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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 plplng systems. This Commit-
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oal was to specify construction” requirements for nonmetallic pipin d h irements were
equately defined in existing standards.

ior to the development of the ASME Standards for Nonmetallic Pressure Piping Systems, nonmetallie.presqure piping

ements were contained within several existing standards. The nonmetallic piping requirements of the ASME B31
or Pressure Piping varied across Sections, with some Sections having no requirements for nonmetallic cgmponents
Dther standards and codes, such as ASME RTP-1 and the ASME Boiler and Pressure Vessel. Code (BPVC)| Section X,
ed requirements for reinforced thermoset plastic (RTP) corrosion-resistant equipnment but not for piping and
components. ASME BPVC, Section 11l did have a few Code Cases that addressed requiréments for some npnmetallic
and piping components, including those made from glass-fiber-reinforced therniosetting resin and a fefw thermo-
s, e.g., high density polyethylene (HDPE) and poly(vinyl chloride) (PVC). However, the scope of these (ode Cases
ery limited, and in some cases the methodology was nearly 30 years old. Thé ASME NPPS Standards now serve as a
lized location for NPPS requirements and are developed by committees whose members are experts i this field.
PPS Committee’s functions are to establish requirements related to\pressure integrity for the consIruction of
ptallic pressure piping systems, and to interpret these requirements when questions arise regarding their intent.
IE NM.1 provides requirements for the construction of thermoplastic pressure piping systems. Thig Standard
sses both pipe and piping components that are produced<as'standard products, and custom profucts that
signed for a specific application.
ASME NM.1-2022, requirements for metallic design have'been removed from section 7-4 and requir¢ments for
mnide-12 (PA-12) and cross-linked polyethylene (PEX)imaterials have been added throughout the Standard. ASME
2022 was approved by the American National Staidards Institute (ANSI) on August 18, 2022.

* 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 codes and standards are developed and maintained by committees with the intent to represent the
consensus of concerned interests. Users of ASME codes and standards may correspond with the committees to propose

revisi

ns or cases, report errata, or request interpretations. Correspondence for this Standard should be sent

o the staff

secref

Reviisions and Errata. The committee processes revisions to this Standard on a continuous basis_to i

chang
dard.

In 4
Users

Thi
shoul
reaso

Cases

(a)
(
(
(
direct]
¢
(b)
as ap]
freed
confo
(©

includ

(
Q
¢
(
(d)

super

Intgrpretations. _Upon request, the committee will issue an interpretation of any requirement of this Sta

interp
https:
confir]

ASN
the St|

ary noted on the committee’s web page, accessible at https://go.asme.org/NPPScommittee.

es that appear necessary or desirable as demonstrated by the experience gained from the application g
Approved revisions will be published in the next edition of the Standard.

ddition, the committee may post errata on the committee web page. Errata become effective on the d
can register on the committee web page to receive e-mail notifications of posted errata.

5 Standard is always open for comment, and the committee welcomes proposals for revisions. Such
1 be as specific as possible, citing the paragraph number(s), the proposed wordingyand a detailed descrif
ns for the proposal, including any pertinent background information and. supporting documentation

The most common applications for cases are

/) to permit early implementation of a revision based on an urgént need

P) to provide alternative requirements

B) to allow users to gain experience with alternative or potential additional requirements prior to inc
ly into the Standard

) to permit the use of a new material or process

Users are cautioned that not all jurisdictions or owners automatically accept cases. Cases are not to be ¢

m of manufacturers, constructors, or owners‘to choose any method of design or any form of constr
'ms to the Standard.

A proposed case shall be written as a quéstion and reply in the same format as existing cases. The proposa
e the following information:

[) a statement of need and background information

P) the urgency of the case (eg: the case concerns a project that is underway or imminent)

B) the Standard and the pafagraph, figure, or table number(s)

1) the edition(s) of the Standard to which the proposed case applies

A case is effective for dse when the public review process has been completed and it is approved by the
visory board. Approved cases are posted on the committee web page.

retation canbeissued only in response to a request submitted through the online Interpretation Submit
/go.asme.org/InterpretationRequest. Upon submitting the form, the inquirer will receive an autom

ming.receipt.

1E dees not act as a consultant for specific engineering problems or for the general application or unders
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hndard requirements. If, based on the information submitted, it is the opinion of the committee that th

e inquirer

should seek assistance, the request will be returned with the recommendation that such assistance be obtained. Inquirers
can track the status of their requests at https://go.asme.org/Interpretations.

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

Interpretations are published in the ASME Interpretations Database at https://go.asme.org/Interpretations as they are
issued.
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wishing to attend any meeting should contact the secretary of the committee. Information on future committee meetings
can be found on the committee web page at https://go.asme.org/NPPScommittee.
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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

ASME
stat
Sys

ASME
and
sen
tery

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 — Propertigs: 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

ation.

B31.1, Power Piping:)This code contains requirements for piping typically found in electric power

ems.

ninals.

considered by the owner include limitations of the standard, jurisdictional requirements, and the appl
standards. All applicable requiremerits of the selected standard shall be met. For some installations, moy
hrd may apply to different parts:of the installation. The owner is also responsible for imposing req
bmentary to those of the standard if such requirements are necessary to ensure safe piping for the

ain piping within a facilitymay be subject to other codes and standards, including but not limited to the
ions, industrial and\institutional plants, geothermal heating systems, and central and district heating a|

B31.3, Pracess Piping: This code contains requirements for piping typically found in petroleum refinerig
offshorégpetroleum and natural gas production facilities; chemical, pharmaceutical, textile, paper, ore-f
iconduetor, and cryogenic plants; food- and beverage-processing facilities; and related processing g

produced using thermoplastic resins or compounds. Thermoplastics are a specific group of nenmetallic
materials that, for processing purposes, are capable of being repeatedly softened by increase of temperature and

Fiber-Reinforced Thermosetting-Resin Piping Systems: This Standard contains requirements for piping and
piping components that are produced using fiber reinforcement embedded in or surrdunded 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 Te

sting and

- NM.3.2, Nonmetallic Materials, Part 2— Reinforced Thermoset Plastic Material Specifications: This P4rt contains
reinforced thermoset plastic material specifications identical to or similar to those published by ASTM and other

r allowable

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

bn. Factors
cability of
e than one
uirements
proposed

following:

penerating
nd cooling

s; onshore
rocessing,
lants and

ASME

bs51.4, Fipeline Iransportation Systems 1or LIqulds and SIurries: I'nis 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

stat

ions; and gas gathering pipelines.
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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 ASME 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 guidahce 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 exceptiogs, 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 handlpooks.
Many decifions that must be made to produce a safe piping installation are not specified i detail within these Stanfards.
These Stanpdards do not serve as substitutes for sound engineering judgment by the gwher and the designer. The phrase
engineering judgment refers to technical judgments made by knowledgeable desigfers experienced in the application of
these Standards. Engineering judgments must be consistent with the philosophy.ef these Standards, and such judgments
must never 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 prirlciples
and to guifle selection and application of piping elements. These Standards prohibit designs and practices knowij to be
unsafe angl contain warnings where caution, but not prohibitien, is warranted.

These Sandards generally specify a simplified approach formany of their requirements. A designer may choose tp use a
more rigofrous analysis to develop design and construction requirements. When the designer decides to taKe 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. However,
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 specifieg with
tolerances, the values of thése parameters are considered nominal, and allowable tolerances or local variances mpay be
considered 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 specific-design 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 coveringa
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
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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.
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SUMMARY OF CHANGES

Following approval by the ASME NPPS Committee and ASME, and after public review, ASME NM.1-2022 was approved by

the Ameri
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Location
1-3

Table 1-4-1
2-3.2.2

Table 2-3.2.2-2

can National Standards Institute on August 18, 2022.

1-2022 includes the following changes identified by a margin note, (22).

Change

Definitions of cross-linked polyethylene, polyamide-11 (PA-1
and polyamide-12 (PA-12) added

Abbreviations PA-11 and PA-12 added

(1) Subparagraphs (c) and (d) added and former subpara.
redesignated as (e) and retitled

(2) Former eq. (2-3-5b) redeésignated as eq. (2-3-5c¢)
Entries for PEX and PA<12"pressure piping components ad

),

Hed

2-3.2.3 Subparagraph (b) added and former subpara. (b) redesignated
as (c)
2-4.1.1 (1) Subparagsaphs (b), (d), and (f) revised
(2) Subparagraphs (k) and (1) added
Figure 2-4.1.1-1 Added
3-21 Subparagraphs (c)(1) and (c)(4) revised
Table 4-2.1-1 Updated
5-1.4 Subparagraphs (a)(1)(-a) and (b)(1)(-a) revised
Table 5-1.4-1 (1) Title revised
(2) PA-12 pipe added to the material category
Table 5-1.4-2 (1) Title revised
(2) PEX pipe and PA-12 pipe added to the material categofy
Table 5-1.4-3 (1) Title revised
(2) PA-12 pipe added to the material category
5-2.4.3 Subparagraph (a) revised and subparas. (a)(1) through (a)(4)
added
5-2:6 Subparagraphs (a)(2) and (a)(3) added and former subppra.
(a)(2) redesignated as (a)(4)
5-2.8.1.2 (1) Title of subpara. (b) revised
(2) Subparagraph (c) added
(3) Former subpara. (c) revised and redesignated as (d)
5-2.8.1.3 Subparagraph (c)(1)(-a) revised
5-2.8.1.4 Subparagraphs (b)(1)(-a) and (b)(3)(-a) revised
5-2.8.1.5 Subparagraphs (a) and (b)(1) revised
6-2.7.2 First two sentences of subpara. (c)(1) revised
7-4 Revised in its entirety
8-1 Second and third sentences added

XVi


https://asmenormdoc.com/api2/?name=ASME NM.1 2022.pdf

Page Location Change

148 B-1.1 Last paragraph revised
156 B-4.5 Added

156 B-5 Updated
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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-
contajning components.

1-2 GENERAL

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

(b) | Responsibilities
(I) Owner. The owner of a thermoplastic piping
system installation shall have overall responsibjlity for
compliance with this Standard, and for establishing the
requifements for design, construction, examination,
inspefction, 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 designer 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-
facturler, 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) It 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 ofthis Standard, 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 Tabjle 4-2.1-1.
Thermoplastic piping components neither specifically
approved nor specifically prohibited by thig Standard
may be used provided they are qualified for [use as set
forth in applicable Chapters of this Standard.

(5) Where athermoplastic 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 thi{ Standard.

(d) General Requirements

(1) The design and construction of a thefmoplastic
piping system shall take into consideration the Jimitations
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 me‘iﬁr‘ gnidplinpq 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 hpddress 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) Thermoplastic 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, nohtoxic, and not damaging t@ hiiman tissues as
defined in| section 1-3.

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

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

(3) pressurémessels, heat exchangers, pumps,
compressprs, dnd other fluid-handling or processing
equipmenE, including internal piping and connections
for externkl piping

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 mahufac-
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
pipingare 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 desigmedim accordance withsectiom2=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.

cross-linked polyethylene (PEX): a polyethylene material
that has undergone a change in molecular structure

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.

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:

through processing whereby a majority of the polymer
chaing are chemically linked.

damaging to human tissues: for the purposes of this Stan-
dard, fhis phrase describes a fluid service in which expo-
sure to 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 tle 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 inxesponsible charge
of the| engineering design.

discorjtinuity: alack of continuity or-¢ohesion; an interrup-
tion ih the normal physicalstructure of material or a
produyct.

displacement stress raiige:"see para. 2-2.3.3(b).

electrpfusion welding(EFW): ajoining process for thermo-
plasti¢ materialsimswhich heat for the welding is provided
by engrgizinganelectrically resistive coil in the weld zone.

elemepts:(se¢ piping elements.

employer:the owner, manufacturer, fabricator, contractor,

T00% examination: comptete examimatiomn|of all of a
specified kind of item in a designated lot-of|giping.

random examination: complete examination of a per-
centage of a specified kind of item inld designated lot
of piping.

spot examination: a specified\partial examlination of
each ofa specified kind of item ih.a designated lot of piping.

examiner: a person whosperforms an examingtion.

expansion joint: a flexible piping component or assembly
thatabsorbs seismic, thermal, and/or terminal thovement.

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

fillet,weld: a weld of approximately trianghlar cross
section joining two surfaces approximately at right
angles to each 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 dpsigned 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 pipe spool
or fitting by plastic deformation of the liner. ometimes
used synonymously with “flare.”

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

assembler, or installer responsible for the welding,
joining, and nondestructive examination (NDE)
performed by their organization.

engineering design: the detailed design governing a piping
system, developed from process and mechanical require-
ments, conforming to the requirements of this Standard,
and including all necessary specifications, drawings, and
supporting documents.

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

fluid service: a general term concerning the application ofa
piping system, considering the combination of fluid prop-
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:
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(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).

Category M fluid service: a fluid service in which both of
the following apply:

(a) The fluid is so highly toxic that a single exposure toa

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.

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.

very smal quantity of the fluid caused by ]nqkqu can
produce ferious irreversible harm to persons on
breathing |or bodily contact, even when prompt restora-
tive measyires are taken.

(b) Aftgr consideration of piping design, experience,
service conditions, and location, the owner determines
that the refuirements for normal fluid service do not suffi-
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 ma¢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,eléc-
trofusion welding, and electrofusion saddle joining or
welding.

Fusing Precedure Specification (FPS): a_formal written
document describing the process for joining thermo-
plastic piping components by fusion;”which provides
direction |to the installer or fusion’machine operator
for making sound and quality"production fusion joints.
See also J¢ining Procedure Specification (JPS) and Proce-
dure Qualification Record (PQR).

Fusion Penfformance Qualification (FPQ): a document that
is intended 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

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-pipg bore.

hydrostatic design basis (HDB): see stress:
hydrostatic design stress (HDS): see\stress.

hydrostatic test (hydrotest): andevaluation procedpire in
which water is used as the mediiin to determine thg pres-
sure containment capabilities of a piping systém or
component. Also called, hydrotest.

imperfection: a conditien of not being perfect; a departure
of a quality characteristic from its intended condTon.

inspection: the act of witnessing or verifying compliance to

the specified \requirements.

Inspectar; a person who 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
documented procedure for all types of thermopglastic
joining processes.

Jjoint crush test: a method used to evaluate socket-fuked 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

Performance Qualification Test Record (PQTR)

grounding lug: a connecting device to enable electrical
continuity between metallic components of a thermo-
plastic-lined metallic piping system.

heat fusion: a permanent bond between thermoplastic
piping components formed by heating the parts suffi-
ciently to permit the commingling of the materials
when the parts are pressed together.

heat joint: see heat fusion.
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long-term hydrostatic strength (LTHS): the estimated hoop
stress, expressed in megapascals (pressure per square
inch), in a plastic pipe wall that will cause failure of
the pipe at an average of 100 000 h when subjected to
a constant hydrostatic pressure.

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.
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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.

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

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.

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 hnmnpnlymnr Qar r‘npnlymcr resin or

may He used in the design formulas for a given material
and dpsign temperature.

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

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

mechq@nical joining: the mating of piping components
form¢d by a positive-holding mechanical assembly
(e.g., flanged joint, threaded joint~orflared joint).

mechqnical joint: a joint for the purpose of mechanical
strength or leak resistance, ar both, in which the mechan-
ical strength is developed by threaded, grooved, rolled,
ﬂare%: or flanged pipétends, or by bolts, pins, toggles,
or rings; and the-l€ak resistance is developed by
threagls and compounds, gaskets, rolled ends, caulking,
or machined, dnd*mated surfaces.

minimumgallowable operating pressure: the lowest tran-
sient|internhal pressure the piping system is able to

compound without joints or seams.

nominal: anumerical identification of dimension, capacity,
rating, or other characteristic used as a designation, not as
an exact measurement.

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

noncontact fusion: achedt-joining process in which the
heating element does'not touch the ends of the thermo-
plastic piping eomponents being joined.
nondestructive)examination (NDE): the procesq of testing
or evaluating materials, components, or agsemblies
withoutvaffecting the serviceability of thle part or
system, in order to detect, locate, measure,|interpret,
afnd~evaluate flaws. Also known as nondgstructive
testing (NDT).

normal fluid service: see fluid service.

owner: the party or organization ultimately responsible
for operation 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

resist 'withoutdanmage:

minimum allowable operating temperature: the lowest
continuous temperature that the piping system is able
to resist while complying with the provisions of this Stan-
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.

operator to determime threfmdividuat'sTdpacity to
perform a specific welding application. Welding perfor-
mance qualification tests are specific to a Welding Proce-
dure Specification (WPS). See also Fusion Performance
Qualification (FPQ).

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

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-

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

Procedure Qualification Record (PQR): a document listing
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

hanging-type fixtures, such as hanger rods including parts,
spring hangers, sway braces, counterweights, turn-
buckles, struts, chains, guides, anchors, and snubbers;
and bearjng-type fixtures, such as saddles, bases,
rollers, brackets, and sliding supports.

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

ture or eéruipmem. They inctude, butare ot timited to,

piping: asdemblies of piping components used to convey,
distribute} mix, separate, discharge, meter, control, or
snub fluigd flows. Piping also includes pipe support
elements put 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, prest
sure hosesg, traps, strainers, inline portions of instruments;
and separhtors.

piping elements: any material or work required toplan and
install a piping system. Elements of piping include design
specificatipns, materials, components, supports, fabrica-
tion, exanjination, inspection, and tesfting:

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

piping system: interconnectédpiping and components
subject to|the same set dr*séts of design conditions.

plastic: a material that'centains a variety of semisynthetic
or synthetjc solids{polymers), is solid in its finished state,
and, at some stage'in its manufacture or processing, can be
shaped by|flow.The two general types of plastics are ther-
moplastic land thermaosetting plastics

PST-
proof testing: process or method for determidihg/dlesign
performance characteristics or quality of ajcompdnent.

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

relining: a technique used to‘reHabilitate pipelijes by
pulling or inserting a pipéeliner into the existing host
piping system.
restraint: a device deSigned to prevent, resist, of limit
movement of a pipihg system.

sealing area: the €ross-sectional area of the molded or
flared plastic face of thermoplastic-lined mdtallic
piping, which has metallic backing that resists bjplting
stress,

sealing stress: the sustained pressure imparted by flange
bolting necessary to effect along-term leak-tightjoint. It is
hormally less than seating stress, as long-term| joint
performance implies the initial seating 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 necesslity of
deforming sealing surface imperfections intjo the
mating surface.

shall: an expression 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 mofunted
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

polyamide-11 (PA-11): a nylon polymer produced by the
polymerization of 11-aminoundecanoic acid, a monomer
that has 11 carbons.

polyamide-12 (PA-12): a nylon polymer produced by the
polymerization of 12-aminolauric acid or laurolactam,
monomers that each have 12 carbons.

spigotomrtheopposite sideof the hot platesimmuttamreously
heats the inside surface of the injection-molded fitting; the
length of the heated region is the same as that for the pipe.
Both fitting and pipe are heated for a set length of time,
after which the heated socket or spigot tooling is removed
and the pipe is pushed into the fitting to form a coalescent
joint.
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solvent-cement welding: a method for creating a perma-
nent bond between thermoplastic piping components
formed sufficiently with solvent cement to permit the
coalescence of surfaces to form a pipe joint.

solvent welding: see solvent-cement welding.
solvent-weld joint: see solvent-cement welding.

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

This method provides information related to the
object’s yield point, tensile strength, and ultimate
strength.

thermoplastic: a plastic (polymer) that is capable of being
repeatedly softened by increase of temperature and
hardened by decrease of temperature.

thermosetting plastic: a resin and catalyst (polymer)
capable of being changed into a substantially infusible
or insoluble product when cured at room temperature,

stress.
bolt design stress: the design stress used to determine
the reguired 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
stress| is that it is self-limiting. Local yielding and minor
distorttions can satisfy the displacement or expansion con-
ditionjs that cause the stress to occur. Failure from one
applidation of the stress is not to be expected. Further,
the displacement stresses calculated in this Standard
are “¢ffective” stresses and are generally lower than
those|predicted by theory or measured in strain-gauge
tests. |
hydyostatic design basis (HDB): selected properties of
plastif 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 ftress due to internal pressure to be used in._the
design of plastic piping, determined from the hydkostatic
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-ljmiting. If a sustained Stress exceeds the yield
strength of the material through the entire thickness,
the prevention of failuré.is entirely dependent on the
strain-hardening properties of the material. A thermal
stresq is not classifiéd as a sustained stress. Further,
the sustained stresses calculated in this Standard are
“effective” strésses and are generally lower than those
predig¢ted by-theory or measured in strain-gauge tests.

tensilp test: a method used to determine the overall
streng T j Ttti j
two grips, one at each end, then slowly pulling the
grips in opposite directions until the object breaks.

! 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.

or by application of heat, or by chemical meapns.
tube or tubing: see pipe.

ultrasonic examination: a nondestructive’methpd of eval-
uating or testing materials by introducing pltrasonic
waves into, through, or onto the“surface of the article
being examined and determining various atfributes of
the material from effects‘en/the ultrasonic waves. Also
known as ultrasonic testing (UT).

unlisted: see para.3-2.2.

vent: a small opehing 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
pressurerbetween the liner and the housing |caused by
permeation.

veént coupling: an accessory added to the vent hole to
efiable ducting of permeates.

virgin plastic: a plastic (polymer) material in the form of
pellets, granules, powder, floc, or liquid that has 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 view before, during, or after manu-
facture, fabrication, assembly, erection, examjnation, or
testing.

Welding Procedure Specification (WPS):
(a) formalwritten documentdescribing the process for
joining thermoplastic piping components by fugion, which
provides direction to the installer or fusiop machine
operator for making sound and quality production
fusion joints. See also Fusion Performance Qualification
(FPQ) and joining Procedure Specification (JPS).
(b) formal written document that lists the parameters
i i in alccordance
with requirements of the ASME B31 Pressure 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 to replace
lengthy phrases in the text and in the titles of standards
in Table 4-2.1-1.
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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.
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Table 1-4-1
Abbreviations

Abbreviation

Definition

ABS [Notes (1), (2)]
CPVC [Note (1)]
DR [Note (2)]
E-CTFE [Note (1)]
EFW

Acrylonitrile-butadiene-styrene
Chlorinated poly(vinyl chloride)
Dimension ratio
Ethylene-chlorotrifluoroethylene

Electrofusion welding

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

HFP
L.D.
IDR
JPS
LCL
MAOP
MAOT
MAWP|
MDPE |[Notes (1), (2)]
MOBR
MPR
MRTP{
MSOP
NPR
NPS
0.D.
PA
PA-11
PA-12
PB [Ndte (1)]
PE [Nqte (1)]
PE-RT
PEX
PFA [Note.(1)]
PP [Note—-{43

Ethylene-tetrafluoroethylene copolymer
Perfluoro(ethylene propylene) copolymer
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 thickness of pipe
Joining Procedure Specification

Lower confidence limit pressure
Maximum allowableZdperating 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

Polyamide-11

Polyamide-12

Polybutylene

Polyethylene

Polyethylene of raised temperature
Cross-linked polyethylene

Perfluoroalkoxy alkane

PQR
PQTR

PR [Note (2)]
PTFE [Note (1)]
PTFE-M

PVC [Note (1)]
PVC-0

PVDF [Note (1)]
PVDF-C

Polypropytene

Procedure Qualification Record
Performance Qualification Test Record
Pressure rating
Poly(tetrafluoroethylene)

Modified PTFE

Poly(vinyl chloride)

Oriented poly(vinyl chloride)
Poly(vinylidene fluoride)

Poly(vinylidene fluoride) copolymer

(22)
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Table 1-4-1
Abbreviations (Cont’d)

Abbreviation Definition

PVVE
RPM
RTP
RTR

SDR [Note (2)]

Perfluoroalkyl vinyl ether
Reinforced plastic mortar
Reinforced thermosetting plastic
Reinforced thermosetting resin

Standard dimension ratios

SIDR [Note (2] Standard inside diameter dimension ratio
SPIG Spigot end

WPS Welding Procedure Specification

NOTES:

(1) Abbrevi
(2) Abbrevi

htion is in accordance with ASTM D1600.
Ation is in accordance with ASTM F412.

Table 1-5-1
Status of Appendices
Appendiy Title Statys

Mandatory

I Fusing and Electrofusing of Polyamide-11 Plastic Piping; and Fusing of Polypropylene, Poly(Vinylidene Requirempnts

Fluoride), and Poly(Tetrafluoroethylene) Plastic\Liners of Lined Steel Pipe

11 Threaded Thermoplastic Connections Requirempnts

I11 Acceptance Criteria for Thermoplastic Jeints Requirempnts

v Stress Intensification Factors and Flexibility Factors Requirempnts

\ One-Piece Thermoplastic Flanges Requirempnts
Nonmandatgry

A Components for Thermoplastie’ Lap-Joint Flange Connections Guidance

B Design Requirements for'Buried Piping Guidance

C Pressure Surge From\Fluid Transient Guidance

D Multilayered Reinforced Thermoplastic Piping System(s) Operation, Maintenance, and Repair Guidance

10
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Chapter 2
Design

2-1 DESIGN CONDITIONS

2-1.1{ General

(a) | The piping capacity of many nonmetallic materials
degrafles under load with time. Therefore, the procure-
ment{documents shall specify a design life for the
piping system.

(b)|1f the mechanical properties of the nonmetallic
material under consideration vary or degrade with
time, the mechanical properties used in design shall be
consigtent 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 physical properties for thermoplastic materials are
provided in ASME NM.3.3.

2-1.2| Pressure, Temperature, and Other Loads
2-1j2.1 General

(a)| These design conditions define the pressures,
tempgratures, and various loads applicable to the
design of thermoplastic piping systems.

(b)| Piping systems shall be designed for the most
severg condition of coincident pressure, temperature,
and lpading, except as herein stated) The most severe
condition shall be that which results in the greatest
required pipe wall thickness and the highest flange rating.

