a) not less than the design pressure
(-b) notmore than 50% above the desigh pressure
rating of any pipeline component
(2) Prior to testing execution, an assessmpent should
be made as to what the recorded pressure versus time
curves should look like and how to read orf interpret
the actual recorded pressure data, so that dcceptance
or corrective action may be taken by experienced,
trained, and qualified operators.

ine length
tion of the

6-3.1.3 Nonpressure Piping. Unless otherwise speci-
fied in the engineering design, lines open to the atmo-
sphere, such as vents or drains downstream of the last
shutoff valve, shall be leak tested.
NOTE: Testing to full hydrostatic requirements may not apply

due to limitations in the pressure rating of nonpressure piping
components.
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NOTES:

(1) Although written for polyethylene, PPI TN-46 and ASTM
F2164 provide comprehensive guidelines for conducting
pressure tests.

(2) ASME PCC-2, Part 5, Article 501 provides comprehensive
requirements for conducting pressure tests.
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6-3.2.3 Special Provisions for Testing

(a) Piping Components and Subassemblies. Piping
components and subassemblies may be tested either sepa-
rately or as assembled piping.

(b) Flangedjoints. Flanged joints used to connect piping
components and subassemblies that have previously been
tested, and flanged joints at which a blank or blind is used
to isolate equipment or other piping during a test, are not
required to be leakage tested in accordance with

and on the structural capacity the existing host pipe is
expected to provide in the relined system.

6-3.2.6 Repairs or Additions After Leakage Testing

(a) If repairs or additions are made following the
leakage test, the affected piping shall be retested.

(b) For minor repairs that do not breach the pressure
boundary (e.g., gouges, scratches) or additions such as
supports or brackets, the owner may waive retest require-

para. 6-3.T.
(c) Clogure joints. The final joint connecting piping
systems ¢r components that have been successfully
tested in accordance with para. 6-3.1 are not required
to be leaknge tested provided the joint is examined in-
process in] accordance with para. 6-2.7.4 and an initial
service ledkage test in accordance with para. 6-3.6.

6-3.2.4

(a) Thelinternal or carrier pipe shall be leakage tested
on the bagis of the internal design pressure.

(1) In stagger welded systems, i.e., systems where
the joining of the carrier pipe and the joining of the
containment pipe are performed independently, any
testing requiring visual access to welds or joints of the
internal pipe shall be conducted before the containment
pipe weld|is performed.

(2) Ip simultaneous welded systems, i.e., systems
where the joining of the carrier pipe and the joining of
the contalnment pipe are done at the same time, the
requirement for visual access to joints of the carrier
pipe may pe waived during carrier pipe testing.

(b) The|containment pipe should be leakage tésted, by
either hydrostatic or pneumatic methods, as specified by
the designer.

(1) Fpr systems in which a dry annulus indicates the
absence of leaks, hydrostatic testing may' not be practical.

(2) The product manufacturefr.miay be consulted for
the suitabillity of and their specifictest procedures for low-

Dual Containment Piping

pressure pneumatic test.

(3) Precautions for’pneumatic testing, including
those for Jow pressures, outlined in para. 6-3.5(a) shall
apply.

6-3.2.5|Jacketed and Insulated Piping
(a) The internal pipe shall be leakage tested on the

2.7.4)

" 1 g L
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are taken to ensure sound construction.

6-3.2.7 Test Records. Records shall be'made quring
the testing of each piping system and submitted fo the
owner or owner’s delegate on completion. The r¢cords
shall include the following information:

(a) date of test

(b) identification of piping-system tested

(c) test procedure, includihg duration

(d) test medium

(e) test pressure

(f) certification.of results by examiner

6-3.3 Preparation for Leakage Test

(a) Joints Exposed. All joints, welds (including struc-
tural\attachment welds to pressure-containing c¢mpo-
nents), and bonds shall be left uninsulated and
exposed for inspection and examination during ldakage
testing, except where agreed to by the owner due to,
but not limited to, the following:

(1) accessibility

(2) installation methods such as directional drilling
or relining of existing piping

(3) containment piping

(4) direct burial of lines that require imm
cover

(b) Temporary Supports. Piping designed for vapor or
gas shall be provided with additional temporary sugports,
if required, to support the weight of test liquid.

(c) Piping With Expansion Joints. Piping system$ with
expansion joints should be tested within the allowable
pressure and temperature range to prevent damage.

(d) Limits of Tested Piping. Equipment that is nof to be
tested shall be either disconnected from the pipjng or
isolated by blinds or other means during the test. A
valve may be used, provided the valve (including its

rdiate

basis of the internal or external design pressure, which-
ever is critical. This test shall be performed before the
jacket or insulation is completed if visual access to
joints of the internal pipe is required by para. 6-3.3(a).

(b) Therequirementsin (a)are notintended to apply to
multilayered reinforced piping systems, dual contained
piping systems, or casing pipes. Relined piping systems
should be evaluated for the ability to withstand pressure
testing capacity based on the liner’s structural capacity
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closure mechanism) is suitable for the test pressure.

6-3.4 Hydrostatic Leakage Test

(a) Test Fluid. The fluid shall be water unless there is
the possibility of damage due to freezing or to adverse
effects of water on the piping or the process. The selection
of an alternative fluid shall be approved by the designer
after review and consideration of chemical compatibility,
flammability, and toxicity.
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(b) Test Pressure. The hydrostatic test pressure in a
thermoplastic piping system shall not be less than 1.25
times the design pressure at the highest elevation,
except where paras. 6-3.2.1 and 6-3.2.2 apply.

6-3.5 Pneumatic Leakage Test

(a) Precautions. The thermoplastic piping systems and
components covered by this Standard are intended
primarily for use in the distribution of pressurized

(c) Test Pressure. The test pressure shall be not less
than 1.1 times nor more than 1.33 times the design pres-
sure, except where the designer allows for a variance due
to service or safety concerns. When thermoplastic or
multilayered reinforced thermoplastic pipe systems
used for fuel gas service are tested, requirements of 49
CFR 192.513 shall apply.

6-3.6 Initial Service Leakage Test

liquiffS. Pressurized (compressed) air or other
compEessed gases contain large amounts of stored
energy that would present serious safety hazards if a
system were to fail for any reason. Liquids and gas
convelyed by thermoplastic piping systems shall be chemi-
cally Jompatible with the piping materials. Pressure relief
devicgs and calibrated or redundant pressure measure-
ment [(multiple gauges) shall be considered as part of
the testing protocol. Due to inherent hazards associated
with testing components and systems with compressed
air or| other compressed gases, some manufacturers do
not allow pneumatic testing of their products. Established
writtgn guidelines for specific testing procedures shall be
consulted prior to pneumatic testing (e.g., ASME PCC-2,
Part §, Article 501).

(b) | Test Medium. The gas used as test medium, if not air,
shall be nonflammable and nontoxic, as approved by the
desigmer.

nittat Service leakage tests apply only to piping in Cate-
gory D fluid service, at the owner’syeption. See
para. 6-3.1.2(b).

(a) Test Fluid. The test fluid shall belthe sefvice fluid.

(b) Procedure. During or prior to initial opefation, the
pressure shall be gradually increased in steps, with the
pressure held long enough at each step tq equalize
piping strains, until the_operating pressure is reached.
A preliminary check,dncluding examination of joints
per para. 6-2.3, shall be-made at the midpoint, dr as estab-
lished by the designer, in the pressurization process.

(c) Examination for Leakage. The examipation for
leakage required by para. 6-3.2.2(a) shall be fonducted
while the System is at operating pressure. Examination
for leakage of joints and connections previoysly tested
in accordance with this Standard may be omiftted.
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Chapter 7
Use of Metallic Piping Lined With Thermoplastics

7-1 GENERAL

(a) This Chapter covers requirements for the design
and use df piping systems comprising mechanically
assembled metallic components, including a metallic pres-
sure-contpinment host pipe and/or fittings, comple-
mented ofr conjoined with a corrosion- or abrasion-
resistant polymeric liner.

(b) These piping systems have special design and use
requiremgnts that are in addition to, or in some cases in
lieu of, thg requirements in Chapters 1 through 6. These
special requirements are detailed further in this Chapter.

(c) The requirements for pressure-bearing compo-
nents found in paras. 7-4.2 and 7-4.4.1 through 7-4.4.8
and sectign 7-7 may be substituted with analogous re-
quirements found in any section of the ASME B31 Pressure
Piping Codle. If another pressure piping code is used, all
relevantrgquirements from that code shall apply. All other
requiremgnts of this Chapter shall apply.

(d) Colymns, vessels, nonpressure piping, and other
lined components (dip pipes, spargers, expansion
joints, valwves, sight glasses, hoses, and complex shape
housings) |are not addressed by this Chapter.

7-2 STANDARDS

See Tabje 4-2.1-1 for a list of the standards and speci-
fications that apply to both the metallic and plastic compo-
nents usg¢d to construct metallic’piping lined with
thermoplastics.

7-3 MATERIALS

(a) Linler Polymers. The following materials are

accepted for use in\thermoplastic-lined metallic piping:
(1) pplyethylene (PE) — PE 4710

(2) plypropylene (PP), both homopolymers and

(b) Recycled, Reprocessed, or Reground Resins-The ac-
ceptable use of qualified recycled, reprecessed, or
reground resins for liners depends onfthe redin, as
described in (1) through (3).

(1) Melt-processable resins containing nothipg but
the main identified polymer (neat resins) may be refycled
provided the mechanical andi{thermal properti¢s are
maintained. Owners may disallow this at their discfetion,
and may also impose resin traceability or certification re-
quirements that effectively disallow this practice.

(2) Melt-processable resins containing fillers,|stabi-
lizers, or pigments-stay be recycled at ratios of at legst 6:1
virgin to regrind,provided the mechanical and thermal
properties are maintained. Owners may disalloy this
at their discretion, and may also impose resin tracepbility
or certification requirements that effectively disallow this
practice.

(3) Only virgin PTFE or virgin modified PTFE may be
ttsed in making PTFE linings complying with this Standard.

7-4 DESIGN CONSIDERATIONS

7-4.1 Qualifications of the Designer

(a) The designer is the person(s) in charge of the engi-
neering design of a piping system and shall be familiar
with the requirements of this Standard.

(b) The qualifications and experience required |of the
designer will depend on the complexity and criticqlity of
the system and the nature of the individual’s expeifience.

(c) The designer should be licensed to practicq engi-
neering by the local jurisdiction.

(d) If the designer is not licensed to practice| engi-
neering by the local jurisdiction, the owner’s approval
shall be required, and the individual shall meet af least

one of the following criteria:
{—completion-ofan-ABET-accredited-or-equivalent

copolymers
(3) poly(vinylidene fluoride) (PVDF), both homopo-
lymers and copolymers
(4) ethylene-tetrafluoroethylene copolymer (ETFE)
(5) ethylene chlorotrifluoroethylene (E-CTFE)
(6) poly(tetrafluoroethylene) (PTFE)
(7) modified polytetrafluoroethylene (m-PTFE)
(8) perfluoroalkoxy alkane (PFA)
(9) perfluoro-ethylene propylene copolymer (FEP)

engineering degree requiring the equivalent of atleast4 yr
study, plus a minimum of 5 yr experience in the design of
related pressure piping

(2) completion of an accredited engineering techni-
cian or associate’s degree requiring the equivalent of at
least 2 yr study, plus a minimum of 10 yr experience in the
design of related pressure piping

(3) 15yrexperience inthe design of related pressure
piping (for an individual without a degree and who has no
ABET accreditation)
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(4) experience in the design of related pressure
piping, which shall be satisfied by piping design experi-
ence that includes design calculations for pressure,
sustained and occasional loads, and piping flexibility

7-4.2 Design Pressure

(a) The design pressure requirements of para. 2-1.2.2
shall be applied in their entirety.
(b) The design pressure of each component in a piping

(b) The design temperature of each component in a
piping system shall be the temperature at which,
under the coincident pressure, the greatest thickness
or highest component rating is required in accordance
with para. 7-4.2 (to satisfy the requirements of para.
7-4.2, different components in the same piping system
may have different design temperatures).

(c) In establishing design temperatures, the fluid
temperatures, ambient temperatures, solar radiation,
the appli-

hp:ﬂ'ing or rnnling medium temperatures and

systefn shall be not less than the pressure at the most
sever¢ condition of coincident internal or external pres-
sure gnd temperature (minimum or maximum) expected
during service, except as provided in para. 7-4.4.4. The
most $evere condition is that which results in the greatest
requifed component thickness and the highest component
rating.

(c) [When more than one set of pressure-temperature
conditions exist for a piping system, the conditions
govelning the rating of components conforming to
listed|standards may differ from the conditions governing
the rdting of components designed in accordance with
para. [/-4.4.6.

(d) [When a pipe is separated into individualized pres-
sure-dontaining chambers (jacketed piping, blanks, etc.),
the p}'tition wall shall be designed on the basis of the most

sever¢ coincident temperature (minimum or maximum)
and differential pressure between the adjoining cham-
bers gxpected during service, except as provided in
para. [/-4.4.4.

7-4{2.1 Required Pressure Containment or Relief

(a) |Provision shall be made to safely contaiiior relieve
any ¢gxpected pressure to which the piping can be
subje¢ted. Piping not protected by a pressure-relieving
devicg, or that can be isolated fromya\pressure-relieving
devicg, shall be designed for at ledst,the highest pressure
that cpn be developed.

(b) |Sources of pressure should include ambient influ-
ences| pressure oscillatiofis and surges, improper opera-
tion, dlecomposition oftunstable fluids, static head, and
failur¢ of control devices.

7-4
(a)

conn

2.2 Standard Flanged Connections

For-Class 150 and below, the flanged-joint flange
ectionis shall meet the pressure-temperature

cable provisions of para. 7-4.3.2 shall be condidered.

7-4.3.1 Uninsulated Components:, The cpmponent
design temperature of uninsulated componfents shall
be taken as the fluid temperaturejiunless solai radiation,
heat tracing, or other effects result in a higher tempera-
ture.

7-4.3.2 Externally Insulated Piping

(a) The component design temperature of [externally
insulated piping shall be the fluid temperatfire unless
calculations;. tests, or service experience [based on
measurements supports the use of another tetpperature.

(b) Whete piping is heated or cooled by tracing or jack-
eting; this effect shall be considered in establishing
component design temperatures.

7-4.4 Design Criteria

(a) The design criteria requirements of section 2-2
shall be applied in their entirety.

(b) In selection of components and design of{the piping
system, the designer shall take into account the commer-

cially available piping sizes.

7-4.4.1 Permissible Pressure-Temperature Design
Criteria

(a) Standard Components Having Establishdd Ratings
(1) Except as limited elsewhere in this|Standard,
pressure-temperature ratings contained in [standards
listed in Table 4-2.1-1 for standard piping cdmponents
shall be acceptable for design pressures and temjperatures
in accordance with this Standard.
(2) The provisions of this Standard may pe used at

the owner’s responsibility to extend the pressure-
temperature ratings of a component be[yond the
ratings of the listed standard.

ratin
B16.5.

(b) For Class 300 and above, the designer shall consult
the manufacturer.

- £ £ 1. 1ol 4 paj paj ACMNI
ITHUITTIHITIILS UL appPlitdUulIt Sstdituaru,s, C.E., NoIvIiL

7-4.3 Design Temperature

(a) The design temperature requirements of para.
2-1.2.3 shall be applied in their entirety.
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(b) Listed Components Not Having Specific Ratings.
Some of the standards for components listed in
Table 4-2.1-1 (e.g., ASME B16.9 and ASME B16.11)
state that pressure-temperature ratings are based on
straight seamless pipe. Except as limited in the standard,
such a component, made of a material having the same
allowable stress as the pipe, shall be rated using not
more than 87.5% of the nominal thickness of seamless
pipe corresponding to the schedule, weight, or pressure
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class of the fitting, less all allowances applied to the pipe
(e.g., thread depth and/or corrosion allowance).

7-4.4.2 Nonstandard Components

(a) Nonstandard components to which the require-
ments elsewhere in para. 7-4.4 do not apply shall
satisfy the pressure design criteria of this Standard.

(b) The designer shall ensure that the pressure design
has been substantiated through one or more of the means

4

(c) Compression. Allowable stresses in compression
shall be no greater than the basic allowable stresses in
tension as tabulated in ASME B31.3, Tables A-1 and
A-1M or Tables A-2 and A-2M. Consideration shall be
given to structural stability.

7-4.4.4.2 Bases for Design Stresses. The bases for
establishing design stress values for bolting materials
and allowable stress values for other metallic materials
in this Standard shall be as follows:

stated in L) thr ngh (4) betow-
NOTE: Designs are also required to be checked for adequacy of
mechanicalf strength as described in para. 7-4.4.5.

(1) ektensive, successful service experience under
comparable conditions with similarly proportioned
components of the same or like material.

(2) experimental stress analysis, such as described in
ASME BPVC, Section VIII, Division 2, Annex 5F.

(3) prooftestinaccordance with ASME B16.9; ASME
BPVC, Section VIII, Division 1, UG-101; or MSS SP-97.

(4) detailed stress analysis (e.g., finite element
method) yith results evaluated as described in ASME
BPVC, Section VIII, Division 2, Part 5. The basic allowable
stress froin ASME B31.3, Tables A-1 and A-1M shall be
used in place of the allowable stress, S, in ASME BPVC,
Section VI[II, Division 2, where applicable.

(c) Docpimentation showing compliance with this para-
graph shall be available for the owner’s approval.

(d) For|any of these methods, the designer may inter-
polate between sizes, wall thicknesses, and pressure
classes, and may determine analogies among related
materials.

7-4.4.3| Allowances for Temperature Variations for
Plastic Liher. The designer shall take extra precautions
to ensure [that any design temperature péak‘excursions
are below| the maximum permitted temperature of the
plastic forja specific chemical service.

7-4.4.4 | Allowable Stresses-and Other Stress Limits

7-4.4]4.1 General. Theallowable stresses defined in
(a) through (c) shall be used-in design calculations unless
modified by other provisions of this Standard.

(a) Tenkion. Basic allowable stresses, S, in tension for
metals ar¢ listed in"ASME B31.3, Tables A-1 and A-1M.
Design stfessed for bolting materials, S, are listed in
ASME B31.3xTables A-2 and A-2M. These shall be deter-

(a) bolting Materials. Design stress values at temipera-
ture for bolting materials shall not exceed the lowest of the
following:

(1) thelower of one-fourth of the specifiéd minimum
tensile strength at room temperature,'Sy, and one-fourth
of the tensile strength at temperature

(2) thelower of two-thirds.of the specified minimum
yield strength at room temperatufe, Sy, and two-thjrds of
the yield strength at température

(b) Other Materials., Basic allowable stress val
temperature for materials other than bolting ma
shall not exceed the lowest of the following:

(1) the lower,of one-third of S7 and one-third
tensile strength. at temperature

(2) thelower oftwo-thirds of Syand two-thirds
yield strength at temperature

7-4.4.4.3 Casting Quality Factor, E.. The casting
quality factor, E,, defined herein, shall be used fdr cast
components not having pressure-temperature ratings
established by standards.

(a) Basic Quality Factors

(1) Castings for flanges and fittings and other piping
components shall be assigned a basic casting quality
factor, E,, of 0.80.

(2) Centrifugal castings that meet specificati
quirements only for chemical analysis; tensile, 1
static, and flattening tests; and visual examinatior
be assigned a basic casting quality factor of 0.80.

hes at
erials

of the

ofthe

bn re-
ydro-
shall

NOTE: Basic casting quality factors are tabulated for listed
fications in ASME B31.3, Tables A-1 and A-1M.

speci-

(b) Increased Quality Factors. Casting quality factors
may be increased when supplementary examinations
are performed on each casting.

(1) Table 7-4.4.4.3-1 states the increased cpsting
quality factors, E, that may be used for various combina-

mined in accordance with para. 7-4.4.4.2. In equations
elsewhere in this Standard where the product SE
appears, the value S shall be multiplied by one of the
casting or weld joint quality factors found in ASME
B31.3, para. 302.3.

(b) Shear and Bearing. Allowable stresses in shear shall
be 0.80 times the basic allowable stress in tension tabu-
lated in ASME B31.3, Tables A-1 and
A-1M or Tables A-2 and A-2M. Allowable stress in bearing
shall be 1.60 times that value.
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ion £ qaran] asn aad oy Aol ol oo
tiens-ef supplementary-examination:

(2) Table 7-4.4.4.3-2 states the acceptance criteria
for the examination methods specified in the notes to
Table 7-4.4.4.3-1.

(3) Quality factors higher than those shown in
Table 7-4.4.4.3-1 shall not result from combining the
tests in Notes (2)(a) and (2)(b), or Notes (3)(a) and
(3)(b) in Table 7-4.4.4.3-1.

(4) In no case shall the quality factor exceed 1.00.
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Table 7-4.4.4.3-1 Increased Casting Quality Factor, E.

Supplementary Examination

in Accordance With Note(s) Factor, E,
Note (1) 0.85
Note (2)(a) or Note (2)(b) 0.85
Note (3)(a) or Note (3)(b) 0.95
Note (1) and either Note (2)(a) or Note (2)(b) 0.90
Note (1) and either Note (3)(a) or Note (3)(b) 1.00
Note (2)(a) or Note (2)(b) and Note (3)(a) 1.00

(c) Stresses Due to Sustained Loads, S;. The sum of the
longitudinal stresses due to sustained loads, S;, such as
pressure and weight in any component in a piping
system, shall not exceed S;, where Sj is taken from
ASME B31.3, Tables A-1 and A-1M at the metal tempera-
ture of the operating condition being considered.

(d) Allowable Displacement Stress Range, S,. The
computed displacement stress range, Si, in a piping
system shall not exceed the allowable displacement

or Npte (3)(b)

NOTES]

(1) Mdchine all surfaces to a finish of 6.3 pm R, (250 pin. R, in accor-
dahce with ASME B46.1), thus increasing the effectiveness of
sufface examination.

(2) Ex@minations

(a] Examine all surfaces of each casting (ferromagnetic material
only) By the magnetic particle method in accordance with ASTM
E709. Judge acceptability in accordance with MSS SP-53, Table 1,
using rpference photos in ASTM E125.

(b} Examine all surfaces of each casting by the liquid penetrant
method, in accordance with ASTM E165. Judge acceptability of flaws
and weld repairs in accordance with MSS SP-53, Table 1, using reference
photographs in ASTM E125 for surface flaws.

(3) Adfitional Examinations

(aj Fully examine each casting ultrasonically in accordance with
ASTM K114, accepting a casting only if there is no evidence of depth
of defegts in excess of 5% of wall thickness.

(b} Fully radiograph each casting in accordance with ASTM E94.
Judge|in accordance with the stated acceptance levels in
Table 7-4.4.4.3-2.

stress range Ss—calculated by eq (7-4-1)-

Sy = f(1.25S, + 0.25S),) (7-4-1)

When §j, is greater than §;, the differenee betyveen them
may be added to the term 0.25S in“eq. (7-4-1). In that
case, the allowable stress range.shall be calculated by eq.
(7-4-2):

Sa Zf[l.ZS(SC + Sh) - SL] (7-4-2)
where
= stress rapge factor
= 6.0(NY."%< f,, (see Figure 7-4.4.4.4-1)
NOTES:
(1) “Stress range factor applies to essentiglly noncor-

roded piping. Corrosion can sharply dedrease cyclic
life; therefore, corrosion-resistant materials
should be considered if a large numbgr of major
stress cycles is anticipated.

The minimum value for f shall be (
results in an allowable displaceni
range, Sy, for an infinitely large numb

.15, which
ent stress
br of cycles.