2-112.2 Pressure. All pressures referred to in this Stan-
dard are expressed in‘megapascals (MPa) above atmo-
spherjic pressure [MPa (gauge)] [pounds per square
inch gauge (psig)},-uhless otherwise stated.

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

2-1.2.3 Temperature

(a) Alltemperatures referred to in thisStandprd are the
average material temperatures of the respectiv¢ materials
expressed in degrees Celsius (°C) [Fahrenheit (9F)], unless
otherwise stated.

(b) The piping should be designed for § material
temperature representing ‘the'maximum sustaiped condi-
tion of coincident temperature and pressur¢ that will
result in the greatest'wall thickness. The design tempera-
ture shall be assumed to be the same as the flui¢l tempera-
ture unless calculations or tests support the uge of other
data, in which case the design temperature shalllnotbe less
than the average of the fluid temperature and the outside
wall temperature.

(¢) Where a fluid passes through heat exchangers in
séries, the design temperature of the pipirg in each
section of the system shall conform to the mpst severe
temperature condition expected to be produ¢ed by the
heat exchangers in that section of the system

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

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

(1) The pipe material shall not be used at § tempera-
ture below the manufacturer’s minimum tegmperature
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 contact
the material manufacturer to determine the maximum
temperature limit.

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.

(ru} Cuuliuy Effcuﬁb omPressure—Wherethe Looling of a
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.
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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 inclyde consideration of these pressure increases.
Nonmandptory Appendix C provides guidance on the
design fof pressure surges. The designer should be
aware that propagation of pressure waves is only one
example df 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 metejorological data may be used to define or refine
the desigr] wind forces. Where local jurisdictional rules
covering the design of building structures are in effect
and specify wind loadings for piping, these values shall
be considered the minimum design values. Wind and
earthquake loads may be considered as not acting concur-
rently.

(c) Earthquake (Seismic) Loads. The effect of earth-
quakes shall be considered in the design of piping,
piping supports, and restraints. The earthquake loads
may be ag defined in ASCE/SEI 7, or authoritative local
seismologjcal data may be used to define or refine the
design eafrthquake forces and building displacement
effects as ppplicable to the seismic design requirements
of the loca] building codes. Where local jurisdictionalrules
covering the design of building structures are in effect and
specify earthquake (seismic) loadings for piping, these
values shall be considered the minimumdesign values.
Earthqudke (seismic) inertial effegts and anchor
motion effects shall be considered where required by
local buildling codes. Earthquake)and wind loads may
be consid¢red 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
combined with leads and forces from other causes
shall be taken~into account in the design of piping.
When susgtained loads on the pipe are evaluated, the

contraction shall be provided for, preferably by
elbows, offsets, or changes in direction of the)pifjeline.
Hangers and supports shall permit expansionand coptrac-
tion of the piping between anchors. Expansion joinfs and
flexibility devices may be used if approved by the qwner.

2-1.2.8 Building Settlement Effects. Building settle-
ment displacements shall be cofisidered to account for
the fact that further settlement of buildings may|occur
following initial construetien. If the actual amopint of
building settlement is unknown, then the total calcplated
vertical displacements-shall be used.

2-2 DESIGN<CRITERIA
2-2.1 General

Thése criteria cover pressure-temperature ratings for
standard and specially designed components, allowable
stresses, stress limits, and various allowances|to be
used in the design of piping and piping components.

2-2.2 Pressure-Temperature Ratings for Pip
Components

ing

2-2.2.1 Components Having Specific Ratings

(a) Pressure-temperature ratings for certain piping
components have been established and are confained
in some of the specifications listed in Table 4-2.1-1.
Where piping components have established pregsure-
temperature limits permitted by this Standarg, the
pressure-temperature ratings between those estabjished
limits and the upper material temperature limits npay be
determined in accordance with the requirements ¢f this
Standard, but such extensions are subject to restrictjons, if
any, imposed by the standards listed in Table 4-2{1-1.

(b) Standard components may not be used at ¢ondi-

tions of pressure and temperature that excedd 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) Testor Cleaning 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

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

based on

ress limits

paras.2-31 and 2-3.2 and other applicable requirements T o TR =T . T
b R values for thermoplastic pipe materials are
of this Standard for design conditions involved. . : p p1p . .
(d)|Where components other than those discussed in time duration and temperature and are provided in
p . . . ASME NM.3.3. The basis for the allowable st
(a) through (c), such as pipe or fittings not assigned pres- s also eiven in ASME NM.3.3
sure-femperature ratings in an American National Stan- & o
dard,| are used, the manufacturer’s recommended 2-2.3.2 Service Factors for Different App

pressiire-temperature ratings shall not be exceeded.

2-212.3 Ratings: Normal Operation. A piping system
shall pe considered safe for operation if the maximum
sustajned operating pressure and temperature that
may act on any part or component of the system do
not ekceed the maximum pressure and temperature
allow¢d by this Standard for that particular component.
The design pressure and temperature shall not exceed the
presstire-temperature rating for the particular compo-
nent and material as defined in the applicable specification
listed|in Table 4-2.1-1.

2-2.2.4 Ratings: Allowance for Variation From
Normal Operation

(a) | The maximum internal pressure and temperature
allowed shall include considerations for occasignal loads
and tijansients of pressure and temperature: Sifice varia-
tions |n pressure and temperature inevitably occur, the
piping system, except as limited by component standards
referried to in para. 2-2.2.1 or by manufacturers of compo-
nents(referred to in para. 2-2.2.2, shall be considered safe
for ogcasional short operating periods at higher than
desigh pressure or temperature. For such variation,
either pressure or temperature, or both, may exceed
the d¢sign values, provided the computed stress (hoop
or axfial) does notlexceed the maximum allowable
stress| from ASME-NM.3.3 for the coincident temperature
for the transient’conditions by
(1) 10%1ifthe eventduration occurs for nomore than
8 h aff dfyrone time and not more than 800 h/yr

lications.
The allowable stress values listed in ASME INM.3.3 for
each material are based ongéeneral industrial applications
that use water as a working'fluid. Other service factors are
provided for other fluids. Where certain indystries are
governed by fedekal'or local regulations that require
the use of lower-values for the design fadtors than
those used imASME NM.3.3, the allowable stress values
from ASME NM.3.3 shall be multiplied by thje ratio of
the required service factor over the service factor used
in ASME NM.3.3, as follows:

service factorgpeific 22-1)

Sspecific = S
specific NM.3.3 design factorNM 33

where

the service factor used in development of the
ASME NM.3.3 S values

Snmsz = S value given in ASME NM.3.3, MPa (psi)
= S value to be used in design, MPa (psi)

design factorym sz =

Sspecific

service factorgpecific = the service factor to be used in|design
This requirement applies only to the S values| not to the
Savalues, where S, is the secondary stress allowmable range
as found in NM.3.3, Table 1-1-3:
§= Sspeciﬁc(EF) (2-2-2)
where
EF = environmental derating factor based
material interaction effects; EF < 1.0

on fluid-

(2)~20% if The event duration occurs for Not More
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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2-2.3.3 Limits for Sustained and Displacement
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,
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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 material allowable stress_S_in the hot condition

ATy = 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

Where th[e material has different properties in the
axial and hoop directions, the allowable stress, S, shall
be that applicable to the axial direction. The longitudinal
pressure 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

S, = (2-2-3)
I 4t,
2
5, = —22 (2-2-4)
T 22
where
D = outside diameter, mm (in.)

d = in§ide diameter, mm (in.)
P = infernal pressure, MPa (psig)
t, = nominal thickness, mm (in.)

(4) Cpbmbined Longitudinal Stress. The sum of the lon*
gitudinal ptresses produced by external pressuref live
loads, dead loads, and other sustained loads shall*meet
the requirements of para. 2-3.3.1.1.

(b) Displacement Limited Stress Range. The calculated
reference displacement stress range, per_para. 2-3.3.1.3,
shall not ekceed the allowable stress. range, Sy, as given in
ASME NMB.3 based on the fatigue-properties for the given
material gt the given temperature. S, shall be selected
based on|the total numberiof temperature cycles or
the number of equivalent reference displacement
stress range cycles, N, (@s)determined below:

(1) HDPE

temperature change, ATy, ATy, ATy, ..., ATy:
N=Ng+N+N+...+N, (2-2-6)
2-2.3.4 Limits of Calculated Stresses Due.t0,0cca-

sional Loads

(a) During Operation. The sum of the longitudinal
stresses produced by internal presstixe, live and dead
loads, other sustained loads, and«eccasional loadg§ shall
meet the requirements of para¢2-3.3.1.2.

(b) During Test. During pressure tests performed in
accordance with section”6-3, the circumfer¢ntial
(hoop) stress shall not exceed 150% of the allowable
stress value given in ASME NM.3.3 at test temperfature.
In addition, the sum of longitudinal stresses due fo test
pressure, livesand dead loads, and sustained loads at
the time of test, excluding occasional loads, shqll not
exceed 120% of the allowable stress value giyen in
ASME NM.3.3 at test temperature.

If'ahy piping system or portion thereof is subjegted to
pressure or stress levels beyond these limits during the
pressure testing, it shall be removed and replaced.

2-2.4 Design Allowances

2-2.4.1 Corrosion or Erosion. When corrosion or
erosion is expected to occur, an increase in wall thigkness
of the piping shall be provided over that required by| other
design requirements. This allowance, in the judgmlent of
the designer, shall be consistent with the expected|life of
the piping.

d for
with

2-2.4.2 Threading. The allowances require
threading shall be determined in accordance
Mandatory Appendix II.

2-2.4.3 Mechanical Strength. Where enhancement of
mechanical strength is necessary to prevent damage,

\ T 5.0 AT 5.0 collapse, excessive sag, or buckling of pipe due to uper-
N = Npg+ NI[ATI) + NZ(ATZ] + ... imposed loads, the wall thickness of the pipe shofild be
B E (2-2-5) increased. If this is impractical or would cause excpssive
AT VY local stresses, then the superimposed loads shall be
+ N"(AT;) 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, ATy, ..., AT,
Ng = number of cycles at maximum
temperature change ATy
ATy, AT,, .., AT, = the lower temperature changes

experienced by the pipe, °C (°F)

14
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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, but notlimited to, those loadings and conditions
defindd in sections 2-1 and 2-2.

2-3.2| Pressure Design of Components
2-3{2.1 Straight Pipe
2r-3.2.1.1 Straight Pipe Under Internal Pressure

(a)[ The minimum required wall thickness, t.;,, of
straight pipe sections for pressure design shall be deter-
mined by the following:

(1) For 0.D.-controlled pipe

PpD
bin = —2— + A (2-3-1)
28 + Pp
(£) For L.D.-controlled pipe
Ppd + 2SA + P
toin = —2 pA (2-3-2)
28 — Pp
wherg
A |= anallowance to be determined by the-designer for
threading, grooving, erosion, or other wall loss
mechanisms, mm (in.)
D |= specified or actual outside {diameter, mm (in.)
d [ specified or actual insidé_diameter, mm (in.)
Pp |= design pressure, MPa((psig)
S [ maximum allowable stress from ASME NM.3.3,

Table 1-1-1, MPa\(psi)

When the pip€is subjected to scratches, dents, or
other

(b)

cycfpmc

2-3.2.1.3 Allowable Pressure Dug)to|Pressure
Spikes. For straight pipe made of HDPE, the sum of
the maximum anticipated operating pressurg plus the
maximum anticipated occasionalypressure spikes shall
be not greater than 1.5Pp. The maximum permi{tted dura-
tion of the pressure spike is/A5 min, and the total duration
of the pressure spikes shall*be less than 20 hf/yr.

2-3.2.2 Joints or Fittings. This paragraph prjovides the
designrequirements and limitations for joints of fittings in
thermoplastic piping systems.
(a) GeneralRequirements for All Thermoplastics

(1) See Chapter 5 for allowable joining miethods for
each type. of listed thermoplastic.

(2)” The piping components permitted in gection 2-3
shallbe designed to withstand a pressure greater than or
equal to the design pressure of the attached pipe.

(3) See Mandatory Appendix II for requirgments on
threaded thermoplastic connections.

(4) See Mandatory Appendix III for a
criteria for thermoplastic joints.

(5) See Mandatory Appendix V and Nonmandatory
Appendix A for requirements and information gn thermo-
plastic flanges and flange connections.

(b) Requirements Specific to HDPE. Pipg fittings,
including electrofusion fittings, shall be designed to with-
stand a pressure greater than or equal to the d¢sign 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 calgulation:

fceptance

damage during construction, the remaining pipe PR = GSR( 28 ) > Pp, (2-3-5a)
wall thickness shall be greater than or equal to tyin DR -1
plus gny eresion or other required allowance. ] ) )
Themaximum allowable working pressure, P, shall where GSR is the geometric shape rating factor per
be determined—-as—follows: Table 2-3.2.2-1 and DR is the dimensional ratio (D/t).

(1) For 0.D.-controlled pipe

_ s —4A) (2-3-3)

" D-(t-A)

(2) For L.D.-controlled pipe
28(t — A) _28(t = A) (2-3-4)

a

TAd_(—A)+2 drA+t

15

(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.

(22)
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Table 2-3.2.2-1
Geometric Shape Rating (GSR) for
HDPE Fittings

Fitting Description GSR [Note (1)]

(1) The PR of the fitting shall be determined by
testing or by the following calculation:

2
PR=(—S)2PD
DR — 1

(2) Pressure ratings for concentric conical mono-
lithic reducers shall be based on the maximum DR. In
a reducer, the wall thickness will vary from the greatest
diameter to the smallest diameter. Since the DR is the ratio

(2-3-5b)

Straight pipe 1.0

Molded flange adapters 1.0

Machined flange adapters 1.0

Molded fittings 1.0

Concentric conical monolithic reducer 1.0
(machinegl or molded) [Note (2)]

Thrust collat (machined or molded) 1.0

Fabricated tee equal outlet (two DR less 0.65
than pipe) DR 5 to DR 9

Mitered elbpws [Note (3)] (one to five 0.80
segments] DR 5.6 to DR 9

Mitered elb¢ws [Notes (1), (3)] 0.75

(one to fiye segments) DR 9.5 to
DR 13.5 (kegments <22.5-deg
directiondl changes per fusion)

NOTES:

(1) Alternatively, the GSR factor may be determined by dividing the
pressurg rating determined by calculation or testing by the pres-
sure ratiing of the pipe used to make the fitting.

(2) Pressurg ratings for concentric conical monolithic reducers shall
be basefl on the minimum dimensional ratio (DR). In a reducer,
the wal| thickness will vary from the greatest diameter to the
smallesy diameter. Since the DR is the ratio of the diameter to
the mipimum wall thickness, the pressure rating of the
reducer| shall be based on the section of the reducer with the
highest DR (lowest pressure rating).

(3) Pressurg ratings for all mitered fittings shall be determined using
eq. (2-3r5a) with an appropriate GSR factor. The equatién has
values suitable for HDPE mitered elbows. Alternatively, the
manufacturer’s pressure ratings may be used: if they are
backed py test data.

(c) Reqyiirements Specific to PEX)Fittings for pipe shall
be designed in accordance‘wjith ASME SF-2829/SF-
2829M, exfcept for electrofuision fittings, which shall be
designed|in accordapceiwith ASTM F3373. Fittings
shall withptand a pressure greater than or equal to the
design prégssure, Ppy of the attached PEX pipe.

(1) The PR-of the fitting shall be determined
according|to-€q/ (2-3-5Db).

(2) Fnrfnry hot-bent elbows (i e sweep n]hn\/\rc) are

of theditanreterto-the i watt Lhil,klll:‘bb, tirg pres-
sure rating of the reducer shall be based on the-section of
the reducer with the highest DR (i.e., the lowest'pressure
rating).
(3) PA-12 butt-fusion joining shall be befween
components (pipes, fittings, or valves) having the| same
DR. This requirement shall be identified on the design
and fabrication drawings.
(4) Fabricated and-mitered fittings arp not
permitted.
(e) Materials Other~Than HDPE, PEX, and RA-12.
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 molded fittings made in complliance
with referenced specifications. Alternatively, the manu-
facturer’s ‘pressure rating may be used if it is bpcked
by test\data. The pressure rating for other thermoplastic
piping components shall be determined by testing|or by
the following calculation:

PR = DF(L) > Pp (p-3-5¢)

D/t—-1

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.,anch/0.D.run shall Be less
than 0.6 per Mandatory Appendix IV, Table IV-1.

(b) PA-12. Molded intersections conforming to |JASME
SF-1733 may be used. Electrofusion saddle fiftings
conformingto ASME SF-2767 may be used. PA-12 m¢chan-
ical saddle fittings conforming to ASME SF-2145 nmay be
used.

(c) Materials Other Than HDPE and PA-12. Mplded
intersections may be used. Fabricated intersﬁtions

permitted and shall meet the requirements of ASME SF-
2829/SF-2829M.

(3) Fabricated and mitered fittings are not
permitted.

(d) Requirements Specific to PA-12. Butt-fusion fittings
shall be designed in accordance with ASME SF-1733. Elec-
trofusion fittings shall be designed in accordance with
ASME SF-2767. Fittings shall withstand a pressure
greater than or equal to the design pressure, Pp, of the
attached PA-12 pipe.

may be used if their use is backed by test data.

2-3.2.4 Design of Mitered ELbows. For mitered elbows
made of HDPE, the following requirements apply:

(a) The design pressure rating of the mitered elbow,
P,,, shall be calculated as the lesser of eqs. (2-3-6) and
(2-3-7) (see Figure 2-3.2.2-1) or as determined by
testing per para. 2-3.2.2(b)(1):

(22)
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Figure 2-3.2.2-1
Nomenclature for 90-deg Mitered Elbows

felbow |

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

GENERAL NOTE: ag, = 22.5 deg max.; 6 = angle of miter cut, deg. See para. 2-3.2.4/for\definitions of other terms.

NOTES]

(1) Thiis design has a reduced 1.D. A thicker wall pipe shall be used for reinforcement.

|
I
(b) Constant I.D,, Five-Segment, Reinforced
Mitered Elbow [Note (2)]

(2) This design has approximately the same I.D. as the pipe connecting to this fitting. An oversize pipe shall be used for the fabricat¢d segments.

p = Stelbow telbow (23-6)
" ry telbow T 0.622 tan eﬂltelbowrl
or
B, = Stelbow[ Ry —n ] (2-3-7)

r Rl + 0.51‘2

wherg¢ P,, shall be greater thah er equal to Pp and

R, = centerline radius of mitered elbow, mm (in.);
see Figure 2+3:2,2-1, illustrations (a) and (b)
I, = radius of eurvature at the end of a tapered
transition joint, mm (in.)

tepw = Minimum (mitered segment) wall thickness
for\fabricated elbows, mm (in.)

(b) | Alternatively, the pressure rating for HDPE mitered

mavhbadaotarmin adbyuta acnyravid SME

I.D., or by reducing the pipe 1.D. while maintpining the
pipeline 0.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 has 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
Qe in Figure 2-3.2.4-1) shall not require redesign consid-
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 6in Mandatory AppendixIV,|Table V-1
shall not be more than 22.5 deg.
(2) The centerline distance shall be in accordance
with Mandatory Appendix 1V, Table IV-1.

flttll’l c a cHing adinA
gsay-Be-aeternea sy teSsangasprovae et oMy

SF-2206.

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

(d) The minimum fabricated wall thickness of the
monolithic reinforced sections of the mitered elbow
shall be >1.25t,,;, of the attached straight pipe. The addi-
tional monolithic wall thickness shall be provided by
enlarging the pipe 0.D. while maintaining the pipeline

(3] The segments of the n miter bends shall be joined
by butt-fusion joints.

2-3.2.5 Attachments

(a) External and internal attachments to piping shall be
designed so as not to cause flattening of the pipe, excessive
localized bending stresses, or harmful thermal gradients
in the pipe wall.


https://asmenormdoc.com/api2/?name=ASME NM.1 2022.pdf

(22)

ASME NM.1-2022

Table 2-3.2.2-2
Design Factor (DF)

Fitting Description DF Reference Specification

PVC Schedule 40

Straight pipe 1.0 ASME SD-1785

Molded fittings, solvent weld 0.6 ASME SD-2466

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

Straight pipe 1.0 ASME SD-T1785

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, solvent weld 0.6 ASME SF-438
CPVC Schedule 80

Straight pipe 1.0 ASME-SF-441

Molded fjttings, solvent weld 0.6 ASME'SF-439

Molded fjttings, threaded 0.5 ASME SF-437
PEX Pressure Piping Components

Straight pipe 1.0 ASME SF-2788/SF-2788M, ASME SF}2818,

Elbows, factory hot bent (sweep)

Molded fjttings, electrofusion

PA-12 Prespure Piping Components
Straight pipe
Molded fjttings, butt fusion
Molded fjttings, electrofusion
Mechanidal fittings, molded

ABS Pressure Piping Components
Straight pipe
Molded fjttings, solvent weld
Molded fjttings, threaded

ASME SF-2905/SF-2905M, ASTM FB76,
ASTM F877, ASTM F2929

1.0 ASME SF-2829/SF-2829M
1.0 ASTM F3373

1.0 ASME SF-2785, ASTM F3524
1.0 ASME SF-1733

1.0 ASME SF-2767

1.0 ASME SF-2145

1.0 ASTM F2806, ASTM F2969
0.6 ASTM D2235

0.5 ASTM F1498

(b) Such attachments'shall be designed to minimize
stress cqncentrations in applications where the
number df stressieycles, due to either pressure or
thermal effects, s relatively high for the expected life
of the equipment.

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

2-3.2.7 Pressure Design of Flanges and Blanks
(a) Flanges — General. See Mandatory Appendix|V and

2-3.2.6 Closures

(a) General. Closures shall be made by use of closure
fittings, such as threaded or bonded plugs and caps,
manufactured in accordance with standards listed in
Table 4-2.1-1, and used within the specified pressure-
temperature ratings.

(b) Openings in Closures

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

Nonmandatory Appendix A.
(b) Blind Flanges. Blind flanges shall be made of mate-
rials per ASME B16.5.

2-3.3 Analysis of Piping Components

(a) To validate a design under the rules in this para-
graph, the complete piping system shall be evaluated
between anchors for the effects of thermal expansion,
weight, other sustained loads, and other occasional loads.
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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 1.034 (150) ASME SF-1970

Molded wyes 1.034 (150) ASME SF¢1970
CPVC Schedule 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 Pyessure Piping Components

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

(b)
in thig
apply

(c)
expan
CIroSSA

2-3

2
nal sti
bend

eq. (2

Each component in the system shall meet the limits
paragraph. Equations (2-3-8) and (2-3-9) may-not
for bellows and expansion joints.

When evaluating piping stresses in the.viCinity of
sion joints, consideration shall be given to actual
sectional areas that exist at the éxpdnsion joint.

3.1 Aboveground Pipe

-3.3.1.1 Stress Due to Sustained Loads. Longitudi-
esses, Sy, in the pipe catised by applied pressure and
ng loads in thermoplastic pipe shall satisfy
-3-8):

M
S8y, + 0.751'7/* < 1.0S (2-3-8)

wherég
i

= stress intensification factor (cpp Mnnr]nfnry

2-3.3.1.2 Stress Due to Occasional Loads

(a) Longitudinal stresses, S;, in the pipe
applied pressure and occasional bending loads
plastic pipe shall satisfy eq. (2-3-9):

M M,
St =S + 0.751‘7“‘ + 0.751'73 <ks

where
k = 1.0fordesignloadsandanyloadsoccu
than 8 h at any one time and more tha
= 1.1 if the event duration occurs for no

caused by
n thermo-

(2-3-9)

rring more
n 800 h/yr
more than

8 h at any one time and not more thap 800 h/yr

= 1.2 ifthe event duration occurs for not
1 h atany one time and not more than
the case of multiple possible kvalues, t
k value shall apply.
Mp = resultant bending moment due to

more than
BO h/yr.In
he limiting

ccasional

My

Appendix IV)

= resultant bending moment due to the applicable
applied sustained load

= basic allowable stress, MPa (psi), given in ASME
NM.3.3 for long-term load duration at the design
temperature

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

= section modulus (see para. 2-3.3.3)

19

loads

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

differs from that for the occasional loads,
Miner’s rule summation shall be used:

then the
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Figure 2-3.2.4-1
Tapered Transition Joint
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Figure 2-3.2.4-1
Tapered Transition Joint (Cont’d)
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frost heave, soil settlement, and earthquake loads, as ap-
plicable.

(Slp + 0751’%) <0.75i%) (b) An acceptable method for the design of buried pipe
+.o+|—|+...Zk is provided in Nonmandatory Appendix B.
S@r) 5(8)
2-3.3.3 Determination of Section Modulus
(2-3-10) (a) For intersections, the section modulus used to
determine stresses shall be the effective section modulus.
where (1) For the run pipe
Sp) = IS value, MPa (psi), from ASME NM.3.3 at the n(Dy, — d;7) (1-3-13)
duration of the occasional load, My - W
Sar = IS value, MPa (psi), from ASME NM.3.3 at the
duration of the sustained load, M, where
d, = inside diameter of header,«mim’ (in.)
2-3.3]1.3 Stress Due to Displacement and Thermal D,;, = outside diameter of header; mm (in.)
Expansion| Load Ranges
(a) Cyclic secondary longitudinal loads shall include, (2) For the branch pipe
but are nqt limited to, the effects of thermal expansion, n(D4b N df)
o . . . . _ Mo (2-3-14)
seismic arjchor motions [if not included in eq. (2-3-9)], = D
and vibratjions. ob
(b) Thq bending stresses in the thermoplastic pipe where
caused by applied cyclic secondary loads shall satisfy d, = inside’diameter of the branch pipe, mm [in.)
eq. (2-3-1f1): D,, = qutside diameter of the branch pipe, mm (in.)
M s, (2-3-11)
z (b).\For components and joints other than interse¢tions,
the'section modulus used to determine stresses shall be
where thee classic section modulus:
M. = range of resultant cyclic secondary moment load o1
oh the cross section, if any zZ == (2-3-15)
S4 = allowable fatigue stress, MPa (psi), from ASME D
NM.3.3 at the given temperature and-for-the 2-4 OTHER DESIGN CONSIDERATIONS
given number of equivalent cycles as determined
in} para. 2-2.3.3(b) 2-4.1 Design of Pipe Support Elements
2-3.3{1.4 Stress Due to Nonrepeated Secondary Pipe support elements (e.g., anchors, guide§, and
Loads supports) shall be selected and applied to comply with
. - the principles and requirements of this section.
(a) Noncyclic secondary dengitudinal loads shall
include, bit are not limited.to)the effects of nonrepeated 2-4.1.1 General
anchor mgtions and ground settlement. (a) Thermoplastic piping shall be supported, ghided,
(b) The bending stresses in the thermoplastic pipe  anq anchored in such a manner as to prevent dmage
caused byl|applied noncyclic secondary axial and longitu- to the piping.
dinal loadp shall meet eq. (2-3-12): (b) Point loads and narrow areas of contact befween
iMp <28 (2-3-12) piping and supports shall be avoided. Vertical sypport
7z —h clamps should distribute the load over a onejpipe-
diameter length along the pipe axis.
where (c) Pipe support elements shall be designed to avoid
Mp = noncyclic secondary resultant moment loading  pinpoint stresses, since thermoplastic piping is less

on the cross section

2-3.3.2 Buried Pipe

(a) The design loads for buried piping systems shall
include, but are not limited to, soil loads, wheel loads,
other surcharge loads, external pressure loads, negative
pressure loads, groundwater pressure, flotation loads,

22

rigid than metallic pipes.

(d) Local stresses at points of support, including
clamping forces, shall be considered. Pipe clamps shall
not be tightened to compress the pipe or rely on pipe
compression to support the pipe. Clamps or guides
shall not contain rough edges or sharp edges that

(22)
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Figure 2-4.1.1-1
U-Bolt Used as a Guide

N
Gap
Shield
[—1—— Pipe
{ \ 4 3\
| L/ J
—>| <—Gap Gap —5\ |~

Structural steel

contagt the pipe and shall not bind the pipe froni\axial
movement.

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

(f) Where pipe support elements(coritact the pipe, the
load ghall be distributed over the pipe using sleeves,
wrapg, etc. U-bolts should not bé used in applications
wher¢ the U-bolt is tightened against the pipe. U-bolts
may be used as pipe support guides where the U-bolt
is attpched to struetural steel with nuts above and
below the flange ©fythe support steel and the pipe is
prote¢ted by a,metal or substantial plastic shield to dis-
tributp the loads-as illustrated in Figure 2-4.1.1-1. The U-
bolt ID. dimeénsion shall be specified by the designer to
provige for a gap dimension to be determined by the

(h) Valves and equipment that would transmit exces-
sive loads to the piping shall be independently supported
to prevent such loads.

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

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

(k) Standard support components shall be njade to the
requirements of MSS-SP-58 but with consideration of
items (b) through (e).

(1) Auxiliary support steel components used fo transfer
pipe loads into adjacent structural framing shall be
designed to the requirements of AISC Steel Copnstruction
Manual. Auxiliary support components may He made of
nonsteel materials that are designed to nationplly recog-
nized construction standards for the given materials.

desigirerfapproximmatetya5=im—{3=mmmgap tstypicat]
on three sides of the pipe and shield combination.

(g) Due to the high thermal expansion and contraction
properties of thermoplastic materials, thermoplastic
piping can move considerably more than metallic pipes.

(1) These movements shall not be restricted in a
manner that will cause excessive pipe stresses.

(2) Anchors and guides may be used to direct the
pipe to expand and contract into portions of the
system that are designed to absorb them.

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.
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(c) Anchors should be carefully placed so as not to

excessivel

y decrease the piping system’s flexibility or

ability to absorb expansion movement due to temperature

variation.

2-4.13

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

i
5= A_ < 08Sh

S

where

(2-4-1)

Ag = shear area of the thrust collar at the interface at

the surface of the pipe, mm? (in.?)

F; = axial force due to the maximum of simultaneously
occurring applied loads, N (Ib)

T; = shear stress in the interface of the thrust collar
and the pipe due to the applied primary loads,

unrestrair

(b) Met
materials
damage td

2-4.1.4

(a) Sup
deformati
design lifd

(b) Wh
consider t

eddirection:

al guides, if used, shall be lined with suitable
(wear resistant and/or flexible) to prevent
the pipe surface.

Supports

ports shall be spaced to limit excessive sag or
bn at the design temperature and within the
of the piping system.

en determining pipe support requirements,
he following:

(1) the effects of decreases in the modulus of elas-

ticity with
2) c

(c) The
considere
(d) Wh
such as sh|
Frictional
considere
ommende

2-4.15

(a) The
primary 1d

increasing temperature

eep effects of the pipe material with time
thermal expansion of the piping system shall be
|l in the design and location of supports.

bre axial restraint is required, positive stops,
ear collars, shall be provided as axial restraint.
forces from clamping pressure shall not be
I an anchor mechanism unless specifically rec-
1 by the manufacturer.

Thrust Collars for HDPE

shear stress in the thrust collar due toapplied
ads shall satisfy eq. (2-4-1):

MPa (psi)

(b) If other bonded or welded attachments-to pi
used, the design shall consider pipe wall bending st

pe are
fesses

due to eccentricity of the loads from the'restraint points on

the pipe, in addition to shear stresses.

2-4.2 Moduli of Elasticity.

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

(b) The mechanical properties of some material
depending en'the duration of the applied load. Thig
based variation shall be considered in the design to
that themechanical properties of the chosen materig
givenanalysis are consistent with the anticipate
duration.

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

(2) For seismic loads on HDPE piping, the mo
elasticity from ASME NM.3.3 based on half-hour dur
shall be increased by 25% (see ASME PVP2012-7

ysis of
ASME
, and,

5 vary
load-
nsure
Ifora
i load

ermal
it with
nsion

Huli of
htions
777).
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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
torequirements 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:
(I) Thematerials arereferenced 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-
menty of ASME NM.3.3, Mandatory Appendix.JID for the
listing of new thermoplastic materials.
(c) [thermoplastic materials for pressure pipe
[) polyolefin: PE, PP, PEX
P) vinyl: PVC, CPVC
B) fluorinated: PVDF
1) polyamide: PA-11, PA-12
b) ABS
thermoplastic materials for linings
[) polyolefin: PE;-PP
P) fluorinated: PVDF, PTFE, FEP, PFA, ETFE, E-CTFE

~~ =~ o~~~ —~

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 manufdctiire, ajnd quality
control.

(e) Unlisted materials shall be qualified fpr service
within a stated range of minimuntand maximum tempera-
ture and pressure base@d/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 thickness 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 prefsure pipe
shall not be used at a design temperature pbove the
maximum temperature at which the allowable 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.

26
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Chapter 4
Standards for Piping Components

4-1 (
(@)

comp
one o
NM.3.

(b)
piping
comp
4-2.14
and o

ENERAL

Standard Piping Components. Standard piping
bnents are piping components that comply with
I 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|
docurn
and s
nentg
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 explicitlylisted 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 thredghout the text of
tandard, the approved-editions are shown in

Table 4-2.1-1. Additional ASTM standardsya
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 additienal 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
Suite 825, Irving, TX 75062 (www.plasticpj

Hopted by
be added

ions from
htions can

erenced in

tile Elastic
at Seismic
ikholds, in
re, Volume

Engineers
016-5990

spections,

ng of High
. Owner’s
[hecklists

ker Court,

pe.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/SEI 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. 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 4 Through NPS 24 Metric/Inch Standard
ASME B16.9 Factory-Made Wrought Buttwelding Fittings
ASME B16.1 Forged Fittings, Socket-Welding and Threaded
ASME B16.4] 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 Stahdard
ASME B18.2.1L Square, Hex, Heavy Hex, and Askew Head Bolts and Hex, Heavy Hex, Hex Flange, Lobed Head, and Lag Screws
(Inch Series)
ASME B18.2.p Nuts for General Applications: Machine Screw Nuts, Hex, Square;"Hex Flange, and Coupling Nuts (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 Pipelines
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\H, Materials, Part D — Properties
Section' 111, Rules for Construction of Nuclear Facility Components
Segtion V, Nondestructive Examination
Section 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 D159 Stamdard-Test Method-for-Fime-to-Faiture of Plastic Pipe trder ComstarmttmtermatPressure
ASTM D1599 Standard Test Method for Resistance to Short-Time Hydraulic Pressure of Plastic Pipe, Tubing, and 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
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Table 4-2.1-1
Specifications and Standards (Cont’d)

Designator Title
General Standards (Cont’d)

ASTM D2837 Standard Test Method for Obtaining Hydrostatic Design Basis for Thermoplastic Pipe Materials or Pressure
Design Basis for Thermoplastic Pipe Products

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
Muffle-Furnace Technique

ASTM 476 Standard-SpecifieationforPerformanee-of-Gasketed-Mechanteal-Couphingsfor Yse-nPiping Applications

ASTM K1548 Standard Specification for Performance of Fittings for Use With Gasketed Mechanical-Couglings Used in
Piping Applications

ASTM {1668 Standard Guide for Construction Procedures for Buried Plastic Pipe

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

AWS G1.10 Guide for the Evaluation of Thermoplastic Welds

AWS Qf1 Standard for Certification of Welding Inspectors

AWWA|C207 Steel Pipe Flanges for Waterworks Service, Sizes 4 in. Through 444 in. (100 mm Througlf 3,600 mm)

CSA Z6p2 0il and Gas Pipeline Systems

DIN 25p1 PN16 Plate Flange

DNV-RE-0501 Managing sand production and erosion

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

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

DVS 2207-6 Welding of thermoplastics — Non-contact heated tool butt welding of pipes, pipeline conjponents and
sheets — Methods, equipment, parameters

DVS 22p7-11 Welding of thermoplastic materials << Heated element welding of pipes, piping parts and pangls made of PP

DVS 22p7-15 Welding of thermoplastics — Hedted tool welding of pipes, piping 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 22[12-1 Qualification testing.of plastic welders — Qualification Test Groups I and II

EN 1092-1:2002 Flanges and their joints — Circular flanges for pipes, 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
sflecimens

EN 130[67:2003 Plastics welding personnel — Qualification testing of welders — Thermoplastics welded $ssemblies

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

ISO 161/1:1978 Thermoplastic pipes for the transport of fluids — Nominal outside diameters and nominal prefsures — Part
1: Metric series

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
Strength (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 D1527 Standard Specification for Acrylonitrile-Butadiene-Styrene (ABS) Plastic Pipe, Schedules 40 and 80

ASTM D2235 Standard Specification for Solvent Cement for Acrylonitrile-Butadiene-Styrene (ABS) Plastic Pipe and
Fittings

ASTM D2282 Standard Specification for Acrylonitrile-Butadiene-Styrene (ABS) Plastic Pipe

ASTM D2468 Standard Specification for Acrylonitrile-Butadiene-Styrene (ABS) Plastic Pipe Fittings, Schedule 40

ASTM D3965 Standard Classification System and Basis for Specifications for Rigid Acrylonitrile-Butadiene-Styrene (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
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Table 4-2.1-1
Specifications and Standards (Cont’d)

Designator

Title

CPVC Standards

ASME SD-1784

ASME SD-2846/SD-2846M

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

ASME SF-437 Specification for Socket-Type Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Pipe Fittings, Schedule 40
ASME SF-438 Specification for Threaded Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Pipe Fittings, Schedule 80
ASME SF-43 Specification for Chlorinated Poly(Vinyl Chloride] (CPVC] Plastic Pipe Fittings, schedule 80

ASME SF-441/SF-441M
ASME SF-442 /SF-442M
ASME SF-1970

Specification for Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Pipe, Schedules 40 and 80
Specification for Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Pipe (SDR-PR)

Specification for Special Engineered Fittings, Appurtenances or Valves for Use in Poly(VinylChlorid¢) (PVC)
or Chlorinated Poly(Vinyl Chloride) (CPVC) Systems

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

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

PE Standards

API 15LE Specification for Polyethylene Line Pipe (PE)

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

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 Pipe

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

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

ASME SD-3035 Specification for Polyethylene (PE) Plastie-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-49f6 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-1045 Specification for-Electrofusion Type Polyethylene Fittings for Outside Diameter Controlled Polydthylene

ASME SF-1924
ASME SF-22(6

ASME SF-2619/SF-2619M

and Cross-Linked Polyethylene (PEX) Plastic Pipe and Tubing

Specificationt for Plastic Mechanical Fittings for Use on Outside Diameter Controlled Polyethylepe Gas
Distribution Pipe and Tubing

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

Specification for High-Density Polyethylene (PE) Line Pipe

ASME SF-2880 Specification for Lap-Joint Type Flange Adapters for Polyethylene Pressure Pipe in Nominal Pipe Sizes ¥, in.
to 65 in.

ASTM F1290 Standard Practice for Electrofusion Joining Polyolefin Pipe and Fittings

ASTM F2164 Standard Practice for Field Leak Testing of Polyethylene (PE) and Crosslinked Polyethylene (PEX) Hressure
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 Tensile}Impact
Method

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

AWWA C901 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 mm), for
Waterworks

AWWA M55 PE Pipe — Design and Installation

ISO 13953:2001

PPI MAB-01
PPI MAB-02
PPI TN-38

Polyethylene (PE) pipes and fittings — Determination of the tensile strength and failure mode of test pieces
from a butt-fused joint

Generic Electrofusion Procedure for Field Joining of 12 Inch and Smaller Polyethylene (PE) Pipe
Generic Electrofusion Procedure for Field Joining of 14 Inch to 30 Inch Polyethylene (PE) Pipe
Bolt Torque for Polyethylene Flanged Joints
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Table 4-2.1-1
Specifications and Standards (Cont’d)

Designator

Title

PE Standards (Cont’d)

PPI TR-33

Generic Butt Fusion Joining Procedure for Field Joining of Polyethylene Pipe

PEX Standards

ASME SF-1055

ASME SF-2788/SF-2788M

Specification for Electrofusion Type Polyethylene Fittings for Outside Diameter Controlled
and Crosslinked Polyethylene (PEX) Pipe and Tubing

Specification for Metric- and Inch-Sized Crosslinked Polyethylene (PEX) Pipe

Polyethylene

ASME dF-2818

ASME F-2829/SF-2829M
ASME {F-2905/SF-2905M
ASTM §2929

ASTM K2854

ASTM K877
ASTM K876
ASTM {2164

ASTM K3373

Specification for Crosslinked Polyethylene (PEX) Material Gas Pressure Pipe and Tubing
Specification for Metric- and Inch-Sized Fittings for Crosslinked Polyethylene (PEX)(PRipe
Specification for Crosslinked Polyethylene (PEX) Line Pipe For Oil and Gas Produeing Ap

Specification for Crosslinked Polyethylene (PEX) Tubing of 0.070 in. Wall and Fittings for Ra
Systems up to 75 psig

Specification for Push-Fit Crosslinked Polyethylene (PEX) Mechanical Fittingsfor Crosslinked
(PEX) Tubing

Specification for Crosslinked Polyethylene (PEX) Hot- and Cold-Watet Distribution Systen

Specification for Crosslinked Polyethylene (PEX) Tubing

Standard Practice for Field Leak Testing of Polyethylene (PE)and Crosslinked Polyethylene (§
Piping Systems Using Hydrostatic Pressure

Standard Specification for Polyethylene (PE) Electrofusion Fittings for Outside Diameter
Crosslinked Polyethylene (PEX) Pipe

plications

Hiant Heating
Polyethylene

IS

EX) Pressure

Lontrolled

PE-RT Standards

ASME §F-2623

Standard Specification for Polyethylene 0f Raised Temperature (PE-RT) SDR 9 Tubing

ASME YF-2769 Standard Specification for Polyethylene‘ofRaised Temperature (PE-RT) Plastic Hotand Cold-Water Tubing
and Distribution Systems

ASTM K2735 Standard Specification for Plastic Insert Fittings for SDR9 Cross-Linked Polyethylene (PEX) and
Polyethylene of Raised Temperature (PE-RT) Tubing

CSA B1B7.18 Polyethylene of Raised Temperature Resistance (PE-RT) Tubing Systems for Pressure Applications

PP Standards

ASME 4D-4101 Standard Specification for Polypropylene Injection and Extrusion Materials

ASME 9F-2389 Standard Specification for Pressure-Rated Polypropylene (PP) Piping Systems

ASTM I)5857 Standard Specification for Polypropylene Injection and Extrusion Materials Using ISO Profocol and
Methodology

CSA B1B7.11 Polypropylene (PP-R) Pipe and Fittings for Pressure Applications

PVC Standards

ASME 4D-1784 Specification for Rigid Poly(Vinyl Chloride) (PVC) Compounds and Chlorinated Poly(Vinyl Chlpride) (CPVC)
Compounds

ASME 4D-1785 Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40, 80 and 120

ASME 4D-2241 Specification for Poly(Vinyl Chloride) (PVC) Pressure-Rated Pipe (SDR Series)

ASME 4D-2464 Specification for Threaded Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 80

ASME 4D-2466 Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 40

ASME 4D-2467 Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 80

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

ASTM Dp2152 Standard Test Method for Adequacy of Fusion of Extruded Poly(Vinyl Chloride) (PVC) Pip¢ and Molded
Fittings by Acetone Immersion

ASTM D2564 Standard Specification for Solvent Cements for Poly(Vinyl Chloride) (PVC) Plastic Piping Systems

ASTM D2672 Standard Specification for Joints for IPS PVC Pipe Using Solvent Cement

ASTM D2855 Standard Practice for the Two-Step (Primer and Solvent Cement) Method of Joining Poly (Vinyl Chloride)
(PVC) or Chlorinated Poly (Vinyl Chloride) (CPVC) Pipe and Piping Components With Tapered Sockets

AWWA C900 Polyvinyl Chloride (PVC) Pressure Pipe and Fabricated Fittings, 4 in. Through 60 in. (100 mm Through
1,500 mm)

AWWA M23 PVC Pipe — Design and Installation

PVCO Standards

ASME SF-1483

Standard Specification for Oriented Poly(Vinyl Chloride), PVCO, Pressure Pipe
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Table 4-2.1-1
Specifications and Standards (Cont’d)

Designator

Title

PVCO Standards (Cont’d)

AWWA €909

CSA B137.3.1

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 SD-3222

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

rVidLClidlb

ASME SD-55715 Standard Classification System for Copolymers of Vinylidene Fluoride (VDF) With Other Fluorihated
Monomers

ASME SF-1673 Standard Specification for Polyvinylidene Fluoride (PVDF) Corrosive Waste Drainage Systems

ASTM D6713 Standard Specification for Extruded and Compression Molded Shapes Made From Pely(Vinylid¢ne
Fluoride) (PVDF)

CSA B181.3 Polyolefin Laboratory Drainage Systems
Standard for Metals Lined With Thermoplastics

ASTM F1545 Standard Specification for Plastic-Lined Ferrous Metal Pipe, Fittings,xand Flanges

PA Standards

ASME SF-1733 Standard Specification for Butt Heat Fusion Polyamide (PA) Plastic Fitting for Polyamide (PA) Plagtic Pipe
and Tubing

ASME SF-26(40 Standard Specification for Electrofusion Type Polyamide-11 Fittings for Outside Diameter Controlled
Polyamide-11 Pipe and Tubing

ASME SF-2747 Standard Specification for Electrofusion Type ®Poelyamide-12 Fittings for Outside Diameter Controlled
Polyamide-12 Pipe and Tubing for Gas Distribution

ASME SF-2945 Standard Specification for Polyamide 11/Gas Pressure Pipe, Tubing, and Fittings

ASTM F1973 Standard Specification for Factory Assembled Anodeless Risers and Transition Fittings in Polyethylgne (PE)
and Polyamide 11 (PA11) and Rdlyamide 12 (PA12) Fuel Gas Distribution Systems

ASTM F2145 Standard Specification for Polyafnide 11 (PA 11) and Polyamide 12 (PA12) Mechanical Fittings fof Use on
Outside Diameter Controlled Polyamide 11 and Polyamide 12 Pipe and Tubing

ASTM F2785 Standard Specification fof, Polyamide 12 Gas Pressure Pipe, Tubing, and Fittings

ASTM F3190 Standard Practice for/Heat Fusion Equipment (HFE) Operator Qualification on Polyethylene (PE) and
Polyamide (PA)«Ripe and Fittings

ASTM F3372] Standard Practicé for Butt Fusion Joining of PA12 Pipe and Fittings

ASTM F3524 StandardSpecification for Polyamide-12 (PA12) Line Pipe

ASTM F3535 Standard Practice for Field Leak Testing of Polyamide-12 (PA12) Pressure Piping Systems Using iaseous
Testing Media Under Pressure (Pneumatic Leak Testing)

Standards for Other Thermoplastics

ASME SD-33097 Standard Specification for Perfluoroalkoxy (PFA)-Fluorocarbon Resin Molding and Extrusion Materials

ASME SD-4894 Standard Specification for Polytetrafluoroethylene (PTFE) Granular Molding and Ram Extrusion Materials

ASME SD-4895 Standard Specification for Polytetrafluoroethylene (PTFE) Resin Produced From Dispersion

ASME SD-6779 Standard Classification System for and Basis of Specification for Polyamide Molding and Extrugion
Materials (PA)

ASTM D3159 Standard Specification for Modified ETFE Fluoropolymer Molding and Extrusion Materials

ASTM F1412 Standard Specification for Polyolefin Pipe and Fittings for Corrosive Waste Drainage Systems

ASTM F1498] 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 MR0175/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 environments in oil and gas
production — Part 2: Cracking-resistant carbon and low-alloy steels, and the use of cast irons

Composites Standards

ASTM F1281

ASTM F1282
ASTM F1488
ASTM F1974

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

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

Standard Specification for Metal Insert Fittings for Polyethylene /Aluminum/Polyethylene and Crosslinked
Polyethylene/Aluminum/Crosslinked Polyethylene Composite Pressure Pipe
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Table 4-2.1-1
Specifications and Standards (Cont’d)

Designator

Title

Composites Standards (Cont’d)

ASTM F2262 Standard Specification for Crosslinked Polyethylene/Aluminum/Crosslinked Polyethylene Tubing OD
Controlled SDR9

ASTM F2434 Standard Specification for Metal Insert Fittings Utilizing a Copper Crimp Ring for SDR9 Cross-Linked
Polyethylene (PEX) Tubing and SDR9Y Cross-Linked Polyethylene/Aluminum/Cross-Linked
Polyethylene (PEX-AL-PEX) Tubing

ASTM F2686 Standard Specification for Glass Fiber Reinforced Thermoplastic Pipe

ASTM K2720 Standard Specification for Glass Fiber Reinforced Polyethylene (PE-GF) Spiral Wound(Large Diameter
Pipe

ASTM K2805 Standard Specification for Multilayer Thermoplastic and Flexible Steel Pipe and Connecti¢ns

ASTM H2855 Standard Specification for Chlorinated Poly(Vinyl Chloride)/Aluminum/Chlorinated Poly(Vinyl Chloride)
(CPVC-AL-CPVC) Composite Pressure Tubing

ASTM H2896 Standard Specification for Reinforced Polyethylene Composite Pipe for.thesTransport of Oi] and Gas and
Hazardous Liquids

CSA B1B7.9 Polyethylene/Aluminum/Polyethylene Composite Pressure Pipe'Systems

CSA B1B7.10 Crosslinked Polyethylene/Aluminum/Crosslinked Polyethyléne, €Composite Pressure Pipe $ystems

Piping Standards

ASCE MOP 119
ASTM 453/A53M
ASTM 4105/A105M
ASTM A106/A106M
ASTM A126

ASTM 4135/A135M
ASTM A182/A182M

ASTM A216/A216M
ASTM A234/A234M

ASTM A312/A312M
ASTM A333/A333M

ASTM A351/A351M
ASTM A395/A395M

ASTM A403/A403M
ASTM A513/A513M

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 Sepmless
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 Edrged or Rolled Alloy and Stainless Steel Pipe Flanges, Forged| Fittings, and
Valves and Parts for High*Temperature Service

Standard Specification for Steel Castings, Carbon, Suitable for Fusion Welding, for High-T¢mperature
Service

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

Standard\Specification for Seamless, Welded, and Heavily Cold Worked Austenitic Stainle§s Steel Pipes

Standard Specification for Seamless and Welded Steel Pipe for Low-Temperature Service pnd 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 Elefated
Temperatures

Standard Specification for Wrought Austenitic Stainless Steel Piping Fittings
Standard Specification for Electric-Resistance-Welded Carbon and Alloy Steel Mechanical [Tubing

ASTM A536 Standard Specification for Ductile Iron Castings

ASTM 4587 Standard Specification for Electric-Resistance-Welded Low-Carbon Steel Pipe for the Chenical Industry

ASTM A796 Standard Practice for Structural Design of Corrugated Steel Pipe, Pipe-Arches, and Arches fpr Storm and
Sanitary Sewers and Other Buried Applications

ASTM H94 Standard Guide for Radiographic Examination Using Industrial Radiographic Film

ASTM K114 Standard Practice for Ultrasonic Pulse-Echo Straight-Beam Contact Testing

ASTM ET25 Standard Reference Photographs for Magnetic Particle Indications on Ferrous Castings

ASTM E165/E165M Standard Practice for Liquid Penetrant Examination for General Industry

ASTM E186 Standard Reference Radiographs for Heavy-Walled [2 to 4% in. (50.8 to 114 mm)] Steel Castings

ASTM E280 Standard Reference Radiographs for Heavy-Walled [4% to 12 in. (114 to 305 mm)] Steel Castings

ASTM E446 Standard Reference Radiographs for Steel Castings Up to 2 in. (50.8 mm) in Thickness

ASTM E709 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-58 Pipe Hangers and Supports — Materials, Design, Manufacture, Selection, Application, and Installation
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Table 4-2.1-1
Specifications and Standards (Cont’d)

Designator Title
Piping Standards (Cont’d)
MSS SP-97 Integrally Reinforced Forged Branch Outlet Fittings — Socket Welding, Threaded, and Buttwelding Ends
GENERAL NOTES:
(a) All ASME SD and SF specifications are published in ASME NM.3.1.