(2)

TaPle 7-4.4.4.3-2 Acceptance Levels for Castings fm = maximum value of stress range factoj
" = 1.2 for ferrous materials with specified minimum
Thickiness of Steel Acceptance il hs <517 MPa (75 ksi d 1
Ex3amined, T, Applicable Level (or Acceptable tensile strengths < R 3 ( si) ar. at meta
mhm (in.) Standard Class) Discontinuities temperatures <371°C (700°F); otherwise, f,, = 1.0
<25 (d1) ASTM E446 1 Types A, B, and C N = equivalent number of full displacemnt cycles
25 ald <51 ASTM E446 2 Types A, B, and C during the expected service life of the piping
(>1 pnd =2) system
>51 ar|d <114 ASTM E186 2 Categories A, B, NOTE: The designer is cautioned that the fdtigue life of
(>2 hnd <4%) and C materials operated at elevated temperafure can be
>114 4nd <305 ASTM-E280 2 Categories A, B, reduced.
1
(>44; and <12) and C S. = basic allowable stress at minimf§im metal
temperature expected during the displacement
cycle under analysis
714.4.4:4 Limits of Calculated Stresses Due to = 138 MPa (20 ksi) maximum
Susta|ned Loads and Displacement Strains NOTE: For castings, the basic allowable strjess shall be
(a) Internal Pressure Stresses. Stresses due to internal TUITpITed by the applicable castng factor, k. For lon-
pressure shall be considered safe when the wall thickness gitudinal welds, the basicallowable stress should notbe
. . . . multiplied by the weld quality factor, E;.
of the piping component, including any reinforcement, 7
meets the requirements of para. 7-4.4.6. Sy = basic allowable stress at maximum metal

(b) External Pressure Stresses. Stresses due to external
pressure shall be considered safe when the wall thickness
of the piping component, and its means of stiffening, meet
the requirements of para. 7-4.4.6.
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temperature expected during the displacement
cycle under analysis
138 MPa (20 ksi) maximum
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Figure 7-4.4.4.4-1 Stress Range Factor, f
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All other materials

----- Ferrous materials, specified minimum tensile strength =517 MPa (75 ksi),
and at design metal temperatures =371°C (700°F)

S, = stress due to sustained loads; in systems where
supports can be active in some conditions-and
infactive in others, the maximum yalite of
sustained stress, considering all support’condi-
tigns, shall be used

When tlje computed stress range varies, whether from
thermal expansion or other conditions,'Sg shall be defined
as the greatest computed displacement stress range. The
value of N|in such cases may be calculated by eq. (7-4-3):

N3 Ng+ Y (PNddori=1,2, ..., n (7-4-3)

=
1]
=

imber 0f ‘cycles of maximum computed dis-
placentent stress range, Sg
N; = npmber of cycles associated with displacement

7-4.4.4.5 Limits of Calculated Stresses Due to|Occa-
sional Loads

(a) Operation. The sum of the longitudinal stresges, S,
due to sustained loads, such as pressure and weight, pand of
the stresses produced by occasional loads, such as wjiind or
earthquake, may be as much as 1.33 times the basic pllow-
able stress given in ASME B31.3, Tables A-1 and A-1M.

(1) Wind and earthquake forces may not be cpnsid-
ered as acting concurrently.
(2) For castings, the basic allowable stress shall be
multiplied by the casting quality factor, E..

(b) Test. Stresses due to test conditions shall ot be
subject to the limitations in para. 7-4.4.5. It is not heces-
sary to consider other occasional loads, such as wirjd and
earthquake, as occurring concurrently with test ldads.

7-4.4.4.6 Allowances. In determining the

stress range, S;

ri = S,/SE
S; = any computed displacement stress range smaller
than Sg

mintmum-required-thicknesseof apipinseompdnent,
allowances shall be included for corrosion, erosion,
and thread depth or groove depth. See definition for ¢
in para. 7-4.4.6.1.

7-4.4.5 Mechanical Strength

(a) Designs shall be checked for adequacy of mechan-
ical strength under applicable loadings.

(b) When necessary, the wall thickness shall be
increased to prevent overstress, damage, collapse, or
buckling due to superimposed loads from supports, ice
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formation, backfill, transportation, handling, or other
loads enumerated in section 7-4.

(c) If increasing the thickness would excessively
increase local stresses or the risk of brittle fracture, or
is otherwise impracticable, the impact of applied loads
may be mitigated through additional supports, braces,

_ P(d+20)
2(SE — 0.6P) (7-4-6)
where
D = 0.D.ofpipeaslisted in tables of standards or speci-

fications or as measured

or other means without requiring an increased wall thick- d = LD.ofpipe.For pressure design calculation, the L.D.
ness. of the pipe shall be the maximum value allowable

(d) Particular consideration should be given to the under the purchase specification.
mechanical cfrpngfh of small pipe connections to E = quality factor from ASME B31.3, Table A-1A or
piping or equipment. Table A-1B

P = internal design gauge pressure

7-414.6 Pressure Design of Metallic Host Components S = stress value for material from ASME B31.1, Table

(a) | The metallic host pipe shall be designed to sustain A-1 or ASME B31.3, Tables A:1 and Ay1M
100% of the system design pressure, and the thermo-
plastic liner shall not be considered the pressure  NOTE: Equations (7-4-5) and (7-4<6) differ from the thickness
boundary of the pipe. equations in Chapter 2.

(b) | The overall limiting factor of the system shall be the . .
lesser|of the host pipe or fitting and flange end connection -{'4'4'?’3 Presgute Design of All Other Piping
or thelallowable pressure and temperature of the liner as Conflguralltlons. ARME B31.3, para. 3(_)3 shall be used
given by the manufacturer. for requirements for pressure design of|all other

714.4.6.1 Straight Pipe. The required thickness, t,,,
of straight sections of pipe shall be determined in accor-
dance| with eq. (7-4-4):

t, =

- (7-4-4)

t+c
wherg
sum of the mechanical allowances (thread o
groove depth) plus corrosion and erosion allow-
ances. For threaded components, the nominal
thread depth (dimension h of ASME B1.20.1, or
equivalent) shall apply. For machined surfaces
or grooves where the tolerance is not specified,
the tolerance shall be assumed:to'be 0.5 mm (0.02
in.) in addition to the specified depth of the cut.
pressure design thickness.as calculated in accor-
dance with eqgs. (7-4-5) and (7-4-6)

tm F minimum required-thickness, including mechan-
ical, corrosion, and’erosion allowances

Thg minimum thickness, T, for the pipe selected, consid-
ering the manufacturer’s minus tolerance, shall be notless
than g,,,.

NOTE:
Chaptg

Equation (7-4-4) differs from the thickness equations in
r 2

piping compeiients.

7-4.4.7 “Piping Support and Flexibility Andlysis. The
designersshould perform piping support and| flexibility
analysis as specified in appropriate metalllic piping
codes and standards with the additional donstraint
that the flanged joint gasket’s initial seating arjd residual
sealing stress shall be sustained under all nofmal oper-
ating and loading conditions.

7-4.4.8 Permissible Flange Loading

(a) The flanges shall be uniformly loaded,
tical.

(b) Beam-bendingloads orlateral distortion imposing
uneven pressure on opposite sides of the flange shall be
minimized to below the compressive creep-strgss limit of
the plastic sealing surface at the operating and geak excur-
sion temperatures.

(c) For aboveground pipes and buried gipes with
flanged joints in subterranean vaults, corrosiop-resistant
conical Belleville spring washers, used between the metal
flange’s back face and the nuts on the bolt stugls, may be
considered to enhance sealing by accommodating creep
and sustaining and balancing uniform sealing force, even
when subjected to unanticipated pipe-run distortions.

L)

hs is prac-

7-4.4.6.2 Straight Pipe Under Internal Pressure. For
t < D/6, the internal pressure design thickness for straight
pipe shall be not less than that calculated in accordance
with either eq. (7-4-5) or eq. (7-4-6):
PD

_ (7-4-5)
2(SE + 0.4P)

t=

79

85} The dcoigucl shotttd—considerthe putcutial detri-
mental metallurgical effects of process media on the Belle-

ville springs.

7-4.4.9 Minimum Allowable Liner Thickness. The
minimum liner wall thicknesses when metal piping
lined with thermoplastics is subjected to positive internal
pressure (only) at ambient temperatures are listed for
common liner materials in ASTM F1545.
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Table 7-4.4.10-1 Working Pressures for Metallic Flanges and Fittings Lined With Thermoplastics

Pressure Class and Flange Material

Class 150 Ductile Iron

Class 150 Stainless Steel

Flanges Class 150 Forged Steel Type 304L/316L Class 300 Forged Steel
Temperature ASME B16.42 ASME B16.5 ASME B16.5 ASME B16.5
°F °C psig barg psig barg psig barg psig barg
-20 -29 250 17.2 285 19.7 230 15.9 485 334
0 -18 250 17.2 285 19.7 230 15.9 485 33.4
50 10 250 17.2 285 19.7 230 15.9 485 334
100 38 250 17.2 285 19.7 230 15.9 485 33.4
150 65 242 16.7 285 19.7 212 14.6 485 33.4
200 93 235 16.2 260 17.9 195 13.4 475 32.8
250 121 225 15.5 245 16.9 185 12.8 460 3.7
300 149 215 14.8 230 15.9 175 121 450 311.0
350 177 207 14.3 215 14.8 167 11.5 440 30.3
400 204 200 13.8 200 13.8 160 110 425 20.3
450 232 185 12.8 185 12.8 155 10-7 405 27.9
GENERAL NPTES:
(@) The makimum temperature limit may be reduced by the liner material’s operating ranges

(b) Class 3

(d) Gray capt iron flanges per ASME B16.1 shall not be used.

(a) Guiglelines for determination of minimum liner wall
thickness|when considering design variables such as
temperatiire, thermal expansion to avoid buckling of
the liner-gipe and the terminal flange joint, hydrocarbon
saturation}/chemical saturation (if present), and differen-
tial pressiire across the liner wall (to avoid buckling),
venting, and vacuum balancing should be obtained
from manpfacturer recommendations.

(b) Guiglelines for determination of mipintum liner wall
thickness when considering chemical-service should be
obtained from the manufacturer or-experiential data.

7-4.4.1(

(a) The|pressure and teniperature limits are a function
of chemicpl exposure and shall be determined by the
manufactyrer of the_plastic-lined piping or experiential

Pressure and Temperature Limits

0 pressure-temperature ratings for PP, PVDF, ETFE, E-CTFE, PTFE, and PFA shall)be reduced relative to unlined pipe.
(c) Metals lined with HDPE liners have the capability of full ASME pressure rating of the\flange used, within their temperature limi

fations.

between components even within a single piping size
from a single manufacturer.

NOTES:
(1) The LD. of thermoplastic-lined metallic piping is leg
that for unlined metallic piping and is not standard
(2) Generally, there is no assumed degradation of the {
roughness factor as a function of time.

s than
ized.
urface

7-4.4.12 Permissible Flow Velocity. The degigner
shall take into account the following fluid flow limits:

(a) Liquids. Velocities below 3.7 m/s (12 ft/sec) ghould
not create any adverse effects. The designer should|check
with the manufacturer if the flow velocity limits exceled the
recommended limits.

(b) Gases. The manufacturer should be consulted
flows exceed 9.2 m/s (30 ft/sec).

when

(c) Multiphase flow can cause damage to the liney if not

data. appropriately understood. The designer should takg extra

(b) Where chiemical service does not impact the pres-  precaution when designing systems that allow such flows.

sure-temperdture rating, pressure and temperature While multiphase flow is allowed, many of the design
limits mayhe obtained from Tahle 7-4 4 10-1

(c) Paragraph 7-4.4.6 shall also apply.

7-4.4.11 Pressure Drop. The designer shall ensure the
pressure drop and flow calculations are based on the
correct component I.D. These calculations can vary

80

constderatiors may fattoutstde tirescopeof thisStatidard.
(d) 1f abrasion resistance is a design requirement, the

designer shall consider process parameters including, but
not limited to, the following:

(1) liner material

(2) liner thickness

(3) process fluid composition, temperature, and flow
velocity

(4) particle size, shape, and hardness

(5) fluid flow rate

(6) other factors as determined by the designer
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7-4.4.13 Electrostatic Charge Generation and
Grounding. Grounding and electrical continuity shall
be considered during the design of a system comprising
thermoplastic-lined metallic components.

(a) The designer shall take into consideration that
piping highly nonconductive flammable liquids or
where multiphase flow is possible can generate a
charge buildup on the plastic liner of sufficient magnitude
to penetrate through the liner by an electrostatic
dischfrgp (F‘Qn) The dpcignpr should consult the manu-

(b) the owner/operator should take into considera-
tion how the permeant fluids could interact with metallic
structures and personnel

(2) Buildup of permeant species or corrosive by-products
can clog and disable the venting system. This can lead to
deformation of the liner, causing it to collapse or reduc-
ing the effective vacuum resistance.

(b) The designer should consider various approaches
to venting, including, but not limited to, the following:
(1) open venting via drilled holes in host housing

facturler for methods to minimize adverse effects of elec-
trostdtic charge generation on the integrity of plastic
liners

(b)
desig
is mai
nents
spark

Where flammable fluids can be present, the
er shall ensure that external electrical continuity
tained between all flanged metallic piping compo-
and that this piping is properly grounded as static
ng could cause ignition of flammable vapors.

(c) |The owner shall develop and maintain a program to
test grounded systems on a scheduled basis to ensure the
grounding devices and flange continuity methods are still
activel

7-4.4.14 Permeation Resistance of the Liners. The
designer shall take into account the permeation resistance
of thel|liner in the selection and design of the system. The
manufacturer should provide guidance or test data, if
availaple.

NOTE
includ

(a)
(b)
(c)
(d)
(e)
iR
(9)

Important factors that affect the rate of permeation
e, but are not limited to, the following:

process temperature
media vapor pressure
media molecule size
Kolubility coefficient
bolymer crystallinity
olymer molecular weight
iner wall thickness

7-4

(a)| Venting is the removal of permeated gases or
liquids that have miigrated through the plastic liner.
The apnular space. between the liner and the host pipe
acts 3s a pathway for the permeant molecules to a
vent |ocation.“Permeant fluids will migrate to the
lowerfpréssiire vent areas.

WARNINGS:

4.15 Permeant Venting

(2) openventing via a pathway behind flafed sealing
surface fitted with ridged or formed interstitipl collar
(3) open venting via a pathway machingdd into the
flange
(4) custom venting designs.fox high-pres
systems
(-a) closed system, ¥enting with monitpring
(-b) closed system\venting without njonitoring
(e.g., plugged)
(-c) inline venting through the liner wpll
(5) no ventihg

ure HDPE

7-4.4.16~Heat-Tracing Practices

(a) Stéam tracing should notbe used for linef's having a
tempeérature rating less than 121°C (250°F).

(b) Heat tracing shall be designed using spund heat
dispersion methods such that it does not crgate a hot
spot that could exceed the liner or host pipe|allowable
temperature, or a cold spot that could cause fluid freezing,
crystallization, or plugging.

7-4.4.17 Insulation. Insulation of the host pipe shall be
allowed, provided that pipe that is to be vented|shall have
vent couplings and/or tubing that protrudes past the insu-
lation to avoid permeant buildup and corrodion under
insulation (CUI) of the host pipe O.D. surface,

7-4.4.18 Flangeless or Reduced-Flange Piping

(a) Flangeless or reduced-flange piping may be manu-
factured by using extended pipe lengths, fusign welding
joints, or bent piping to eliminate flange conrjections.
(b) For metallic piping lined with PE, the desjigner shall
follow all guidelines from the manufacturer onfthe design
and installation of a flangeless or reduced-flanlge plastic-
lined piping system.
(c) Formetallic pipinglined with PP, PVDF, of PTFE, the

(1) When thermoplastic-lined metallic piping is equipped
with a venting system
(a) the designer should take into consideration how
the permeant fluids could interact with personnel and the
environment and provide means of preventing harmful
interactions
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designer shall follow all guidelines irom the manufacturer
on the design and installation of a flangeless or reduced-
flange plastic-lined piping system (see Mandatory
Appendix I).

7-4.4.19 Design Considerations for Metallic Piping
Lined With Loose-Fitting Thermoplastics. Loose-fitting
liners perform differently than tightly restrained liners.
Loose-fitting liners tend to shrink and grow with
thermal cycles, concentrating stresses at the bore-to-
sealing-surface transition. They will also exhibit
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reduced vacuum resistance compared to tightliners of the
same thickness.

Loose-fitting thermoplastic liners should not be used in
piping systems with thermal cycling or vacuum.

7-4.4.20 Designer Responsibility for Component
Quality Assurance

(a) The designer shall exercise due diligence in
ensuring that piping manufacturers supply components
that meetacceptabte at atrda —Tht 2
include vgrification of a sound overall quality system,
design control, qualification of new and revised compo-
nent designs and ongoing workmanship, and final inspec-
tion requifements.

(b) Manufacturers of thermoplastic-lined metallic
piping shall be able to provide evidence of compliance
with ASTM F1545 qualification testing requirements
and inspegtion requirements.

(c) Qualification testing records shall be available for
every thegmoplastic liner design in current use.

(d) If the piping manufacturer procures a liner from a
subsuppli¢r, each subsupplier’s liner shall require distinct
qualificatipn testing.

U Y Cl Cl

7-4.4.2] Metal Welding

(a) Welding shall not be permitted on metals lined with
thermoplastics.

(b) Metal piping lined with thermoplastics shall not be
used as a ground for welding on other components. See
para. 7-4.4.13.

(c) Instpllation of grounding studs shall be permissible
using stud welding techniques.

7-4.4.22 Category M Fluid Service. For thermoplastic-
lined metalllic piping to be used in CategoryM{luid service,
the designpr should follow the design rulesin ASME B31.3,
Chapter V]II.

7-5 FABRICATION AND INSTALLATION

Fabricaftion and instaltation of thermoplastic-lined
metallic piping componénts shall comply with the require-
ments of gections 5=}-and 5-2. In addition, the require-
ments in paras. %S through 7-5.10 shall apply.

7-5.1 Assembler Qualifications

(b) Flanged Joints. Unless otherwise specified in the
engineering design, flanged joints shall be aligned as
follows:

(1) Before bolting, mating gasket contact surfaces
shall be aligned to each other within 1 mm/200 mm
(%6 in./ft), measured across any diameter.

(2) The flanged joint shall be capable of being bolted
such that the gasket contact surfaces bear uniformly on the
gasket.

3 mm
(

NOTE: The gasket contact surfaces for flanged, ¢onne
without a gasket are considered to be the surface
liner face on the flange.

ctions
bn the

7-5.2.2 Preparation for Assembly

(a) Any damage to the sealing surface that yvould
prevent sealing shall be repaired, or the piping component
shall be replaced.

(b) Repair of the sealing surface shall be condudted in
accordance with, th€é manufacturer’s guidelines.

7-5.2.3 Bolting Torque

irface
terial

(a) In assembling flanged joints, the sealing s
shall_bé/uniformly compressed to achieve the mg
sealing stress at a given temperature.

{b) Bolting shall be installed with a calibrated ﬂorque
wrench and shall follow the manufacturer’s bolt torque
guidelines.

(c) Care shall be given to ensure the connection
overtorqued.

(d) Special care shall be used in assembling flanged
joints in which the flanges or liners have differing mgchan-
ical properties.

(e) Tightening should be performed to a pre
mined torque (see para. 7-5.4).

7-5.2.3.1 Bolt Length. Bolts shall extend comy
through their nuts, with at least one thread expos

7-5.2.3.2 Bolt Material. Bolts should be made of
high-strength material as defined by ASME B16.5,
Table 1B, unless it has been verified that a sealed joint
can be maintained under the rated working prgssure
and temperature.

7-5.2 4 Gaskets. Eor the connection of twaollined

is not

eter-

letely
ed.

Assemblers shall be trained and certified to meet the
requirements of the owner.

7-5.2 Recommended Installation Practices

7-5.2.1 Standard Flanged Alignment

(a) Piping Distortions. Piping shall not be distorted to
bring it into alignment for joint assembly, which intro-
duces a detrimental strain in equipment or piping compo-
nents.
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systems, gaskets may be used at the owner’s request.

(a) No more than one gasket shall be used between
contact faces in assembling a flanged joint.

(b) Use of gaskets can alter the bolt torque require-
ment. The guidelines of the manufacturers of both the
gasket and the plastic-lined piping should be consulted,
and the torque recommendation for the softer material
should be used.
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7-5.3 Flangeless or Reduced-Flanged Piping

(a) For installation of metallic piping lined with PE, PP,
PVDF, or PTFE, the designer shall follow all of the manu-
facturer’s guidelines.

(b) The installer shall follow all guidelines from the
manufacturers on the design of a flangeless or
reduced-flange piping system. Refer to Mandatory Appen-
dix I for liner FPS and welder qualifications.

(c) When repairing fusion-welded flangeless or
reducpd-flange systems, the owner should consider the
chemijcal exposure history of the piping and be aware
that permeated species can be present in the liner,
affecting weld joint quality.

7-5.4) Connections of Thermoplastic-Lined
Metallic Piping to Other Types of Piping

(a)| Unlined Metallic Piping. A solid thermoplastic
spacqr or gasket shall be required where thermo-
plastilc-lined metallic piping is connected to unlined
metalllic piping. Both a gasket and a spacer shall be
used |f the mating surface is not visibly smooth.

(b)|Solid Thermoplastic Piping. A solid thermoplastic
spacer or gasket may be used where thermoplastic-
lined metallic piping is connected to solid thermoplastic
piping.

(c) |Unlined Thermoset Piping. Both a solid thermo-
plasti¢ spacer and gasket shall be required where thermo-
plastilc-lined metallic piping is connected to unlined
thermoset piping.

(d) | Other Piping. Both a solid thermoplastic spacer and
gaskdt shall be required where thermoplastic-lined
metallic piping is connected to types of \piping other
than |those discussed in (a) through «(c), such as
unlingd metallic piping or glass-lined, piping.

(e) |Butterfly Valves. A taper bore spacer to enable
propelr clearance for the butterfly wafer shall be required
wherg thermoplastic-lined metallic piping is connected to
a butterfly valve.

7-5.5

If thermoplastic:lined piping is to be installed at cold
températures\{see para. 7-6(d)], procedures shall be
deve%loped with the manufacturer to prevent liner

Cold-Tempetature Installation

damalge:, Fhis shall include heating pipe ends and

7-5.7 Bonder Qualification for Fusion Welding
Liners

See Mandatory Appendix .

7-5.8 Cleaning Procedures

(a) All plastic-lined pipe and fitting lines shall be
cleared of any debris or obstructions and cleaned
before being placed into service. The cleaning procedure

i efined by
the owner and include any process-specific ke€gquirements
on dryness or service incompatibilities\with cleaning
materials or procedures.

(b) Plastic liners may be pressure washed wjth nozzle-
tip pressures less than 13.79 MPRa\(2,000 psi)] Preferred
flow should be forward or backward and not rpdially out
to the liner wall.

NOTE: PP, PVDF, PFA, ETEE;E-CTFE, and PTFE plastig-lined pipe
and fittings are not designed to be pigged.

7-5.9 External Paint Systems

(a) Plastic-lined pipe and fitting lines may be|
painted before they enter service.

(b)~The applied paint shall meet the specif]
quiréments of the process as defined by the ¢wner.

(c) External paint may be omitted for some|materials,
depending on the material of construction andl the envi-
ronment.

(d) If the piping is to be repainted in the figld and the
surface requires mechanical abrasive cleahing, care
should be taken not to damage the plastic fldre sealing
surfaces.

externally

cation re-

NOTE: For buried pipelines, host steel pipes are typlically sand-
blasted, primed, epoxy- or urethane-coated, or paint¢d, followed
by overwrapping with adhesively bonded polyethyflene tapes.

(e) The openings of vents for all coated arnd painted
pipes shall be kept open. See also para. 7-5.1p.

7-5.10 Buried Piping

7-5.10.1 General Guidelines. Buried pldstic-lined
metallic pipe should be installed in accordance with
one of the following:
(a) Guidelines for the Design of Buried Stee]l Pipelines
(2001), issued by American Society of Civil [Engineers

ﬂ £ £l 2140 (7A0 &+
ang\,o OTIoTTnoTC—dIralrr z + G (79

of flanged ends.

Ll =
Tt eHanre1ratig

NOTE: Some thermoplastics exhibit brittle characteristics at low
ambient temperature conditions, and special handling and
installation procedures may be required.

7-5.6 Field Fabrication Certification

Field fabricators shall be certified by the piping manu-
facturer or the manufacturer’s designee. Certification
older than 18 months shall require recertification.
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(ASCE)/American Lifelines Alliance
(b) ASCE MOP 119, Buried Flexible Steel Pipe: Design
and Structural Analysis

7-5.10.2 Pertinent Forces and Access

(a) The installer of the coated and wrapped and cath-
odically protected steel pipe shall take into consideration
all pertinent forces, including

(1) internal pressure
(2) start-up, operating, and shutdown conditions
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(3) vertical earth loads

(4) live surface loads

(5) impact loads

(6) thermal strains

(7) additive strains at bends, elbows, and tees

(8) seismic considerations

(b) Annular venting pipes, when used, shall be corro-

sion proofed and shall rise to above the soil surface with a
screened, valved, and U-bend outlet.

(f) Do not damage the plastic sealing faces when
removing the end caps.

(g) If end caps are removed for painting, they shall be
reinstalled with bolting as soon as possible.

(h) Avoid storing plastic-lined piping products where
the liner will be exposed to ultraviolet light for long
periods of time.

(i) Do not stand spools or fittings on the unprotected
flange face.

(C) Plastic-lined and bolted ﬂnngpd joints shall be
buried in p lockable-access corrosion-resistant right-of-
way (ROW) manhole or vault, so as to provide access
to and inspection of the bolted joints.

7-5.10.3 Field Liner Installation

(a) The|cable used to field install the liner by pulling it
into the hqst pipeline, so as to avoid “cutting” the sidewall
of the host pipe at sags and overbends, directional turns
during pull-cable wire-rope insertion, and liner pull-back,
shall be ofe of the following:

(1) ppra-aramid cable

(2) pplymer fiber cable

(3) smooth-0.D. die-sized wire rope

(4) jdcketed wire rope

(b) Forl|field-installed pipe liner, premachined plastic

flange adapter liner flanges shall be used.

7-5.10.4 Butt-Fusion-Welded Liner Designs. Flange-
less lined piping where the liners are butt-fusion-
welded and fitted with mechanical couplings may be
buried wjithout the accommodation for inspection
mentioned in para. 7-5.10.2(c).

7-6 STORAGE AND HANDLING GUIDELINES

The requirements in (a) through (i)@apply to appro-
priate stofage and handling methods for"use on metals
lined with thermoplastics. The inStaller shall take the
following |nto consideration:

(a) Stote piping indoors or‘under cover until ready for
use.

(b) Never put the lifts-0f a forklift inside of the pipe to
transport.|This can damdge the plastic liner.

(c) Do not drop%iping or roll it off a flatbed as this can
damage tHe linér.

(d) Avojid.ahy mechanical or thermal shock to piping
that is sto

ediin caold temperatures, pcpp(‘ia”y in climates

7-7 INSPECTION, EXAMINATION, AND TESTING

This Standard distinguishes between examinatign and
inspection.

7-7.1 Inspection

Inspection applies to functionsgperformed for the pwner
by the owner’s Inspector erithe Inspector’s delegates.
References in this Standard to the “Inspector” are to
the owner’s Inspector ‘or the Inspector’s delegateg.

7-7.1.1 Responsibility for Inspection. It is the oyner’s
responsibility, exercised through the owner’s Inspedtor, to
verify that all required examinations and testing have
been completed and to inspect the piping to the extent
necessary to be satisfied that it conforms to all applicable
examination requirements of the Standard and of th¢ engi-
neering design.

7-7.1.2 Rights of the Owner’s Inspector

(a) The owner’s Inspector and the Inspector’s dele-
gates shall have access to any place where work conderned
with the piping installation is being performed| This
includes manufacture, fabrication, heat treatment,
assembly, erection, examination, and testing of the piping.

(b) The owner’s Inspector and the Inspector’s dele-
gates shall have the right to audit any examination, to
inspect the piping using any examination method [speci-
fied by the engineering design, and to review all certifica-
tions and records necessary to satisfy the owner’s
responsibility stated in para. 7-7.2.

7-7.1.3 Qualifications of the Owner’s Inspecto

(a) The owner’s Inspector shall be designated by the
owner and shall be the owner, an employee of the qwner,
or an employee of an engineering or scientific orgpniza-

where the ambient temperature is below 0°C (32°F).
Avoid rough handling of plastic-lined pipe in tempera-
tures below 5°C (40°F). Thermoplastics can become
brittle in low temperatures and are more susceptible
to cracking during rough handling.

(e) Protective end capsonall pipe and fittings should be
left in place until the pipe is ready to be installed. Protec-
tive end caps are not designed for prolonged outdoor
exposure.
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tion or of a recognized insurance or inspection company
acting as the owner’s agent. The owner’s Inspector shall
not represent nor be an employee of the piping manufac-
turer, fabricator, or erector unless the owner is also the
manufacturer, fabricator, or erector.
(b) The owner’s Inspector shall meet one of the
following requirements:
(1) have atleast 10 yr experience in the design, fabri-
cation, or examination of industrial pressure piping. Each
20% of satisfactorily completed work toward an


https://asmenormdoc.com/api2/?name=ASME NM.1 2020.pdf

ASME NM.1-2020

accredited engineering degree shall be considered equiva-
lent to 1 yr experience, up to 5 yr total.

(2) have a professional engineering registration or
nationally recognized equivalent with at least 5 yr experi-
ence in the design, fabrication, or examination of indus-
trial pressure piping.

(3) be acertified welding inspector or a senior certi-
fied welding inspector as defined in AWS QC1 or a nation-
ally recognized equivalent with at least 5 yr experience in
the desi oo S . . i
sure piping.
(#) be an authorized piping inspector as defined in
API 570, with at least 5 yr experience in the design, fabri-
cation, or examination of industrial pressure piping.

(c)|In delegating performance of inspection, the
ownef’s Inspector shall be responsible for determining
that ajperson to whom an inspection function is delegated
is qudlified to perform that function.

NOTE:
Chapt
piping

These requirements are different from those listed in
r 6 and are exclusive to thermoplastic-lined metallic

7-7.2

7-7]2.1 General. Examination applies to quality control
functions performed by the manufacturer (for compo-
nents|only), fabricator, or erector. Reference in this Stan-
dard fo an examiner is to a person who performs quality
contr¢l examinations.

7-7|2.2 Responsibility for Examination. Inspeétion
shall hot relieve the manufacturer, the fabricator, or
the erlector of the responsibility for

(a)|providing materials, components, and’workman-
ship i accordance with the requirements of this Standard
and of the engineering design

(b) |performing all required examinations

(c) |preparing suitable records of examinations and
tests for the Inspector’s use

Examination

7-7
77.2.3.1 General

(a) | Prior to/initial operation, each piping installation,
including components and workmanship, shall be exam-

ined in aéecerdance with the applicable requirements of
para. [/-%.2.3.

2.3 Examination.Requirements

7-7.2.3.2 Acceptance Criteria. Acceptance criteria
shall be as stated in the engineering design and shall
at least meet the applicable requirements for bonds
stated in (a) through (c) and elsewhere in the Standard.
(a) Metallic weld acceptance criteria shall be as stated
in ASME B31.3, Chapter VI.
(b) Thermoplastic bond acceptance criteria shall be as
stated in Mandatory Appendix I.
(c) Casting acceptance criteria shall be as stated in

7-7.2.3.3 Defective Components and Workmanship

(a) Defects (i.e., imperfections of a type or
not acceptable by the criteria specified in para
shall be repaired, or the defectivelitem or wo
replaced.

(b) Examination shall be<as follows:

(1) When the defective item or work is re
repaired portion of the‘item or work shall be [examined.
The examination shall use the same methods @and accep-
tance criteria €mployed for the original examjnation.

(2) Whenthe defective item or work is replaced, the
new item“er work used to replace the defectiye item or
work shall be examined. The examination shgll use any
method and applicable acceptance criteria fthat meet
the‘requirements for the original examination.

magnitude
7-7.2.3.2)
'k shall be

baired, the

7-7.2.3.4 Progressive Sampling for Examination.
When required spot or random examination reveals a
defect, then the following steps shall be takey:
Step 1. Two additional samples of the sanpe kind (if
welded or bonded joints, by the same welddr, bonder,
or operator) from the original designated lgt shall be
given the same type of examination.
Step 2
(a) If the items examined as required by Step 1 are ac-
ceptable, the defective item shall be repaired dr replaced
and reexamined as specified in para. 7-7.2.3.3 anjd all items
represented by these two additional samplds shall be
accepted.
(b) If any of the items examined as required by Step 1
reveals a defect, two further samples of the samg kind shall
be examined for each defective item found by that
sampling.
Step 3. If all the items examined as required by Step 2(b)
are acceptable, the defective item(s) shall be rgpaired or

(b) The type and extent of any additional examination
required by the engineering design, and the acceptance
criteria to be applied, shall be specified.

(c) Joints and vent openings not included in examina-
tions required by para. 7-7.2.3 or by the engineering
design shall be accepted, if they pass the leakage test
required by para. 7-7.3.
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Teptaced and Teexamined a5 specified i pard. 7-7.2.3.3
and all items represented by the additional sampling
shall be accepted, but if any of the items examined as
required by Step 2(b) reveals a defect, all items repre-
sented by the progressive sampling shall be either

(a) repaired or replaced and reexamined as required,
or

(b) fully examined and repaired or replaced as neces-
sary, and reexamined as necessary to meet the require-
ments of this Standard
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Step 4. If any of the defective items are repaired or
replaced, reexamined, and a defect is again detected in
the repaired or replaced item, continued progressive
sampling in accordance with Steps 1, 2(b), and 4
should not be required based on the defects found in
the repair.

(a) The defective item(s) shall be repaired or
replaced and reexamined until acceptance as specified
in para. 7-7.2.3.2.

(b] Spo Q 3 examination (whichever is apnli-
cable) shall then be performed on the remaining unexa-
mined joits and vent openings.

7-7.2.4 |Extent of Required Examination

7-7.2}4.1 Examination — Normal Fluid Service.
Piping in hormal fluid service shall be examined to the
extent specified herein or to any greater extent specified
in the englneering design. Acceptance criteria shall be as
stated in para. 7-7.2.3.2 unless otherwise specified.

(a) Visyal Examination. At least the following shall be
examined |in accordance with para. 7-7.2.7.3:

(1) stfficient materials and components, selected at
random, o satisfy the examiner that they conform to
specificatipns and are free from defects.

(2) atleast 5% of fabrication. For bonds, each type of
bond made by each bonder and bonding operator shall be
represent¢d.

(3) 1P0% of fabrication for bonds other than circum-
ferential, ¢xcept those in standard components.

(4) random examination of the assembly of
threaded, polted, and other joints to satisfy the examiher
that they|conform to the applicable requirements of
assembly| and erection elsewhere in this Standard.
When pnepmatic testing is to be performed,all threaded,
bolted, angl other mechanical joints, as well'as vent open-
ings, shall|be examined.

(5) random examination during efection of piping,
including|checking of alignment,~Supports, and cold
spring.

(6) erected piping for evidence of defects that would
require r¢pair or replacément, and for other evident
deviationg from the intent of the design.

(b) Other Examination. Not less than 5% of all bonded
joints shall be examined by in-process examination in
accordanck withipara. 7-7.2.7.5; the joints to be examined
shall be sqlected to ensure that the work of each bonder

7-7.2.4.2 Examination — Category D Fluid Service.
Piping and piping elements for Category D fluid service as
designated in the engineering design shall be visually
examined to the extent necessary to satisfy the examiner
that components, materials, and workmanship conform to
the requirements of this Standard and the engineering
design.

7-7.2.4.3 Supplementary Examination

a—Any-appheablemeth amitrationd rtbed in
para. 7-7.2.7 may be specified by the engineering'dégign to
supplement the examination required by pdra./7-7.2.4.

(b) The extent of the supplementary lexamination
and any acceptance criteria that differ from [those
in para. 7-7.2.3.2 shall be specifiedvih'the engingering
design.

7-7.2.4.4 Examination to Resolve Uncertainty. Any
method may be used to_resolve doubtful indicgtions.
Acceptance criteria shall be those for the required pxam-
ination.

7-7.2.5 Examination Personnel

7-7.2.5.1 Personnel Qualification and Certification.
Personnelperforming nondestructive examination|to the
requirements of this Standard shall be qualified and certi-
fied for the method to be used following a procedfire as
described in ASME BPVC, Section V, Article 1, T-12((e) or
T120(f).

7-7.2.5.2 In-Process Examination. For in-procgss ex-
amination, the examination shall be performed by p¢rson-
nel other than those performing the production work.

7-7.2.6 Examination Procedures

(a) Any examination shall be performed in accordance
with a written procedure that conforms to one pf the
methods specified in para. 7-7.2.7.1.

(b) Procedures shall be written as required in JASME
BPVC, Section V, Article 1, T-150.

(c) The employer shall certify records of the exgmina-
tion procedures used, showing dates and results of proce-
dure qualifications, and shall maintain the records and
make them available to the Inspector.

7-7.2.7 Types of Examination

and bonding operator making the production joints is
examined.

(c) Certifications and Records. The examiner shall be
assured, by examination of certifications, records, and
other evidence, that the materials and components are
of the specified grades and that they have received
required heat treatment, examination, and testing. The
examiner shall provide the Inspector with a certification
that all the quality control requirements of this Standard
and of the engineering design have been carried out.

/-7.2.7.1 General

(a) Methods Specified in This Standard. Except as
provided in (b), any examination required by this Stan-
dard, by the engineering design, or by the Inspector
shall be performed in accordance with one of the
methods specified herein.

(b) Methods Not Specified in This Standard. If a method
not specified herein is to be used, it and its acceptance
criteria shall be specified in the engineering design in
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enough detail to permit qualification of the necessary
procedures and examiners.

7-7.2.7.2 Visual Examination

(a) Visual examination of thermoplastic-lined metallic
piping includes verification of standard and engineering
design requirements for materials; components; dimen-
sions; joint preparation; alignment; welding, bonding,
brazing, bolting, threading, or other joining method;

(a) Atthe owner’soption, a piping system in Category D
fluid service may be subjected to an initial service leakage
test in accordance with para. 7-7.3.8, in lieu of the hydro-
static leakage test.

(b) If the owner considers a hydrostatic leakage test
impracticable, either a pneumatic test in accordance
with para. 7-7.3.6 or a combined hydrostatic-pneumatic
test in accordance with para. 7-7.3.7 may be substituted.

NOTE: There can be a substantial hazard of stored energy in

supp rts; abacxub}_y, atrd-erection: compt essed gas: ASMEPEEC2Part5Artiete 56+ ptro ides exten-
(b)|Visual examination shall be performed in accor- sive requirements for safely performing compressedjgas testing.

dance| with ASME BPVC, Section V, Article 9. )
(c) [Records of individual visual examinations shall not 7-7.3.2 General Requirements for Leakagg Test. Re-
be reduired, except for those of in-process examinationas ~ duirements in paras. 7-7.3.2.1 through 7-7.3.2{7 apply to
ed in para. 7-7.2.7.5. all the types of leakage tests described in thig Chapter.

specif]

717.2.7.3 Radiographic Examination. Radiographic
exam|nation may be used in accordance with ASME
B31.3| para. 344.5.

7t7.2.7.4 Ultrasonic Examination. Ultrasonic exam-
inatioh may be used in accordance with ASME B31.3, para.
344.6

7+7.2.7.5 In-Process Examination

(a) [In-process examination comprises examination of
the following, as applicable:
(1) joint preparation and cleanliness
(£) preheating
(B) fit-up, joint clearance, and internal alignment
prior [to joining
(#) variables specified by the joining procedure,
including filler material and the following:
(-a) for welding — position and eleetrode
(-b) for brazing — position, flux,‘brazing tempera-
broper wetting, and capillary @ction
(-c) for fusion bonding thermoplastics — bonding
time, femperature, pressure, and filler material
(p) for welding
(-a) condition ofithe root pass after cleaning —
exterhal and, where-aceessible, internal examination,
aided by liquid-penetrant or magnetic-particle examina-
tion when specified-in the engineering design
(-b) slag removal and weld condition between

ture,

passe} . .
(b)-appearance of the finished joint . (3)_ The examiner should confirm ?ea
(b) In process ovamination shall ho vicnal’ N accor VlSlble lndlcatlons at ﬂanges or vent OpenlngE .

7-7.3.2.1 Limitations on Pressure

(a) Test Fluid Expansion.\If a pressure test is §o be main-
tained for a period of time’and the test fluid in the system is
subjectto thermal éxpansion, precautions shall pe taken to
avoid excessive pressure.

(b) Prelimittary Pneumatic Test. A prelimfinary test
using airat wo more than 170 kPa (25 psig) pressure
may be)done prior to hydrostatic testing[to locate
major leakage.

7-7.3.2.2 Other Test Requirements

(a) Examination for Leakage. The leakage tes
shall be maintained for at least 10 min, and then all joints,
vent openings, and connections shall be examined for
leakage. The test pressure may be reduced to not less
than the design pressure during this examinaftion.

(b) The possibility of brittle fracture shall pe consid-
ered when leakage tests are conducted on brittl¢ materials
or at low temperature.

(c) Liners that are not fully seated against the metallic
housing can exhibit volume growth during prespurization,
thus, pressure decay might not indicate leakage.

(1) Liner growth can result in pressur¢ decay in
systems where the pressure source is valved [off.

(2) Higher than required test pressures (within the
maximum allowable rating for the system) have been
shown to accelerate liner seating and reduc¢ pressure
decay.

t pressure

kage with

dance with para. 7-7.2.4, unless additional methods are
specified in the engineering design.

7-7.3 Testing

7-7.3.1 Required Leakage Test. Prior to initial opera-
tion, each piping system shall be tested to ensure tight-
ness. The test shall be a hydrostatic leakage test in
accordance with para. 7-7.3.4, except as provided herein.
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(d) Short-duration liquid drips from vent openings can
be caused by aspirated moisture trapped between the
liner and housing. This can also occur with sensitive or
pneumatic leakage testing.

(e) For sensitive or pneumatic testing, if the vent
opening is soaped, then a steady stream of bubbles can
indicate a liner defect. Short-duration or diminishing
bubbling can indicate liner seating.
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7-7.3.2.3 Special Provisions for Testing

(a) Piping Components and Subassemblies. Piping
components and subassemblies may be tested either sepa-
rately or as assembled piping.

(b) Flanged Joints. Flanged joints used to connect
piping components and subassemblies that have
previously been tested, and flanged joints at which a
blank or blind is used to isolate equipment or other
piping during a test, are not required to be leakage

(b) Responsibility for Records. It shall be the responsi-
bility of the piping designer, the manufacturer, the fabri-
cator, and the erector, as applicable, to prepare the records
required by this Standard and by the engineering design.

(c) Retention of Records. Unless otherwise specified by
the engineering design, the following records shall be
retained for at least 5 yr after the record is generated
for the project:

(1) examination procedures

tested in pccordance with para. 7-7.3.1.

(c) Clodure Welds. The final weld connecting piping
systems ¢r components that have been successfully
tested in accordance with para. 7-7.3 are not required
to be leak tested provided the weld is examined in-
process i1 accordance with para. 7-7.2.7.5 and passes
with 1009 radiographic examination in accordance
with para] 7-7.2.7.3 or 100% ultrasonic examination in
accordance with para. 7-7.2.7.4.

7-7.312.4 Externally Pressured Piping. Piping
subject to jexternal pressure shall be tested at an internal
gauge prepsure 1.5 times the external differential pres-
sure, but not less than 105 kPa (15 psi).

7-7.3.2.5 Jacketed Piping

(a) Thelinternalline shall be leakage tested on the basis
of the intdrnal or external design pressure, whichever is
critical. This test shall be performed before the jacket is
completed, to provide visual access to joints of the internal
line.

(b) The jacket shall be leakage tested in accordance
with para.[7-7.3.1 on the basis of the jacket design pressure
unless otherwise specified in the engineering design.

7-7.3(2.6 Repairs or Additions After Leakage
Testing. If repairs or additions are made)following the
leakage test, the affected piping shall be retested,
except that for minor repairs or ‘additions, the owner
may waivle retest requirements. when precautionary
measures jare taken to ensure’sound construction.

7-7.3.2.7 Test Records

(a) TestData. Records shall be made during the testing
of each piping system, and shall include the following
informatiqgn:

(1) dpte’of test

(7) examination pprcnnnp] qnnliﬁrnfinnc

7-7.3.3 Preparation for Leakage Test

(a) Joints Exposed
(1) All joints, welds, vent openings, and bond$ shall
be left uninsulated and exposed for examination quring
leakage testing, except that joints\previously tesfed in
accordance with this Standard/may be insulatfed or
covered.
(2) All weld joints miay-be primed and painted prior
to leakage testing unless.a sensitive leak test is required.
(b) Temporary Supports. Piping designed for vapor or
gas shall be provided with additional temporary sugports,
if necessary, to{support the weight of test liquid.
(c) Limits.ef Tested Piping. Equipment that is not to be
tested shall be either disconnected from the pipjng or
isolated-by blinds or other means during the test. A
valve*may be used provided the valve (includipg its
closure mechanism) is suitable for the test pressyre.

7-7.3.4 Hydrostatic Leakage Test

(a) Test Fluid
(1) The fluid shall be water unless there is thepossi-
bility of damage due to freezing or to adverse effgcts of
water on the piping or the process. In that case, afjother
suitable nontoxic liquid may be used.

(2) Iftheliquidis flammable, its flash point sha
least 49°C (120°F), and consideration shall be given
test environment.

(b) Test Pressure

(1) Except as provided in para. 7-7.3.5, the Rydro-
static test pressure at every point in a metallic piping
system shall be notless than 1.5 times the design pressure.

(2) When the design temperature is greater thpn the
test temperature, the minimum test pressure, at thg point
under consideration, shall be calculated using eq. (4-7-1):

Ibeat
to the

(2) identification of piping system tested

(3) test fluid

(4) test pressure

(5) certification of results by examiner

These test records are not required to be retained after

completion of the test, if a certification by the Inspector
that the piping has satisfactorily passed pressure testing
as required by this Standard is retained.
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P = I.SPST/S 7-7-1)
where

P = internal design gauge pressure

Py = minimum test gauge pressure
S = allowable stress at component design tempera-
ture for the prevalent pipe material; see ASME
B31.3, Tables A-1 and A-1M
St = allowable stress at test temperature for the

prevalent pipe material; see ASME B31.3,
Tables A-1 and A-1M
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(3) Inthose cases where the piping system does not
include pipe itself, any other component in the piping
system, other than pipe-supporting elements and
bolting, may be used to determine the S;/S ratio based
on the applicable allowable stresses obtained from
ASME B31.3, Tables A-1 and A-1M. In those cases
where the piping system is made up of equivalent
lengths of more than one material, the S7/S ratio shall
be based on the minimum calculated ratio of the included
materials

(b) Procedure

(1) The pressure shall be gradually increased until a
gauge pressure that is the lesser of one half the test
pressure or 170 kPa (25 psi) is attained, at which time
a preliminary check shall be made, including examina-
tion of joints and vent openings, in accordance with
para. 7-7.2.7.2.