(b) As it is not practical to refer to a specific edition of each standard or specification throughout the text of this Standard, unless otherwise
specified, the latest edition shall apply.

Table 4-2.1-2
Procurement Information

Organizatiop 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
Two Park Avenue

New York, NY 10016-5990

(www.asme.org)

ASTM Internptional American Society for Testing and Materials
100 Barr Harbor Drive

P.0. Box C700

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

CSA Canadian Standards Association
178 Rexdale Boulevard

Toronto, Ontario MOW 1R3{€anada
(www.csagroup.org)

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

Burggrafenstrafde 6

10787 Berlin

Germany

(www.din.de)

ISO Interfrational Organization for Standardization
Central Secretariat

Chemin de Blandonnet 8

Case Postale 401

1214 Vernier, Geneva

Switzerland

(www.iso.org)

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

Vienna, VA 22180

(www.msshq.org)

NACE Interngtional National Association of Corrosion Engineers
15835 Park Ten Place
Houston, TX 77084-4906

L 2l
T HAREEe-0¥ ST

PPI Plastics Pipe Institute
105 Decker Court, Suite 825
Irving, TX 75062
(www.plasticpipe.org)
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Chapter 5
Fabrication, Assembly, and Erection

5-1 GENERAL
5-1.1| Scope

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

(1) Section 5-1 contains the general requirements
for all 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 referencing 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
referdnced, the latest edition of the referenceddocument
in eff¢ct at the time of performance or procedure quali-
ficatidn is to be used.

(d) | Thermoplastic piping materials’and components
shall be prepared for assembly dand erection by one or
more| of the fabrication processes covered in this
Chaptr, 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-
cation, assémbly, and/or erection.

(g9)| The-acceptable joining procedure qualification

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 conneéctions.
(c) Mandatory AppendixXV discusses requir¢ments for
one-piece thermoplastictflanges.
(d) Nonmandatory.Appendix A provides guidance for
mechanical joiningcusing 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
dpplication requirements.
(2) "Mechanical joining is a joining method in which|a device or
fitting, rather than heat fusion or solvent-cement welding, is
used to connect the thermoplastic pipe sectionk. 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 3ddressing
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 ficceptable

record (DQD) for r‘]iFFaranffhnrmnp]acﬁr‘c shallbeas cpnr‘i_
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.”
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Table 5-1.4-1

Fusing Variables Procedure Specification — Polyethylene and Polyamide-12 Pipe Butt Fusing
Category Brief of Variables Essential Nonessential
Joints Joint type X
Pipe surface alignment X
Material PA-12 pipe X
PE pipe X
Wall thickness X
Cross-sectional area X
Thermal corditions 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) The procedure specification shall address, as a
minimum) the specific essential and nonessential vari-
ables thdt are applicable to the material joining
process tq be used.

5-1.4 Standard Fusing Procedure Specification

(a) Standard Fusing Procedure Specification (SFPS)
(1) Prerequisites
(-a) An SFPS is a fusing procedure spegification
that contalins acceptable fusing variables based‘en stan-
dard indutry practice and testing as defined in ASTM
F2620 for|HDPE and ASTM F3372 for PAy12.
(-b) An SFPS may be used for ptoduction fusing by
organizatipns without further qualification.
(2) Cpntents of the SFPS
(-a) The SFPS shall address all of the essential and
nonessential variables listed*in Tables 5-1.4-1 through
5-1.4-4.
(-b) In additien; the SFPS shall include all the re-
quirements listed 91 this Chapter.
(-c] The‘organization may include any additional
informatign¢in_ the SFPS that may be helpful in making a
fused joint

accordanceswith PPI MAB-01, PPI MAB-02, ASME
SF-1055,“and the following: ASTM F1290 for HDPE,
ASTM-~F2290 and ASTM F3373 for PEX, or ASME SF-
2767 \for PA-12.
(-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) Contents of the MEFPS

(-a) The MEFPS shall address all essential and
nonessential variables listed in Tables 5-1.4-1 thfough
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 speciffied 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

La)l-The purpose-of-gualifidnathe procedure-speacifica-
He-pHrpoese-6 trre-proeceatie-Sspe

(3) Changes. Changes in the essential variables or
conditions of an SFPS beyond the limits specified in
this Chapter shall require the qualification of a fusing
procedure specification (FPS).

(b) Manufacturer-Qualified Electrofusion Procedure
Specification (MEFPS)
(1) Prerequisites
(-a) An MEFPS s an electrofusion procedure spec-
ification that has been qualified by an electrofusion fitting
manufacturer based on standard industry practice in

fe)—The fgqualifyring
tion is to demonstrate the joining process proposed for

fabrication, assembly, and/or erection is capable of produ-
cing joints having the required mechanical properties for
the intended application.

(b) Qualification of the procedure specification demon-
strates the mechanical properties of the joint made using a
joining process, and not the skill of the person using the
joining process.
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Table 5-1.4-2
Fusing Variables Procedure Specification —
Polyethylene, Polyamide-12, and Cross-Linked Polyethylene Pipe Electrofusion

Category Brief of Variables Essential Nonessential
Joints Joint design X
Fit-up gap X
Material PEX pipe X
PA-12 pipe X
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

Table 5-1.4-3
Fusing Variables Procedure Specification — Polyethylene and Polyamide-12 Pipe Manual Butt Fusing
Category Brief of Variables Essential Nonessentipl
Joints Joint type X
Pipe surface alignment X
Materigl PA-12 pipe X
PE pipe X
Pipe wall thickness X
Cross-sectional area X
Thermal conditions Heater surface témperature X
Decrease jin melt bead width X
Increase“in-heater removal time X
Degrease in cooldown time X
Equipnpent Fusing-machine manufacturer X

(c) [The PQR<documents what occurred during the
prodyction ofa’ procedure qualification test coupon
and the results of testing that coupon.

(d) | As;aminimum, the PQR shall document the essen-

5-1.6 Performance Qualification

The purpose of qualifying the person who(will use a
joining process is to demonstrate that persgn’s ability
to produce a sound joint when using a pracedure speci-

tial procedure quatification test vartabies appited auring
production of the test joint and the results of the required
tests.

(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.

fication.

5-1.7 Performance Qualification Test Record

(a) The 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 the test coupon

(22)
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Table 5-1.4-4
Fusing Variables Procedure Specification — Polyethylene Sidewall Fusing

Category Brief of Variables Essential Nonessential
Joints Joint type X
Pipe surface alignment X
Material PE pipe X
Header pipe diameter X
Thermal 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
(2) the ranges of variables qualified as required by 5-1.8.3 Supplemientary Essential Variables

the applicpble paragraphs of this Chapter
(3) the results of the required testing and nonde-
structive gxaminations
(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 Chapter and
certify the record by signature or other means as
described|in the organization’s Quality Control 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 describéd\in the specific variables,
is considefed to affect thé)mechanical properties of the
joining.

(b) Befpre usingsa~procedure specification whose
essential yariables(have been revised and fall outside
their qualffied-range, the procedure specification must
be requalifiéd-

Essential Procedure Variables

(a) Supplemientary essential variables are conditions
in which aschange will affect the properties ¢f the
joint, heat-affected zone, or base material.

(b)Supplementary essential variables become|addi-
tional essential variables in situations where prodedure
qualifications require testing.

(c) When procedure qualification does not rg
additional testing, supplementary essential 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 not considered to affeft the
mechanical properties of the joint. These varjables
shall be identified in the procedure specification.

A procedure specification may be editorially revised to
change a nonessential variable to fall outside |of its
previously listed range. Such a change does not r¢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

apply
ht are
fesses

(c) Procedurequatificatiomr 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.

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

5-1.8.6 Applicability. The applicable essential, supple-
mentary essential, nonessential, and special process vari-
ables for a specific joining process are given in the section
of this Chapter addressing that joining process.
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5-1.9 Organizational Responsibility

(a) Employers are responsible for all joining of thermo-
plastic components and subassemblies done by their 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 certify
the operators, welders, or joiners

(3) train and qualify Inspectors and examiners in

(c) If the effective operational control of procedure
qualifications of two or more companies of different
names exists under the same corporate ownership, the
companies involved shall describe in their Quality
Control System or Quality Assurance Program the opera-
tional control of procedure qualifications.

In this case, separate procedure qualifications are not
required, provided all other requirements of this Chapter
are met.

accor

(b)

, - - {d) Changes to the PQR are not permitted except for
flance with the requlrerlnfents. in Chapter 6 ) documented editorial corrections or thoseladded by

. (4)- cond}lFt t.he requalification tests requl.retd to addenda.
maintpin qualifications fo.r operatorjs, weldeljs,. (?r ]01ner's (1) Additional information may bé incorpgrated into
Personnel performing supervisory activities speci- a PQR at a later date, provided the information {s substan-

fied in this Chapter shall

() bedesignated by the organization responsible for
certifying qualification documents

(£) have a satisfactory level of competence in accor-
dancg with the organization’s quality program. As a
minimum, they shall be qualified by education, experience,
or trajining 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

(-c) the scope, complexity, or special nature of the
activities to which oversight is to be provided

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

5-1}9.1 Procedure Qualifications. Each enployer is
respopnsible 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 orgshall be personally engaged by contract
for material-joining services.

(b)|Préduction of qualification test joints under the
superision and control of another organization is not

tiated as having been associated:with the original quali-
fication conditions by use 6f“tab records ¢r similar
documented evidence.
(2) All changes to-the PQR require receftifications
(including date) by the-organization.
(e) Theinformation required to be in the PQR may be in
any format, written or tabular, to fit the neefls of each
organization; provided all essential variables ar included.
(1) The types and number of tests and their results
shall bé\reported on the PQR.
(2)” When required, additional sketches ofr informa-
tiofYmay be attached to or referenced in the PQR to record
the required variables.

5-1.9.2 Performance Qualifications

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

(b) Theorganization shall conductthe tests required by
this Chapter to qualify the performance of its personnel.
Individuals shall be qualified for each joining prjocess they
will use for fabrication, assembly, and/or erection of
components under the rules of this Chapter. Thiis require-
ment ensures that the qualifying organization [has deter-
mined that the personnel using its procedures dre capable
of achieving the minimum requirements for an ficceptable
joint. This responsibility cannot be delegated fo another
organization.

(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

for perfor-
full super-

permitted. However, the organization may subcontract
the following work, provided it accepts full responsibility
for the work:

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

(2) the subsequent work for preparing test speci-
mens from the completed test joint, and the performance
of nondestructive examination and mechanical tests
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performed following either a qualified procedure speci-
fication or a standard procedure specification acceptable
under the requirements of this Standard for the joining
process. The part of the qualification addressing any spe-
cific joining process may exempt a portion of the proce-
dure specification from being followed during production
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 the person
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being tested does not have the required skill to produce
satisfactory results.

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

(g) The qualifying organization shall assign each
Successfn]ly qnn]ifipd individual an identification

(1) positively identify the person whose perfor-
mance is to be tested

(2) verify the markings on the test coupon corre-
spond to the person’s identification

(3) verify thatthe positional orientation markings on
the test coupon reflect the test position of the coupon as
required to identify the location of test specimen removal

(4) perform a visual examination of each completed
test coupon and each test specimen to determine their
acceptability

number, lgtter, or symbol, which shall be used to identify
the indiviglual’s work.

(h) If efffective operational control of performance
qualificatjons for two or more companies of different
names exists under the same corporate ownership, the
companigs 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
companiefs of such an organization are not required,
provided all other requirements of this Chapter are met.

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

5-1.9.3 |[Simultaneous Performance Qualifications

(a) Orgpnizations may participate in an association to
collectively qualify the performance of one or more
persons for material-joining processes simultaneously.
and may $hare performance qualification informatjon
with other| participating organizations within the assecia-
tion.

(b) Wh
conducted
sented by
performar

(c) The

bn simultaneous performance qualifications are
each participating organization.shall be repre-
hn employee with designated responsibility for
ce qualifications.
essential variables of theprocedure specifica-
tions to bp followed during simultaneous performance
qualificatipns shall be compared by the participating or-
ganizations, and shall be\{dentical, except as otherwise

(-a) When one or more test coupons are prepared
and the test specimens are mechanically testedbyan inde-
pendent laboratory, the laboratory’s report niay b¢ used
as the basis for accepting the test methods and tHe test
results.

(-b) When the test coupontis*examined by
metric examination, the exarmining organiza
report may be used as the-basis for acceptance
test methods, the qualification and certification
examiner, and the results'of the examination.

(5) prepare and eertify a performance qualififation
record for each person qualified
(f) When 4 _qualified person changes emplpyers
between participating organizations, the employihg or-
ganizatiorishall verify the continuity of the person’s|quali-
fications’has been maintained by previous employers
sincevhis or her qualification date, as required by the
section of this Chapter applicable to the joining mgthod.
Evidence of activities supporting performance qualifi-
cation continuity may be obtained from any membei{of the
association, even if the member was not a participant in
the simultaneous welder qualifications.
(g) If a person has had their performance qualififation
revoked for specific reasons, the employing organigation
shall notify all other participating organizations that the
person’s qualification has been revoked. The rempining
participating organizations shall determine wHether
they will uphold or revoke the performance qualifichtions
for that person in accordance with this Chapter.
(h) When a person’s performance qualificatiofs are
collectively renewed in accordance with the sectjion of

volu-
tion’s
pf the
pf the

provided |in the section’of this Chapter applicable to  this Chapter applicable to the joining method, the
the specific joinidg method. The qualified thickness testing procedures shall follow the rules of this paragraph.
ranges dq notwmeed to be identical but shall include .
the test cqupbmthickness. 5-1.10 Ownership Transfers

(d) As dn dlternative to (c), the participating organiza- {a)An organization may-maintain effective operdtional

tions shall agree to follow a single procedure specification
thathas been reviewed and accepted by each participating
organization. Each participating organization shall have a
supporting PQR or shall have accepted responsibility for
using a standard procedure specification in accordance
with the section of this Chapter applicable to the
joining method.

(e) Each participating organization’s representative
shall
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control of PQRs, procedure specifications, and perfor-
mance qualification records if its ownership changes
after the original procedure qualification.

(b) Multiple organizations under a common ownership
may use PQRs, procedure specifications, and performance
qualification records under that owner’s name. The
Quality Control System or Quality Assurance Program
of each organization shall describe the effective opera-
tional control and authority for technical direction of
welding.
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(c) When an organization or some part thereof is
acquired by a new owner, the PQRs, procedure specifica-
tions, and performance qualification records may remain
valid for use by the new owner without requalification.
The new owner’s PQRs, procedure specifications, and
performance qualification records become valid for use
by the acquired organization, provided all of the following
requirements have been met:

(1) The new owner takes responsibility for the

(15) fusion machine identifier

(16) voltage

(17) preheat voltage and time, if applicable

(c) For Manual Butt Fusing Procedure

(1) heater surface temperature immediately before
inserting the heater plate

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

(3) elapsed time during the heat soak cycle

procefhn‘p Qppriﬁrnfinn recards

(£) Theprocedure specifications identify the name of
the n¢gw owner prior to use.

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

5-1.11 Qualification Tests

(a) | Orientation categories for fused joints are illustrat-
ed in [Figure 5-1.11-1.

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

5-1{11.1 Test Records Requirements. The following
variab)les 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
(£) gauge pressure during the initial heat cycle
(B) gauge pressure and elapsed time during the*heat
soak ¢ycle
(#) heater removal (i.e., dwell) time
(b) gauge pressure and elapsed time during the
fusing and cool

{4) heater remaval (ie dwell) time

(5) elapsed time for fusion and cooling

(6) joint configuration

(7) pipe diameter and wall thickness

(8) type of material (specification and clagsification)

(9) FPS used, operator identification, timd, date, and
fusing machine identification

5-1.11.2 Test Records-Review

(a) The test recorid~for each fused test joimt shall be
compared to the ERS after completion of the fest.
(b) Thereviewer of the test records shall ver|fy that the
conditions_meet the requirements in this Chapter.
(c) 1Iftherecorded data is found to be outsid¢ the limits
specifiedin the FPS, the joint will be deemed ungdcceptable.
(d) “The review of the test records shall verify that the
following requirements have been met:
(1) For Butt and Sidewall Fusing Qualificqtion
(-a) Interfacial fusing pressure was within the FPS
range.
(-b) Heater surface temperature recqrded was
within the FPS range.
(-c) Fusing pressure applied during theffusing and
cool cycle was correctly calculated to includg¢ the drag
pressure.
(-d) Fusing machine was opened at the[end of the

(p) fir.ag pressure, When applicable heat soak cycle, the heater was removed, and the pipe-
() joint cs)nflguratlon _ joint ends were brought together at the fusing pressure
(p) pipe dlameter and Wf"l_l th.lckness o within the time frame specified in the FPS.
(P) type of material (SpECl.flcatl(.)I‘.l anfi clas§1f1cat10n) (-e) Cooling time at fusing pressurp met the
(ZQ) FPS usled, .oper'fit.or ?dentlﬁcatlon, time, date, minimum time specified in the FPS.
and fiising machine '1dent1f1cat10n (2) For Electrofusion Qualification

(b) |For Electrofusion Procedures (-a) Voltage was within the FPS range
{9 date. (-b) Nominalfusion time was within the[FPS range.
@) amble.nt temperature (-c) There was no electrical fault durfing fusing
(8) m.aterl.al temperature . operation.
(#)\pipe diameter and wall thickness (3) For Manual Butt Fusion Qualification
(5) FPS used

(6) nominal fusion time

(7) adjusted fusion time

(8) termination code

(9) fitting description

(10) elapsed time for fusion and cooling

(11) operator identification

(12) operator verification of scraping and cleaning
(13) fit-up gap

(14) fusion number

(-a) All data required in this Chapter were
recorded.

(-b) Heater surface temperature recorded was
within the FPS range.

(-¢) 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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Figure 5-1.11-1
Fusion Positions

GENERAL NO

Tabulation of Positions in Joints

Position = Diagram Reference Indication of Axis, deg

Horizontal A 0+ 45
Intermediate B B + 20
Vertical C 90 + 20

TE: Inclination of the axis is,measured from the horizontal reference plane toward the vertical.

Vertical plane
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Figure 5-1.11-2
Fusion Test Positions

{a) Horizontal (5G)

{b) Intermediate

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*
ficatign of fusing operators.

(b) | The procedure shall be prepared as required irrthis
Chapter; Chapter 8; Mandatory Appendix [;, ASME BPE,
Part MJ; ASME BPVC, Section IX, Article XXII; CSA
7662;|or DVS 2212-1.

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

5-2.2| Procedure Qualifications
5-2{2.1 Procedure Quatification Specifications

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

(b) |Several'FPSs may be prepared from the qualifica-
tion t¢stdata recorded on a single PQR. A single FPS may

O
U

{c) Vertical (2G)

(3)\The employer’s trade name or 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, who thereby accepts resgonsibility
for the qualification performed by others.

(4) The owner’s approval for using the procedure
specification qualified by others shall be documented
prior to the procedure specification’s use.

(d) The completed FPS shall address all of the essential
and nonessential variables for each fusing procgss used in
the FPS. The employer may include any other irfformation
in the FPS that may be helpful in making a fysed joint.

(e) Changes in the documented essential| variables
require requalification of the FPS.

5-2.2.2 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, priovided all
the essential and nonessential variables are addressed.

5-2.3 Fusion Performance Qualifications
5-2.3.1 General

enconpass the range of quaiifted essenttal vartabies
represented by multiple PQRs supporting the qualified
combination 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:

(1) The procedure specification meets the require-
ments of this Chapter.

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

(o~ Thermoptastic fusing operators, welders, and
joiners shall be qualified in accordance with this
Chapter; Chapter 8; Mandatory Appendix [; or ASME
BPVC, Section IX.

(b) Every fusing operator shall be trained to the appro-
priate FPS by qualified personnel who have been trained
and tested as required in this Standard or as required for
fusing in CSA Z662 or DVS 2207.
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(c) To avoid duplication of effort, an organization may
accept the performance qualification of a fusing operator,
welder, or joiner granted by a previous employer,
provided it complies with the following:

(1) The previous employer’s performance qualifica-
tions and procedure specifications essential variables
shall be within the limits established in ASME BPVC,
Section IX or this Standard.

(2) The new employer shall have a copy of the

(c) A change from one fusing process to another fusing
process (e.g., from butt fusing to electrofusion) requires
requalification.

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

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

5-2.4.2 Joints. Changes in the following conditions

previous nmp]nypr'c PQR and prnr‘pdnrpc Qppr‘iﬁr‘qﬁnn
that was followed during qualification. The PQR and
procedurds specification shall identify the employer by
whom thelfusing operator, welder, or joiner was qualified
and the date of that qualification.

(3) Eyidence shall also be provided that the fusing
operator, elder, or joiner has maintained qualification
in accorddnce with this Chapter; Chapter 8; Mandatory
Appendix|l; ASME BPVC, Section IX; CSA Z662; or DVS
2212-1.

(4) The current employer’s business name shall be
shown on|the qualification record, and the qualification
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 for perfor-
mance quplification of the fusing operator, welder, or
joiner by ¢thers shall be documented before the perfor-
mance qyalification is used and the personnel are
permitted|to work.

(6) Ifithe previous employer’s documentation is not
available, then the fusing operator, welder, or joiner shall
be requalified.

5-2.3.2

(a) Thel employer shall maintain copjes of the proce-
dure and |performance qualification/fecords specified
in this Chapter; Chapter 8; Mandatory Appendix [;
ASME BPYC, Section IX, Article XXII; CSA Z662; or DVS
2212-1. These copies shall he available to the owner at
the locatipn where fabricatioh, assembly, and erection
are being |done.

(b) Thelemployer_shall be responsible for maintaining
records.

(c) The|retention period for qualification records shall
be 5 yr after_gualification.

Qualification Records

shall require requalification:
(a) a change in the pipe 0.D. surface misalignnjent.
(b) any change in the design of an electrofuSion joint
that causes a change in any other essential*varialjles of
Tables 5-1.4-1 through 5-1.4-4. The ‘configuratioh of a
fitting may change without impacting those variables, e.g.
(1) from a 90-deg elbow to,a 45-deg elbow
(2) froman NPS 2 x NPS 8PN 50 x DN 200) §
connection to an NPS 3 x NBS,8 (DN 80 x DN 200)
connection
(c) an increase in the ' maximum radial fit-up gag qual-
ified. This variable fnay be expressed in terms of magimum
alignment and, Qut‘of-roundness.
(d) a change from socket-type (full-wrap) jojint to
saddle-type“(partial-wrap) joint, and vice versa.

addle
addle

5-2,4:3 Pipe Material. Changes in the following tondi-
tionssshall require requalification:
{a) a change in the pipe diameter beyond the [range
qualified in Table 5-2.4.3-1, with the following exceptions:
(1) The qualified fusion of a DN 50 (NPS 2) PA-12
pipe qualifies a fusing operator to butt fuse DN|15 to
DN 100 (NPS % to NPS 4) PA-12 pipe.
(2) The qualified fusion of a DN 150 (NPS 6) PA-12
pipe qualifies a fusing operator to butt fuse DN 100 (NPS 4)
and larger PA-12 pipe.
(3) The qualified joining of a DN 50 (NPS 2) PA-12
electrofusion coupling qualifies a fusing operator fo join
DN 15 to DN 100 (NPS % to NPS 4) PA-12 couplings.
(4) The qualified joining of a DN 150 (NPS 6) PA-12
electrofusion coupling qualifies a fusing operator fo join
DN 100 (NPS 4) and larger PA-12 couplings.
(b) a change in the pipe wall thickness beyor
range qualified in the FPS
(c) achange in the thickness or cross-sectional grea to
be fused beyond the range specified in the perforfnance
qualification

d the

5-2.4 Variables
5-2.4.1 General

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

(b) Foreach specific fusing process, the fusing variables
described in this Chapter are applicable for the perfor-
mance qualification or requalification.
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(d) a change in nominal pipe (header) diameter

5-2.4.4 Thermal Conditions. Changes in the following
conditions shall require requalification:

(a) a change in the heater surface temperature to a
value 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
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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)] None Size tested
6 to <8 [6.625 to <8.625 (168 to <219)] None <8 [<8.625 (<219)]
8 to 20 [8.625 to 20 (219 to 508)] 8 [8.625 (219)] 20 [20 (508)]
>20 [>20(=508)] 20 [>20 (>508)] Lnlimited
(b) Electrofusion
<14 [§14 (<356)] None <14 [<14 (<356)]
14 to 24 [14 to 24 (356 to 610)] 14 [14 (356)] 24 [24 (610)]
>24 [324 (>610)] 24 [24 (610)] Unlimited
(c) Manual Butt Fusion
<6 [<64.625 (<168)] | None I Size tested

(d)
qualif]
(e)
qualif]
0
)
(h)
range
()

range

5-2.5

5-2

(a)
qualif]
(b)
each
qualif]
(@
ment
(d)
opera
ment.
(e
the qu

an increase in heater plate removal time from that
ed

a decrease in the cool time air pressure from that
ed

A change in fusion voltage

a change in the nominal fusion time

a change in material fusing temperature beyond the
qualified

a change in initial heating pressure beyond the
qualified

Thermoplastic Fusing Equipment
Qualifications

5.1 Fusion Equipment Operators

Thermoplastic fusing operators shall be trained and
led to operate the fusing equipment to be used.
The employer shall be responsible for ensuring that
fusing equipment operator has been trained and
led for the equipment te be used.

The qualification shall be performed per the equip-
manufacturer’s_guidelines.