(2) Thereafter, the pressure shall be gradually
increased in steps, with the pressure held long enough

(#) Ifthetestpressureasdefinedineq.(7-7-1) would
produce a circumferential pressure or longitudinal stress
(basedl on minimum pipe wall thickness) in excess of the
yield §trength at test temperature or a pressure more than
1.5 times the component rating at test temperature, the
test pressure may be reduced to the maximum pressure
that will not exceed the lesser of the yield strength or 1.5
times|the component ratings at test temperature.

7-7{3.5 Hydrostatic Test of Piping With Vessels as a
System

(a)|Where the test pressure of piping attached to a
vesse] is the same as or less than the test pressure for
the véssel, the piping may be tested with the vessel at
the piping test pressure.

(b) |Where the test pressure of the piping exceeds the
vessel test pressure, and it is not considered practicable to
isolat¢ the piping from the vessel, the piping and the vessel
may be tested together at the vessel test pressure,
providled the owner approves and the vessel test pressure
is notlless than 77% of the piping test pressure calculated

in acdordance with para. 7-7.3.4(b)(2).
7-7
(a)

3.6 Pneumatic Leakage Test

Precautions. Pneumatic testing inivolves the hazard
of rel¢ased energy stored in compressed gas. Particular
care ghall be taken to mininiize' the chance of brittle
failur¢ during a pneumatic léakage test. Test temperature
shall be considered when the designer chooses the mate-
rial of construction. See para. 7-7.3.2.2(b).

(1) Pressure Relief Device. A pressure relief device
shall be provided,“having a set pressure not higher
than the test‘ptessure plus the lesser of 345 kPa (50
psi) o 10%:0f the test pressure.

(R)«Test Fluid. The gas used as test fluid, if not air,
Shall be nonflammahla and nontavis

ateach step to pqnnli7p piping strains until the test pres-
sure is reached.

(3) The pressure shall then be reduced.to
pressure before examining for leakage in accor
para. 7-7.3.2.2.

the design
lance with

7-7.3.7 Hydrostatic-Pneumatic Leakage|Test. If a
combined hydrostatic-pnetumatic leakage teft is used,
then the requirements.of.para. 7-7.3.6 shalll be met,
and the pressure in theyliquid-filled part of the piping
shall not exceed the/values calculated in a¢cordance
with para. 7-7.3.4(b).

al service
h Category

7-7.3.8 Initial Service Leakage Test. Init
leakage tests shall be applicable only to piping i
D fluid service, at the owner’s option [see para. 7-7.3.1(a)].

(a)~Fest Fluid. The test fluid shall be the sefvice fluid.

(b) Procedure. During or prior to initial opefation, the
pressure shall be gradually increased in steps, with the
pressure held long enough at each step td equalize
piping strains, until the operating pressure is reached.
A preliminary check shall be made as degcribed in
para. 7-7.3.6 if the service fluid is a gas or vajpor.

(c) Examination for Leakage. The examipation for
leakage required by para. 7-7.3.2.2(a) shall be fonducted
while the system is at operating pressure. Examjination for
leakage of joints, vent openings, and connectigns may be
omitted if previously tested in accordance witHf this Stan-
dard.

7-7.3.9 Sensitive Leakage Test

(a) The sensitive leakage test shall be the Buibble Test
— Direct Pressure Technique in accordance with ASME
BPVC, Section V, Article 10, Appendix I of another
leakage test method that has a demonstrated [sensitivity
not less than 1073 std mL/s under test conditions.

(b) Whenthe Bubble Test — Direct Pressure[lechnique
is used

O T e—an oot

(3) Test Pressure. The test pressure shall be not less
than 1.1 times the design pressure and shall not exceed the
lesser of

(-a) 1.33 times the design pressure

(-b) the pressure that would produce a circumfer-
ential pressure or longitudinal stress (based on minimum
pipe wall thickness) in excess of 90% of the yield strength
of any component at the test temperature
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(1) the test pressure shall be at least the lesser of
105 kPa (15 psi) gauge or 25% of the design pressure.

(2) the pressure shall be gradually increased until a
gauge pressure equal to the lesser of one-halfthe test pres-
sure or 170 kPa (25 psi). Then the pressure shall be gradu-
ally increased in steps, with the pressure held long enough
at each step to equalize piping strains, until the test pres-
sure is reached.
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Chapter 8
Multilayered Reinforced Thermoplastic Piping Systems

8-1 SCOPE

This Chapter pertains to multilayered reinforced ther-
moplastic piping system(s) (MRTPS) that are composed of
pipes with|a thermoplastic liner and a distinct reinforcing
layer. The [reinforcing layer can be made of materials such
as dry glags fiber, impregnated glass fiber, carbon fiber,
aramid filpers, steel strips, steel cords, and aluminum.
MRTPS can be supplied as either stick or spooled pipe.
This Chapter

(a) disdusses design, materials, fabrication, erection,
examinatipn, inspection, and testing of MRTPS. Refer to
Nonmandatory Appendix D for operation, maintenance,
and repaif aspects.

(b) conternsthe parts of the piping system between the
end conngctions (i.e., pipe, prime connections, fittings,
flanges, ahd supports). Hangers are excluded as they
are typically not used with MRTPS. Valves are excluded
as standard valves used for other piping systems are also
used for MRTPS.

(c) adopts aperformance-based approach and does not
prescribe $pecific materials, constructions, or dimensions.

8-2 APPLICABILITY

(a) Thig Chapter covers the use of MRTRS:in oil and gas
applications such as single-phase or multiphase, sweet or
sour servige for oil gathering, oil trapsmission, natural-gas
gathering,|natural-gas transmission, natural-gas distribu-
tion, watel transfer, water injéction, water disposal, and
carbon di¢xide (CO;) injectiomn.

(b) Uselof MRTPS in high=vapor-pressure applications
is permitt¢d in cases where the design engineer considers
the application accéptable from a risk/safety perspective.

(c) Other MRTPRS"applications outside the oil and gas
industry are acceptable, provided the requirements of this
Standard are/met.

MRTPS manufacturer’s confirmation of suitability of
the MRTPS for the intended service.

8-3.2 Maximum Allowable Operating Pressyre

The maximum allowable operatingpressure (MAPP) of
the piping system shall comply with both the statiq pres-
sure considerations (see para. 83.2.1) and the cycli¢ pres-
sure considerations (see para: 8-3.2.2).

8-3.2.1 Static Pressure Considerations

(a) The MAOP of the piping system shall comply with
eq. (8-3-1):

MAOP < NPR 8-3-1)
where
MAOP- = maximum allowable operating pressure, kPa
(psig)
NPR = nominal pressure rating of the MRTPF, kPa
(psig)
(b) For both metallic-reinforced MRTPS and n¢nme-

tallic-reinforced MRTPS, the NPR shall be as d¢fined
and established by API 15S.

(c) For nonmetallic-reinforced MRTPS, the NPR shall
be determined for the design life at the maximum qualified
temperature.

(d) The static pressure shall be determined using pipe
samples that include the standard field connectorf.

8-3.2.2 Cyclic Pressure Considerations

(a) The ability of an MRTPS to resist the pressurg fluc-
tuations anticipated during service shall be verifigd.
NOTE: Pressure fluctuations are generally the result of jopera-

tional changes in the pipeline system, such as pump staft/stop
and valve opening and closure.

(d) MRTPS may be buried, laid on surface, or used in
relining applications.

8-3 DESIGN

8-3.1 Project Application Information

The engineer responsible for the design of the piping
system shall provide the parameters shown in API 15S,
Annex B, Project Application Information, for the

(b) A service factor of no greater than 0.1 shall be
applied to the number of cycles from the lower confidence
limit (LCL) of the cyclic regression analysis per API 158,
Annex G to determine the allowable number of cycles for
the specific application.

(c) The cyclictesting shall be done on pipe samples that
include the standard field connectors.

(20)
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8-3.3 Minimum Allowable Operating Pressure

(a) The minimum allowable operating pressure of the
piping system shall be equal to or higher than the
minimum qualified pressure of the MRTPS (see
para. 8-3.4).

(b) The design engineer shall have measures in place to
limit the exposure of the piping system to the minimum
allowable operating pressure to no more than 1 week per
occurrence.

8-3.8 Minimum Allowable Operating Temperature

(a) In establishing the minimum allowable operating
temperature of the piping system, the designer shall
consider the fluid temperature, ambient temperature,
and any other factors that can affect the temperature
of the piping system.

(b) The minimum allowable operating temperature of
the piping system shall be equal to or higher than the
minimum qualified temperature of the MRTPS (see

8-3.1J Minimum Qualified Pressure

(a) | The minimum qualified pressure of the MRTPS shall
be eqpal to the atmospheric pressure.

(b) |Alternatively, for applications with pressure lower
than gtmospheric pressure, the minimum qualified pres-
sure ghall be equal to or higher than the minimum pres-
sure the MRTPS have been proven to resist by qualification
testing.

(c) |Successful testing shall consist of a hold test under
vacuum for 1 week at the maximum qualified temperature
without damage to the MRTPS or pressure increase in the
test specimen.

(d) | The testing shall be performed on the MRTPS size
and class combination that is most susceptible to the
vacuum effects.

8-3.5

Thd potential for pressure surge resulting from water
hamnjer shall be assessed by the piping system designer,
and a|protection system shall be implemented sueh that
the highest pressure during a surge event shallnot exceed
the piping system MAOP plus 10%.

Surge Pressure

8-3.6 Maximum Allowable Operating

Temperature
(@)
tempg
shall
ture,

In establishing the maximum allowable operating
rature (MAOT) of the, piping system, the designer
ronsider the fluid temperature, ambient tempera-
solar radiatiofy~and any other factors that can
affect|the temperature of the piping system.

(b) [ The MAOT of the piping system shall be equal to or
less than thesxmaximum qualified temperature of the
MRTBS (see para. 8-3.7).

para. 8-3.9).

8-3.9 Minimum Qualified Temperature

The minimum qualified temperature of the MRTPS shall
be equal to the lowest temperatureused in the¢ qualifica-
tion testing of the MRTPS in accordance with{API 15S.

8-3.10 Temperature Fluctuations

(a) Temperaturge fliictuations, including their magni-
tude and frequency, shall be considered during the
design of the piping system.

(b) Temperature variations outside the rapge of the
minimum“allowable operating temperature and the
MAOT. shall be proven by qualification testjng not to
adversely affect the performance of the MRTES.

8-3.11 Design Life

The MRTPS shall be qualified for the design
piping system.

life of the

8-3.12 Fittings and Joints

(a) Thejointing system to be used as part of the MRTPS
shall have been proven by performance testingland quali-
fication, as per API 158, to be equal or superiof in perfor-
mance to the pipe being joined.

(b) Metallic fittings for use in constructing the MRTPS
shall be designed according to ASME B31.3, or pquivalent
ASME standard, for the requested MAOP.

(c) Where metallic components are used, copting and/
or cathodic protection systems shall be desfgned and
installed that, when properly maintained, wiill protect
the fitting through the life of the piping system.

8-3.13 System Supports

8-3.7 Maximum Quatified Temperature (7 The MRTPSshattbeadequatety supported such that

The maximum qualified temperature of the MRTPS shall
be the lower of the highest temperature at which the
nominal pressure rating of the MRTPS has been estab-
lished in accordance with API 15S and the highest
temperature at which the minimum qualified pressure
of the MRTPS has been established in accordance with
this Chapter.
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it will not be subjected to any external mechanical loading
from the adjacent piping components.

(b) The MRTPS shall also be protected from the effects
of any soil settlement or differential settlement.

(20)
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8-3.14 Minimum Operating Bend Radius

The minimum operating bend radius (MOBR) used
when the MRTPS is pressurized shall be equal to or
larger than the MOBR established during the qualification
testing of the MRTPS, as per API 15S.

8-3.15 Fluid Composition

The composition of the transported fluid shall be

8-4 FABRICATION, ASSEMBLY, AND ERECTION

8-4.1 Fabrication

The manufacturer of MRTPS components shall operate
a quality management system as required by API 15S.

8-4.2 Assembly and Erection

The assembly and erection, including handling and
installation, shall follow the MRTPS manufacturer’s rec-

assessed ta_ensure r‘nmpnfihﬂifv with the MRTPS pipe
joints, angl fittings. The assessment shall consider, at
minimum| gas content; pH; levels of hydrogen sulfide
and carbon dioxide; presence of aromatics, solids, and
injected themicals; and any other service or fluid
factor that could adversely affect the performance of
the MRTP§.

8-3.16 Sour Service

Metallic components used to construct MRTPS subject
to sour sefvice shall be compliant with NACE MR0175.

8-3.17 A

The desjgner of the piping system shall, as a minimum,
also consifler the following:

(a) wedther effects, ultraviolet degradation, anchoring
stresses, potential corrosion mechanisms, protection
from external damage or fire, and any other mechanism
that can dause adverse effects on the performance of
MRTPS.

(b) ext¢rnal loading and dynamic forces exerted, by
anticipate(d traffic and environmentally induced. loads.
These can|require additional burial depths or installation
within a cpsing.

(c) expansion or contraction associatedswith pressure
or temperjature fluctuations. The MRTPRS jmanufacturer
shall provide the designer with expansion coefficients
to adequaltely compensate for the. effects based on the
intended installation environment:

(d) for| surface installdtiens, requirements for
restraining the pipe to/prevent movement that can
lead to damage. Support designs shall minimize localized
stresses.

(e) dimensional‘compatibility, corrosion control re-
quirements, and-the need for spacing centralizers for
fittings thpt{edn reside within a host pipe as part of a

dditional Design Considerations

ommendations, in addition to the requirements\¢f this
Standard.

8-4.2.1 Joining. The assembly and erection contjactor
shall perform the joining of MRTPS intaccordance ith a
written joining procedure, based_on recommendations
from the MRTPS manufacturer,

8-4.2.2 Personnel. The personnel responsible fpr the
fabrication, assembly, and“erection of MRTPS sHall be
trained, assessed, and qualified by the MRTPS mahufac-
turer.

redin
hctical

8-4.2.2.1 Training. The training program requ
para.8-4.2.2shdllinclude both a theoreticaland a pr
section.

(a) The-theoretical section shall cover recejiving,
unloading, handling, storing, laying, joining, backfilling,
and, tying in pipe and fittings.

(b) The practical section shall cover the detjils of
joining pipe and fittings and the operation of the ingtalla-
tion equipment, if any.

8-4.2.2.2 Assessment. The assessment of pergonnel
shall include both a written test and the fabrication} of an
MRTPS test joint. The joint shall be assessed by the tfainer
and deemed acceptable.

8-4.2.2.3 Qualification

(a) Upon successful completion of the traininjg and
assessment, each individual shall be issued a trjining
certificate or pocket card by the MRTPS manufadturer.
The certificate/pocket card shall

(1) be printed on a form containing the logo
MRTPS manufacturer

(2) have an issue date, an expiry date, and a U
identification number

(3) include the name and photograph of the individ-

of the

nique

relining project.

(f) for submerged applications, the effects of water
external pressure, tide movements, waves, wind, and
other loadings, where applicable.

(g) installation methods. The designer shall indicate
limits on installation loading related to axial, external
pressure and bending capacities of the MRTPS, or combi-
nations thereof. See para. 8-4.3 for additional installation
considerations.
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ual being certified

(4) include a description of the scope of the training
and the identification of the product series and product
range covered by the training

(5) be signed by an official of the MRTPS manufac-
turer and by the individual being certified

(b) All training certificates/pocket cards shall be valid

for 1 yr from the training date, unless the MRTPS manu-
facturer operates a process to continuously evaluate the
individual’s performance. The certification shall expire 1
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yr from the training date, or when continuous evaluation
ceases, whichever occurs last.

NOTES:

(1) Due to the unique design of MRTPS fittings, the MRTPS
manufacturer shall be the sole entity that provides installer
certification, monitoring of installer performance, or both.

(2) The installer’s continuous evaluation shall be based on the
MRTPS manufacturer requirements.

8-4.3 Installation

8-4.3.1.3 Horizontal Directional Drilling

(a) The maximum allowable axial pull load published
by the MRTPS manufacturer shall not be exceeded when
horizontal directional drilling (HDD) is used for the piping
system installation.

(b) Appropriate pulling heads and tension force
gauges/dynamometers shall be installed and monitored
during the pipe-pulling activities.

(c) A visual inspection of the pipe after the pulling is

MRJTPS included in the scope of this Chapter may be
buried, laid on surface, or used in relining/rehabilitation
applidations.

8-4{3.1 Buried Installations. MRTPS may be buried by
conventional “trench and backfill” methods using conven-
tional|trenching equipment, by directional drilling, or by
“plowjing-in” with specialized trenching plows.

8-4.3.1.1 Installation Specification. The design engi-
neer fhall develop an installation specification that
provides requirements for factors such as, but not
limited to, the following:

(a) |pipe system routing, taking into consideration the
MOBR of the product

(b) [the transition from aboveground piping to under-
ground piping

(c) |the use of tracer wire, warning tape, or both in
buriefl applications, in accordance with the manufac-
turer’s recommendations

(d) |installation of a cathodic protection system, where
required

(e) |application of protective wrapping to.the-fittings

(f) backfill material

(g) |burial depth and casing at crossings

(h) |[methods to minimize soil movenient and heave

(i) compaction techniques that'will protect the piping
materfial from damage

(j) lany additional measdres necessary to minimize
localized stresses to the MRTPS

(k) |installation and.placement of buoyancy weights, if
necespary

8-4.3.1.2 Co=trenching. If the installation includes
co-trenching‘with other pipelines or other underground
infrasfructure, the installation specification shall include
adequaterdirection with respect to separation distances.

complete shall be performed to ensure the Jitness for
service of the piping system.

(d) Anydamagesresulting from the installation shall be
within the acceptance criteria defined by the piping
system designer or MRTPS manufacturer.

(e) A sufficient amount of pipe-shall be pullg
bore exit hole to allow for a2360-deg visual ev
the pipe, and to allow for\pipe relaxation.

(f) If the examination‘reveals damages that exceed
defined acceptance efiteria, further examingtion shall
be executed to ascertain the acceptability of thie installed
pipe.

(g) If it-cannot be satisfactorily determined that the
installed pipe is acceptable, the pipe shall b¢ replaced
or a newHDD bore performed.

d past the
hluation of

8-4.3.2 Surface Installations

(a) Surface installation shall be performed ad
the installation specification.

(b) The recommendations for support types|and spans
shall be followed, including any recommendations for
supporting MRTPS interface materials.

(c) Bends in MRTPS shall always be made with a radius
greater than the MOBR of the product.

(d) MRTPS laid on surface shall be ag
restrained to avoid damage from abrasi
ground surface and to avoid pipeline kinking o
movement.

cording to

equately
n on the
excessive

8-4.3.3 Relining Applications

8-4.3.3.1 Relining Preparation. Prior to beginning a
relining installation, the installer shall test or examine the
host pipeline to confirm there are no obstructions, e.g., any
unexpected sharp turns, dents or kinks in tHe pipe, or
internal weld material. (Such defects can reducg the effec-
tive internal diameter of the steel line and damage the

Separation distances shall address potential damage from
heat sources and provide adequate clearances to allow for
future maintenance or repairs, should they become nec-
essary. Distances shall also provide adequate room for
specialized tools without inducing damage to the pipe
or adjacent facilities.
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MRTPS.) The examinations shall also confirm there will
be adequate clearance between the 0.D. of the MRTPS
(including couplings or fittings) and the L.D. of the existing
host line.

8-4.3.3.2 Pull Lines. If wire rope is used as the pull
line, then a swivel shall be installed between the pull line
and the MRTPS to prevent the wire rope from applying
torque to the pipe during installation. A pulling-load indi-
cator system, which provides real-time readout of axial
pull during installation, shall be used. Actual pulling
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force shall be limited to the product’s published maximum
allowable axial load, and should be recorded and retained
as part of the installation documentation.

8-4.3.3.3 Centralizers. Installation of centralizers
shall be completed if specified in the installation specifi-
cation.

8-4.3.3.4 Terminations

(a) Upon exit at the termination end of the pull, a suffi-

8-5.2.2 Examination at the Worksite

8-5.2.2.1 Examination of Incoming Material. The
pipes, fittings, and accessories shall be examined prior
to the use in the construction of the piping system to
ensure the correct material has been delivered and no
damage has occurred during transportation and handling.
Any damaged items shall be replaced.

8-5.2.2.2 In-Process Examination

cient amoint of the pipe system shall be pulled past the
host pipe to allow for a 360-deg evaluation of the pipe to
ensure thg pull through the host pipe has not caused any
damage that will affect the serviceability of the new pipe
system, as|well as to allow for the relaxation of the MRTPS.

(b) A 3fm (10-ft) trial MRTPS pipe segment may be
pulled thijough the host pipe in advance of the actual
MRTPS piill to verify the status of the host pipe and
the feasibility of the liner pull.

(c) MRTPS shall be appropriately supported at the
transition points from the host pipe to the soil to
avoid shear loads and point loads.

8-5 EXAMINATION, INSPECTION, AND TESTING

Examingtion, inspection, and testing shall follow the
MRTPS mpnufacturer’s recommendations, in addition
to the requirements of this Standard.

8-5.1 Geperal

This se
inspection.

Examination applies to quality control fuhetions
performed by the MRTPS manufacturer, fabricator, or
erector. Reference in this Standard to an'éxaminer is
to a person who performs quality contriol Jexaminations.

Inspection applies to functions performed for the owner
by the owner’s Inspector or the Inspector’s delegates.
Referencgs in this Standard tothe “Inspector” are to
the owner's Inspector or théNnspector’s delegates.

Inspection shall not relieve the MRTPS manufacturer,
the fabricator, or the erector of the responsibility for

(a) proyiding materials, components, and workman-
ship in accprdancewith the requirements of this Standard
and of thg engineering design

(b) perfofming all required examinations

tion distinguishes between examination_and

(a) The erection activities shall be examined te.gnsure
the piping system is installed in accordance|with the
design specifications and in such a way aste’avold any
damage that may affect the long-termhintéegrity pf the
piping system.

(b) Wherever the installation methodology allows, the
following items, as a minimum,&hall be examined quring
the piping system erection:

(1) pipes, fittings, and)accessories to ensure no
damage

(2) trench prepatation as per the MRTPS mapufac-
turer’s recommendations

(3) pipe deployment to verify absence of kinls and
damages

(4) jeining of couplings and fittings

(5)7application of corrosion-protective measyres at
metallic fittings, if applicable

8-5.2.2.3 Prehydrotest Examination. Upon cgmple-
tion of the erection activities, prior to backfilling and
subsequent hydrostatic testing, the piping systen] shall
be examined to ensure that
(a) no damage is present
(b) adequate supportand restraintare provided for the
MRTPS and adjoining equipment
Backfill shall be performed in a manner that dops not
damage the installed piping system.

8-5.3 Inspection

Inspection should be performed at each examipation
milestone outlined in para. 8-5.2. At a minimum, ifspec-
tion should be performed at the following stages:

(a) completion of the piping system erection

(b) prior to backfilling of the piping system

(c) random checks during the hydrostatic testing
piping system

of the

(c) preparing suitable Tecords of examinations and
tests for the Inspector’s use

8-5.2 Examination

8-5.2.1 Examination at the Manufacturer’s Works.
The manufacturer of the MRTPS components shall
examine the manufactured components at the manufac-
turing location to ensure the components comply with the
design, quality, and marking requirements of API 15S.

94

8-5.4 Testing

8-5.4.1 Required Testing. After completion of the
piping system erection and prior to operation, each
piping system shall be hydrostatically tested as per
para. 8-5.4.4 to ensure tightness.

(20)
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8-5.4.2 Limits of Tested Piping

(a) Equipment not included in the scope of the hydro-
static test shall be either disconnected from the piping
system or isolated by blinds or other means during the
test. A valve may be used provided the valve (including
its closure mechanism) is suitable for the test pressure.

(b) Piping components and subassemblies may be
tested either separately or as assembled piping.

(c) Flanged joints used to connect piping components

hazard of energy stored in compressed gas, and safety
precautions shall be implemented as appropriate.

NOTE: ASME PCC-2, Part 5, Article 501 provides guidance for safe
pneumatic testing.

(b) Test Pressure
(1) The hydrostatic test pressure at every point in
the MRTPS shall be not less than 1.25 times the MAOP.
(2) The effects of the piping system elevation differ-
ence shall be taken into consideration when defining the

and sfibassemblies that have previously been tested, and
flangdd joints at which a blank or blind is used to isolate
equipment or other piping during a test, are not required
to be [leak tested.

8-5/4.3 Preparation for Hydrostatic Testing. Prior to
the hydrostatic testing, MRTPS intended for buried appli-
cationys shall be covered with soil, with the joints left
exposgd.

8-5/4.4 Hydrostatic Test

(a)| Test Fluid

(1) The test fluid shall be water unless there is the
possibility of damage due to freezing or to adverse effects
of water on the piping or the process. The selection of an
alternfative fluid shall consider flammability, toxicity, and
chemijcal compatibility with the MRTPS, as well as the
consefjuences of a pipe system failure during hydrotest.
(£) If hydrostatic testing would create an undesir-
able dituation or risk of contamination, the owner may
subje¢t the piping system to a pneumatic leak test in
lieu of the hydrostatic leak test. Where pneumatic tests
are performed, consideration shall be given to the

test pressure. MIR
(3) Theresulting test pressure along the' MIRTPS shall
not exceed the allowable test pressure,stipuldted in the
standards of material specifications for the|pertinent
components of the piping system\
(c) Test Duration. The duratioh of the hydrgstatic test
pressure of the MRTPS, excluding the conditioning and
stabilizing time, shall be.a'\mfinimum of 8 h.
(d) Test Records
(1) A testrecord/shall be completed of eqch MRTPS
test and shall, at minimum, include the following:
(-a) idéntification of the piping systen] tested
(-b)~date of test
(~c)“test fluid
(5d) test pressure
(-e) test duration
(-f) test temperature
(-g) the pressure test chart
(-h) calibration certificates for testing ¢quipment
(-i) minimum, maximum, and measurement loca-
tion elevations
(-j) certification of results by the exanjiner
(2) Testing records shall be retained and stored in
the project construction file.
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MANDATORY APPENDIX I
FUSING AND ELECTROFUSING OF POLYAMIDE-11
THERMOPLASTIC PIPING; AND FUSING OF POLYPROPYLENE,

I-1 GENERAL REQUIREMENTS

This Appendix contains requirements for design,
fabrication, assembly and erection, examination, inspec-
tion, and testing of thermoplastic piping systems for poly-
amide-1]1 (PA-11) thermoplastic materials and
polypropylene (PP), poly(vinylidene fluoride) (PVDF),
and poly(tetrafluoroethylene) (PTFE). During the creation
of ASME NM.1, areview of existing standards revealed that
neither AYME BPVC, Section IX nor any of the American
Welding Jociety standards include Joining Procedure
Specifications for PVDF or PTFE liners of lined steel
pipe. This| Appendix provides requirements for joining
these matgrial types.

NOTES:

(1) The fudion joining of PTFE liners is accomplished by;the use
of a perfluoroalkoxy alkane (PFA) film interface.

(2) PE linefs that are to be fitted into a steel pipe hiousing are to
be fusipn welded by the procedures listed)in ASME BPVC,
Section|IX, Part QF, Plastic Fusing, withthe exception that the
0.D. bepd form is to be removed hefore the fusion-welded
line is pllowed to move back into\the steel pipe bore.

1-2 SCORE

The requirementsin/ this Appendix apply to the
preparati¢n and gualification of the Joining Procedure
Specification (JRSY for fusing and electrofusing of
PA-11 thermeplastic materials, and PP, PVDF, and
PTFE linefs ‘of lined steel pipe, and to the performance

—POLY(\VAINYLIDENE FLUORIDE),-AND
POLY(TETRAFLUOROETHYLENE) PLASTIC LINERS
OF LINED STEEL PIPE

address all essential variables applicable to the fusing
process used, and the testresults shall meet all reguire-
ments of this Appendix

(b) The information to be included in the JRS for
fusing and electrofusing of PA-11 and the fusing pf PP,
PVDF,and PTFE liners is provided in Chapfer 5.
There are no required formats for JPSs or PQRs. Any
format may-be used provided all applicable information
is recordéd, including a certifying statement ackndwled-
ging the validity of the data and certifying that the [speci-
mens were made and tested in accordance with the
requirements of this Appendix.

(c) PQRsshallnotberevised exceptto correct errors or
add new or omitted information. All such changes shall be
identified, authorized, and dated on the PQR.

I1-4 JOINING PROCEDURES QUALIFIED BY
EMPLOYERS OR AGENTS

I-4.1 Qualification Variables

The qualification variables for the various progesses
used in making a procedure qualification test joipt are
listed in Tables 1-8-1, 1-8-2, and I-8-3.

1-4.2 Approval Tests

(a) The approved tests for qualifying a JPS are ligted in
section [-7.
(b) The testresults shall be recorded on or appenfed to

qualification of the fusing operator joining those mate-
rials.

I1-3 JOINING PROCEDURE

Each joining procedure shall be qualified by the
employer or the employer’s agent.

(a) Tests previously conducted by an employer, the
employer’s agent, or a professional organization may
be used to support a]JPS in accordance with this Appendix.
The Procedure Qualification Record(s) (PQR) shall

a PQR containing the actual qualification variables.

I1-4.3 Acceptance Criteria

(a) Ifthe results meet the acceptance criteria specified,
the employer or employer’s agent shall sign and date the
PQR, indicating that the PQR is an accurate record of the
joining and testing of the procedure qualification test
specimen.

(b) The employer or agent may then prepare and issue
an approved JPS.
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(c) The employer or agent shall sign and date the JPS to
signify acceptance of responsibility for use of the JPS in
production.

I1-4.4 JPS Range

Each JPS shall be supported by one or more PQRs, and
shall specify a range or a single value for each essential
variable applicable to the joining process.

1-4.5

Specified test specimens shall be used for procedure
qualifjcation. The specimens used shall be prepared as
indicated in the specified test standard.

1-4.6]| Control

Duifing the fusing or electrofusing of procedure quali-
ficatign specimens, fusing operators shall be under the full
contrl and supervision of the employer or agent. The
following steps shall be supervised:

(a) | preparation of test specimens for fusing or electro-
fusing

(b)|instruction of the fusing operator on use of the
fusing or electrofusing joining procedure

(c) |performance of fusing or electrofusing

(d)|recording of the essential variables used in the
fusing or electrofusing test

(e) |operator performance examinations and tests

(f) [documenting of test results

(g) | certification of the final PQR

I-5 EVALUATION OF TEST SPECIMENS

(a) | Test specimens shall be subjected to the applicable
tests.

(b) | Test methods are in section.1-7.

(c) |The type, number, and location of tests, and evalua-
tion criteria for tests, shall be-as.indicated in the test stan-
dards|and in this Standard:

I1-6 SIZE RANGE FOR'SPECIMENS

I1-6.1 |Fusing Test Specimens

Thd limjts:of‘fusing test specimens shall be as provided
in (a)|through (d).
(a) The fusion of a DN 50 (NPQ 7) PA-11 pipe q11:ﬂifin< a

(d) The fusion of a DN 100 (NPS 4) PP, PVDF, or PTFE/
PFA liner qualifies a fusing operator to fuse DN 76 and DN
100 (NPS 3 and NPS 4) steel pipe lined with PP, PVDF, or
PTFE/PFA liners.

I1-6.2 Electrofusion Test Specimens

The limits of electrofusion test specimens are as
provided in (a) and (b).
(a) The quallfled ]omlng ofa DN 50 (NPS 2) PA-11 elec-
[ joinDN 13
to DN 100 (NPS /2 to NPS 4) PA-11 couplmg:.
(b) The qualified joining of a DN 150 (NP§ 6) PA-11
electrofusion coupling qualifies a, fusing operator to
join DN 100 to DN 200 (NPS 4 to NPS 8) PA-11|couplings.

I-7 TEST METHODS REQUIRED FOR PRQCEDURE
QUALIFICATION

I1-7.1 Visual Examination

(a) All fusedrjoints or electrofused joints sha]l receive a
visual examifiation of all accessible surfaces of the fused
joint.

(b) The visual examination shall be conducted as
described in PPI TR-45 for fusing and as re¢quired in
ASME SF-2600 for electrofusion couplings.

(c) The visual examination for fused thefmoplastic
liners shall be conducted per the criteria listed in a
published procedure.

(d) Visual examination results shall be recorded on the
PQR.

I-7.2 Elevated-Temperature Sustained-Pressure
Tests for PA-11 Fused Pipe or Electrofusion
Couplings

(a) Elevated-Temperature Sustained-Pressufe Test for
Fused PA-11 Pipe. Elevated-temperature sustaiined-pres-
sure tests shall not require test to failure. The t¢st shall be
performed in accordance with PPI TR-45, as follows:

(1) The test temperature shall be 80°C ([L76°F).

(2) The hoop stress shall be 12 755 kPa (1,850 psi)
(14% above the hoop stress requirement in ASME
SF-1733).

(3) All pipe failures shall be ductile outg§ide of the
fusion joint (or nonfailures).

fusing operator to fuse DN 13 to DN 100 (NPS % to NPS 4)
PA-11 pipe.

(b) The fusion of a DN 150 (NPS 6) PA-11 pipe qualifies
a fusing operator to fuse DN 100 to DN 200 (NPS 4 to NPS
8) PA-11 pipe.

(c) The fusion of a DN 50 (NPS 2) PP, PVDF, or PTFE/
PFA liner qualifies a fusing operator to fuse DN 25, DN 38,
and DN 50 (NPS 1, NPS 1.5,and NPS 2) steel pipe lined with
PP, PVDF, or PTFE/PFA liners.

Thisteststattbecomducted using the Tequitements in
ASTM D1598. The elevated-temperature sustained-pres-
sure test does not require test to failure in this application.
The duration of the test shall be notless than 170 h without
failure.

(b) Elevated-Temperature Sustained-Pressure Test for
PA-11 Pipe Joined Using Electrofusion Couplings. This
test shall be conducted as described in ASME SF-2600,
using the requirements in ASTM D1598.

(1) The temperature shall be constant at 80°C
(176°F).
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(2) Thesustained pressure shall be a pipe fiber stress
of 1.0 MPa (1,450 psi).

(3) The duration of the test shall not be less than
170 h.

(4) All pipe failures shall be ductile outside of the
fusion joint (or nonfailures).

(5) The elevated-temperature sustained-pressure
test does not require test to failure in this application.

I-7.5 High-Speed Tensile Impact Testing (Fused
PA-11 Pipe Only)

(a) The tensile impact test method develops adequate
tensile impact energy at specific rates of strain to rupture
standard tensile impact specimens of butt-fused plastic
pipe.

(b) Testing shall be conducted in accordance with
ASTM F2634.

(1) This test method shall be used to evaluate PA-11

1-7.3 Quick-Burst Testing of PA-11 Fused and
Electrofused Joints

Quick-bprst testing of joints shall be conducted in accor-
dance with ASTM D1599, using the requirements from
ASME SF-2600.

(a) Four samples shall be selected at random.

(b) Thelsamples shall be conditioned for 16 h prior to
testing.

(c) The|minimum hydraulic burst pressure shall not be
less than that required to produce 26.9-MPa (3,900-psig)
fiber stregs in the pipe.

(d) Failpre of the fitting or joint shall constitute failure
when the [pressure is less than in (c).

(e) Failpire of one of the four samples shall constitute
failure.

1-7.4 Tern

1-7.4.1
PA-11 fusd
at 5 mm
reported 3

I1-7.4.2 [Testing of PA-11 Electrofusion Couplings.-The
testing of electrofusion couplings connected to pipe shall
be done i accordance with ASME SF-2600%

(a) Spefimens shall be tested at a tensijle stress that
causes the pipe to yield or causes the pipe to break
outside the joint area.

(b) Theltensile test shall be made on the specimen as
joined.

(c) Res
2600.

1-7.4.3
Samples.

sile Testing

lesting of PA-11 Fused Joints. Tensile testing of
djoints shall be in accordance with ASTM D638
min (0.2 in./min), and the results shall be
s required in that standard.

Its shall be repotted as required in ASME SF-

Testing of Fused PP, PVDF, and PTFE Liner
Tensilétesting of fused PP, PVDF, and PTFE
liner samples‘shall be in accordance with ASTM D638
but at a cyoss=head speed of 50 mm/min (2.0 in./min).

butt joints.
(2) This is a pass-fail test.
(-a) Samples showing elongation are“ducti
pass.
(-b) Samples failing in a brittle mode fail.
(3) A graphic representationsshowing stress—strain
is created as the test is conductéd, This graph of the test
may be used to evaluate duetility.

e and

I1-7.6 Hydrostatic Testing of the Butt-Fusion
Welded PP, PVDF, and PTFE Liners for
Steel

I-7.6.1 Test'Fluid. The fluid shall be water unlesg
is the possibility of damage due to freezing or aq
effects of water on the piping or process. If such a
bility\exists, another suitable nontoxic liquid may beg
If the liquid is flammable, then its flash point shal
least 49°C (120°F), and consideration shall be given
test environment.

Lined

there
verse
[possi-
used.
be at
to the

I1-7.6.2 Fusion-Welded Samples. A minimum of three
fusion-welded samples shall be hydrostatically tested for
each liner type for which the fusion operator is being qual-
ified.

1-7.6.3 Mechanical Couplings. The mechdnical
couplings should not be installed on the fusion-joined
lined steel sample sections that are to be hydrostatically
tested.

I1-7.6.4 Fusion-Joined Lined Steel Pipe SamplT
all be

(a) The fusion-joined lined steel pipe samples s
fixtured in a hydrostatic device capable of maintaihing a
sealing force on the open pipe ends and the welded
samples.

(b) The test specimen shall be subjected to a test

2 MNP L

pres-

(a) Specimens shall be tested at a tensile stress that
causes the pipe to yield or causes the pipe to break
outside the joint area.

(b) The tensile test shall be made on the specimen as
joined.

(c) Results shall be reported asrequired in ASTM D638.
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the requirements of ASME B31.3, para. A345.4.

I-7.6.5 Alternative (Pneumatic) Sensitive Leak Test.
An alternative (pneumatic) sensitive leak test may be
performed with the owner’s approval. See ASME B31.3,
para. A345.5.
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Figure 1-7.7-1 Instruction on Preparing and Cutting Electrofusion Coupling for Crush Test

|==3" MIN. LENGTH:
(76 mm) (TYP)

PE. PIPE
(SECTION N

COUPLING

PE. PIPE
(SECTION)

_____________ e

GENER

Outsid
West Qonshohocken, PA 19428, www.astm.org.

I1-7.6.6 Test Results. Test results shall be recorded in
the Jojning Procedure Qualification. A passing grade shall
be given if there is no leakage of the test fluid or test gas
through the fusion-welded joint.

1-7.7 |Joint Integrity Tests for Electrofusion
Couplings

(a)|A joint integrity test shall be conducted on electro-
fusion joints.

(b)|The test shall be conducted using a vise to crush
one-hplf of a split electrofusion coupling. Figure 1-7.7-1
showg a half coupling.

(c) |Instructions for specimen preparation are provided
in ASME SF-2600.

(1) This test provides an evaluation of the bonding
strength between the pipe and fitting.

(£) Separation of the fitting from the pipe at the
fusion] interface shall constitute failure.

1-7.8 |Joint Crush Test

(a)|A joint crush test shall be ¢onducted on electrofu-
sion jpints.

(b) | The test shall be condtcted using a vise to crush the
specithen (see Figure 1-7:8-1) as described in ASME SF-
2600, and the results,shall be reported as required in
that sfandard.

() This test'provides an evaluation of the bonding
strength betweén' the pipe and fitting.

() Miner separations shall be acceptable, but more
than 15% separation of the heat-zone length shall consti-
tute failure

LNQTE: Rpprinfﬂﬁ with permission from ASTM F1055-162_Standard Qppr‘iﬁr‘nfinn for Electrofusion Tvpp Polyethylen
Diameter Controlled Polyethylene and Crosslinked Polyethylene (PEX) Pipe and Tubing, © ASTM International, 100 BarrHarbor Drive,

Fittings for

(c) Separation of the pipe fromithe fitting at|the fusion
interface shall constitute failure.

I1-7.10 Hydrotestingfor Metallic Piping Lined With
Fused PP, PVDF, or PTFE/PFA
(a) A representative section of lined steel [pipe butt-
fused at the midpoint, with a PP, PVDF, or PTFE/PFA
liner and ajeombined length of approximately 203 mm
(8 in.), shall be clamped in a pressure test|unit such
that the'fusion-welded section can be subjected fo a hydro-
static test pressurized to no less than 1.5 timed the ASME
Class 150 steel flanged-spool rating [2 944 kPa (427 psig)]
for a minimum of 10 min.
(1) The test section shall not have mlechanical
coupling installed.
(2) Any fluid leakage through the tesf section’s
fusion-welded joint shall constitute failure.
(b) Test Pressure
(1) The hydrostatic test pressure at every point in a
metallic piping system shall be not less than 1. times the
design pressure.
(2) When the design temperature is greater than the
test temperature, the minimum test pressure, at the point
under consideration, shall be calculated using ¢q. (I-7-1):

Pp = 1.5PS7/S (1-7-1)

where
P = internal design gauge pressure, kPa (psig)
Pr = minimum test gauge pressure, kPa (psig)
S = allowable stress at component desigr tempera-
ture for the prevalent pipe material,|kPa (psi);

I1-7.9 Saddle-Type Joint Crush Test

Electrofusion saddles shall be tested using a saddle-type
joint crush test as described in ASME SF-2600, and the
results shall be reported as required in that standard.

(a) Pipe fused to the fitting is placed in the jaws of the
vise.

(b) The jaws of the vise are closed.

seeASMEB313Tabtes A=tandA-tM

St = allowable stress at test temperature for the
prevalent pipe material, kPa (psi); see ASME
B31.3, Tables A-1 and A-1M

(c) In those cases where the piping system does not
include pipe itself, any other component in the piping
system, other than pipe-supporting elements and
bolting, may be used to determine the S;/S ratio based
on the applicable allowable stresses obtained from
ASME B31.3, Tables A-1 and A-1M. In those cases
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Figure 1-7.8-1 Joint Crush Specimens in Vise
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GENERAL NPTE: Reprinted, with permission, from ASTM F1055-16a,.Standard Specification for Electrofusion Type Polyethylene Fittngs for

Outside Diarpeter Controlled Polyethylene and Crosslinked Polyethylene (PEX) Pipe and Tubing, © ASTM International, 100 Barr Harbo} Drive,

West Conshphocken, PA 19428, www.astm.org.

where the|piping system is made up of equivalent lengths 1-8.1 Heater Removal Time

of more thpn one material, the S7/S ratio §hall be based on . . .

the minimum calculated ratio of the included materials. 1118'1'1 '_3:“":}:'5'“ \{\Ieldln}gl of PA-11. Thle _fOH DW;Ing
If the test pressure as defined in (b) would produce a t?l IT l}))row (;:sft (;ma?lm.um ei‘;ar rerfnl(j)xalltlmes that

circumfer¢ntial pressure or longitudinal stress (based on shall be used for butt-fusion welding o il

minimum|
strength 4
1.5 times
the test pi
sure that v
1.5 times

pipe wall thicknes$s) in excess of the yield
t test temperature or a pressure more than
the component rating at test temperature,
essure may-be reduced to the maximum pres-
ill not exceed the lesser of the yield strength or
the eomponent ratings at test temperature.

Maximum
Pipe Wall Thickness, Heater Removal Time, s
mm (in.) [Note (1)]
1 to <9 (0.18 to <0.40) 8
9 to <15 (0.40 to <0.60) 10
15 to 31 (0.60 to 1.20) 15

I1-8 ESSENTIAL VARIABLES FOR FUSING PA-11

The essential variables for fusion joining of PA-11 are
listed in Table 1-8-1; those for electrofusing of PA-11 are
listed in Table I-8-2; and those for heat-fusion joining of
PP, PVDF, and PTFE/PFA liners are listed in Table I-8-3.

100

NOTE: (1) This is the maximum permitted time between the
removal of the heater plate and bringing together the liner
ends to form the weld.
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I1-8.1.2 Butt-Fusion Welding of PP, PVDF, and PTFE
Liners. The following table provides the maximum
heater removal times that shall be used for butt-fusion

Table 1-8-1 Essential Variables for Heat-Fusing JPS
for PA-11

; . Description of Variable Essential Nonessential
welding of PP, PVDF, and PTFE liners: - -
Joint type: butt fusion X
Maximum Pipe surface alignment X
Heater Removal Time, s Material X
Liner Type [Notes (1) and (2)] Wall thickness X
PP 5 Cross-sectional area X
PVDF 5 Position X
PTFE 3t5 Heater surface temperature X
Interfacial pressure X
NOTES$: Bead size as specified X
(1) THisisthe maximum permitted time between the removal of Bead appearance X
th heater plate and bringing together the liner ends to form .
Open time between heater removal X
the w_eld. . and welding
(2) THe differences between heater removal times for the PP, )
PVDF, and PTFE liners and those for PA-11 (see para.1-8.1.1) Cooldown time X
arp due to differences in thickness (i.e., the liners are thinner Fusing equipment manufacturer X
than PA-11 pipe) and in the characteristics of the materials.
1-8.2| Beads Table I-8-2 ESsential Variables for Electrofyision JPS
: : ) for PA-11 Electrofusion Couplings
A bead is formed during the butt-fusion process. A piing
typicdl bead is shown in Figure 1-8.2-1. Description of Variable Essential Nopessential
. . oint type'[Note (1
I-8/2.1 Bead Size for Butt Fusion. The tables below q tyf, [ (L1 %
provide maximum bead sizes that shall be formed ping
during butt fusion of defined materials. _Saddle X
(a) | Typical Butt-Fusing Bead Sizes for PA-11 Fit-up gap X
Material X
Typical Fusing Bead Siz€; Wall thickness X
Pipe Size, mm (in.) nllm (m;] [Note (1] Coupling or saddle manufacturer X
40 (1.25) and smaller 1to2 (/iz to /156) Pipe diameter X
>40 to|<90 (>1.25 to <3) 3 to <5 (/g to <) Cooldown time X
90 to 325 (3 to 8) 3to5 (Y to %e) Fusion voltage X
Fusing time X
NOTE{ (1) When the proper bead size)is formed against the Material temperature range X
heater] surfaces all around the pipe‘or fitting ends, remove Power supply X
the hepter. Melt bead size is depéndent on pipe size.
Power cord X
(b)| Typical Butt-FusingvBead Sizes for PP and PVDF Processor X
Liners Saddle clamp X
Typical Fusing Bead Size, Cleaning agent X
Pipf Size, mi/(in.) mm (in.) [Note (1)] Scraping device X
25 to 40 (1,t6:2) 4.8 to 6.4 (V16 to ) NOTE: (1) There are electrofusion couplings to join pipe to
75 to 100-(3-to 4) 6.4 t0 7.9 (Y to %3) pipe and electrofusion saddles for branch cornections.