Evidence shall also be provided that the fusing
for has beeniqualified to operate the fusing equip-

The“employer’s business name shall be shown on
alified record and it shall be signed and dated by the

(b) The qualification shall be performed per|the equip-
ment manufacturer’s guidelines.
(c) The employer shall be responsible for enguring that
the fusion{equipment maintenance operators fhave been
trainedyand qualified for the equipment to be used.
(d)<Fhe employer shall provide evidence that the fusing
maifntenance operator has been qualified to perform work
on the fusing equipment.
(e) The employer’s business name shall be|shown on
the qualified records, and the records shall be $igned 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 pressjre piping
systems, heat-fusion joining methods shall be ufed only to
join like piping compounds.

(1) Many thermoplastic polymeric cqmpounds
cannot be joined to other, different thermoplastic
compounds using standard heat fusion. There pre excep-
tions to this general statement related to thefmoplastic
pipe liners.

(2) Butt-fusion joining requirements for PA-12 pipe
and fittings shall be according to ASTM F3372.|Electrofu-

sion joining requirements for PA-12 shall be adcording to
ACME C 07,7
E-SE 2767

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.
5-2
(a)

.5.2 Fusion Equipment Maintenance Operators

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.

TYDIVY

(3) PEX shall not be joined using butt fusion or side-
wall fusion.

(4) Heat-fusion requirements for polyamide-11
(PA-11) and for pressure-rated polypropylene (PP),
poly(vinylidene fluoride) (PVDF), and polytetrafluor-
oethylene (PTFE) liners are included in Mandatory
Appendix L.

(-a) Pipes or components made of thermoplastic
compounds with the same physical properties, as shown
by ASTM cell classification or by comparison of physical

45
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Figure 5-2.6-1
Heat Fusion Joints

(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 protected against
adverse environmental conditions such as dirt, moisture,
material shavings, oil, and other contaminants.

(2) Environmental conditions shall be addressed in

;/—l\_/—— Nﬁ
/ ,
// // //
N 75 ~
ANV L]
JT 7T I Tt

the FPS for the thermoplastic.
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ified as sp

(-b]
compound
(copolyme
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shall be jd
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the owner
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using heaf
density PH
Section IX]

(b) Pro
(1) Jd
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(b) Butt Joint

pcket Joint

, shall be joined using an FPS that has been qual-
ecified in this Standard.

Pipes or components made of thermoplastic
s of the same or similar polymeric compounds
rs and homopolymers) with different ASTM cell
ons or slightly different physical properties
ined using an FPS that has been qualified as
n this Standard and approved by the owner,
's representative, or both.

1) PA-11 shall not be joined to PA-12 using
o
-2) PP shall not be fused to polyethylene (RE)
fusion.

-3) Medium-voltage PE may be fused.to high-
using heat fusion, as indicated intASME BPVC,
Articles XXI through XXIV.

Fedure

ints shall be made in accordance with a qual-

ified FPS that meets the applicable Tequirements of this

Standard.

2) F
addresseq
basis for |

(3) B
heated to
between

pr socket fusion‘and saddle fusion joints not
| in this Stapddrd, ASTM D2657 provides a
PS developnient.

oth surfaces to be joined shall be uniformly
produce a continuous homogenous bond
hem. This will produce a small continuous

fillet of ful

sed material at the outer limits of the joints

(p) Limitations Unfilled orunbonded areasina jn
indicated by the lack or interruption of the conti
fillet, are considered defects and shall be repaire
reexamined.

5-2.6.1 Butt Fusion The fusing pressure shall be
tained until the joint has cooled, aftexwhich the pip|
be removed from the fusing machihe.

NOTE: The terms “hot plate” andi“heated tool butt weldi
used to describe butt-fusion joining. Butt fusion is also|
heat fusion.

Butt fusion procedure qualification shall inclu
following conditios:

(a) The axisof the pipe is limited to the horizontal
tion £45 deg;

(b) The pipe ends shall be faced to establish
parallelémating surfaces that are perpendicular
pipe’eenterline on each pipe end, except for mitered

{c) For mitered butt-fusion joints, the pipe face
be at the specific angle to produce the mitered jo

(d) When the ends are brought together at thg
pressure, there shall be no visible gap.

(e) The external surfaces of the pipe shall be alig
within 10% of the pipe wall thickness.

(f) Applied pressure during fusing shall me
requirement of the FPS.

(g) The heater surface temperature shall meet 4
quirements of the FPS.

(h) The initial heating shall begin by insertiy
heater into the gap between the pipe ends and ap
the fusing pressure until an indication of melt is ob{

int, as
huous
d and

main-
e may

hg” are
called

le the
| posi-

iclean,
to the
oints.
b shall
nt.
drag

ned to
bt the
he re-
g the

blying
erved

around the circumference of the pipe. When nelt is

observed, the pressure shall be reduced to drag pr¢
and the fixture shall be locked in position so th
outside force is applied to the joint during thg
soak cycle.

bSsure
at no
heat

(i) The ends shall be held in place until the minimum

See Figure 5-2.6-1.

(4) For piping to be used in fuel gas applications, the
FPS shall be qualified in accordance with the requirements
in the Code of Federal Regulations (49 CFR Part 192).

(c) Preparation

(1) Joining surfaces shall be prepared by cutting,
facing, scraping, or machining to provide a clean,
smooth end or external pipe surface.

(2) Surfaces to be heat fused together shall be
cleaned of any foreign material.

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.
The pipe ends shall be brought together, and the fusing
pressure reapplied.


https://asmenormdoc.com/api2/?name=ASME NM.1 2022.pdf

ASME NM.1-2022

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)

- o ~ © I

/\/

“A” Minimain 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,2610)
>24 to <36 (>610 te-<900)

>36 to <65 (>900 t6-<1625)

(k) | The maximum time frem-separating the pipe ends
from the heater until the pipe’ends are pushed together
shall ot exceed the time given in Tables 5-2.6.1-1 through
5-2.6.[1-3.

5-206.2 SidewaltFusion. Sidewall fusion procedure
qualifjcation shall include the following conditions:

(a)| The.sidewall fusing tool shall be centered and
secur¢dyto-the header and adequately supported.

(b)

The matinesurfacesofthe headerand saddle fitting

sz (1)
Y16 (1.5)
Y16 (5)
Y4 (6)
s (10)
6 (11)
%6 (14)

pressure, unless otherwise specified by the mahufacturer
of the fitting.
(2) When anindication of meltappears on the header
atthe apex of the saddle, the pressure shall be rgduced to a
heat soak pressure equal to drag pressure, unless other-
wise specified by the manufacturer of the saddle fitting.
(d) Theheatsoak pressure shall be maintaing¢d until the
appropriate melt bead is visible around the circhmference
of the fitting, unless a heating time is speciffed by the

shall be abraded or scraped to remove oxidation and
contamination. After abrading or scraping, the surfaces
shall be cleaned of all dust and residue with a dry,
lint-free, nonsynthetic cloth.

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

(1) Once the heater has reached temperature, the
saddle fitting shall be immediately pressed against the
heater with a heat-fusing force equal to the interfacial

47

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

(1) The fusion surfaces of the header and saddle
fitting shall be uniform and free of contamination.

(2) The fitting shall be pressed against the header for
the heater plate removal time specified in Tables 5-2.6.1-1
through 5-2.6.1-3 and with a fusing force equal to the
interfacial pressure.


https://asmenormdoc.com/api2/?name=ASME NM.1 2022.pdf

Maximum Heater Plate Removal Time
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Pipe Wall Thickness,

Maximum Heater Plate

in. (mm) Removal Time, sec

Field Applications

(f) The fusing force shall be maintained until the fusion
is cooled.

(g) The assembly should then cool a minimum of an
additional 30 min before the plug is cut out of the
header or external forces are applied near the joint.

5-2.6.3 Electrofusion. Electrofusion procedure quali-

0.17 to 0.36 (4 to 9) 8 fication shall include the following conditions:

>0.36 to 0.55 (>9 to 14) 10 (a) The pipe ends shall be cleaned with water to

>0.55 to 1.18 (>14 to 30) 15 remove dirt, mud, and other debris.

>1.18 to 2.5 (>30 to 64) 20 (b] For socket-type connections, the pipe ends.shall be

>2.5 to 4.5 (>64 to 114) 25 cut perpendicular +5 deg to the pipe centerline off each

>45 (>114) 30 pipe end and fully inserted into the center-of the fitting.

Fabrication Shop (c) When app{lcable to the material, immed atfely

before electrofusion, the external surfaces of th¢ pipe

1.18 to 2.5 (30 to 64) 40 . $ . .
shall be scraped with a nonsmeatihg scraping device

>2.5 to 45 (>64 to 114) 50 to cleanly remove approximately 0:01 in. (0.25 mim) of

>4.5 (>114) 60

Table 5-2.6.1-2

Maximum Heater Plate Removal Time

for Rolypropylene Butt and Sidewall Fusion
Pipe Wall Thickness, Maximum Heater Plate
in. (mm) Removal Time, sec

<0.177 (>4.%) 5

>0.177 to 0276 (>4.5 to 7) 6

>0.276 to 04472 (>7 to 12) 7

>0.472 to 0J748 (>12 to 19) 9

>0.748 to 1J024 (>19 to 26) 11

>1.024 to 1457 (>26 to 37) 14

>1.457 to 1969 (>37 to 50) 17

>1.969 to 2J756 (>50 to 70) 22

Table 5-2.6.1-3

material from the outer surfaces of the pipe, such that
a complete layer of materialis removed from the sufrfaces
to be fused.

(d) In the event of tolrching or recontamination |of the
pipe after scraping, the pipe shall be cleaned with
isopropyl alcohol and a clean lint-free cloth.

(e) For socket-type connections, the proper insertion
depth shall be marked on the pipe with a non-petrdleum-
based marker before the electrofusing fitting is insfalled.

The fitting shall be installed on the pipe end to the
matked depth, and care shall be taken to avoid refonta-
mination of the clean fusion surfaces.

(f) The fitting shall be connected to the electrofusion
control box with the prescribed leads.

(g) Thevalues for fusing energy voltage, nominal fusing
time, and cooling period qualified by the electrofusion
fitting manufacturer based on permitted magerial
temperature range shall be entered into the pro¢essor
before energizing the coils.

(h) The power supply or generator and any ext¢nsion
cords shall meet the electrofusion fitting manufacturer’s
specified requirements.

(i) Once the coils are energized, the leads mjay be
disconnected. No movement of the fused ass¢mbly

Maximum Heater -Plate Removal Time shall be permitted until the end of the fitting mapufac-
for<PVDF Butt Fusion turer’s prescribed cooling period.
Pipe Wall Thickrtess, Maximum Heater Plate 5-2.7 Application-Specific Joint Requirements for
in. (lhm) Removal Time, sec N
0.075 to 0.2J17\¢19 to 5.5) 3 Heat Fusion
>0.217 to 0.591 (>5.5 to 15) 4 5-2.7.1 Bead or Crevice. Some applications do not
>0.591 to 0.984 (>15 to 25) 5 permit the presence of an inside bead or indention (some-
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times called a crevice) on the inside surface of the pipe.
Depending on these limitations, various methods shall be
used to prevent or eliminate beads or indentions,
including fusing with the aid of a bladder or using
heated or nonheated inside bead removers. The user
or the designer shall be consulted for bead-size allowance.
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5-2.7.2 Other Joining Processes

(a) Other joining processes that create a bead, inden-
tion, or other change in the inside or outside surface of the
thermoplastic pipe or fitting that does not affect the joint
strength may be used as long 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

(6) Fused joints shall not display visible angular
misalignment. For butt-fused joints, the outside diameter
misalignment shall be less than 10% of the nominal wall
thickness.

(7) Thedatarecord for the FPS or performance quali-
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

for hdop or axial strength.

5-2/7.3 Removal of I.D. Bead. For butt-fusion joints,
remoyal of the 1.D. beads shall be at the option of the
user, purchaser, or designer.

5-2
(a)

creatd
as thg

7.4 Size of Bead

Removal or reduction in size of the 0.D. bead
d during heat fusion may be performed as long
minimum wall thickness required for hoop or
axial $trength 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
on outside beads even if minimum wall thickness require-
menty 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 procedure
qualiﬂ]ication record or the performance qualification
recordl.

5/2.8.1.1 Visual Examination Criteria

(a)|Butt Fusion and Sidewall Fusion

() There shall be no evidence of cracks or incom-
plete fusing. See Figures 5-2.8.1,4+1 and 5-2.8.1.1-2.

(£) Joints shall exhibit proper fused bead configura-
tion.
(B) Variations inyupset bead heights on opposite
sides |of the cleavage“and around the circumference of
fused |pipe joints-are acceptable.

(#) Theapéxofthe cleavage between the upsetbeads
of buttt-fusedjoints shall remain above the base material

surfade.
("‘) Lor cidaxaza 1 fiuacad

iodnt thaovra chall bha shynn
tHTHere-—StairBe-—thnfree

(1) Thereshallbenovisible evidence on external and
accessible internal surfaces of cracks, excées$ 1.D. melt
caused by overheating, fitting malfunction, or incomplete
fusion.

Maximum fit-up gap, or maximum misalighment and
out-of-roundness, shall be within.the FPS lim]jts.

(2) Thedatarecord for theFPS or performance quali-
fication test shall be reviewed,and compared tojthe FPS to
verify observance of the specified variables applied when
completing the fused-test joint.

(c) Sectioned Eléectrofusion Joints. Voids due
air or shrinkage during the cooling process are acceptable
only if roundorelliptical in shape with no shagp corners,
and provided“they meet the following requirgments:

(1)>The individual voids shall not exceed 10% of the
fusion.zone length.

{2) Multiple voids shall not exceed a com
0f'20% of the fusion zone length.

(3) When voids are detected, additional dections or
examinations shall be made to verify that the vold does not
follow a diametric path connecting with the[pressure-
containing area of the joint.

to trapped

bined total

5-2.8.1.2 Pressure Tests

(a) Elevated-Temperature Sustained-Pressurg Tests for
Butt or Sidewall Fusion. These tests assess the refistance to
slow crack growth of the fused joint.

(1) Test Coupons

(-a) Fusion joint test coupons shall be mjade with a
minimum of NPS 8 (DN 200) DR 11 pipe or the|maximum
size to be fused, whichever is less.

(-b) The completed test coupons shall cq
on either side of the butt or sidewall joint with § minimum
length of 1.5 times the joint (header) O.D. or 12 in. (300
mm), whichever is greater, from the fused joint fo free-end
closures on the ends of the assembly.

(-c) The testing shall be performed in dccordance

ntain pipe

beads: a main (header) bead around the saddle base, a
main pipe melt bead, and a bead on the main (header)
from the edge of the heating tool.

(-a) The saddle and main (header) melt beads
should be rounded and of a size recommended by the
fitting manufacturer.

(-b) The heater bead should be visible all around
the fitting base but may be separate from the main
(header) pipe melt bead, depending on the shape of
the header.

49

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).

(22)
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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 Lo¢alized 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

50
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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

N
Heater bead
\ /

(a) Visually Acceptable — Similar Beads Around Fitting

Saddle bead
/ Main béad

d Heater bead
> '

(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)

51
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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

(-c) If more than one ductile pipe failure occurs at
the higher pressure, the pressure of the test may be
reduced and repeated until 1,000-hr results are obtained.

(-d) Any brittle failures shall necessitate new tests
using different pipe.

(c) Elevated-Temperature Sustained-Pressure Tests for
PEX Electrofusion. Test coupons, conditions, and accep-
tance criteria shall be in accordance with ASTM F3373.

(d) Minimum Hydraulic Burst Pressure. This test

PE2708 580 (4.0) 1,000
670 (4.6) 170
PE3608 580 (4.0) 1,000
670 (4.6) 170
PE471( 660 (4.5) 1,000
750 (5.2) 200

(-bl) Test Pressure. The assemblies are to be
subjecteld to pipe fiber stresses as shown in
Table 5-2.8.1.2-1.

(3) Test Procedures. Elevated-temperature
sustained-pressure tests shall be performed in accordance
with ASTM D3035 or ASTM F714 for pipe, or ASTM F905
for saddle| fittings.

(4) Atceptance Criteria

(-a) Any failures within the specified time periods
shall be of the pipe, independent of the joint.

(-b) If there is a ductile pipe failure, the average
time beforj failure for all three specimens shall notbe less
than the gpecified time.

(-c} If more than one ductile pipe failure occurs at
the highef pressure, the pressure of the test may be
reduced apd repeated until 1,000-hr results are obtained.

(-d) Any brittle failures shall necessitate néwtests
using diffgrent pipe.

(b) Elevated-Temperature Sustained-PresSure Tests for
HDPE Eledtrofusion. These tests assess the resistance to
slow cragk growth at points of stréssconcentration
due to elefctrofusion fitting designy

(1) Test Coupons. Four test coupons shall be
prepared|and conditioned {n_accordance with ASTM
F1055. The pipe material PE designation shall not be
less than the electrofusien fitting.

(2) Test Conditiohs

(-a) Test Téuniperature. All tests shall be conducted
at 176°F 2 4°E(80°C + 2°C).

(-bl) Test Pressure. The assemblies shall be

Sub]'ected to pipn fiber stresses as shown in

assesses the short-term burst capacity of the fused
joint in order to identify any fundamental weaknesses
in the integrity of the assembly in accordancd with
ASTM D1599 for HDPE or ASTM F3373 fér PEX.
(1) Test Coupons
(-a) Butt Fusion. Four burst test'coupons shall be
prepared and conditioned in accordance with the Qydro-
static burst test requirements,0f ASTM D3035.
(-b) Electrofusion. Fout-burst test coupons shall be
prepared and conditioned-in accordance with ASTM
F1055 for PE materials‘or ASTM F3373 for PEX materials.
Pipe material PE or,PEX-lassification shall not be legs than
the electrofusion fitting.
(2) Test €onditions for PE Materials
(-a) Test Temperature. The test shall be performed
at 73°F £4°F (23°C % 2°C).
(éb) Test Pressure. The minimum hydraulic|burst
pressure of the test coupon shall not be less thap that
required to produce the fiber stress in the pipe as
shown in Table 5-2.8.1.2-2.
(3) Test conditions for PEX materials shall|be in
accordance with ASTM F3373.
(4) Test Procedures. The test coupons shall be fested
inaccordance with ASTM D1599 for PE materials or|[ASTM
F3373 for PEX materials.
(5) Acceptance Criteria. The assembly shall not/fail in
the electrofusion fitting or the fused joint.

5-2.8.1.3 Bend Tests

(a) Reverse-Bend Test (RBT). This test is for bytt- or
sidewall-fusion joints of pipe with a wall thickngss of
approximately 1 in. (25 mm) or less but may bq used
for thicker pipe.

(1) Test Specimens. RBT specimens shall be ciit to a
minimum width of 1.5 times the test coupons’ thigkness
for testing and removed as shown in Figure 5-2.8[1.3-1.

Table 5-2.8.1.2-1.

(3) Test Procedures. Elevated-temperature
sustained-pressure testing shall be performed in accor-
dance with ASTM F1055.

(4) Acceptance Criteria

(-a) Any failures within the specified time 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 shall notbe less
than the specified time.

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)

(22)
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Figure 5-2.8.1.3-1
Bend Test Specimen Removal, Configurations, and Testing

Width = 0.25 in. = 0.02 in.
‘ (6.4 mm = 0.5 mm)

Length of test spem%
6.0in. 0 8.5 n. 12.01in. to 1701@ mm to 430 mm)

(150 mm to 215 mm)

(a) Guided Side-Bend,\k@'Specimen

N
Bens.k\g

@ 0.75 in.
/ rotatable

support

Wldth 0.25in. £ (.02 in.
(6.4 mm /0.5 mm)

e-bend
v test specimen

2.31in.+£0.01in.

Loading nose with radius (58.7 mm = 0.2 mm)

R=0.50in.+0.02in.
(12.7 mm = 0.5 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)
m|n]

t_l

15t + 0.5x
—

(2) Test Conditions: Test Temperature. The RBT shall
be condudted at a temperature between 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 tension. For butt fusion, an
additional|test specimen shall be bent to place the inside
surface of|the joint in tension.

(-b) The bending process shall ensure the ends of
the specinjens are brought into contact with one another.

(-c] Testingshall be performed in accordancewith
ASTM F2420, Appendix X4.

(b) Guided Butt-Fusion Side-Bend Test (GSBT): This test
is limited tjo butt-fusion joints of pipe withrawall 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 apd measuring“approximately 1 in. (25 mm)
wide and [18 in. (450" mm) long shall be removed along
the longitpdinakaxis of the test coupon, with the joint
located in thée.approximate center of the strip. See
Figure 5-2484.3-1

[ S

|
[6 in. (150 mm)
min.]
1%t
—————— - —— [1in.(25 mm)
_____ Y min.]

(c) Reverse-Bend Specimen Removal — Sidewall Fusion

\\ Test strap

Saddle fitting

(3) Test Procedures

(-a) Jigs
(-1J>The test specimens shall be bent in a flest jig
consisting of a fixed member with two support mahdrels
to support the specimen while force is applied.
(-2) The hydraulic ram, 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 the support mandrels.
(-2) The ram shall be positioned in the cemter of
the fusion bead on the test specimen.
(-3) The ram shall be moved slowly upntil it
contacts the test specimen and is positioned iph 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
deg as shown in Figure 5-2.8.1.3-1, or when failure dccurs.
(-6) The convex surface of the specimen stall be
ither

vicnn”y examined after fﬂcfing[ with the cppr‘imnn

(-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) Test Speed. The elapsed time of the test shall
be 30 sec to 60 sec.

in or removed from the test fixture.

(-7) Due to specimen spring back, examination
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 convex
(outer) surface at the fusion interface during the test.

(c) Electrofusion Bend Test. This test is used to assess
the integrity of electrofusion couplings and fittings. Itis for
couplings and fittings NPS 12 (DN 300) and greater.
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(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 for
PE or ASTM F3373 for PEX. See Figure 5-2.8.1.3-2.

(-b) Saddles (Partial Wrap)

(-1) Thestackand bottom half of the pipe should

be removed.

(-¢) Specimens for test coupon thicknesses greater
than 2 in. (50 mm) may be cut into approximately equal
strips between 1 in. (25 mm) and 2.5 in. (64 mm) wide for
testing. Each segment shall be tested individually such that
the full cross section is tested.

(-d) Test specimens shall be prepared by
machining to achieve the dimensions given in
Figure 5-2.8.1.4-1, with the upset beads remaining intact.

(-e) A smooth surface free of visible flaws,

{-2) The saddle shall be cut in halfin the trans-
verse|direction and then each half cut again in the longi-
tudinal direction. See Figure 5-2.8.1.3-2.

(-3) Specimen slices shall be removed at all four
cut edges and machined to % in. (1.5 mm) width through
the fusion base of the saddle fitting.

(-4) Two diagonal quarters shall be used for the
transyerse specimens, and the two remaining diagonal
quartgrs shall be used for the longitudinal specimens.
See Figure 5-2.8.1.3-2.

(R) Test Conditions: Test Temperature. The test shall
be peffformed at 73°F + 4°F (23°C £ 2°C), unless otherwise
specified.

(B) Test Procedure

(-a) The cross section of the machined specimens
shall be inspected for visual discontinuities.

(-b) Each Y4 in. (1.5 mm) wide specimen shall be
placed in a clamp such that the bond line between the
fitting and the pipe is located at the plane of bending.
(-c) Theentirelength ofthe bond shall be flexed 90
degalpngthe plane of bending four times in each direction.
See Figure 5-2.8.1.3-2.

(#) Acceptance Criteria

(-a) The cross section of the machined)specimens
shall theet shall meet the visual examinatioh criteria in this
Chapter.

(-b) Separation of the speecimen along the fusion
line cqnstitutes failure of the specimen. Minor separations
at thg outer limits of the fusion heat source and voids
betwden the wires are acceptable as long as the voids
do not exceed the limits stated in the visual examination
sectiopn of this Chapter:

(-c) Ductile\failure in the pipe, fitting, or the wire
insuldtion material is acceptable as long as the bond inter-
face rpmains‘intact.

5/2.8.1.4 Tensile Tests

scratches,_and imperfections shall remain on all faces
of the reduced area with no notches, gougesfaorfundercuts
exceeding the dimensional tolerances-given in ASTM
F2634.
(-f) Marks left by coarse maechining dqperations
shall be removed, and the surfaces shall be [smoothed
with abrasive paper (600 grit*or finer). Thle sanding
strokes shall be applied.parallel to the longitudinal
axis of the test specimen:
(-9) The testispecimens 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 (2B°C + 2°C)
unless otherwise specified.
(-b) Test Speed. The speed of testing $hall be in
accordance with Table 5-2.8.1.4-1 with a tesfing speed
tolerance of +0.5 in./sec to -1 in./sec (+13 mm/s to
-25 mm/s).
(3) Test Procedure
(-a) The machine shall be set up and the|test speed
set in accordance with (2)(-b).
(-b) Each specimen shall be pinned in|the clevis
tooling of the testing machine, aligning the Iqng axis of
the specimen and the tooling with the pulling direction
of the test machine.
(-c) Testing shall be performed in accorflance with
ASTM F2634.
(-d) The test specimen fracture shall be evaluated
to determine the mode of failure. The results shqll be noted
in the test record and on the PQR.
(4) Test Record. The HSTIT shall be documented by
preparing a test record that includes the following infor-
mation:
(-a) testing speed applied
(-b) testing temperature observed

(a) High Speed Tensile Impact Test (HSTIT). This test
method is designed to impart tensile impact energy to
a butt-fused PE pipe specimen to evaluate its ductility.

(1) Test Specimens
(-a) Test specimens shall be removed from the
butt-fused test coupon with the upset bead remaining
on the outside diameter and inside diameter surfaces.
(-b) Specimens for test coupon thicknesses less
than or equal to 2 in. (50 mm) shall include the full
wall thickness of the fused joint.