GENERAL NOTE: There is no bead formed when PTFE liners are
butt fused together with a PFA film interface.

NOTE: (1) The dimensions in this table refer to bead size on the
liner after fusion.

101
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Table I-8-3 Essential Variables for Heat Fusion JPS for PP, PVDF, and PTFE/PFA Liners

Description of Variable

Essential

Nonessential

Joint type: butt fusion

Steel-pipe-to-liner cutback dimension

Appearance

of liner at 0.D. and I.D. of cutback

Installation of mechanical coupling onto one section of the to-be-joined piping [Note (1)]

Installation of wind bag around heater for PTFE/PFA liner weld

Warming of

steel pipe ends where installation is to be done at ambient temperatures below 45°F (7°C)

X

=<

Constructio
Fusing equi
Correct dist
Alignment d
Material (liy
Trimming o
Heater platg
Verification
Weld positi
PFA film thi
Initial PP ar
Initial appli
Removal of
Permissible
Applied pre
Heater platg
Cooldown tj
For PP and

of onionskin-type shelter around weld location to protect against inclement weather
bment manufacturer

hnce fixturing of the steel pipe end within the fusing equipment

f pipe-liner surface and wall thickness

er type)

[ liner ends with a facing tool to the proper dimension

type

of heater plate surface temperature

n (only horizontal welds allowed)

ckness for fusing PTFE liners

d PVDF bead size in contact with the heater plate

d pressure against the heater plate to ensure intimate contact of the PTFE with-the PFA film
excess PFA film from heating plate after initial PTFE liner contact with heatér/plate
open time between heater removal and welding

Esure for making weld

placed back in the metallic storage container to avoid damage

me

PVDF liners: bead size and shape and/or appearance

Joint appeatjance for PTFE fusion-welded liners

PTFE fusion

Fwelded connection wrapped with PTFE tape prior te,mechanical coupling installation

Ea T T =< <o Lol o T

=<

NOTE: (1)

Make sure that the coupling is a vented type for PTFE-lined piping.

102
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Figure 1-8.2-1 Polyethylene Pipe Butt-Fusion Joint 0.D. Bead (Cross-Sectional View)

These visually acceptable beads may have a
gap under the bead after it cools.

/ L7

These visually acceptable beads may have a
gap under the bead after it cools.

 PE pipe (cross-sectional view)

(a) Visually Acceptable
Uniform bead around pipe

These visually acceptable beads may have a
gap under the bead after it cools.

10% or
less

PE pipe (cross-sectional view)

(c) Visually Acceptable
Nonuniform bead sizes but uniform around
pipe (outside diameter mismatch less than
10% of the wall)

1-8.2.2 Bead Appearance

(a) | PA-11 Fusion Beads. The presence-of bubbles on the
PA-11 fusion bead shall not be reason for rejection.

NOTE{] The PA-11 material absorbs .moisture from air. This
moistfire creates bubbles in“the’beads. The bubbles are
limitedl to the beads and de™not affect the strength of butt-
fusion|joints. See PPI TR:45\for pictures of typical beads with
bubblgs.

(b) | Fusion Beads-for PP and PVDF Liners. Fusion beads
for PR and PVDF\liner joints shall meet the size criteria
showh in para.”[-8.2.1(b) and shall be uniform in size
around the“entire liner joint.

NOTES:

nr oo { i [ \
T T PHPEeTCTroSS=SeCtotrarviewr

(b) Visually Acceptable
Nonuniform bead sizes but uniform
around pipe (typical to molded fitting
bead or unimodal to bimodal pipe bead)

The V-groove should not\be’deeper than
half the bead height,

v

PE pipe (cross-sectional view)

(d) Visually Unacceptable
Nonuniform/uniform bead
around pipe and V-groove
too deep at pipe-tangent

(c) PTFE/PFA Liner joints. The PTFE/PFA [iner joint
shall appear as a straight liner joint with thle location
raised slightly outward to less than 1 mm (%4, in.).

(1) The PFA film shall be uniformly visible over the
entire 360-deg surface of fusion weld and grotruding
slightly out past the weld 0.D. surface.

(2) There shall be no obvious gaps where there is no
PFA film between the two PTFE liner ends.

1-9 VERIFICATION OF ESSENTIAL VARIABLES

The essential variables for butt fusion of PA;11 plastic
piping are discussed in para. I-9.1; those for elgctrofusion
of PA-11, in para. 1-9.2; and those for butt fugion of PP,

(1) Theoutward edge of the bead shall be completely rolled over
and touching back with the liner 0.D. surface.

(2) Beads shallnotbe wavy as this indicates that the heater plate
was too hot.

(3) There shall be a minimum 2-mm (%-in.) gap between the
outward edge of the bead and the steel pipe end. Beads
cannot touch the steel pipe end.

(4) Airbubblesshall notappear in the bead or fusion joints. This
applies to PP, PVDF, and PTFE/PFA liners.
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PVDF, and PTFE/PFA pipe and fitting liners, in para. I-9.3.

1-9.1 Essential Variables for Butt Fusion of PA-11

The PA-11 fusion joint shall be made by heating the ends
of PA-11 pipe as described in the JPS.

The essential variables for butt fusion of PA-11 are as
follows:

(a) Pipe Surface Alignment. The maximum misalign-
ment of the PA-11 pipes shall be 10% of the wall thickness.
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Figure 1-9.1-1 Cross-Sectional View of PA-11 Butt-Fusion

Bead
| 1H
1%H l
1
m p
|

(h) Cooldown Time. Cooldown time for a PA-11 butt
fusion shall be 12 min/25 mm (12 min/in.) of pipe
wall thickness.

1-9.2 Essential Variables for Electrofusion Joints

Electrofusion coupling joints shall be made using two
pieces of pipe and one electrofusion coupling. See
Figure 1-9.2-1. Saddle electrofusion joints shall be
made using an electrofusion saddle and a piece of PA-

Uniform bead size and shape
bead rolled to pipe surface

PA-11 pipe (cross-sectional view)

GENERAL N|
(a) Figure i
Fusion
(PA-11
Made P
(b) H = bea}
(c) Thepre
amount
pipeish
an irreg

DTES:

k adapted with permission from PPI TR-45/2016, Butt
oining Procedure for Field Joining of Polyamide-11
Pipe, page 13, Figure C.1. Illustration of a Properly

\-11 Butt Fusion Joint.

d height.
ence of bubbles in the bead is normal and varies with the
of absorbed water in the pipe and/or fitting. When PA-11

utt fused to molded fittings, the fitting-side bead can have

ular appearance.

erial
he requirements for procedure qualifications
| to PA-11 pipe or fittings butt fused or electro-

(b) Mat
(1) T
are limite
fused.
2) T
2, Class 2,
SD-6779.
(c) Wal
sectional i
make a P/
(d) Inte
ASME SF-2
facial preg
psi to 90

NOTE: Thi
published i

(e) Hea
ture requi
to 505°F).

he PA-11 shall meet the requirements of Girdup
and Grade 3 (PA-32312) as described intASME

| Thickness and Cross-Sectional Aréa, The cross-
rea is used to determine the/force needed to
)-11 butt-fusion joint.
rfacial Pressure. When thié owner has selected
600 for the parameters to fuse PA-11, the inter-
sure required shallbe)414 kPa to 621 kPa (60
hsi).

interfacial pressure was determined by testing
h PPI TR-45.

ter Surface Temperature. The heater tempera-
"ed tojoin PA-11 shall be 257°Cto 263°C (495°F

TTpipe.

The essential variables for electrofusion joints
follows:

(a) Fit-Up Gap. The fit-up gap shall be the gpace
between the pipe and the electrofusion coupling or
saddle that is not in contact with the*coupling and the
pipe or the saddle and the pipe: See Figure 1-9.2-2.

(b) Material

(1) The requirements’for procedure qualific
shall be limited to PA-11 pipe or fittings butt fused o
trofused.

(2) The PA-11 shall meet the requirements of
2, Class 2, and Grade 3 (PA-32312) as described in
SD-6779.

(c) Coupling or Saddle Manufacturer. Each ma
turer uses its own distinct processes to make its el
fusion"couplings or saddles. While the bar code
coupling or saddle automatically sets the electrofusion
processor, the tolerance of the pipe that the cofipling
or saddle can join or can be attached to may vary.

(d) Pipe Diameter. Different couplings or saddle$ shall
be used for each pipe size.

(e) Cooldown Time. The coupling shall be alloy
cool down per the recommendations of the electro
coupling or saddle manufacturer.

are as

htions
I elec-

Group
IASME

hufac-
lectro-
n the

red to
fusion

sed in
poling.
by the
e rec-
mpo-

NOTE: Differences in the thickness or the amount of heat
the joining process can influence the time needed for c

(f) Fusion Voltage. The fusion voltage may be set
bar code on the fitting or may be set manually. Th
ommended voltage for the specific electrofusion c
nent shall be used.

(g) Fusing Time. The fusing time may be set by the bar
code on the coupling or saddle or may be set manually.

(h) Power Supply. Either a portable generator|or an
electric wall plug may be used to supply power to thg elec-
trofusion processor provided the generator or plug satis-

(f) Heater Removal Time. Heater removal times shall be
as provided in para. 1-8.1.1.

(g) Bead Size, Shape, and Appearance. The bead size
shall be as provided in para. I-8.2.1(a). See also Figure
[-9.1-1.

NOTES:
(1) This bead-size data is provided in PPI TR-45.
(2) The shape of the bead is different from that for PE pipe.

104

fies the processor’s specified voltage and amperage
requirements.

(i) Power Cord. A power cord with the correct gauge
wire to meet the voltage and amperage requirements
of the electrofusion processor shall be used.

(j) Processor. Electrofusion processors are inter-
changeable as long as they can read the bar code for
the electrofusion component.
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Figure 1-9.2-1 Cross-Sectional View of an Electrofusion Coupling

Terminals >

Electrofusion
coupling

>

PA-11 pipe/

Flow zone

Electrofusion wire coils \

Body of electrofusion
coupling

lyethylene (PE) Pipe, page 50, Appendix H.

Saddle Clamps. Electrofusion saddles are available

in a vdriety of types and sizes, and the clamping device for

each i
the el

0

5 unique. The saddle clamp used shall be specific to
pctrofusion saddle used.
Cleaning Agent. Though the cleaning agent isa

nonegsential variable, a clean pipe surface is essential

to ele
for pr

ctrofusion. Various cleaning agents are available
bparing pipe surfaces for electrofusion; thé cleaning

Figure 1-9.2-2 Fit-Up Gap

\ A

AL NOTE: Figure is adapted with permission from PPI MAB-02-2017, Generic Electrofusion Procedure for Field Joining of

agentirecommended by the electrofusion coup
facturer should be used.

(m) Scraping Device. The dimensional req
needed to make a good electrofusion joint a
The purpose of the scraping device is to remove
tion layer from the pipe surface and expose virg
for fusion. Use of the scraping device ensurg
removal of surface oxidation.

1-9.3 Essential Variables for Butt Fusin
PVDF, and PTFE/PFA Pipe and Fitti

Butt fusing of PP, PVDF, and PTFE/PFA pipe

4 Inch to 30

ing manu-

phirements
re critical.
the oxida-
n material
s uniform

of PP,
g Liners

and fitting

liners is limited to pipes with a maximum nominal liner

size of 100 mm (4 in.). The essential variab
follows:

(a) Warming the Steel Pipe Ends. If ambie
temperatures are below 7°C (45°F), the steel
should be warmed before making the liner fy

les are as

ht outside
pipe ends
sion joint,

since the steel ends can act as a heat sink and remove

heat from the fusing during the joining prod
air gun warm to the touch [23°C (73°F) d
should he used to warm the steel ends

ess. A hot
r higher]

GENERAL NOTE: Figure is adapted with permission from PPl MAB-

02-201

7, Generic Electrofusion Procedure for Field Joining of 14 Inch

to 30 Inch Polyethylene (PE) Pipe, page 56, Appendix H.
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(b) Installation of a Shelter to Protect the Fusing Area.
Fusion joining performed in an open plant environment
shall be protected by a shelter or other means such that
rain, sleet, snow, dust, and other foreign materials cannot

contaminate the fusion joint.

NOTE: A shelter constructed of PE film or other similar film
(onionskin) may be used to provide a clean atmosphere.
Failure to do so can result in fusion welds that leak.


https://asmenormdoc.com/api2/?name=ASME NM.1 2020.pdf

ASME NM.1-2020

Table 1-9.3-1 Steel Pipe Liner Thickness for PP, PVDF,
and PTFE/PFA Liners

PTFE/PFA Liner

PP and PVDF Liner

(1) The designated heater plate for fusing PP and
PVDF liners shall have a nonstick PTFE coating that
accommodates the 232°C (450°F) fusion joining tempera-
ture.

DN (NPS) Thickness, mm (in.) Thickness, mm (in.)
25 (1) 3.8 (0.150) 3.3 (0.130) (2) The designated heater plate for fusing the PTFE
40 (15) 41 (0.160) 33 (0.130) liners with the PFA film interface shall be coated with a
50 (2') 4'4 (0'172) 3'3 (0'130) special nonstick (metallic-colored) alloy coating that can
o B accommodate the 418°C (785°F) fusion weld temperature.
75 (3) 4.4 (0.175) 3.3 (0.130)
100 (4) 5.3 (0.207) 41 (0.160) NOTE: The metallized heater plate shall not be used for welding
- . - . PPorPYBFiners—Fhe PPand P B irerends may be-chayred at
GENERAL NPTE: The same liner thickness is used for 25-mm to 75- the PTFE weld temperatures, resulting in transfer.df charred
mm PTFE lipers. debris to other fusion welds that will result in a-joint lpak.
(3) The heater plate type used shall belrecorded on
the Fusion Weld Log.
(c) Fusing Equipment Manufacturer. The manual or (9) Heater Plate Surche Temperatlure
hydraulid fusing machine used to fuse plastic-lined ) 1) P_P gnd PVDF Liners. For fusing of PP and|PVDF
steel pipihg shall use custom die inserts. The inserts pipe and fitting liners, the heaterplate temperatur¢ shall
shall attadh firmly to the housing. be 232°C + 6°C (450°F = 10°F). The fusing temperature
Each fusing equipment manufacturer provides die shall be as recommended by the supplier qf the

inserts un

changeabl
The fus

ments:

(1) The heater’s electronic temperature-control
system shall be capable of holding the temperature toler-
ances reqiiired for the thermoplastic liner to be fused.

(2) The thermometer and temperature controller
shall be ¢alibrated to have a temperature range as
required fpr the thermoplastic liner to be fused.

(3) Hfla hydraulic machine is used, it shall have a cali-
brated hydraulic gauge. The range for the gauge shall
cover the|pressure required for the thermoplastic to
be fused.

(d) Pip
maximum
pipe liner
wall thick

ique to its equipment. Inserts are not inter-
e between manufacturers in most cases.
ng machine shall meet the following require-

b Surface and Wall Thickness Alignment. The
misalignment of the PP, PVDF,)or PTFE/PFA
5 shall be <5% of the published plastic liner
hess (see Table 1-9.3-1).

ature
orded

plastic-lined steel pipe» The heater plate tempet
shall be verified with a digital pyrometer and red
on the Fusion Weld Log and/or by a data logger.
(2) PTEE Liners

(-a).Fer fusing of PTFE pipe and fitting line
heater plate temperature shall be 418°C + 2°C (7§
5°F)~Tlhe heater plate temperature shall be ve
with the output reading on the built-in tempe
gauge and recorded on the Fusion Weld Log.
(-b) A wind bag is a device (heat-resistant |cloth)

that is positioned directly underneath and around the
PTFE-lined pipe ends that are to be butt-fusion jpined.
Its purpose is to prevent a chimney effect of cooler air
moving up past these heated pipe ends and reducing
the liner temperature. The use of the wind bag shall
be recorded on the Fusion Weld Log.
(h) Initial PP and PVDF Bead Size in Contact With the
Heater Plate. A small, uniform 2-mm (*/16-in.) diameter
bead shall be formed all the way around each PP or{PVDF

I's, the
5°F
rified
ature

' contact with the heater plate (see Figure 1-9.3-1).
(e) Material (1) The fusion operator shall apply a force of 118 N to
(1) Opnly PP liners.shall be fused to PP liners, PVDF to 27 N (4 1Ibf to 6 1bf) to make this initial bead.
PVDF, and PTFE t¢ PTFE with the PFA film interface. (2) When fusing is performed aboveground up|in the
(2) Plasticdiners shall conform to the following re-  pipe rack, care shall be exercised such that the eleftrical
quirements: cord does not become restrained, causing the heater plate
(-a) PP homopolymer per ASME SD-4101, Type Il to tilt to one side and resulting in uneven head formation

(-b) PVDF copolymer per ASME SD-5575
(-c) PTFE (ram-extruded pipe liner) per ASME SD-
4894, Type V; and PTFE fittings (isostatically molded
liner) per ASME SD-4894, Type IV, Grade 1 or Grade 2
(-d) PFA film used as the weld interface to make
the PTFE fusion weld per ASME SD-3307, Type II
(f) Heater Plate Type
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and heating.

(i) Initial Interfacial Pressure of the PTFE Liner Against
the PFA Film Next to the Heater Plate. For the first 30 s
when heating the PTFE liner ends to make the PTFE
fusion weld, the fusing operator shall apply 111 N to
133 N (25 Ibf to 30 Ibf) to the liner ends so that there
is intimate contact with the PFA film that is sandwiched
between the PTFE liner end and the heater plate. This
initial pressure ensures that the melted PFA film is
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Figure 1-9.3-1 Cross-Sectional View of a PP and PVDF
Butt-Fusion Liner Bead Formed Against the Heater Plate

[ [

surface 0.D. The bead-size requirements are listed
in para. 1-8.2.1(b).

NOTES:

(1) The amount of contact pressure will be a function of the pipe
diameter and the wall thickness of the thermoplastic liner.
Applying too much pressure will drive the liner ends
through the melted plastic zone, resulting in a weld with
poor tensile strength. Applying too little weld-forming pres-
sure will produce a too-small bead size, resulting in a weld
with poor tensile strength.

(2)

O

11

GENER
(a) Fig
Gul
(b) Th|
(c) Be
wh
he

AL NOTES:

ure is adapted with permission from PPI TN-34, Installation
idelines for Electrofusion Couplings 14" and Larger.

e bead shall be uniform around the liner.

hds form only with PP and PVDF liners. No bead is present
en PFA film is sandwiched between the PTFE liner and the
hter plate.

able t
furthg

NOTE:
weld
0)
ends
plate,
to ren

NOTES$:

(1) Wkhen the heater plate is removed, any excess PFA film
adhering to the heater plate can be dragged across the
PTFE liner end, thereby pulling off some of the desired
film material and resulting in poor weld strength.

(2) Rgmoval of the excess-PFA film is accomplished by use of a
PTFE spatula.

(k) |Permissible.Liner-End Open Time After Heater Plate
Remolval. Raragraph [-8.1.2 provides the maximum
permjssible*open time between the removal of the
heater plate and bringing together the PTFE liner ends

b migrate into the microstructure of the PTFE liner,
r anchoring the PFA interfacial layer in place.

Failure to apply initial interfacial pressure can resultin a
bith poor tensile strength.

Removal of the Excess PFA Film. After the PTFE liner
have sandwiched the PFA film against/the heater
the excess film material shall be removed prior
hoval of the heater plate.

ure recom-
c-lined pipe
Ameter.

(3) For hydraulic machines, use the interfacial pres
mended by the manufacturer of the thermoplasti
for the type of material, wall thickness,(and di
(2) For making a PTFE liner fusion‘weld,
operator shall apply enough even contact p
bring the liner ends together_such that the w

rises outward about 2 mm//43 in.).

the fusion
Fessure to
eld region

sult in a V-
e. Applying
ble outward
Id with low

NOTE: Applying too much«ontact pressure will r¢
shaped weld that is suscéptible to a peel failure mod
too little contact pressure, where there is no percepti
movement of the PTFEweld region, will resultina w
tensile strength(

(m) PropexCooldown Time for the PP, PVDF| and PTFE
Liner Fusion Welds. The fusion operator shalll allow the
fusion=welded liners to cool 10 min to 15 npin before
removing the fusion machine.

(n) Recording of Essential Variables

(1) All essential variables shall be recorfled in the
Fusion Weld Log or using a fusing log apd a data
logger. Thisapplies to all linerslisted in Mandat¢ry Appen-
dix I

(2) The parameters to be verified shall bg recorded.

1-10 JOINING PROCEDURE SPECIFICATION

1-10.1 Joining Procedure Specification (JPS) or
Standard Joining Procedure Specification
(SJPS)

Any JPS or SJPS shall be qualified in accordan
requirements in section I-10.

(a) Published data as provided in PPI
elevated temperature and sustained pressu
used to satisfy the requirements in section I-10)
turer’s testing data may be used if verified by a

(b) An SJPS shall be qualified using publish|

manufacturer’s data

Ce with the

'R-45 for
‘e may be
. Manufac-
hird party.
ed data or

to form the weld.
(1) Application of Liner Contact Pressure
(1) For making PP or PVDF fusion welds, the fusion
operator shall apply enough even liner contact pressure to
create a uniform bead rollover on both sides of the weld,
such that the leading bead outside edge touches the liner
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1-10.2 International Procedure Qualification

(a) International Joining Procedure Specifications shall
be qualified using one of the following equivalent test
methods:

(1) EN 12814-7
(2) 1SO 13953

One of these test methods may be used in place of high-

speed tensile impact testing.


https://asmenormdoc.com/api2/?name=ASME NM.1 2020.pdf

ASME NM.1-2020

The acceptance criteria for EN 12814-7 or ISO 13953
shall be the achievement of 0.8 welding factor or higher
and a ductile rupture.

(b) A visual examination and elevated-temperature
test are required. The requirements for these tests are
as follows:

(1) Visual examination in accordance with the re-
quirements of EN 13100-1.

(2) An elevated-temperature sustained-pressure
test shall be_used as described in PPI TR-45

(4) low heater surface temperature and low interfa-
cial pressure, five joints

(b) Each fused joint shall be subject to visual examina-
tion per PPI TR-45 or EN 13100-1.

(c) Two fused joints of each combination described in
(a)(1) through (a)(4) shall be evaluated using the
elevated-temperature sustained-pressure tests for pipe
specified in PPI TR-45 or as defined for PA-11 for
tensile creep test (EN 12814-3) by prior testing (see

(3) In place of the elevated-temperature sustained-
pressure test, the manufacturer of the pipe or of the resin
may provide times and temperatures as are shown for
other thermoplastics in EN 12814-3 and prior testing.

NOTES:

(1) SinceP
tion, te
interng

(2) The st
Qualifi
United
country

A-11 is not listed in EN 13067, for operator qualifica-
ting as described in para. I-9.2 shall be conducted for
tional use.

ndards listed for International Joining Procedure
cations may be used in countries other than the
States provided they are acceptable in the
F of use.

1-10.3 SJPS for Plastic-Lined Steel Pipe

(a) For
the publis
listed in T|

(b) Org
fusing wit]

joining plastic-lined steel pipe liners, refer to
hed SJPS that addresses the fusing variables
able 1-8-3.

anizations may use an SJPS for production
hout further qualification.

1-10.4 Cd

(a) The
sential vai

(b) The
mation in
joint.

ntents of the SJPS

SJPS shall address all of the essential and nones-
iables listed in Tables I-8-1, I-8-2, and’I-8-3.

organization may include any additional infor-
the SJPS that can be helpful id making a fused

1-10.5 Ck

Change
beyond th
or Table I

anges in Documented Parameters

5 in the documented parameters of an SJPS
e limits specified-in Table 1-8-1, Table 1-8-2,
8-3 shall requive the qualification of a new JPS.

I1-11 QUALIFICATION OF A FUSING JPS

I1-11.1 PA-11 Butt-Fusing Joining Coupons

para [-74 1)

(d) Three joints of each combination desctib
(2)(1) through (a)(4) shall be evaluated using {the
speed tensile impact test specified in para,1-7.5
required in EN 12814-7 or ISO 13953:\The spe
shall be ductile and have a welding factor of 0.8 or h

ed in
high-
or as
rimen
igher.

1-11.2 Coupons for Acceptance of the JPS

If the coupons describeddn para. I-11.1 pass the
fied test, the JPS using the range of temperature, inte
pressure, and cooling tithes shall pass and be allowg
new JPS.

speci-
rfacial
dasa

\%4

I-11.3 Procedure Qualification for Joining P
PVDF, and PTFE/PFA Steel Pipe Liners

The JPS or SJPS shall be used to qualify procedut
joinihg PP, PVDF, and PTFE/PFA steel pipe liners

~

es for

<12 QUALIFICATION OF AN ELECTROFUSION JPS

The PA-11 electrofusion coupling shall be prepalred in
accordance with the JPS using the following test mefhods:
(a) Four electrofusion couplings selected at random
shall be quick-burst tested as required in ASME SF-
2600 and fail in a ductile manner.
(b) Four electrofusion couplings selected at rgndom
shall be tested using the elevated-temperpture
sustained-pressure test described in ASME SF-2600.
There shall be no failures in a 170-h test period.
(c) Four electrofusion couplings selected at random
shall be tested using the tensile test described in [ASME
SF-2600.
(1) The tensile test shall be conducted as required in

this Standard and the results reported as pass or|fail.
(2) If all samples pass, no additional testing s:rlll be

required. If samples fail, then additional samples shall be

calactad and tactad

(a) The PA-11 butt-fusing joint coupons shall be
prepared in accordance with the JPS using the following
combinations of heater temperature ranges and interfa-
cial pressure ranges:

(1) high heater surface temperature and high inter-
facial pressure, five joints

(2) high heater surface temperature and low inter-
facial pressure, five joints

(3) low heater surface temperature and high inter-
facial pressure, five joints

108

SErecteta—atta—tstear

(3) If all samples pass the second test, then the test
shall be considered acceptable.

(d) Ajointintegrity testshall be conducted on four elec-
trofusion couplings and four electrofusion saddles as
described in ASME SF-2600.

(1) The results shall be reported as pass or fail.

(2) 1f all samples pass, no additional testing shall be
required. If samples fail, then additional samples shall be
selected and tested.
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(3) If all samples pass the second test, then the test
shall be considered acceptable.

I1-13 FUSING OPERATOR QUALIFICATION

1-13.1 General

(a) Qualification of a PA-11 fusing operator requires
that the operator make a specimen in accordance with
ASME SF-2600 or the requirements in this Standard.

I-13.2.2 Performance Qualification Testing

(a) Performance qualification testing shall be in accor-
dance with the testing requirements of the referenced
standards or this Appendix.

(b) The fusing operator taking performance qualifica-
tion tests shall be under the full supervision and control of
a qualified supervisor during the fusing of test specimens.

1-13.2.3 Performance Qualification Records. For each

ﬁmmg operator cppkmg nln;ﬂlﬁrnhnn, a {]ll:l]lf ed super-

NOTE:
thickn
being

the lar]
fusing

(b) | Qualification of a fusing operator for joining liners
requires that the operator make specimens in accordance
with the requirements for the specific liner types.

(c) |The fusing equipment used to qualify butt-fusion
operafors shall be of the same type and from the same
manufacturer as that used in the field.

NOTE:

param|
docum

(@)
qualif]
this A
Appe
meety
cases,)

by the

The operator may be qualified to fuse all sizes and wall
psses that are within the range of the fusing machine by
rained on fusing the smallest size in DR 11 or lower and
pest size in DR 17 or lower that the machine is capable of

An automated data logger or manual record of the fusing
pters used to make the test specimen shall be provided for
entation.

Currently Qualified Personnel. Personnel currently
led by the employer or agent to the requirements in
ppendix shall be considered qualified under this
hdix, provided the basis for their qualification,
all the requirements of this Appendix. In such
a certification form shall be initiated and signed
employer to verify compliance with this Appendix.

1-13.2
The
inatio
1-13
(a)
of (b)
the te]

(b)

quest

(0

corre

(d)

Fusing Operator Test

fusing operator test shall comprise:a written exam-
h and a performance test.

.2.1 Written Examination

The supervisor shallbe trained to the requirements
through (d). The trained supervisor shall supervise
sting.

The written/test shall consist of a minimum of 20
ons.

The opeérator shall answer 80% of the questions
tly.,

The-written test shall cover

visor shall compile a Performance Qualificatipn Record
(PQR) that documents both acceptable and unacceptable
test results.
(a) There is no required format'fer a PQR
format may be used.
(b) The documentation shall-identify, at a 1
(1) the JPS used
(2) the essential variables required for t
(3) the writtenstest, and the examinatio
used to evaluate the test specimens
(4) the limits-of qualification for the fusin
i.e.,, whetherthe fusing operator is qualifie
certain sizes or liner types
(c) Thesupervisor shall be trained to the req
of patas. 1-13.2.1(b) through 1-13.2.1(d). T}
supervisor shall supervise the testing.

Any PQR
minimum

he JPS
h methods

F operator,
1 only for

uirements
e trained

1-13.2.4 Acceptance of Test Results

(a) Acceptance oftestresults shall be the res
of the qualified supervisor or agent.

(b) Qualification records shall be signed an
the qualified supervisor or agent after sa
completion of the written examination and pe|
test.

(c) Qualification records shall reference
include mechanical test and nondestructive ex
test reports that are signed by others.

(d) An Operator Identification number is a
the fusing operator when the fusing writte
test specimens are approved by the qualified
or agent. The fusing Operator Identification
recorded in the Fusing Operator Identificat
other list of Operator Identification numbers.

pbonsibility

1 dated by
tisfactory
rformance

and may
amination

ssigned to
L test and
supervisor
humber is
on log or

o fails the
sted at the

I-13.2.5 Test Failure. A fusing operator wh
written test or the performance test may be retd

C

(2) fundamentals of the fusing process

(3) identification of typical fusing errors

(4) fusion equipment operation and maintenance

(5) Fusing Procedure Specification to be used by the
operator for butt fusion or electrofusion

(6) data logger operation (for hydraulic fusing
machines or electrofusion universal controllers)

(7) visual inspection of the finished joint

(8) destructive testing methods or performance
tests

b} £t
] odICty
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option of the qualifted Supervisor-

(a) Ifthe fusing operator fails the written examination,
he or she shall first pass the written examination before
taking the performance test.

(b) If the fusing operator passes the written examina-
tion but fails the performance test, the qualified super-
visor shall determine the training needed and then
retrain as required before allowing the fusing operator
to retake the performance test.
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I1-13.3 Expiration and Revocation of Performance
Qualification, and Requalification

(a) The performance qualification of a fusing operator
shall be affected when one of the following conditions
occurs:

(1) When the fusing operator has not fused PA-11,
PP, PVDF, or PTFE/PFA during a period of 6 months, his or
her qualifications for this process shall be considered

para. [-13.4.6.1. Procedures for renewal of qualifications
are given in para. [-13.3.

(d) The fusing operator responsible for fusing JPS
qualification test coupons for qualifying the JPS shall
be also qualified as a fusing operator within the limits
of the essential performance qualification variables
given in

(1) para. 1-9.1 for PA-11 butt fusion
(2) para. 1-9.2 for electrofusion

expired. (3) para 1-9 3 for fusion welding of PP PVDF, and

(2) Alfusingoperator whose qualification expiresasa PTFE liners
result of (1) shall be permitted to requalify by making one . . . .
test fusion| If the test fusion meets the requirements of the |'13-4'3_ _Ident'f_icat'on of Fusing MaCh'_ne Opera_tors.
JPS, then all of the fusing operator’s previous qualifica- E_ac_h qualified fusing operator shall be a551gn_ed an iden-
tions for fusing PA-11, PP, PVDF, and PTFE/PFA shall tifying number, letter, or symbol by the organizatign that
be reinstated. shall be used to identify production fused joints completed

(3) When there is a specific reason (e.g, one or more b.y the fusing operatOI.‘ (see parar]-13.2.3). The identifica-
failed but{-fusion joints) to question a fusing operator’s ~ tion of Fusing Machine Operators shall be applled as
ability to fnake fusion joints that meet the specification, ~ follows: _ _ _
the operatpr’s qualifications for that type of fusing shall be (a) PA-11 fusing operators shall identify the| butt-
revoked. fusion weld on the PA=I"1 pipe or fusion joint.

(4) Alfusing operator whose qualification is revoked .(b) Lined-pipe fusir'lg operators shall mark thg steel
as a resulf of (3) shall be permitted to requalify by first pipe once the mechanical coupling has been installed.
passing er written examination a_n_d then successfully 1-13.4.4 Record of Tests. The record of the fusing
completinfg the performance qualification test(s) that  gperator's joining performance qualification testg shall
support the qualification(s) questioned. include

(b) Mayimum duration of fusing operator’s qualifica- (a)the qualified ranges of essential performance vari-
tion shall pe 1 yr. ables
NOTE: Requalification within a time frame shorter than 1 yr can (b) the type of tests performed
place an urjdue economic burden on the owner or operator, (c) test results for each fusing operator
I-13.4 Rdquirements for Performance 1-13.4.5 Fusing Machine Operator Qualifigation

) . . Records Required for Butt-Fusion Joining

Qualification Tests

This sedtion lists the essential variables-that apply to () Butt-Fusion ]t?lntfor Evaluation
. . e (1) The following data shall be recorded:

fusing mdchine operator performance_qualifications. . . . s

. e e . (-a) interfacial fusing pressure within the |PS or
The fusingloperator qualification is limited by the essential SJPS range
variables given for the fusing process.These variables are (_%)' heater surface temperature within the [PS or
listed in Tables 1-8-1, 1-8-2, apd'L-8-3. P

SJPS range.

I1-13.4.1| Intent of Tests:Tlie fusing operator perfor- (-c) Butt-fusing pressure applied during the
mance quplification tests¢shall determine the ability of  fusing/cool cycle should be calculated to include the
fusing operators to“make sound fused joints when drag pressure. The drag pressure shall be with|n the
following p qualified JPS or SJPS. JPS or SJPS range for the applicable size (e.g.| pipe

. . . . diameter). The calculated drag pressure plus the fusion
) I-13.4.2| Use-of Procedure Specifications in Qualifica- pressure should agree with the recorded hydfaulic
tion Testy fusing pressure.

(a) Each organization shall qualify each fusing operator
for the fusing process to be used in production.

(b) The performance qualification tests shall be
completed using a qualified JPS.

(c) Afusing operator qualified for fusing in accordance
with a qualified JPS or SJPS shall be qualified for fusing in
accordance with other qualified JPSs or SJPSs within
the limits of the fusing operator essential performance
variables. The fusing operator shall pass visual and
mechanical examination requirements described in

110

NOTE: No drag pressure is used when calculating fusion pressure
for PP, PVDF, and PTFE liners when a manual fusing machine is
used. Butt-fusing pressure shall be reduced to a value less than
or equal to the drag pressure at the beginning of the heat soak
cycle.

(2) When a manual butt-fusion machine is used,
instructions shall provide
(-a) visual indications of the size
(-b) shape of the butt-fusion bead when heat and
pressure are applied
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(3) The fusing machine shall be opened at the end of
the heat soak cycle, the heater removed, and the pipe joint
ends brought together at the fusing pressure within the
time frame specified by the JPS or S]PS.

(4) Cooling time at butt-fusing pressure shall be the
minimum time specified by the JPS or SJPS. If the recorded
datais outside the limits of the JPS or SJPS, the joint shall be
declared unacceptable.

(5) In addition to the data listed in (1), for PA-11,

documentation of the essential variables listed in Table

(e) The data record for the fusing operator perfor-
mance qualification test shall be reviewed and compared
to the JPS or S]PS to verify observance of the specified
variables applied when completing the fused test joint.

1-13.4.6.2 Electrofusion

(a) There shall be no visible evidence on external and
accessible internal surfaces of cracks, excess internal (I.D.)
melt caused by overheating, fitting malfunction, or incom-

I-8-1
and t
PVDF
I-8-3.

(b)
(

be re

¢

be co

¢

opera

shall be noted. The additional data listed in (1)
he essential variables for fusion welding of PP,
and PTFE steel pipe liners are provided in Table

Electrofusion Joint for Evaluation

/) All essential variables listed in Table I-8-2 shall
orded.

P) Each elementlisted in Tables I-8-1 and I-8-2 shall
hsidered during operator evaluation.

B) There shall be no electrical fault during fusing
Fion.

1-13

(a)
shall
(b)

outlin|

.4.6 Visual Examination of Test Specimens

For pipe and electrofusion coupons, all surfaces
be examined visually before cutting specimens.
Pipe test coupons shall be visually examined as
ed in paras. [-13.4.6.1 and 1-13.4.6.2.

1{13.4.6.1 Visual Examination

lJlCLC TUSIUIIL.
(1) Burn-through, pipe wall collapse, andx
sion between the pipe ends shall not bé“aece
(2) Maximum fit-up gap, or maximwm mis
and out-of-roundness, shall be within JPS lim

(b) The data record for the fusing operat
mance qualification test shall be reviewed and
to the JPS to verify observanee of the specifieq
applied when completing.the fused test joint.

(c) Evidence of scfiaping at the end of the ele
coupling shall be present.

(d) Sectioned Electrofusion Joints. Voids due
air or shrinkageduring the cooling process shall
able only“if round or elliptical in shape with
corners,sand provided they meet the followin
ments\(see ASME SF-2600):

{1) Individual voids shall not exceed 1
fusion zone length.

(2) Multiple voids shall not exceed a com
of 20% of the fusion zone length.

nelt extru-
btable.
alignment
ts.

pr perfor-
compared
| variables

ctrofusion
to trapped
be accept-

no sharp
g require-

D% of the

bined total

1-13.4.6.1.1 Butt Fusion - PA-11. There shall ie)no (3) When voids are detected, additional ections or
visibl¢ evidence of cracks or incomplete fusingsBubbles examinations shall be made to verify that the vold does not
are allowed in the fusion beads. Fusion beads shall exhibit follow a diametric path connecting with the[pressure-
proper fused bead configuration. See Figute)[-9.1-1 for containing area of the joint (see ASME SF-2600).
proper Conflg.u.ratlon. ) —~ . NOTE: With the owner’s approval, NDE can be used|as an alter-
(a) |Fused joints shall not display misible angular misa- native to using sectioned electrofusion joints.
lignment, and outside diameter mismatch shall be less
than 10% of the nominal wall thirkness. 1-13.4.7 Evaluation of Operator Performance Tests
(b)| The data record for the-fusing operator perfor- .
manc¢ qualification test shall'be reviewed and compared I-13.4.7.1 Performance Test for Fusing PA-11
to thd JPS or SJPS to velify observance of the specified (a) A specimen joint shall be cut into at least| three lon-
variabiles applied whemrcompleting the fused test joint. gitudinal bend test pieces, each of which is deformed by
. torque or impact.
1-13.4.6.1.2" Butt Fusion - PP, PVDF, and PFA
PTFE ! ! / (1) Ifafailure occurs, the fracture shall not initiate in
the joint area.
(a)| There shall be no visible evidence of cracks or (2) The test shall be conducted using a end test.
inco p]PfP ﬁ]Qihg th) Upon passing the pnrfnrmanr‘p test and-the written

(b) Joints shall exhibit proper fused bead configuration.

(c) See Figure 1-8.2-1 for a description of the proper
fused bead configuration. No bead forms when the
PFA/PTFE joint is created.

(d) Fused joints shall not display visible angular misa-
lignment, and outside diameter mismatch shall be less
than 10% of the nominal wall thickness.

111

test, the operator shall be qualified for 1 yr.

1-13.4.7.2 Performance Test for Fusing Liners

(a) Each of the three to five butt-fused lined steel pipe
samples from each pipe size shall be hydrostatically tested
at 3103 kPa (450 psig).

(b) The hydrostatic test pressure at any point in the
thermoplastic-lined metallic piping system shall not be
less than 1.5 times the design pressure, but shall not
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exceed 1.5 times the maximum rated pressure of the
lowest rated component in the system.

(c) The test shall be conducted for a minimum of 10
min.

1-13.4.7.3 Performance Test for Electrofusion. One
electrofusion coupon shall be prepared, on which
either of the following tests may be performed at
ambient temperature between 16°C and 27°C (60°F
and 80°F):

(1) One butt-fusion joint or electrofusion coupling
shall be made of the size or range to be qualified.
When a size range is to be qualified, the smallest size
and largest size shall be tested.

(2) When more than one size pipe is qualified, more
than one butt-fusion machine may be required. For elec-
trofusion, the same equipment is used to qualify the smal-
lest size and the largest size to be tested.

NOTE: If a butt-fusion joint of only one size is required on a butt-
urer’s

(a) Ele(igofuswn Bend Test. Four electrofusion bend
test specimens shall be removed in accordance with
ASME SF-2600.

(b) Crush Test. Test specimens shall be prepared and
tested in accordance with ASME SF-2600.

1-13.4.8
shall be rg
and perfo
(a) The
tests shal
be qualifig

Requalification. After 1 yr, a fusing operator
qualified by passing the required written test
'mance test.
butt-fusion and electrofusion performance

be conducted for the size or size range to
d.

£ H Jai +lo it —claall lo < +lo £
TaSTOTT raCTeTreJoT Strarmr ot at ot e ratrarag

machine to be used in the field.

(3) The performance test shall include‘\makin
butt-fused joint. The joint shall be inspected'dnd d¢
tively tested.

(4) The results of the test shall.demonstrate
ceptable joint.

(5) The performance_ testS are detailed in the
following paragraphs:

(-a) for fusing PA3I1, para. [-13.4.7.1

(-b) for fusingdiners, para. [-13.4.7.2

(-c) for electrofusion, para. 1-13.4.7.3

(b) Therequirements for passing the written test
para. [-13.2.1.

g one
struc-

An ac-

arein

112
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MANDATORY APPENDIX II
THREADED THERMOPLASTIC CONNECTIONS

1I-1 SCOPE

Thi Appendix provides information for threaded ther-
mopldstic components manufactured in accordance with
existing ASME standards.

Manufactured threaded thermoplastic components for
whichl no ASME standards exist shall be qualified by
testing and by providing data as required by this Standard.

Thd limitations listed in paras. II-1.1 through II-1.4
apply| to thermoplastics manufactured in accordance
with ASME standards and those not manufactured to
ASME]| standards.

11-1.1
(@)

used

(b)
desig)

General Limitations

Threaded thermoplastic connections shall not be
n fuel gas applications.

Threaded connections that are not specially
ned for compressed-air service shall not be used
in compressed-air or other compressed-gas applications:
Only manufactured threaded products designed to,be
used in compressed-air or other compressed-gas applica-
tions may be used for such applications.

(c) [Threaded thermoplastic connections$ shall not be
used In ASME B31.3 Category M service (toxic fluids or
gases|). This includes threaded thermoplastic flange
conngctions.

11-1.2

(a)
may b
systef|

(b)
80wa
PVCa
or eqy

Size Limitations

Only threaded connections less than 25 mm (1 in.)
e used for instrumient connections in process piping
ns.

The threading’of pipe shall be limited to Schedule
[ thicknéss,or thicker for all pressure applications of
nd CPV:C\pipe. For other thermoplastics, Schedule 80
ivalént shall be as specified by the design engineer.

1I-1.4 Temperature Limitations

h shall be
n.

The temperature range of the applicatio
reviewed with the manufacturer before’desig

1I-2 THREADED JOINT DESIGN

11-2.1 Threaded Joint Design for Listed
Thermoplastics

The following réquirements shall apply td threaded
joint design for,PVC and CPVC components:

(a) The thermoplastic pipe threads shall @
ASTM F1498 or as specified by the design engij
moplastic piping components with metal thr
conform to ASME B1.20.1.

(b) Components threaded into the ther
threaded connections shall be tapered.

(1) Metal threads shall be made wit|
described in ASME B1.20.1.

(2) Thermoplastic threads shall be made W
described in ASTM F1498.

(3) The taper shall be compatible for eac}
female size component.

(c) Thread shapes other than those describe
(b) may be used if testing shows that the §
designed to provide for strength in axial
leak-tight sealing.

(d) Threaded thermoplasticCPVCand PVCc
shall be field tested for acceptance following
test requirements for the pipeline.

onform to
reer. Ther-
eads shall

moplastic
h a taper
rith a taper
I male and
lin (a) and
hapes are
oads and
nnections

the design

11-2.2 Threaded Joint Design for Nonlisted

Thermoplastics

(a) The threaded joint design requirements in para.
[1-2.1 shall apply to components made of nonlrsted ther-

(©
in addition to the standard acceptance test for the pipe-
line. See requirements in Nonmandatory Appendix A,
Table A-3-1.

(d) The maximum size molded adapter shall be 168 mm
(6.625 in.).

Testingta verify thread cfrpngfh shallhe pprf'nrmpd

11-1.3 Pressure Limitations

The maximum pressure allowed in molded threaded
adapters shall be as shown in Table II-1.3-1.

113

moplastics:

(b) The design engineer shall specify testing and test
conditions for acceptance of nonlisted thermoplastic
threaded connections in the piping system.

11-2.3 Mechanical Load Design

In addition to pressure loading, the following mechan-
icalloads can have detrimental effects and shall be consid-
ered based on the risk of failure of the threaded joint:

(a) deadweight
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Table II-1.3-1 Pressure Ratings for Molded PVC and CPVC Threaded Adapters

Actual Pipe Size,

Nominal Pipe Size, DN (NPS) mm (in.)

Pressure-Temperature Rating,
kPa (psi) at 23°C (73°F)

Type of Adapter [Note (1)]

13 (0.50) 21.336 (0.840) PVC Sch. 40 2068.4 (300)
PVC Sch. 80/CPVC Sch. 80 2930.27 (425)
19 (0.75) 26.670 (1.050) PVC Sch. 40 1654.74 (240)
PVC Sch. 80/CPVC Sch. 80 2378.69 (345)
25 (1.00) 33.401 (1.315) PVC Sch. 40 1551.32 (225)
PVC Sch. 80/CPVC Sch. 80 2171.85 (315)
32 (1.25) 42.164 (1.660) PVC Sch. 40 127553 (185)
PVC Sch. 80/CPVC Sch. 80 1792.64 (260)
38 (1.50) 48.260 (1.900) PVC Sch. 40 1137.63 (165)
PVC Sch. 80/CPVC Sch. 80 1620.27 (235)
51 (2.00) 60.325 (2.375) PVC Sch. 40 925.27 (140)
PVC Sch. 80/CPVC Sch. 80 1378.95 (200)
76 (3.00) 88.900 (3.500) PVC Sch. 40 896.32 (130)
PVC Sch. 80/CPVE, Sch. 80 1275.53 (185)
102 (4.00) 114.300 (4.500) PVC Sch.-40 758.42 (110)
PVC_Sth-80/CPVC Sch. 80 1103.16 (160)

152 (6.00) 168.275 (6.625) PVC Sch. 40 620.53 (90)

NOTE: (1) When higher temperatures are used, the manufacturer’s temperature-pressure rating for the temperature shall be used. In ho case

shall threadpd connections be used at pressures or temperatures higher than the manufacturer’s ratings.