(-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
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Figure 5-2.8.1.3-2
Electrofusion Bend Test

Electrofusion coupling \

for EBT

specimens,

Y6 in. (1.5 mm)
(typical)

[2)

hddle fusion

Transverse cut

Plane of bending

Lz

Strip Bent at
Fusion Zone

(a) Socket Fusion Bend Specimens

—>‘ ’<— Y6 in. (1.5 mm)

Longitudinalicuts

Pipe

(b)Fusion Evaluation Bend Test

— '«—%e in. (1.5 mm)

| Stack removed
L

Pipe

- -——Bottom half removed

Electrofusion
coupling

Y6 in. (1.5 mm)

Final cuts for
< EBT specimens

Transverse cut

(c) Saddle Fusion Bend Specimens
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Longitudinal cut
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Figure 5-2.

8.1.4-1

HSTIT Specimen Configuration and Dimensions

— AT

B o ¢

g TYP.

\

1%in. (35 mm) ~<—1% in.
@ 1.03in. (26.2 mm) (44 mm)
through (2) PLCS

~
ﬂ \@ : T/ € L e preye
Z_ 1in.12:mm) - \

A
_ 1 _
I
A
0.20 in. (5 mm)
0.40 in. (10 mm)
<— 2% in. —>|
(66 mm) ¢ of Fusion
1in. (256 mm) 4% in. (113 mm)

B

1in. (25 mm)

GENERAL NOTES:

(a) Alf machined surfaces are 126 RMS or finer.

(b) Alll fractional dimensions shown are +%¢ in. (1.5875 mm).
(c) Alf decimal dimensions are +0.010 in. (0.3 mm).

(d) Alllinternal radii are % in. (13 mm), and external radii are % in. (10(int).

(e) Fupion bead should remain in place after machining.

(b) Acceptance Criteria. The failure mode,shall be
ductilp, with no evidence of brittle failure at.the fusion
interface. See Figure 5-2.8.1.4-2 for examples.

(b)| Electrofusion Axial Load Resistdnce. This test
assesges the ability of a socket-type ‘electrofusion joint
to trapsmit axial loads.

(1) Test Specimens

(-a) Except as permitted by this or other stan-
dardd, tensile test coupons’and specimens shall be
prepdred and conditioned in accordance with ASTM
F1053 for PE or ASTM-F3373 for PEX.

(-b) Tensilétests shall be made onacomplete elec-
trofudion test assembly, not on specimen straps cut from
test cpupons.

(-¢)>When the equipment to conduct full-scale
tensile te€sts on test coupons larger than NPS 8 (DN

[«————6%in. (163 Mm) ————>

one short-term hydrostatic pressure test for eag
temperature.

(-1) Peel Test. Four specimens shal
approximately 90-deg intervals from each t¢
and prepared as shown in Figure 5-2.1.8.4-3.

(-2) Short-Term Hydrostatic Test.
axial forces are exerted only on the fusion
coupons shall be tested using flanged or ca
segments such that no exposed pipe protrud
the socket. See Figure 5-2.8.1.4-4.

(2) Test Conditions
(-a) Test Temperature.The test shall be
at 73°F £ 4°F (23°C + 2°C).
(-b) Peel Test Speed. Peel test load shall
at a rate of 0.2 in./min (5 mm/min).
(3) Test Procedure

10 mm)

h material

be cut at
st coupon

[0 ensure

joint, test

pped pipe
es outside

berformed

be applied

200) is not available, testing for resistance to axial
loads shall be conducted through one peel test plus

Table 5-2.8.1.4-1
Testing Speed Requirements

Wall Thickness, in. (mm) Testing Speed, in./sec (mm/s)
<1.25 (32) 6 (150)
>1.25 (32) 4 (150)

57

(-a) Tensile Test. This test shall be performed in
accordance with ASTM F1055 for PE or ASTM F3373
for PEX using the test apparatus described in ASTM D638.

(-b) Peel Test. Specimens shall be subj
tensile load until failure. See Figure 5-2.8.1.4-
(-c) Short-Term Hydrostatic Test

ected to a
3.

(-1) One or more test coupons shall be filled

with water.
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(-2) The test coupons shall be pressurized using
the apparatus described in ASTM D1599 to the specified
pressureatarate sufficientto achieve the full test pressure
within 60 sec.

(-3) The testcoupons shall remain under 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

(a) Brittle Rupture

(b] Ductile Rupture Outside Fusion Interface

(c) Ductile Rupture Adjacent to
Fusion Interface

(d) Ductile Ruptures of Split Specimens

(nN 700) shallnotfailinthe pipeor fiffingulhpn subijected
to a tensile stress that causes the pipe to yield toarf elon-
gation of 25% or greater or cause the pipe to break ontside
the joint area.
(-2) Yielding shall be measured only in th¢ pipe,
independent of the fitting or joint.
(-b) Peel Test
(-1) Specimens for size§larger than NPS8 (DN
200) shall not separate in theifusion interface in a prittle
manner.
(-2) Ductile failure between wires, tgaring
through the coupling er pipe wall, and up to 15%|sepa-
ration at the outeriimits of the heat source are permitted.
(-c) Shert-Term Hydrostatic Test. Test coupdns for
sizeslarger than NPS 8 (DN 200) shall not rupture orfbreak
through the-fitting or fusion interface.

5-2.8.1.5 Crush Tests and Impact ResistanceJl'ests.
Crushtests and impactresistance tests assess the infegrity
of electrofusion and sidewall-fusion joints.
(a) Crush Tests. Crush tests are used to evaluate spcket-
type (full-wrap) or saddle-type (partial-wrap) eledtrofu-
sion joints. These are required for pipe sizes less than NPS
12 (DN 300) and may be used as an alternative fo the
electrofusion bend test for pipe sizes NPS 12 (DN 300)
and greater.
(1) Test Specimens
(-a) Socket Type. Socket-type joint crush test
coupons shall be prepared and conditioned, and fpeci-
mens shall be removed by cutting the coupons in hdlf lon-
gitudinally at the fusion zones in accordance with |ASTM
F1055 for PE or ASTM F3373 for PEX.
(-b) Saddle Type. Saddle-type crush test coppons
shall be prepared, conditioned, and tested in accordance
with ASTM F1055 for PE or ASTM F3373 for PEX]
(2) Test Conditions: Test Temperature. The testp shall
be performed at 73°F + 4°F (23°C + 2°C) unless othgrwise

58

(3) Test Procedure

(-a) Socket Type. Crush testing shall be performed
on each end half by clamping at a distance of 1 in.
(32 mm) from the outermost wires and closing the
jaws until the inner walls of the pipe meet in accordance
with ASTM F1055 for PE or ASTM F3373 for PEX.

(-b) Saddle Type. Crush testing shall be performed
by placing the jaws of a vise or hydraulic press within % in.
(13 mm) of the edges of the saddle and tightening until the

(22)
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Figure 5-2.8.1.4-3
Electrofusion Peel Test

O/W= 0.75 + 0.125/-0.0 (19 + 3/-0 mm)

(a) Peel Test Sample Configuration § .

Tensile
force

OC) ’ (b) Peel Test Loading

@Ve failure through
pe wall permitted

D
&
N
v

Ductile failure between
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

1| [

[ / ‘
~T— o,
/ __/
Flanged Test Coupon Capped Test Coupon

inner walls of the pipe meet in accordance with ASTM
F1055 for{ PE or ASTM F3373 for PEX.

(4) Atceptance Criteria

(-a) Separation of the fitting from the pipe at the
fusion intdrface 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 insti:
lation matgrial is acceptable as long as the bond interface
remains intact.

(b) Impact Resistance Test. Impact tests are“dsed to
evaluate spddle-type branch connection joifits.

(1) Test Specimens. Impact test spécimens shall be
prepared|and conditioned in accordance with ASTM
F1055 for| PE or ASTM F3373 for(PEX for electrofusion
or ASTM I905 for PE sidewall fusion.

(2) Test Conditions: TestyFemperature. The test shall
be performed at 73°F + 49F(23°C + 2°C).

(3) Test Procedure

(-a) Thejointbranch connection shall be impacted
in a directiion parallel to the axis of the pipe with a force
sufficient|to break the body or other portion of the
specimen.

5-2.8.2 Tests Required for Procedure Qualifications

(a) Thefusion test coupons shall be prepared in hccor-
dance-with the FPS.
(b)~Each fusion joint shall be subjected to a visyal ex-
amination in accordance with the requirements ligted 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 compliancg with
the FPS requirements.
(e) The test coupons shall be produced at any ambient
temperature within the range specified in the FPY.
(f) If any of the test specimens fail to meet the Jappli-
cable acceptance criteria, the test coupons shall be cpnsid-
ered unacceptable.
(1) Ifitis determined that the cause of the failure is

not related to incorrectly selected or applied varjables,
additional test specimens may undergo qualifi¢ation
testing. Another test coupon shall be prepared |using
the original procedure specifications.
(2) Ifitis determined that the test failure was daused

(-b}Fhetestdeviceandmethod-oftestingshal-be

in accordance with ASTM F905.
(4) Acceptance Criteria

(-a) Breaking shall initiate outside of the jointarea
without failure of the joint.

(-b) For electrofusion saddles, separation in the
fusion interface greater than 15% of the fusion length
at the outer limits of the fusion heat source constitutes
failure of the test.

by one or more incorrectly selected or applied essential
variables, a new test coupon may be fused after appro-
priate changes are made to the variables that were deter-
mined to have caused the test failure.

(3) Ifitis determined that the test failure was caused
by one or more fusing conditions other than the essential
variables, a new set of test coupons shall be fused after the
appropriate 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


https://asmenormdoc.com/api2/?name=ASME NM.1 2022.pdf

ASME NM.1-2022

addressed by the organization to ensure that the required
properties are achieved in all fusion production joints.

5-2.8.2.1 Mechanical Tests

(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

priate changes are made to the variables that were deter-
mined to have caused the test failure.

(3) Ifitis determined that the test failure was caused
by one or more fusing conditions other than essential vari-
ables, a new set of test coupons may be fused after the
appropriate 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
properties are achieved in all fused prndnrfirn joints.

be tegted shall be as follows:

(-a) For pipe specimens less than NPS 4 (DN 100),
not legs than two specimens removed from fused pipe test
coupdns at intervals approximately 180 deg apart shall be
tested.
(-b) For pipe specimens NPS 4 (DN 100) and
b1, not less than four specimens removed from
pipe test coupons at intervals approximately 90
bart shall be tested.

(-c) For other product forms, not less than two
specilnens removed from fused test coupons shall be
tested.

(b)| Elevated-temperature sustained-pressure test
results for butt fusing, sidewall fusing, and electrofusion
shall be conducted in accordance with the requirements
listed|in this Standard under the Pressure Test section.

(c) [Minimum hydraulic burst pressure tests for electro-
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 refjuirements list in this Standard under the Bend Test
sectiop for electrofusion joints.

(e) |Electrofusion axial load resistance tests (tensile
tests jor peel tests plus short-term hydrostatic tests)
shall be performed in accordance, with the requirements
in thi$ Standard under the Tensile-Test section.

(f) [Electrofusion crush tests’shall be performed in
accordance with the regquirements in this Standard
under] the Crush and Impact Resistance Test section.

(g) |Electrofusion and-sidewall fusion impact resistance
tests ghall be performed in accordance with this Standard
unden] the Crushvand Impact Test section.

(h) |If any ofthe required mechanical test specimens fail
to mget the applicable acceptance criteria, the test
coupdnsshall be considered unacceptable.

great
fused
deg a

5-2.8.2.2 Testing Procedure to Qualify ‘the FPS

(a) Butt Fusing
(1) For pipe having a wall thickness le
equal to 2 in. (50 mm), one sét-of test coupons shall
be prepared using any thickness of pipe legs than or
equal to 2 in. (50 mm) but notless than one-half the thick-
ness of the pipe to befused in production.
(2) For pipe havinga wall thickness greatejr than 2 in.
(50 mm), one set ofitest coupons shall be preppred using
pipe of a thicknessat least 2 in. (50 mm) but ndt less than
one-halftheimaXimum thickness to be fused in production.
(3) . Butt-fusing joint coupons shall be prepared in
accordahce with the FPS using the following corhbinations
of heater temperature ranges and interfacial pressure
ranges:
(-a) high heater surface temperatureg
interfacial pressure, five joints
(-b) high heater surface temperatur
interfacial pressure, five joints
(-¢) low heater surface temperature
interfacial pressure, five joints
(-d) low heater surface temperature and
facial pressure, five joints
(4) Each fused joint shall be subject to vigual exam-
ination in accordance with the requirements listed in the
applicable visual examination section of this Chapter.
(5) Two fused joints of each combinatign shall be
evaluated using the elevated-temperature gustained-
pressure tests for the pipe specified in this| Standard
under the Pressure Test section.
(6) Three fused joints of each combinatiorjdescribed
in (3) shall be evaluated using the HSTIT requirements
listed in this Standard.
(b) Manual Butt Fusion
(1) Manualbuttfusion joints are limited to

ts than or

and high
e and low
and high

low inter-

NPS 6 (DN

(1) Ititis determined that the cause of failure is not
related to incorrectly selected or applied fusing variables,
additional test specimens may be removed as close as
practicable to the original specimen location to replace
the failed specimen. If sufficient material is not available,
another test coupon may be fused using the original fusing
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 fused after appro-

61

150) or smaller.

(2) Joint coupons shall be prepared in accordance
with the FPS using the following combinations of
heater temperatures:

(-a) highestheater surface temperature, five joints
(-b) lowest heater surface temperature, five joints

(3) 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
temperature extreme.
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Table 5-2.8.2.2-1
Electrofusion Procedure Qualification Test Coupon Required

Saddle Saddle
Socket Socket Socket <NPS 12 2NPS 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 2
Minimum hfydraulic quick-burst pressure test Z Z Z Z Z Z Z Z 2
Joint integrjty 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 1
Short-term hydrostatic test 1 1 1 1
Impact resistance 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 range.
(3) Itis permissible 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.
(4) Epch fused joint shall be subject to visual exam- and conditioned for a minimum of 16 hr immediately prior
ination in pccordance with the requirements in the appli- to fusing, as follows:
cable visupl examination section of this Chapter. (-a) Condition half of the coupons at the lpwest
(5) The fused joints shall be tested using the material temperature to be fused in productioh and
hydraulic| burst pressure test for pipe in accordance the other half at the highest material temperatjire to
with the rqquirements in this Standard under the Pressure be fused in production.
Test sectign. (-b) Two low-temperature coupons fused [n the
(6) Fhilure of any test joint is cause for test failure. low-temperature environment and two high-temperature
(c) Sidewall Fusing coupons fused in the high-temperature environment are
(1) Sjdewall fusing coupons shall be-prepared for required for each of the following tests, which sHall be
each design of saddle fitting base in.accordance with performed at the temperatures specified in the Stapdard
the FPS us|ng the specified heater temperatures and pres- in the appropriate section:
sures. (-1) elevated-temperature sustained-prg¢ssure
Succegssful testing shall qualify the FPS for the actual test
heater temperatures applied\£10°F (£5.5°C) and for the (-2) minimum hydraulic burst pressure test
actual gauge pressures applied +10%. (-3) bend test or crush test
(2) Two fused joirts)for each design of saddle fitting (-4) forsocketconnections, axial load resigtance
base shall|be evaludted using the elevated-temperature test
sustained{pressure‘tést in accordance with the require- (-5) for saddle connections, fusion impadt test,
ments listed in-this Standard under the Pressure Test when required by contract documents
section. (2) Failure of one ofthe four specimens tested ih each
(3) Two fused joints for each design of saddle fittng TEST IS cause for test tallure. Alternatively, four additional

base shall be evaluated by the sidewall fusion impact resis-
tance test in accordance with the requirements in this
Standard under the Crush and Impact Resistance section.
(d) Electrofusion

(1) Fittings for testing shall be selected at random in
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

specimens may be produced 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.
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(b) Each fusing operator shall have passed either the
mechanical 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 of the posi-
tions shown in Figure 5-1.11-1.

(e) The test coupons may be produced at any ambient

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.

5-2.8.3.3 Pressure Tests

(a) General. The pressure test method shall be appli-
cable to the FPS.

temperature within the range pprmif’rpd hy the EPS

5r2.8.3.1 Visual Examination. Before fusing of the
specithen, 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
requifements for butt fusion coupons.
(£) Forelectrofusion, the test method shall follow the
requifements for electrofusion coupons.
(B) For sidewall fusion, the test method shall follow
the rdquirements for sidewall fusion coupons.

(b) | Test Coupons and Methods
(I) Butt Fusion. One butt fusion coupon shall be
prepdred, from which two test specimens shall be
remoyed from the fused test joint at intervals of approxi-
mately 180 deg. Each specimen shall be tested by one of
the following methods:
(-a) Reverse-Bend Test. The test specimens shall be
remoyed as shown in Figure 5-2.8.1.3-1 and tested in
accordance with the applicable Bend\Test section in
this Standard.
(-b) Guided Side-Bend Test)The test specimens
shall be removed as shown_in Figure 5-2.8.1.3-1 and
tested in accordance with.the applicable Bend Test
sectiop in this Standards
(-c) High Speed_Tensile Impact Test (HSTIT). Test
specimens shall be removed, prepared, and tested in
accordlance withsthe HSTIT section in this Standard.
(£) Electiéfusion. One electrofusion coupon shall be
prepafedfrom which either of the following tests may be
performed-at ambient temperature between 60°F and

t method
coupons.
follow the

(.Lj I"UTl DUttt aiu S1ucvwdll TUSIUII, UIT LT
shall follow the requirements for butt fusion
(2) Forelectrofusion, the test methadshal
requirements for electrofusion coupons:
(b) Test Coupons and Methods

(1) Butt Fusion. One buttfusion coupoh shall be
prepared, from which two test specimens shall be
removed from the fused testjoint at intervals ¢f approxi-
mately 180 deg. The test specimens shall bg tested in
accordance with thé&sapplicable Pressure Tegst section
in this Standard.

(2) Sidewall Fusion. One sidewall fusion cgupon shall
be prepared, from which two test specimens shall be
removed from the fused test joint. The test $pecimens
shall be.tested in accordance with the applicable Pressure
Test section in this Standard.

(3) Electrofusion. One electrofusion coup
prepared and shall be used as the test coupo
specimen shall be tested in accordance with the
Pressure Test section in this Standard.

n shall be
h. The test
applicable

5-2.8.3.4 Limits of Qualified Positions and
Diameters

(a) Fusing operators who pass the requiref tests for
butt fusing in the test positions shown iph 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 ogerator for
fusing in the horizontal position *45 deg.

(2) A test position other than 5G qudlifies the
operator for fusing in the orientation tested 420 deg.

(b) Electrofusion operators who pass the required tests
for fusing in any test position qualify for all gositions.

(c) Pipe sizes within the ranges listed in Tablg 5-2.4.3-1
shall be used for test coupons to qualify within the ranges
listed.

80°F (16°Camd—27°C)"

(-a) Electrofusion Bend Test. Four electrofusion
bend test specimens shall be removed in accordance
with the applicable Bend Test section in this Standard.

(-b) Crush Test. The test specimens shall be
prepared in accordance with the applicable Crush Test
section in this Standard.

(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):
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5-2.8.3.5 Retest Qualification

(a) If a fusing operator fails, the employer may retest
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
coupons. If both additional test coupons pass the
visual examination requirements, the examiner shall
select one of the acceptable test coupons for specimen
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removal 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 test coupons. If both additional coupons pass the
mechanical or pressure test, the fusing operator is qual-
ified.

5-2.8.3.6 Expiration of Qualification

(b) Several FPSs may be prepared from the qualifica-
tion test data recorded on a single PQR. A single PQR may
encompass the range of qualified essential variables
represented by multiple PQRs supporting the qualified
combination 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 information
in the FPS that may be helpful in making a solvent-cement

(a) When a fusing operator has not completed a fused
jointusingla 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
meeting the requirements of this Chapter, the operator’s
performarjce qualification shall be revoked.

5-2.8

(a) Performance qualifications that have expired under
the requilements of this Standard may be renewed by
having a fusing operator fuse a single test coupon and
subjecting the test coupon to the testing required in
this Standard. A successful test shall renew all of the
fusing opdrator’s previous qualifications for that fusing
process.

(b) Fus|ng operators whose qualifications have been
revoked under the provisions of this Standard may be
requalified by fusing a test coupon representative of
the planned production work. The fused test coupon
shall be t¢sted per the requirements of this Standard.
A successful test shall restore the fusing operator’s.quali-
fication.

3.7 Renewal of Qualification

5-3 THE
REQ

RMOPLASTIC SOLVENT FUSION
UJIREMENTS

5-3.1 Scope

(a) The
preparati
performar

(b) Sol

requirements_in\this section apply to the
bn and the qualification of the FPS and the
ce qualifications for joining operators.
bent-cement joining of poly(vinyl chloride)
(PVC) to ¢hlorinated poly(vinyl chloride) (CPVC) shall
not be allpwed in pressure piping systems.

The qudlity of the thermoplastic joint depends on the

welded joint

(d) Changes in the documented essential var
require requalification of the FPS.

(e) The employer’s trade name and mark shpll be
shown on the qualified FPS to be used and on each
PQR. In addition, the PQRs shall be-signed and [dated
by the employer.

ables

5-3.2.2 FPS Format. The information required| to be
included in the FPS may be)in any format, writfen or
tabular, to fit the needs\of the employer, provided all
the essential and nonessential variables are addrgssed.

5-3.3 Performance Qualifications

(a) Thermeplastic joiners shall be qualified in
dance with'the requirements in this Chapter.

(b) ;Toravoid 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 qudlifica-
tions and procedure specifications essential variables are
within the limits established in this Chapter.

(2) The new employer has a copy of the prg
employer’s PQR procedure that was followed d
qualification. The PQR shall show the name
employer by whom the joiner was qualified an
date of that qualification.

(3) Evidence is provided that shows the th
plastic joiner has maintained qualification per the proce-
dure specification. This evidence may be provided|by an
employer responsible for the individual’s joining pgerfor-
mance even if the employer is not the original quglified
employer.

(4) The current employer’s business name is ghown
onthe PQR, and it shall be signed and dated by the clirrent

pccor-

vious
uring
f the
d the

Ermo-

employer, who thereby accepts responsibility for the

qualification of the joiner, the material and equipment
used, environmental influences, and the joiner’s adher-
ence to the FPS.

5-3.2 Procedure Qualifications

5-3.2.1 Procedure Qualification Specifications

(a) The FPS to be used for joining PVC or CPVC pipe,
fittings, and components in production shall be prepared
and qualified by the employer.
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qualifications performed by others.

(5) The employer’s approval of performance quali-
fication of joiners by others is documented before the PQR
is used.

If the previous 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:
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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

(@)
a peri
(b)
ability
the F]

5-3
(a)

dure
in thi
owne
and e
(b)
be 5y

Ajoiner has not used the specific joining process for
od of 6 months or more.

There is a specific reason to question a joiner’s
r to make a bond that meets the requirements of
S.

3.2 Qualification Records

The employer shall maintain copies of the proce-
hnd performance qualification records specified
5 section. These copies shall be available to the
" at the location where the fabrication, assembly,
Fection are being done.

The retention period for qualification records shall
r after qualification.

5-3.4 Variables

()
ables
proce
(b)
ables
perfof
(c)
group
therm

For each specific joining process, the joiner vari-
described in this Chapter are applicable for the
Hure qualification or requalification.

For each specific joining process, the joining vari-
described in this Chapter arelapplicable for the
mance qualification or requalification.

The joining data shall include’the joining variables,
ed into the following-categories: pipe material,
al conditions, and technique.

Figure 5-3.5-1
Solvent Fusion Joint

p\_/ §
B B
.

The essential and nonessential variablef
Table 5-3.4-1 are for reference.only.

5-3.4.1 Pipe Material. The joining variables
rials are as follows:

(a) a change in the pipe diameter beyond
qualified in the FPS

(b) a change inthe pipe wall thickness b
range qualifiediin the FPS

(c) achangeé in the thickness or cross-sectio
be joined beyond the range specified in the H

(d)<a’change in nominal pipe (header) diar

listed in

for mate-
the range
eyond the
hal area to

PS
neter

5-3.4.2 Thermal Conditions. The joining vafriables for

thiermal conditions are as follows:

(a) a change in the temperature range du
assembly and cure period

(b) a change in solvent-cement set and cur

5-3.4.3 Technique. The joining variables for
are as follows:

(a) achange in the type or reduction in the
tion of joint cleaning agent or solution

(b) a change in the concentration of solver
(e.g., a change from medium to heavy duty)

5-3.5 Thermoplastic Joining Using Solvs
Cement

(a) Procedure
(1) Joints shall be made in accordance w|
ified FPS.
(2) Preparation of the joining material
defined in the FPS and shall specify such requij

ring joint
e times
technique

foncentra-

t cements

bnt

ith a qual-

s shall be
ements as

(-a) cutting
AY 7 (=]

AN //
—p ) et
\\

(-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.
(4) 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).
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Table 5-3.5-1
PVC/CPVC — Applicator Selection Guide

Pipe Diameter, in.

Applicator Yy % 1

1Y, 1Y, 2

2Y%-4 6-8 8+

%4-in. dauber X X
Y-in. dauber X X
%/,-in. dauber

1%-in. dauber

3-in. rolleq]
4-in. rolleq

7-in. rolley

4-in. swab

GENERAL NPTE: See manufacturer’s procedures for application requirements.

(5) The joining area shall be protected against
adverse environmental conditions such as dirt, moisture,
material shavings, oil, and other contaminants. Environ-
mental copditions shall be addressed in the FPS.

(b) Preparation. Preparation shall be defined in the FPS
and shall |nclude the following:

(1) The surfaces to be cemented shall be cleaned. All
dirt shall be removed prior to applying the solvent cement.
Cleaning rhay be performed by wiping with a clean cloth
moistened with acetone or methylethyl ketone.

(2) Cuts shall be free of burrs, and circumferential
cuts shall |be as square as those obtained by the usé-of
a saw with a miter box or a square-end sawing_vise!

(3) The interference fit shall be checked_before
solvent-cement welding. The pipe shall gotone-third to
two-thirdg of the depth of the fitting withrmoderate pres-
sure.