(b) thermal expansion and contractien

(c) environmental loads such,as.wind, seismic, snow,
and ice

(d) vibyation

(e) thermal shock

(f) pressure surge (including changes in velocity)

(1) Fpr threadedpipe, the maximum pressure rating
shall not be greater'than 50% of the wall thickness of the
pipe.

(2) Alpipe rated at 1379 kPa (200 psi) may have a

(a) The maximum and minimum torque limits shall be
identified and respected.
(b) Backing off threaded joints to allow for alighment
shall not be performed.
(c) Threaded PVC and CPVC connections rgquire
thread sealant. The design engineer shall detefmine
which other thermoplastic threaded connedtions
require sealant.
(1) Sealant shall be compatible with the thprmo-
plastic materials used at the joint.

threaded joint with a pressure rating of 689 kPa (100 psi).
This requirement shall apply to PVC, CPVC, and other ther-
moplastics.

11-2.4 Threaded Joint Assembly

Threaded connections shall be assembled according to
the requirements provided by the manufacturer for the
application or published recommendations for the appli-
cation. The following requirements also apply:

(2] Sealant shall be compatible with the fluids to be
used in the pipe once the system is in service.

(3) Sealant is not required if the joint is to be subse-
quently sealed with overlay materials.

(4) Tape-type thread sealants shall not be mixed
with paste sealants.

(d) Any compound or lubricant used in threaded joints
shall be suitable for the service conditions and shall be
compatible with the piping material.

(e) Primers or solvent cement


https://asmenormdoc.com/api2/?name=ASME NM.1 2020.pdf

ASME NM.1-2020

(1) shall not be applied to threads on pipe or threads
on fittings
(2) shall not be allowed to run or drip into the
threaded portion of the fitting
(f) Metallic threads shall not be screwed into plastic
internal threads except those that have metal reinforce-
ment.

11-2.5 Molded Threaded Adapters and Threaded

for materials with an ASME standard or if the pipe material
complies with an ASME specification; if there is no ASME
specification for the pipe material, the pressure limitation
shall be determined by testing.
(a) PVC and CPVC Pipe

(1) Only Schedule 80 or thicker PVC or CPVC pipe
may be threaded.

(2) CPVCand PVC pipe used for threading shall meet
the requirements of ASME NM.3.1.

jl_p_e_En_dS (?) The maximum allowed pipe size ta be threaded
lI-25.1 Molded Threaded Adapters. Molded threaded P! (33’ e S A ed |,
adaptgrs are those made by injection molding of thermo- i enlplpef 1511 \rea te b y2 go,n racA(grl'v[(;:I:
plastifs. They shall comply with the following require- Supplier, samples ot all s1zes to be uged In jan A
mentd: stamped thermoplastic piping system shall be fitted
(a)~ IPVC and CPVC Adapters together and the resulting assembly tested for joint tight-

() Molded threaded adapters are external and ness us(l_ng; ?}I:/IEtSFt_197O'.SeCtlont 8'3'f this secti
interral. Solvent-cement joining shall be used to attach b tha te ets trequlremen S Of this sgction are
the ngnthreaded end of a molded PVC or CPVC adapter above the system test pressure. .
to a plipe or component (-b) The tested_eomponents shall not pe used in

() CPVC and PVC r.naterials used to make threaded the piping system. .
adaptprs shall meet the requirements of ASME NM.3.1. See Tablell-2.5.2-1 forpressure rating ofmjolded PVC

(B) Molded PVC fittings shall comply with either and CPV,C fieldthreaded pipe. . )
ASME| SD-2464 or ASME SD.2467 (b) PipeMade of Other Thermoplastics. The following

' requiréments apply to threaded pipe endg on pipes
requi(lgml\:gigi; Xl;;\//[%t;gejgsd adapters shall meet the made‘of thermoplastics other than PVC or CHVC:

(p) Molded threaded adz.alpters shall be tested as (1) The minimum wall thickry_ess of the pioe_ shall b_e
requied in the applicable specification [see (2) and Schedule 80 or equivalent as specified by the design engi-
(3)]- A manufacturer of molded threaded adapters heer.
shall $how compliance to the specification to which the:  NOTE: A greater wall thickness may be used.
threadled adapters were molded. (2) Thermoplastic pipe shall be selected frpm listings

(p) The maximum pressure rating for molded PVC in ASME NM.3.1.
and (PVC threaded adapters shall be asilisted in (3) The maximum allowed thermoplastic pipe size to
Table(II-1.3-1. be threaded shall be DN 100 (NPS 4).

(b)|Adapters Made of Other Thermoplastics. The (4) When pipe end is threaded by a corftractor or
following requirements apply to(threaded adapters  supplier, samples of all sizes to be used in tHe thermo-
made|of ABS, PP, or PVDF: plastic piping system shall be tested using thle test and

(f) Molded threaded adapters are male and female. inspection requirements of the design enginegr.
The method of attaching the adapter to a pipe or compo-
nent ghall be specified bynthe manufacturer. The design ~ 11-2.6 Test Report
engineer shall follow therequirements of this Standard for ) . .
listed |thermoplastics, (a) The design engineer shall prgv1de a test feport that
(£) The thermoplastics shall meet the requirements documents the results of the te.st.s in paras. 1I-2.5.2(a)(4)
of ASME NM.3. er shall be approved by the design engi- and [1-2.5.2(b)(4) and that ver-'lfles the fqllow ng: .
neer usingitest data (and shall be identified as not (1) The th.rea.ded connections are being uged only in
conforming’/to ASME NM.3.1). approved appllcatlons.
(B} The design engincer—shal-specify-the roquire (2) Thermoplastic threads conform to ASTM F1498.

ments for molded threaded adapters made from ABS,
PP, or PVDF. This shall include minimum wall thickness
and dimensions of the molded fittings. The pressure rating
shall be verified by testing approved by the design engi-
neer.

11-2.5.2 Threaded Pipe Ends. Threaded pipe ends are
created by cutting or machining threads into the ends of
extruded thermoplastic pipes. Pressure limitations of
threaded pipe ends shall be as listed in Table II-2.5.2-1

115

Metallic threads to be used with thermoplastic compo-
nents conform to ASME B1.20.1. Threads other than
those conforming to this paragraph may be used; if
such threads are used, the design engineer shall
provide the test requirements for these threads.

(3) The assembly of threaded connections conforms
to section II-2.

(4) The manufacturer of molded thermoplastic
threaded adapters has provided a certificate of confor-
mance for each lot of molded components.
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Table 11-2.5.2-1 Pressure Ratings for PVC and CPVC Field-Threaded Pipe Ends

Nominal Pipe

Actual Pipe

Type of Threaded

Pressure-Temperature Rating, kPa (psi) at 23°C (73°F) [Note(1)]

Size, DN (NPS)  Size, mm (in.) Pipe Ends Before Threading Threaded Pipe End
13 (0.50) 21.336 (0.840) PVC Sch. 80/CPVC Sch. 80 5860.5 (850) 2930 (425)
19 (0.75) 26.670 (1.050) PVC Sch. 80/CPVC Sch. 80 4757 (690) 2378 (345)
25 (1.00) 33.401 (1.315) PVC Sch. 80/CPVC Sch. 80 4344 (630) 2172 (315)
32 (1.25) 42.164 (1.660) PVC Sch. 80/CPVC Sch. 80 3585 (520) 1793 (260)
38 (1.5 48260 (1,900}  PVC Sch.80/CPVC Sch. 80 3241 (470) 1621 (235)
50 (2.0Q) 60.325 (2.375) PVC Sch. 80/CPVC Sch. 80 2758 (400) 1379 (200)
76 (3.00) 88.900 (3.500) PVC Sch. 80/CPVC Sch. 80 2551 (370) 1276 (185)
101 (4.00) 114.300 (4.500) PVC Sch. 80/CPVC Sch. 80 2206 (320) 1103 (160)

NOTE: (1) When higher temperatures are used, the manufacturer’s temperature-pressure rating shall be used. In no case'shall threaded
tions be used at pressures or temperatures higher than ratings.

(5) Threaded pipe ends meet the requirements of
para. 1I-2.5.2.
(b) For|other thermoplastics (ABS, PP, and PVDF), the
design engineer shall provide the tests needed. In addition
to the detdils in (a), the design engineer’s test report shall

include the following:
(1) aldescription of the thermoplastic material

onnec-

(2) adescription of the thermoplastic threaded form
(3) adeséription of each test (including durati

pressure)

(4) astatement indicating whether ther

leakage@r breakage

(c)>The test report shall be retained as required
design engineer for all phases of the project.

nand
b was

by the
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MANDATORY APPENDIX 11l
ACCEPTANCE CRITERIA FOR THERMOPLASTIC JOINTS

-1

Thd
inspe
fusion

-2

But]

(@)
config
depic
bead

(b)

fusion.

(¢)
visua
shall

(d)
to or
Mand

SCOPE

requirements in this Appendix apply to visual

rtion for acceptance or rejection of HDPE butt-

joints and PVC/CPVC solvent-welded joints.

POLYETHYLENE (HDPE) BUTT-FUSED
JOINTS

t-fused joints shall meet the following:

Fused butt joints shall exhibit proper fusion bead
uration. Figure [-8.2-1 in Mandatory Appendix [

[s acceptable and unacceptable thermally fused
Configurations.

There shall be no evidence of cracks or incomplete

Fusion joints, except for miter joints, shall not be
ly angled or offset >3 deg. The 0.D. mismatch

be less than 10% of the nominal wall thickness.

The cleavage between fusion beads shall not extend

below the 0.D. pipe surface (see Figure 1-8:2¢D in
htory Appendix I).

.

/

Figure 111-3-1 Solvent-Cement-Weld Shrink-Back Appearance (Cross-Sectional View)

(e) When available from the equipmen
monitor hydraulic and thermal variables;.the d
sition record for the fused joint may be comparsg
FPS to verify that parameters and, proced
followed in making the fused jeint This proy
become mandatory when specified.

llI-3 PVC AND CPVC.-SOLVENT-CEMENT
JOINTS

Solvent-cement-welded joints shall meet the

(a) Asaresultofthe solvent-welding proces
solvent cement can sometimes be found at
entrance. Excessive cement will slow the
and the)bead should be removed immediatel
solyent-welding process, while the cement is

(b) In cases where a cement bead did not f
socket entrance, there is a possibility for the
shrink back down into the socket. If shrin
observed at the socket entrance, then the de
pocket (“A” in Figure II1-3-1) shall not be gr
the thickness of the socket wall (“B” in Figurg

_-

t used to

ata acqui-
d with the

ires were

ision may

WELDED

following:

5, a bead of

he socket
ure time,

b after the
still wet.
brm at the

cement to
k-back is

pth of the
pater than
b 111-3-1).

/

(a) Acceptable: A =B
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(b) Unacceptable: A > B
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MANDATORY APPENDIX IV
STRESS INTENSIFICATION FACTORS AND FLEXIBILITY FACTORS

Table IY-1 begins on the following page.
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MANDATORY APPENDIX V
ONE-PIECE THERMOPLASTIC FLANGES

V-1 $SCOPE

Thif Appendix covers one-piece thermoplastic flanges.
Theselone-piece flanges shall be made from ABS, CPVC, PP,
PVC, ¢r PVDF thermoplastics. The joining methods that
shall be used to join one-piece flanges to thermoplastic
pipe dre solvent-cement welding, heat fusion, or threaded
conngctions.

NOTES$:
(1) Onpe-piece thermoplastic flanges are generally manufac-
tured using injection molding or fabrication methods.

(2) One-piecethermoplasticflange connections are intended for
use in systems normally conveying liquids. One-piece ther-
moplastic flanges specifically designed and manufactured
fol compressed-air or other compressed-gas applications
may be used in compressed-gas applications.

V-1.1| Typical Drawings of One-Piece
Thermoplastic Flanges

Figlire V-1.1-1 shows a thermoplastic flange used. for
solvent-cement connections and socket connections
made|with heat.

V-1.2) Threaded Configuration

Figlrre V-1.2-1 shows threaded connections used with
various thermoplastics.

V-2 DESIGN

Thd following loads shallbe considered in determining
the fofce needed to make a leak-free seal with a one-piece
flangd:

(a) |hydraulicspressure

(b) |surge pressure at the highest design flow

(c) |thermal expansion and contractions

(d) |bending forces

F, = force applications specific forces (earth-
quake, vibration, etc.), kPa (psi)

Fie = misalignment, kPa (psi)
SPy = surge pressure at the highest velocity, kPa
(psi)
Tex-con = thermal expansion-and contractipn for the
design operating temperature range, kPa
(psi)
WPy = workingpressure rating of the components,
kPa (psi)

(b) Theeguationin (a) shall require modification based
on characteristics of the specific thermoplastic fnaterial or
application-related requirements.

V-2:2 Bolt Circle

(a) Standard. The dimensions for standard Bolt circles
shall be those used in ASME B16.5 for sizes froth DN 15 to
DN 600 (NPS Y, to NPS 24).

(b) Metric. Metric bolt circles may be used. Dimensions
are provided in Nonmandatory Appendix A, Tahle A-2.1-2.

V-2.3 Reinforcing Rings

(a) Metallic or nonmetallic reinforcing rings may be
used with one-piece thermoplastic flapges. See
Figure V-2.3-1.

(b) The pressure rating of the one-piece flange shall not
be increased when reinforcing rings are used

V-2.4 Washers

Washers shall be used between the nut or bolt head and
the one-piece thermoplastic flange or reinfor¢ing ring.

V-2.5 Stress Relaxation of Thermoplastics

(e) Tisatigmment of the ftanges
(f) force specific to the application

V-2.1 Total Forces

(a) For calculation purposes, the following equation
may be used to determine the total force:

total force = WPq + SPq + Tox.con + B + F;

where
B = bending stress, kPa (psi)

Add;t;uua} VVG}} th;\.}\ucoo lllﬂy bC uccdcd tU LUmpenSate
for stress relaxation. Each thermoplastic has a unique set
of stress relaxation curves.

V-2.6 Temperature

As temperature increases, modulus and tensile strength
decrease. Temperature-related changes in the physical
properties of thermoplastics vary depending on the
type of thermoplastic. See values for each thermoplastic
engineering property in ASME NM.3.3.
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Figure V-1.1-1 Socket Configuration
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V-3 PROOF-TESTING REQUIREMENTS FOR ONE-

PIECE THERMOPLASTIC FLANGES
V-3.1 Materials

(a) Listed Materials. The following materials are

| .,
L | | 7? currently listed for one-piece thermoplastic flanges:
% I : I ‘l Material Types
N l— Bolt-circle diameter —l ABS N/A
Max. O.D. CPVC N/A
PP Homopolymer, copolymer
PVC N/A
PVDF Homopolymer, copolymer
Figure V-1.2-1 Threaded Configuration
(b) Unlisted Materials. Unlisted:thermoplastic [mate-
i rials may be approved for use by following the refuire-
| — Jﬁl ments in ASME NM.3.3, Mandatory Appendix III.
I & g
L I — ——= : 1 V-3.2 Testing Requirements
+ - R
N | _.l |._, L] V-3.2.1 Testing Testing shall be conducted follpwing
¥ ' . . | the requirements listed in ASTM D1598, with the
+——— Bolt-circle diameter ——+ following excéptions:
Max. O.D. i (a) The test pressure shall be 3.2 times the mjarked
operating pressure for the one-piece flange.
(b)The test shall only be conducted for 5 min after
reaching constant pressure.
Figure V;2.3-1 One-Piece Thermoplastic Flange With {c) The report shall only contain information reldted to

Washers =
Reinforc . |

One-
Gas

Reinfor

Waghers

GENERAL N
Hex head bo

Reinforcing Rings

iece flange \,|

et

ing ring ———5

=

DTE;

| T '
/l—l —— ——

Mo oo @O
Nuts /

tstareshown above. Studs or hex head bolts may be used.

the above test. A plot showing pressure equalizatig
constant pressure is required. No calculations of
stress or plots of hoop stress are required.

V-3.2.2 Pressure Ratings

(a) General. The pressure rating of the one-piece
shall be based on the standard dimension ratio (SI
dimension ratio (DR) or the Schedule of the compd
being used. The SDR, DR, or Schedule of flange ag
shall be determined using the highest temperat
which the piping system is expected to operate.

NOTE: The pressure rating of PVC and CPVC lap-joint
connections shall be limited to 1034 kPa (150 psi) for Sc|
80 unless otherwise rated higher by the manufacturer fol
the requirements of this Standard.

(b) Thermoplastic-Lined Metal Pipe. Connecti
thermoplastic-lined metal pipe to one-piece fl

n and
hoop

flange
R) or
nents
lapter
hire at

flange
hedule
owing

ns of
anges

124

shall have the pressure rating of the componen

t with

the lower rating. This pressure rating shall be used to

determine the proof-test pressure.

V-3.2.3 Gaskets. Gaskets, when used, shall be full face
for flange adapters not made to metric designs. Metric
designs shall follow the requirements in DVS 2210-1,

Supplement 3.
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V-3.2.4 Sampling. A sufficient quantity of flange
connections as agreed on by the seller and purchaser
shall be selected at random from each lot or shipment
and tested to determine that the flange connections
will pass the proof test.

V-3.2.5 One-Piece Flange Connection

(a) A one-piece flange connection is defined as
containing a flange, a metallic or nonmetallic reinforcing

V-4 SUBMITTAL INFORMATION FOR ONE-PIECE
THERMOPLASTIC FLANGES

V-4.1 PVC

Submittal information for PVC one-piece flanges shall
include dimensions as indicated below.

(a) If the one-piece flange is for socket joining, dimen-
sions shall conform to ASME SD-2467.

(b) If the one-piece flange is for spigot joining, dimen-

I'il’lg, saa}\ct (1f1 cquil cd), bulta, muts; anmd-wastrer S, p}ub a sions shall conform to Schedule 40 or Schedule 80 plpe
joining method. dimensions.
(b) The follquing identified joining methods for ther- (c) If the one-piece flange is for threaded jpining, the
moplgstic lap'lm?t flanges may be used: threads shall meet the regquirements of
(? heat fusion ) Mandatory Appendix II.
(£) solvent-cement wgldmg (d) The bolt circle shall conform to ASME B16.5 or the
(§) threaded connections flange standard used for other metal compongnts in the
V-312.6 Bolt Torque system as required in the\oWner’s design spe¢ifications.
q (e) The 0.D. and the I'D. of the flange fade shall be
(a) |General. The bolt torque required shall be deter- provided.
mined by one of the following:
(1) The bolt torque recommended by the manufac-  V-4.2 CPVC
turer fof t_he flange adapter or the manufa_lc_turer of the Submittal infformation for CPVC one-piece flynges shall
backyp ring shall be used with the specified full-face . . . .
Kk ¢ d thick includeXdimensions as indicated below.
gas e; y%)e an 1;: nless'. hall be based eith (a)<}fthe one-piece flange is for socket joinihg, dimen-
,(‘) orque calculations shall be base .e1t eron siofis shall conform to ASME SF-439.
sealinjg forces plus expected stress relaxation or on (b} If the one-piece flange is for spigot joinihg, dimen-
gasket sealing stress plus expected stress relaxation. . ’ .
. - . sions shall conform to Schedule 40 or Schedule 80 pipe
(b) | Bolt Lubrication and Friction-Reducing Coated Bolts dimensions
. (:)) l\évthen methold {)a)l(tl) ort(a)(Z()j 1S us}?d el (c) Pipe used to make socket connections phall meet
mine Ot torgue, only bOILs, nuts, and washers recom- required dimensions for Schedule 40 or Schedule 80
mended by the flange adapter manufacturertor the ive di .
backulp ring manufacturer shall be used pipe dumensions.

-a) Lubricat lv if ired b th fac- (d) If the one-piece flange is for threaded jpining, the
¢ (-a) Lubricate only if required by thé manufac threads shall meet the requirements of Mandatory
urer. L . . Appendix II.

(-b) Use friction-reducing Components only if (e) The 0.D. and the L.D. of the flange fade shall be
speciffed by the manufacturer. ided o o

) When't lculati d,onlythebolts P v
47 eh torque calciationsare used, only the bots (f) The bolt circle shall conform to ASME B16.5 or the
and nyits with the coefficient of friction used in calculations flange standard used for other metal compongnts in the
shall be used. . . . P
t d in th ’s d rifications.
(B) During installation, bolts and nuts may be lubri- Systemm as requirec i the owner's design spepiiications
cated |only if such fubrication is specified in accordance V-4.3 PVDF and PVDF Copolymer
with (1)(-a) or (1)(-b).
NOTE:[Refer t& ASME PCC-1 for more information on fit-up of Sub_mlttal information for PYDF Or,PVD,F op9lymer
flanges. If using' HDPE flanges and calculations from PPI TN-38, f)ne.-plece flanges shall be provided with dimpnsions as
use information on lubrication and k factors from this Standard. indicated below.
{a) If the one-piece flange is for sacket joining, female

V-3.2.7 Test Specimens. Specimens shall be tested
after the heat-fused or solvent-weld joint has had
adequate time to cool or cure.

V-3.2.8 Proof-Testing Results. Proof-testing results
shall be part of the submittal information for one-piece
thermoplastic flanges (see section V-4).

125

socket dimensions shall conform to published socket
dimensions; pipe dimensions shall comply with published
dimensions for socket connections.

(b) If the one-piece flange is for spigot joining, dimen-
sions shall conform to PVDF or copolymer PVDF pipe
dimensions.

(c) If the one-piece flange is for threaded joining, the
threads shall meet the requirements of
Mandatory Appendix II. For materials not listed in
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Mandatory Appendix I, the manufacturer may provide
equivalent test data and descriptive information.

(d) The bolt circle shall conform to ASME B16.5; or for
metric-dimension flange standards, ISO 7005 or EN 1092-
1 shall be used. Other bolt-circle dimensions may be used if
required in the owner’s design specifications.

(e) The 0.D. and the L.D. of the flange face shall be
provided.

V-4.4 PP

(d) The 0.D. and the L.D. of the flange face shall be
provided.

V-4.5 ABS

Submittal information for ABS one-piece flanges shall
be provided with dimensions as indicated below.

(a) If the one-piece flange is for female socket solvent
welding, the dimensions shall conform to published socket
dimensions.

Submitt]
provided Y

(a) If th
dimension
or PP pipq

(b) If th
threads
Mandatof
Mandator
equivalent

(c) The
metric-din
shall be us
required i

al information for PP one-piece flanges shall be

vith dimensions as indicated below.

e one-piece flange is for socket-fusion joining,

s shall conform to published socket dimensions
dimensions.

e one-piece flange is for threaded joining, the
shall meet the requirements of

y Appendix II. For materials not listed in

y Appendix II, the manufacturer may provide
test data and descriptive information.

bolt circle shall conform to ASME B16.5; or for

hension flange standards, ISO 7005 or EN 1092

ed. Other bolt-circle dimensions may be used if

h the owner’s design specifications.

{b) Pipe used for the male socket connection shall have
an 0.D. that conforms to published dimensionsneeded for
socket solvent welding.

(c) If the one-piece flange is for female thr
connections, the threads shall meetsthe require
of Mandatory Appendix II. For materials not lis
Mandatory Appendix II, the manufacturer may pt
equivalent test data and descfiptive information.

(d) The bolt circle shall ¢conform to ASME B16.5;|or for
metric-dimension flange standards, ISO 7005 or EN 1092
shall be used. Other bolt:circle dimensions may be fised if
required in the owner’s design specifications.

(e) The 0.D,.and the I.D. of the flange face sh
provided.

baded
ments
ted in
ovide

all be
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