(c) Brahch Connections. For branch connections not
using a tee, a manufactured full-reinforcement saddle
with an inftegral branch socket shall be solvent-cement
welded to|the pipe over it$wentire contact surface.

(d) Limjitations on Impetfections. The following imper-
fections atfe considered defects and shall be repaired and
reexamingd:

(1) protrusion of dried cement exceeding 50% of
pipe wall thickness into the bore of the pipe

(2) unfilled or unbonded areas in a joint, as indicated

(3) Solvent cements come in different bodies, ¢olors,
and types. The employer shall use the solvent cement that
is appropriate fot the material being joined and thefappli-
cation method appropriate for the chosen solvent cgment.
PVC cement.shall be used for PVC pipe, and CPVC cgment
shall be_used for CPVC pipe.

{4)--Solvent cements come in regular-, mediun}-, and
heavy-body options. The employer shall use the splvent
cement appropriate for the diameter of pipe being jpined.

(-a) Regular- and medium-body cements are
generally used for pipe 2 in. or smaller in diameter.

(-b) Heavy-body cements are generally usgd for
pipe 2.5 in. or larger in diameter.

(5) The different solvent cements may have different
storage requirements. The employer is responsiljle for
ensuring that storage of the solvent cement adheres to
the manufacturer’s requirements.

(6) Solvent cements that have exceeded their shelf
life or have become discolored or gelled shall not bg used.

(7) Solvent cement shall not be used near soufces of
heat or open flame, or in the presence of anyone Who is
smoking.

(f) Application Process

(1) The employer shall ensure that the sglvent
cement used adheres to the solvent-cement manufac-
turer’s requirements.

(2) Application of the solvent cement shhll be

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.

performed only after preparation of the pipe is completed.
(3) Theapplicator used shall be adequate for the pipe
diameter.

(-a) For pipe diameters 2 in. (50 mm) or smaller,
an applicator atleast one-half the size of the pipe diameter
should be used.

(-b) Forpipe diameterslargerthan 2in.(50 mm),a
natural bristle brush or roller should be used.

(-c) See Table 5-3.5-1 for recommended appli-
cator sizes.
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(4) If a primer is required, it shall be applied before
the solvent cement. The primer prepares the bonding area
for the addition of the solvent cement and subsequent
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 to both the
outside of the pipe end and the inside of the fitting.
The 3

requirements. See Table 5-3.5-3 for examples of cure
times.

NOTES:

(1) Fast-set solvent cements give the joiner little time to make
adjustments in the position of the pipe and fitting once the
solvent cement is applied.

(2) Slower PVC and CPVC solvent cements are better for large-
diameter applications where it takes more time to position
the pipe and fittings correctly.

pplicator shall be redipped as necessary to
ensurle 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 qurface is tacky with primer.

(b) A heavy, even coat of solvent cement shall be
appligd to the pipe end to the depth of the socket. No
surfade shall be left uncoated.

(p) Amedium coat of solvent cement shall be applied
to thq inside of the fitting, with care taken to prevent
puddling of the solvent cement. Puddling can cause weak-
ening|and premature failure of the pipe or fitting.

(-a) Ifrequired by the manufacturer, a second coat
yent cement shall be applied.

(-b) Pipe sizes greater than 2 in. (50 mm) shall
receivie a second coat of solvent cement on the pipe end.
(V) The parts shall be assembled quickly while the
solvent cementis fluid. If the solvent cement surface starts
to dry, both the pipe and fitting shall be recoated.

(B) The pipe shall be fully pushed into the fitting
using|a one-quarter turn motion until the pipe bottoms.
(-a) A bead of cement should be evident @round
the pipe and fitting juncture. If this bead is not.céntinuous
around the socket shoulder, it may indicate that insuffi-
cient $olvent cement was applied. In this case, the fitting
shall be discarded and the joint reasS§embled.

(-b) Any excess solvent cement shall be wiped off.
(P) The pipe and fitting shall-be held together until
the sqlvent cement sets. Thissis-to avoid pipe push-out.
(L0) The pipe and fitting shall be cured prior to
testing.

@

of sol

Set and Cure_Times

(1) Solvent-cément set and cure times are a function
of pipg size, temperature, relative humidity, and tightness
of fit.
(£) Drying time is faster for dry environments, small
pipe dizes; high temperatures, and tight fits.

5-3.6 Examinations and Tests

5-3.6.1 General Requirements. Resuilts’ o
examinations and tests shall be recorded o
or the performance qualification record.

[ required
h the PQR

5-3.6.1.1 Visual Examination Criteria

(a) There shall be no visible evidence of dxterior or
interior cracks.

(b) There shall berno“evidence of exterior
excess solvent centent.

(c) The pipg’assembly shall not be loose. If
more cure time shall be required prior to vis
nation.

(d) The assembly shall have no visible evi
dirt or'debris is within the solvent cement.

br interior

it is loose,
hal exami-

lence that

5-3.6.1.2 Pressure Tests

(a) Hydrostatic Pressure Test
(1) Test Coupons
(-a) When thelargestsize to be joined isfNPS 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 lafger.
(-c) The completed test coupons shall fontain an
assembly that includes a coupling, a cap, or both.
(2) Test Conditions
(-a) When the coupon has been app
cured, it shall be subjected to a hydrostatic
test at 1.5 times the design pressure.
(-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 he conducted so that the joint is

ropriately
pressure

(3) Theassembly 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) Followingthe initial 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
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loaded in both the circumferential and longitudinal direc-
tions.

(3) Acceptance Criterion. The joint shall not leak or
separate when tested.

5-3.6.2 Testing Required for Procedure Qualification

(a) The solvent cement test coupons shall be prepared
in accordance with the FPS.

(b) The minimum number of specimens required to be
tested shall be as follows:
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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 to 60 (5 to 16) 0 to 40 (-18 to 5)
Y, to 1Y, 2 min 5 min 10 min
1% to 2 5 min 10 min 15 min
2% to 4 15 min 30 min 2 hr
6to 8 30 min 2 hr 12 hr
10 to 16 2 hr 8 hr 16 hr
16+ 4 hr 16 hr 48 hr

GENERAL NPTE: See manufacturer’s procedure for specific handling and setup times.

Table 5-3.5-3
PVC/CPVC — Average Cure Times

Temperature Range;-F-(°C), of

60 to 100 40 to.60 0 to 40
Pipe Digmeter, in. Test Pressure, psi (16 to 38) (5-to'16) (-18 to 5)

Y% 10 1Y, Up to 180 15 min 20"min 30 min
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 days

6tp 8 Up to 180 8 hr 16 hr 72 hr
180+ 24 hr 48 hr 8 days

10 [to 16 Up to 100 48 hr 96 hr 8 days
100+ [Note (1)] [Note (1)] [Note (1)]

164 Up to 100 72 hr 6 days 14 days
100+ [Note (1)] [Note (1)] [Note (1)]

GENERAL NPTE: See manufaeturer’s procedure for average cure times.

NOTE: (1) Contact solvent:cement manufacturer.
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Figure 5-3.6.2-1
Solvent Fusion Specimens

Coupling
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Pipe

Pipe
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Pipe
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(
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(9
visual
listed
Stand

(d) 2
hydrostatic pressure test in accordance with the require-
ments listed in the applicable hydrostatic pressure test
section in this Standard.

(e) If any of the required test specimens fails to meet
the applicable acceptance criteria, the test coupons shall
be considered unacceptable.

(1) Ifitis determined that the cause of the failure is
not related to incorrectly selected or applied variables,
additional test specimens may undergo qualification
testing. For this qualification testing, another test

/) one test coupon(equal to NPS 4 (DN 200)
ting of pipe and a,éoupling (see Figure 5-3.6.2-1)
) one test coypen equal to NPS 4 (DN 200)
ting of a pipe~and a cap

Each solvent=cement joint shall be subjected to a
examination in accordance with the requirements
in théwapplicable visual examination section in this
hrd.
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coupon shall be prepared using the origindl solvent-
cement parameters.

(2) Ifitis determined that the test failure was caused
by one or more incorrectly selected or appliedl 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.

(3) Ifitis determined that the test failure v
joining iti an essential
variables, a new set of test coupons may be joined
with the appropriate changes to the joining conditions
that were determined to be the cause for the previous
test failure. The changes to the joining conditions shall
be addressed by the organization to ensure that the
required properties are achieved in all solvent-cement
production joints.

vas caused
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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.

(d) Each joiner’s test coupons shall consist of joining

5-3.6.3.4 Retest Qualification

(a) If ajoiner fails a test, the employer may retest the
joiner.

(b) If the qualification coupon fails the visual examina-
tion, an immediate retest shall be conducted. The joiner
shall make two test coupons. If both additional test
coupons pass the visual examination, the examiner
shall select one of the acceptable test coupons for pressure
testing.

one pipe joint assembly in at Ieast one of the positions
shown in Figure 5-3.6.2-1.

(e) A tgst coupon may be prepared at any ambient
temperatyre within the range permitted by the FPS.

(f) One|solvent-cement coupon shall be prepared and
undergo viisual examination and pressure testing.

5-3.6{3.1 Visual Examination. All surfaces of each
test coupg@n shall be examined per requirements listed
in the vigual examination section in this Standard
before additional testing is performed. Test coupons

shall be vifually examined over the entire circumference.
5-3.6

(a) The
FPS.
(b) The|pressure test shall be performed per require-
ments list¢d in the Pressure Test section in this Standard.

3.2 Pressure Tests

pressure test method shall be applicable to the

5-3.6J3.3 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 jdining for pipe NPS 16 (DN 400). ot greater
shall be gpalified for joining pipe of all/Sizes.

(c) lithe qualification coupon fails the pressure tgst, an
immediate retest shall be conducted. The joinerishall make
two additional test coupons. If both test coupons pdss the
pressure test, the joiner is qualified.

5-3.6.3.5 Expiration of Qualification

(a) When a joiner has not completed a solvent-cgment
jointusinga qualified FPS for apériod of 6 months orjmore,
the joiner’s performance_qualification shall expire]

(b) When there is a, specific reason to questiqn the
ability of the joiner(to make solvent-cement joints
meeting the requirements of this Chapter, the jdiner’s
performance qualifications shall be revoked.

5-3.6.3.6 Renewal of Qualification

(a) Performance qualifications that have expiredjunder
the requirements of this Standard may be renewed by
having a joiner solvent-cement a single joinf test
coupon and subjecting the test coupon to the test required
in this Standard. A successful test shall renew all fof the
joiner’s previous qualifications.

(b) Joiners whose qualifications have been reyoked
under the provisions of this Standard may be requplified
by solvent-cement joining a test coupon representative of
the planned production work. The joined test coupoh shall
be tested per the requirements of this Standdqrd. A
successful test shall restore a joiner’s qualification.
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Chapter 6
Inspection, Examination, and Testing

6-1 INSPECTION

Thif Chapter distinguishes between inspection and ex-
amindtion (see section 6-2). Inspection applies to func-
tions| performed for the owner by the owner’s
Inspeftor or the Inspector’s delegates. References in
this Jtandard to the “Inspector” are to the owner’s
Inspec¢tor or the Inspector’s delegates.

NOTE:[Requirements in this Chapter for inspection, examination,
and testing of thermoplastic piping systems apply to all thermo-
plastigmaterials referenced in this Standard; additional require-
ments| and exceptions for thermoplastic-lined metals and
multilayered reinforced thermoplastic piping systems are in
Chaptdrs 7 and 8, respectively.

6-1.1| Responsibility for Inspection

It i§ the owner’s responsibility, exercised through the
owner’s Inspector, to verify thatall required examinations
and tgsting have been completed and to inspect the ther®
moplgstic piping system to the extent necessary_toybe
satisfiled that it conforms to all applicable examination re-
quireinents of this Standard and of the engineering design.

6-1.2| Rights of the Owner’s Inspector

Thd owner’s Inspector and the Inspector’s delegates
shall have access to any place whefe work concerned
with the thermoplastic piping,system installation is
being|performed. This work shall include manufacture,
fabri¢ation, assembly,“erection, examination, and
testinjg of the thermoplastic piping system. They shall
have the right to audit any examination, to inspect the
thernjoplastic piping system using any examination
methpd specified by the engineering design, and to
review allScertifications and records necessary to
satisfy thé.ewner’s responsibility stated in para. 6-1.1.

cator, or erector unless the owner is also thg manufac-
turer, fabricator, or erector.
(b) The owner’s Inspector shall be tfrained oh the prin-
ciples of the specific joining process to be [inspected
(minimum 24 h). This training.shall be dofumented
and shall cover, as a minimum;safety, fundajentals of
the joining and installatigfi/process, and recqgnition of
typical joint imperfections. In addition, the|lnspector
shall meet one of the.folowing requirements
(1) have at least'8 yr experience in the depign, fabri-
cation, or examination of industrial thermoplastic pres-
sure pipingssystems. Completion of an engieering or
technical degree accredited by the Accreditation Board
for Engineering and Technology (ABET) shall pe consid-
ered ‘equivalent to 3 yr experience of the 8 yf required.
(2) have a professional engineering regigtration or
hationally recognized equivalent with at least 3 yr experi-
ence in the design, fabrication, or examination of indus-
trial thermoplastic pressure piping systems.
(c) In delegating performance of inspeftion, the
owner’s Inspector shall be responsible for dgtermining
that any person to whom an inspection functipn is dele-
gated is qualified to perform that function.

6-2 EXAMINATION

Examination applies to quality control [functions
performed by the thermoplastic piping system$ manufac-
turer (for piping components only), fabricator, pr erector.
Reference in this Standard to an examiner shpll be to a
person who performs quality control examingtions.

6-2.1 Responsibility for Examination

Inspection shall not relieve the thermoplastic piping
system manufacturer, the fabricator, or the ferector 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

. _ _ _ replacement jitems examined, and a defectis detected in a
required by para. 6-2.3 or by engineering ijSlgn may replacement item, continued progressive samplfng in
be alccept bd if they pass the leak test requirements in accordance with Steps 1, 2(b), and 3(b) is netlrequired
section 6-B. L L based on the defects found in the replacements: The}iefec-

(a) Exgqmination of.ther.rrTopl-astlc 1te-ms shall be tive item(s) shall be replaced and the replacement item(s)
perfqrme | after extrusion, injection molding, or other examined until acceptance as specified\in para. 6-2.2.3 is
forming process. . . reached. Spot or random examination (whichever|is ap-

(b) ,Exa mination of fabricated items shall be performed plicable) shall then be performéd on the remaininglunex-
after final|assembly.

6-2.2.2
be as state
applicable]
G1.10 may

6-2.2.3 | Defective Piping Components and Workman-
ship. If examination of an item reveals defects (imperfec-
tions of a|type or magnitude exceeding the acceptance
criteria fqr joints and material in this Standard), the
item shall| be replaced, and the replacement item shall
be subject to the same examination and acceptance
criteria as| the original.

6-2.2.4|Progressive Sampling for Examination. When
required spot or random examination reveals a defect,/the
following kteps shall be taken:

Step 1. Tlwo additional samples of the same kind of item
or from the same lot shall be given the same:examination.
For a fusdd item, the sample should /befrom the same
fusion equfipment operator. For a solvent-welded or adhe-
sive-joined item, the sample shouldbe’from the same ther-
moplastic|assembler.

Step 2

(a) 1f the items examinied-as required by Step 1 are ac-
ceptable, the defective item shall be replaced and the re-
placementitem examined as specified in para. 6-2.2.3, and
all items represented by the two additional samples shall
be accepted.

(b) 1f apy ‘of the items examined as required by Step 1

Acceptance Criteria. Acceptance criteria shall
d in the engineering design and shall meet the
requirements in Mandatory Appendix III. AWS
also be used to evaluate thermoplastic welds.

amined joints, items, or coniponents.

6-2.3 Extent of Required Examination

Thermoplastic piping intended for fluid service shall be
examined to the‘extent specified herein or to any gfeater
extent specified in the engineering design. Acceptance
criteria are‘as stated in para. 6-2.2.2 and in Mandatory
Appendix HI for fluid service.

(a)}Visual Examination. At minimum, the follpwing
shall be examined in accordance with para. 6-2.7.p:

(1) sufficient materials and components, as dgreed
on by the owner, selected at random, to satisfy the pxam-
iner that they conform to the specifications and aile free
from defects.

(2) atleast 5% of fabrication, assembly, and er¢ction.
For fused, solvent-welded, and adhesive joints, [every
operator’s or joiner’s work shall be represented and
shall meet the requirements of Mandatory Applendix
[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 joints to gatisfy
the examiner that they conform to the applicable reguire-
ments of the engineering design.

(4) random examination of joint alignment{ Pipe
hangers and supports, where applicable, shall be pxam-
ined to ensure spacing is at intervals per the designer’s
requirements.

(ﬁ') erected fhr—\rmnpl:\cfir piping syste

m 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,
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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 fhose I para. 6-2-2-2 Shall be specifted In the engi-
neering design.

6-2.4.2 Examination to Resolve Uncertainty. Any
meth¢d may be used to resolve doubtful indications.
Accepftance criteria shall be those for the required exam-
inatiop.

Examination Personnel
5.1 Personnel Qualification and Certification

6-2.5
6-2

(a) | Examiners shall be trained and shall possess a valid
qualiffication certificate from the manufacturer for the
procefss to be used and the material being welded or
shall have experience with nondestructive examination
techn]ques commensurate with the needs of the specified
examinations.

(b) | Personnel performing nondestructive examination
(NDE] to the requirements of this Standard shall be qual-
ified dnd certified for the method to be used following:a
proceflure as described in ASME BPVC, Section V, Article T,
T-120|(e) or T-120(f).

6-2/5.2 Specific Requirements. For in-precéss exam-
inatiop, the examination shall be performed\by personnel
other|than those performing the production work.

6-2.6 Examination Procedures

(a)
with
methd

(b)

Any examination shall be performed in accordance
h written procedure that conforms to one of the
ds specified in patas/6-2.7.1(a) and 6-2.7.1(b).
Procedure shal]l be written as required in ASME
BPVC] Section V, Afrticle 1, T-150.

(c) |The empleyer shall certify records of the examina-
tion procedures used, showing dates and results of proce-
dure qualifications, and shall maintain them and make
them [available to the Inspector.

dcaisu lCLlLlil ClllClltb fUl
(1) materials, components, and dimeusigns
(2) preparation and alignment of joints
(3) alignment of materials and componepts
(4) method of joining, i.e., fusion, solvent welding,
adhesive joining, bell-and-spigotjoirits, bolting [threading,
etc.
(5) assembly of suppofts
(6) erection
(b) Visual examination shall be performed
dance with ASME-BPVC, Section V, Article 9.
(c) A jointghall receive a visual examination of all
accessible pipe, fitting, and component surfades. Accep-
tance criteria are as follows:
(1)The joint shall meet the requirgments of
Mandatory Appendix III. AWS G1.10 may be uskd to eval-
uate’ thermoplastic for acceptance of matgrials not
included in Mandatory Appendix III. Either the designer
or the owner or owner’s representative shalll identify
which acceptance level from AWS G1.10 is applicable.
(2) Joints shall exhibit proper design conffiguration.
(3) Anydatarecord as aresult of the fusing or joining
process shall be reviewed and compared to design re-
quirements for acceptance.
(d) Visual examination results shall be recprded and
submitted to the owner or owner’s delegate dn comple-
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

in accor-

6-2.7.3 Ultrasonic Examination. Ultrasoni¢ examina-
tion of welds or joints shall be performed in dccordance
with ASME BPVC, Section V, Article 4, as required by the
engineering design.

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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(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 syqtem shall be tested to ensure tightness. The
test shall |be a hydrostatic leakage test in accordance
with paral 6-3.4, except as provided in paras. 6-3.1.1
and 6-3.1.p.

6-3.1.1
testing w
contamin

Exception to Hydrostatic Test. If hydrostatic
buld create a hazardous situation or risk of
htion, 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.
Where pnleumatic tests are performed, consideration
shall be given to the hazard, precautions, and safety
measurep associated with the energy stored in
compresséd gas.

6-3.1.2

(a) Where the owner considers both hydrostatic and
pneumati¢ leakage testing impracticable, an alternative
NDE test thay be used if both of the following conditions

Allowance for NDE Test

may be reduced to the maximum pressure thdt will
not exceed the pressure rating at test temperaturg.

(b) Test Fluid Expansion. If a pressure testis.to bejmain-
tained for a period of time and the test fluid in'the sygtem is
subjectto thermal expansion, precautions.shall be taken to
avoid excessive pressure.

6-3.2.2 Other Test Requiremernts

(a) Examination for LeaKdge. A leakage test shall be
maintained for at least 1{h. All joints and conneftions
shall be examined for{leakage after the 1-h period.

(b) Low Test Termperature. The possibility of tpsting
near the glass)transition temperature or below the
rapid crackigrowth prorogation critical tempegature
shall be éonsidered when leakage tests are conducted
on systéms where the ductile-brittle transition temppera-
ture*range is near the testing conditions.

fe) Sectioning the System for Test. The pipeline
tested shall be either the whole pipeline or a section|

ength
of the

apply: . . .
. entire pipeline capable of being isolated, dependent pn the
1) alhydrostatic test 1d . . . .
: ]( -2 za:r(l): aeltcheeS i Mfr? . svstem or linines inthe length and diameter of the section of the pipe, the|avail-
piping system 8 piping sy & ability of water, the disposability of the water, and the
(-b] contaminate a process that would bé hiazard- spacing between sectioning valves or blind flanged
. ) S . ds. Based levati d dist , the pipeli
ous, corrogive, or inoperative in the presence of'moisture :}r:alf bea(ii?/idzg ;:g’ie;(zr;zci?ons lssuj}?iﬁat ¢ pipenne
(-c} require significant support medifications for . .
the hvdroktatic test load. or (1) the hydrostatic test pressure at any point|in the
y ; . test section shall be
(-d) present the danger of prittle fracture due to .
low tempdrature during the test (-a) not less than the design pressure
(2) a|pneumatic test wodla (-b) notmore than 50% above the design pr¢ssure
. ti f ipeli t
(-a) presentanunduehazard of possible release of rating of any pipeiine componen
energy stqred in the system, or (2) Prior to testing execution, an assessment ghould
(-b] present the-dan ’er of brittle fracture durin be made as to what the recorded pressure versus time
the test p & 8 curves should look like and how to read or int¢rpret
(b) The| NDE ¢e5t Shall be approved by the owner, and the actual recorded pressure data, so that accegtance
o . Y ti ti be taken b i d,
shall be followedby an initial service leakage test in accor- or corrective action may be takefl by experiqnee
dance with dara. 6-3.6 trained, and qualified operators.

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. p-3.1.

(c) |Closure jJoints. The final joint connecting piping
systems or components that have been successfully
tested in accordance with para. 6-3.1 are not required
to be |leakage tested provided the joint is examined in-
proceps in accordance with para. 6-2.7.4 and an initial
servide leakage test in accordance with para. 6-3.6.

6-3

(a) | The internal or carrier pipe shall be leakage tested
on th¢ basis of the internal design pressure.

(1) In stagger welded systems, i.e., systems where
the jdining 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.

(£) In simultaneous welded systems, i.e., systems
wherg¢ the joining of the carrier pipe and the joining of
the containment pipe are done at the same time,-the
requifement for visual access to joints of the carrier
pipe may be waived during carrier pipe testing.

(b) | The containment pipe should be leakage-tested, by
either] hydrostatic or pneumatic methods,-as specified by
the dg¢signer.

(I) For systems in which a dry @annulus indicates the
absenfce of leaks, hydrostatic testihg/may not be practical.
(£) The product manufactuser may be consulted for
the sulltability of and their specific test procedures for low-
pressyire pneumatic testi

(B) Precautions for pneumatic testing, including
those|for low 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

2.4 Dual Containment Piping

a. 6-2.7.4)

nrents—when precautionary measures (c.s., par
are taken to ensure sound construction.

6-3.2.7 Test Records. Records shall be mdde during
the testing of each piping system and submifted to the
owner or owner’s delegate on completion. Tle records
shall include the following infermation:

(a) date of test

(b) identification of pipihg system tested

(c) test procedure, indluding duration

(d) test medium

(e) test pressute

(f) certification of results by examiner

6-3.3 Preparation for Leakage Test

(a)oints Exposed. All joints, welds (including struc-
tural attachment welds to pressure-containifpg compo-
nents), and bonds shall be left uninsulfated and
exposed for inspection and examination during leakage
testing, except where agreed to by the ownler 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 immediate
cover

(b) Temporary Supports. Piping designed fofr vapor or
gas shall be provided with additional temporary supports,
if required, to support the weight of test liquld.

(c) Piping With Expansion Joints. Piping syqtems with
expansion joints should be tested within the|allowable
pressure and temperature range to prevent damage.

(d) Limits of Tested Piping. Equipment that is not to be
tested shall be either disconnected from the| piping or
isolated by blinds or other means during the test. A
valve may be used, provided the valve (indluding its

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

liquids. Pressurized (compressed) air or other
compresged gases contain large amounts of stored
energy thpt would present serious safety hazards if a
system wiere to fail for any reason. Liquids and gas
conveyed by thermoplastic piping systems shall be chemi-
cally compatible with the piping materials. Pressure relief
devices arld calibrated or redundant pressure measure-
ment (mulltiple 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
written gulidelines for specific testing procedures shall be
consulted |prior to pneumatic testing (e.g, ASME PCC-2,
Part 5, Article 501).

(b) TesgMedium. The gas used as test medium, if not air,
shall be n¢nflammable and nontoxic, as approved by the
designer.

Cate-
. See

Tnittat Service leakage tests apply only to piping1
gory D fluid service, at the owner’s option
para. 6-3.1.2(b).

(a) Test Fluid. The test fluid shall be the servicq fluid.

(b) Procedure. During or prior to initial operatign, the
pressure shall be gradually increased in steps, with the
pressure held long enough at each step to eqhalize
piping strains, until the operating pressure is regached.
A preliminary check, incliding examination of [joints
per para. 6-2.3, shall be made at the midpoint, or as pstab-
lished by the designep;in the pressurization procgss.

(c) Examinatiofisfor Leakage. The examinati¢n for
leakage required by para. 6-3.2.2(a) shall be conducted
while the systeim is at operating pressure. Examipation
for leakage of joints and connections previously fested
in accordance with this Standard may be omitted
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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 uyse of piping systems comprising mechanically
assenjbled metallic components, including a metallic pres-
sure-gontainment host pipe and/or fittings, comple-
mented or conjoined with a corrosion- or abrasion-
resistant polymeric liner.

(b) | These piping systems have special design and use
requifements that are in addition to, or in some cases in
lieu of, the requirements in Chapters 1 through 6. These
specigl 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 section 7-7 may be substituted with analogous re-
quiremnents found in any section of the ASME B31 Pressure
Piping Code. If another pressure piping code is used, all
relevgntrequirements from that code shall apply. All other
requirements of this Chapter shall apply.

(d)| Columns, vessels, nonpressure piping, and other
lined|components (dip pipes, spargers, expahsion
joints| valves, sight glasses, hoses, and complex-shape
housings) are not addressed by this Chapter:

7-2 STANDARDS

See|Table 4-2.1-1 for a list of the standards and speci-
ficatigns that apply to both the metallic and plastic compo-
nenty used to construct metdllic piping lined with
thermoplastics.

7-3 MATERIALS

(a)| Liner Polymers. The following materials are
accepted for‘use’in thermoplastic-lined metallic piping:
(1) polyethylene (PE) — PE 4710
(£)\polypropylene (PP), both homopolymers and

(b) Recycled, Reprocessed, or Reground Resips. The ac-
ceptable use of qualified recycled, reprodessed, or
reground resins for liners depends on thqg resin, as
described in (1) through (3).

(1) Melt-processable resins.containing npthing but
the main identified polymer (neatresins) may Qe recycled
provided the mechanical‘ahd thermal proplerties are
maintained. Owners maydisallow this at their Hiscretion,
and may also imposer€sin traceability or certification re-
quirements that effectively disallow this practice.

(2) Melt-proeessable resins containing fillers, stabi-
lizers, or pigments may be recycled at ratios of at least 6:1
virgin to regrind, provided the mechanical ar{d thermal
properties are maintained. Owners may displlow this
at théirdiscretion, and may also impose resin traceability
or.€ertification requirements that effectively difallow this
practice.

(3) Only virgin PTFE or virgin modified PTFE may be
used in making PTFE linings complying with thig Standard.

7-4 DESIGN CONSIDERATIONS

7-4.1 Qualifications of the Designer

(a) The designer is the person(s) in charge d
neering design of a piping system and shall |
with the requirements of this Standard.

(b) The qualifications and experience required of the
designer will depend on the complexity and ctiticality of
the system and the nature of the individual’s gxperience.

(c) The designer should be licensed to praftice engi-
neering by the local jurisdiction.

(d) If the designer is not licensed to pragtice engi-
neering by the local jurisdiction, the owner’s approval
shall be required, and the individual shall mdet at least
one of the following criteria:

f the engi-
e familiar

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)
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{1) completion-of an-ABET-accredited-erkquivalent
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)

(22)
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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

The design pressure requirements of para. 2-1.2.2 shall
be applied in their entirety.

7-4.2.1 ndard Flan nnections. Pr re-
temperatfyire ratings of flanged connections shall be
obtained ﬁ[om the manufacturer.
e

7-43 D

The desjign temperature requirements of para. 2-1.2.3
shall be applied in their entirety.

(a) Thelcomponent design temperature of uninsulated
components shall be taken as the fluid temperature unless
solar radiation, heat tracing, or other effects result in a
higher temperature.

(b) Thel component design temperature of externally
insulated |piping shall be the fluid temperature unless
calculatigns, tests, or service experience based on
measurenjents supports the use of another temperature.

(c) Whgre piping is heated or cooled by tracing or jack-
eting, this effect shall be considered in establishing
component design temperatures.

ign Temperature

7-4.4 Depign Criteria

The des
applied in

7-4.4.1|Allowances for Temperature Variations for
Thermoplastic Liner. The designer shall take extra
precautions to ensure that any designtémperature
peak excursions are below the maximum permitted
temperature of the thermoplastic for a-Specific chemical
service.

gn criteria requirements of section 2-2 shall be
their entirety for the thermoplastic liner:

7-4.4.2

(a) Thelmetallic host-pipe shall be designed to sustain
100% of the system.design pressure, and the thermo-

Pressure Design.of Métallic Host Components

sealing stress shall be sustained under all normal oper-
ating and loading conditions.

7-4.4.4 Permissible Flange Loading

(a) The flanges shall be uniformly loaded, as far as
practical.

(b) Beam-bendingloads orlateral distortions imposing
uneven pressure on opposite sides of the flange shall be
below the compressive creep-stress limit of the thermo-

i i i rsion
temperatures.

(c) For aboveground pipes and buried(pipeq with
flanged joints in subterranean vaults, corrosjon-redistant
conical Belleville spring washers, usedbetween the[metal
flange’s back face and the nuts on the:bolt studs, may be
considered to enhance sealing by accommodating|creep
and sustaining and balancing uhiform sealing forde.

(d) The designer shouldconsider the potential|detri-
mental metallurgical effeéts-of process media on the(Belle-
ville springs.

7-4.4.5 Liner Fhickness. Liner wall thicknesses gre not
standardized. The.designer shall specify a minimun liner
thickness suitable for the intended fluid service|using
guideline$ from the manufacturer.

NOTE:-Mihimum liner wall thickness as presented in|ASTM

F1545.is only suitable for positive internal pressure.

7-4.4.6 Pressure and Temperature Limits. Genprally,
pressure and temperature limits for thermoplastiq lined
metallic piping shall be established based on the pr¢ssure
bearing metallic housing, with a maximum temperature
limit imposed by the thermoplastic liner material. Excep-
tions to this rule are the following:

(a) System pressure may be derated due to limithtions
of the soft polymeric sealing system. Consult with the
manufacturer for component ratings.

(b) Specific process chemistries may require defrating
due to interactions with the liner material to achieje the
required design life.

7-4.4.7 Pressure Drop. The designer shall ensufre the
pressure drop and flow calculations are based gn the
vary

plastic liper shallnot be considered the pressure correct component [.D. These dimensions can
boundary pf the'pipe, except at the vent hole as provided between components even within a single piping size
in para.7t4,414 or at the butt-fusion weld joint as  from a single manufacturer.

provided in para 7-4417 (a) The LD. of thermoplastic-lined metallic pig

ing is

(b) The overall limiting factor of the system shall be the
lesser of the host pipe or fitting and flange end connection
or the allowable pressure and temperature of the liner as
given by the manufacturer.

7-4.4.3 Piping Support and Flexibility Analysis. The
designer should perform piping support and flexibility
analysis as specified in appropriate metallic piping
codes and standards with the additional constraint
that the flanged-joint gasket’s initial seating and residual
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less than that for unlined metallic piping and is not stan-
dardized.

(b) Generally, with the exception of slurry services,
there is no assumed degradation of the surface roughness
factor as a function of time.

7-4.4.8 Permissible Flow Velocity. The designer shall
consider the following fluid flow limits:
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(a) Liquids. Erosive effects can occur when the bulk
flow velocity exceeds the value computed using
eq. (7-4-1a) or eq. (7-4-1b). The designer shall check
with the manufacturer if the flow velocity exceeds this
limit. The designer should consider local regions of
higher velocity that may result from turbulent flow
and cavitation. Other dynamic effects related to fluid velo-
city shall be considered in accordance with para. 7-1(c).

(SI Units)

(c) adding sufficient wetted grounding paddles at
flange connections to prevent excessive charge buildup

7-4.4.10 Grounding and Bonding. The designer shall
ensure the thermoplastic-lined metallic piping system has
atleast one path to true earth ground (i.e., grounding) and
the individual components are electrically connected to
that ground (i.e., bonding). This minimizes electrical
danger and safely disperses unintended electrical
charges from lightning strikes, short circuits, and

V = 37/,033 (7-4-1a)

(U.S. Qustomary Units)
V = 48/,03 (7-4-1b)

wherg
V 4 bulk flow velocity, m/s (ft/sec)
p 4 fluid density, kg/m> (Ib/ft%)

(b) | Gases. The manufacturer should be consulted when
flows|exceed 9.2 m/s (30 ft/sec).

(c) |Mixed Liquid and Gas Flow. This form of multiphase
flow cpn cause damage to the liner if it is not appropriately
underjstood. The designer should take extra precaution
when|designing systems that allow such flows. While
multiphase flow is allowed, many of the design considera-
tions [may fall outside the scope of this Standard. See
para. [/-4.4.9.

(d) | Mixed Liquid and Solid Flow. This flow regime adds
the need for consideration of abrasion resistance‘as a
desigm requirement. DNVGL-RP-0501 may be used as a
guiddline. The designer shall consider expetriential
data, anufacturer guidelines, and unique process param-
eters [ncluding, but not limited to, the following:

(1) liner material

(%) liner thickness

(B) process fluid composition; temperature, and flow
velocity
(#) particle size, shdpe) and hardness
(k) fluid flow raté

7-414.9 Electrostatic Charge Generation. The poten-
tial for triboelecttic charge generation in the process fluid
should be conhsidered and appropriate countermeasures
implemented. Nonconductive fluid flow, solid particle
flow, Jand~multiphase flow can generate a voltage in

induced charges trom tluid tlow.
(a) The designer shall confirm effective/jonding at
flanged joints. Paint on flanges, laps,and cgatings on
bolts can prevent electrical continuity“across a bolted
joint. Effective bonding methods fnclude
(1) asystem of jumper cables across flange pairs to
lugs welded to the piping
(2) star washers and“other methods pf cutting
through paint to bare (metal
(3) conductive paint systems.
(b) The owner shall develop and maintain a program to
testgrounded Systems at start-up and on a scheduled basis
to ensure the.grounding devices and bonding methods are
functional.

7-4.4:11 Permeation Resistance of the Liners. In order
to.ensure the required design life, the designer shall
consider strategies to reduce the permeatipn rate of
the thermoplastic-lined metallic piping system.
Equation (7-4-2) provides a simplified model f¢r permea-
tion rate. Equation (7-4-2) can help the d¢signer to
consider process or design changes that cin reduce
permeation rate. In the absence of complete data for
the values in the formula, the designer shoulfl evaluate
other factors on which the variable D depends| Examples
are listed in para. 7-4.4.12. Specific guidanc¢ on these
factors is outside the scope of this Standard,|but these
factors can have material consequences for design life.
The values for C, and C; can be assumed to be 1.0 and
0.0, respectively, as the wetted liner interior is|fully satu-
rated and the liner exterior is fully unsaturatgd.

G - Cl)
)

j= —D( (7-4-2)

where
C = concentration of the permeate species within the
liner wall, g/cm® (Ih/in 3)

the medria of sufficient magnitude to arc through the
liner by an electrostatic discharge (ESD). The designer
should consult the manufacturer for guidance. Counter-
measures to prevent ESD include

(a) reducing flow velocity to allow charge relaxation
through the fluid to a grounded component

(b) specifying static dissipative liner materials
(normally achieved by adding carbon black to the
polymer liner)

D = diffusion coefficient of the process media in the
liner wall, cm?/s (in.?/sec)

J = permeation rate, g/cm?/sec (Ib/in.?/sec)

6 = liner wall thickness, cm (in.)

7-4.4.12 Factors Affecting Diffusion Coefficient, D.
Process and piping design elements that can be adjusted
to alter the diffusion coefficient, D, in eq. (7-4-2) include,
but are not limited to, the following:
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(a) process temperature (D is proportional to absolute
process temperature.)

(b) media vapor pressure (D is proportional to media
vapor pressure.)

(c) media concentration (D is proportional to media
concentration.)

(d) polymer crystallinity (D is inversely proportional to
percent crystallinity.)

(e) polymer molecular weight (D is inversely propor-

7-4.4.15 Heat-Tracing Practices

(a) Steam tracing shall not be used for liners having a
temperature rating less than 121°C (250°F).

(b) Heat tracing shall be designed using sound heat
dispersion methods such that it does not create 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.

7-4.4.16 Insi

tional to molecular \/\migh’r)

7-4.4.13
of gases of
moplastic

Permeation Venting. Venting is the removal
liquids that have permeated through the ther-
liner. It is required for PTFE- and PFA-lined
metallic piping and may be specified for other liner
types at the owner’s discretion. The annular space
between the liner and the host pipe acts as a pathway
for the pefmeant molecules to a vent location. Permeant
fluids will|migrate to the lower-pressure vent areas.

When thermoplastic-lined metallic piping is equipped
with a vepting system, the designer should take into
considerafion how the permeant fluids could interact
with perdonnel and the environment. The designer
should prqvide means of preventing harmful interactions.
See also pjra. 7-4.4.15.

NOTE: Perneant fluids often become more corrosive when
combined with moisture. Therefore, the designer should mini-
mize intrudion of atmospheric moisture into the vent system.
Strategies o accomplish this include the following:

(a) Orienting the vents so they face downward is the most
basic meang to minimize intrusion of atmospheric moisture;

(b) Wherg not practical to orient the vent hole downward;vent
couplings seal welded to the vent holes by the manufacturerand
fitted with 90-deg or 180-deg bends can prevent moisturge'intru-
sion.

(c) Vario
vent coupli
to lengther

s polymeric inserts can be specifiedtobe installed in
ngs seal welded to the vent holes by the manufacturer
the path of intrusion for atmospheric moisture.
These can fhelp prevent corrosive by-products buildup that
can clog and disable the venting system, which in turn can
lead to defofmation of the liner, causing it to collapse or reducing
the effectivp vacuum resistance.

7-4.4.14 |Unsupported Liner at Vent Holes. An unsupported
liner is in sHear stress atvent holes due to internal pressure. This
isallowed, gprovided the piping has been qualified by the methods
described ih ASTM.E1545, Section 6. Vent hole designs that are
not qualified in“thjs manner shall be justified using eq. (7-4-3),
experientidl data, or a similarly sound engineering analysis

(CUI) of the host pipe 0.D. surface.

7-4.4.17 Flangeless or Reduced-Flange Pipin

orreduced-flange thermoplastic-lined piping syste
Mandatory Appendix I for guidelines on PP, PVDF
PTFE and Chapter 5 for guidelines on PE.)

7-4.4.18 Design Considerations for Metallic Piping
Lined With Loose-Fitting Thermoplastics. Loose-fitting
liners perform differently than tightly restrained liners.
LKéose-fitting liners tend to shrink and grow| with
thermal cycles, concentrating stresses at the bojre-to-
sealing-surface transition. They will also exhibit
reduced vacuum resistance compared to tight liners of
the same thickness.

Loose-fitting thermoplastic liners should not be used in
piping systems with thermal cycling or vacuum.

7-4.4.19 Designer Responsibility for Comppnent

Quality Assurance.
ce in

nents
shall

(a) The designer shall exercise due diligen
ensuring that piping manufacturers supply compq
that meet acceptable quality standards. This
include verification of a sound overall quality system,
design control, qualification of new and revised compo-
nent designs and ongoing workmanship, and final inspec-
tion requirements.

(b) Manufacturers of thermoplastic-lined m¢tallic

agreed to by the owner. See also para. 7-4.4.12.

D = (281yt)/(2P) (7-4-3)
where
D = vent hole diameter, cm (in.)
P = design pressure, kg/cm? (Ib/in.%)
Sty = yield strength of the liner polymer at the design
temperature, kg/cm? (Ib/in.%)
t = nominal pipe wall thickness, cm (in.)
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piping shall be able to provide evidence of compliance
with ASTM F1545 qualification testing requirements
and inspection requirements.

(c) Qualification testing records shall be available for
every thermoplastic liner design in current use.

(d) If the piping manufacturer procures a liner from a
subsupplier, each subsupplier’s liner shall require distinct
qualification testing.
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7-4.4.20 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. 7-4.4.10.

(c) Installation of grounding studs shall be permissible
using stud welding techniques.

7-5.2.3 Bolting Torque

(a) In assembling flanged joints, the sealing surface
shall be uniformly compressed to achieve the material
sealing stress at a given temperature.

(b) Bolting shall be installed with a calibrated torque
wrench and shall follow the manufacturer’s bolt torque
guidelines.

(c) Care shall be given to ensure the connection is not
overtorqued.

7-4ﬁ_7_l_0a1.egmy_M.Eluidﬁemi:e Ear thermaplastic-
lined metallic piping to be used in Category M fluid service,

the dgsigner shall follow the design rules in ASME B31.3,
Chapter VIIL

7-5 FABRICATION AND INSTALLATION

Fal
metal
ments
ments

rication and installation of thermoplastic-lined
ic piping components shall comply with the require-
of sections 5-1 and 5-2. In addition, the require-
in paras. 7-5.1 through 7-5.10 shall apply.

7-5.1| Assembler Qualifications

Asspmblers shall be trained and certified to meet the
requifements of the owner.

7-5.2] Recommended Installation Practices

7-5

(a)
bring
duces
nents

(b)|Flanged Joints. Unless otherwise spécified in the
engineering design, flanged joints shall be aligned as
follows:

(1) Before bolting, mating gasket contact surfaces
shall pe aligned to each other within 1 mm/200 mm
(*16 ih./ft), measured across-any diameter.

(%) The flanged joint shall be capable of being bolted
such thatthe gasket contactsurfaces bear uniformly on the
gasket.
(B) Flange bolt holes shall be aligned within 3 mm
(% inl) maximuhroffset.

NOTE{ The gaskét contact surfaces for flanged connections

withopit aCgasket are considered to be the surface on the
liner face on the flange.

2.1 Standard Flanged Alignment

Piping Distortions. Piping shall not be distorted to
it into alignment for joint assembly, which intro-
a detrimental strain in equipment or piping compo-

(d] Special care shall be used in assemblihg flanged
joints in which the flanges or liners have differirlg mechan-
ical properties.

(e) Tightening should be performed to a
mined torque (see para. 7-5.4).

7-5.2.3.1 Bolt Length. Bolts*shall extend ¢ompletely
through their nuts, with at\deast one thread exposed.

7-5.2.3.2 Bolt Material. Bolts should bg made of
high-strength material as defined by ASME B16.5,
Table 1B, unless ityhas been verified that a s¢aled joint
can be maintained under the rated working pressure
and temperature.

predeter-

7-5.2.4 Gaskets. For the connection of ftwo lined
systenis, gaskets may be used at the owner’s [request.

(d) No more than one gasket shall be usedl between
contact faces in assembling a flanged joint.

(b) Use of gaskets can alter the bolt torqule 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 softgr material
should be used.

7-5.3 Flangeless or Reduced-Flanged Piping

ith PE, PP,
the manu-

(a) For installation of metallic piping lined w
PVDF, or PTFE, the designer shall follow all of
facturer’s guidelines.

(b) The installer shall follow all guideline
manufacturers on the design of a flan
reduced-flange piping system. Refer to Mandat
dix I for liner FPS and welder qualifications.

(c) When repairing fusion-welded flanjgeless or
reduced-flange systems, the owner should copsider the
chemical exposure history of the piping and|be aware
that permeated species can be present in|the liner,

from the
beless or
ry Appen-

7-5.2.2 Preparation for Assembly

(a) Any damage to the sealing surface that would
prevent sealing shall be repaired, or the piping component
shall be replaced.

(b) Repair of the sealing surface shall be conducted in
accordance with the manufacturer’s guidelines.
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affecting weld icint guality
S ¥ S o

7-5.4 Connections of Thermoplastic-Lined
Metallic Piping to Other Types of Piping

(a) Unlined Metallic Piping. A solid thermoplastic
spacer or gasket shall be required where thermo-
plastic-lined metallic piping is connected to unlined
metallic piping. Both a gasket and a spacer shall be
used if the mating surface is not visibly smooth.
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(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-
plastic spacer and gasket shall be required where thermo-

plastic-lined metallic piping i
thermoset piping.

s connected to unlined

(d) Other Piping. Both a solid thermoplastic spacer and

7-5.9 External Paint Systems

(a) Plastic-lined pipe and fitting lines may be externally
painted before they enter service.

(b) The applied paint shall meet the specification re-
quirements of the process as defined by the owner.

(c) External paint may be omitted for some materials,
depending on the material of construction and the envi-
ronment.

(d) If the piping is to be repainted in the field and the

gasket shall be required where thermoplastic-lined

metallic piping is connected t
than those discussed in (a)
unlined metallic piping or glass|

(e) Butterfly Valves. A taper
proper clearance for the butterf]
where thermoplastic-lined meta
a butterfly valve.

p types of piping other
through (c), such as
Hlined piping.

bore spacer to enable
[y wafer shall be required
lic piping is connected to

7-5.5 Cold-Temperature Installation

If thermoplastic-lined piping
temperatures [see para. 7-6(d
developed with the manufag
damage. This shall include }
flanges to no more than 21°C
of flanged ends.

NOTE: Some thermoplastics exhibit
ambient temperature conditions,

is to be installed at cold
)1, procedures shall be
turer to prevent liner
jeating pipe ends and
70°F) to enable mating

brittle characteristics at low
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’y
older than 18 months shall req

designee. Certification
hire recertification.

7-5.7 Bonder Qualification for Fusion Welding

Liners

See Mandatory Appendix 1.

7-5.8 Cleaning Procedures

(a) All plastic-lined pipe and fitting lines’ shall be
cleared of any debris or obgtructions‘and cleaned

before being placed into service|
shall meet the requirements of
the owner and include any proc

on dryness or service incompatibilities with cleaning

materials or procedures.

The ¢cleaning procedure
e process as defined by
ss¥specific requirements

(b) Plasticliners may be pressure washed with nozzle-
tip pressures less than 13.79 MPa (2,000 psi). Preferred
flow should be forward or backward and not radially out

to the liner wall.

NOTE: PP, PVDF, PFA, ETFE, E-CTFE,

and fittings are not designed to be

and PTFE plastic-lined pipe
pigged.
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surface requires mechanical abrasive cleaning, care
should be taken not to damage the plastic flare sealing
surfaces.

NOTE: For buried pipelines, host steel pipes are typically sand-
blasted, primed, epoxy- or urethane-coated, or painted, followed
by overwrapping with adhesively bonded polyethylene tapes:

(e) The openings of vents for all coated and paintéd
pipes shall be kept open. See also para. 7-5.10.

7-5.10 Buried Piping

7-5.10.1 General Guidelines. Buriéd plastic-lined
metallic pipe should be installed jn\accordance with
one of the following:

(a) Guidelines for the Design of\Buried Steel Pipelines
(2001), issued by American Society of Civil Engineers
(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 pertinént forces, including

(1) internal pressure

(2) start-up, operating, and shutdown conditions
(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.

(c) Plastic-lined and bolted flanged joints shall be

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 host 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 one of the following:
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(2) polymer fiber cable
(3) smooth-0.D. die-sized wire rope

(4) jacketed wire rope

(b) For 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

7-7.1.1 Responsibility for Inspection. It is the owner’s
responsibility, exercised through the owner’s Inspector, 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 the engi-
neering design.

7-7.1.2 Rights of the Owner’s Inspector

buried without the acco
mentioned in para. 7-5.10.3

mmodation for inspection

(0).

7-6 STORAGE AND HANDLING GUIDELINES

The requirements in (a)
priate storage and handling
lined with thermoplastics.
following into consideratio

(a) Store piping indoors
use.

(b) Never put the lifts of
transport. This can damage

(c) Do not drop piping or
damage the liner.

(d) Avoid any mechanicg
that is stored in cold tempe
where the ambient tempe
Avoid rough handling of p
tures below 5°C (40°F). T
brittle in low temperaturg
to cracking during rough h

(e) Protective end caps of]
left in place until the pipe is
tive end caps are not desi
exposure.

(f) Do not damage the
removing the end caps.

(g) 1f end caps are remoy
reinstalled with bolting as

(h) Avoid storing plastic
the liner will be exposed
periods of time.

(i) Do not stand spools d
flange face.

through (i) apply to appro-
b methods for use on metals
The installer shall take the
if

r under cover until ready for

h forklift inside of the pipe to
the plastic liner.
roll it off a flatbed as this can

1 or thermal shock to piping
atures, especially in climates
rature is below 0°C (32°F).
astic-lined pipe in tempera-
hermoplastics can become
s and are more susceptible
hndling.

all pipe and fittings should be
ready to be installed. Protec-
bned for prolonged outdoor

plastic sealing faces when
ed for painting, they shall-be
soon as possible.

lined piping products where

to ultravioletdight for long

r fittings’on the unprotected

7-7 INSPECTION, EXAM

NATION, AND TESTING

to—Theownerstrspectorand-tireinspectors—dete-
gates shall have access to any place where work concerned
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 reviewgall\Certifica-
tions and records necessary to satisfy\tlie owner’s
responsibility stated in para. 7-7.2.

7-7.1.3 Qualifications of the Owner’s Inspector

(a) The owner’s Inspector,shall be designated by the
owner and shall be the ownerjan employee of the owner,
or an employee of an engineering or scientific organiza-
tion or of a recognized\insurance or inspection company
acting as the owner:s agent. The owner’s Inspector shall
not represent norlbe an employee of the piping manufac-
turer, fabricatory or erector unless the owner is also the
manufacturery/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 accred-
ited engineering degree shall be considered equivalent 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 a certified 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 design, fabrication, or examination of industrial pres-

SHura nining
<

This Standard distinguishes between examination and

inspection.

7-7.1 Inspection

Inspection applies to functions performed for the owner
by the owner’s Inspector or the Inspector’s delegates.
References in this Standard to the “Inspector” are to
the owner’s Inspector or the Inspector’s delegates.
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SHFe-Pipiag:
(4) 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
owner’s Inspector shall be responsible for determining
that a person to whom an inspection function is delegated
is qualified to perform that function.

NOTE: These requirements are different from those listed in
Chapter 6 and are exclusive to thermoplastic-lined metallic

piping.
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7-7.2 Examination

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 to an examiner is to a person who performs quality

control examinations.

7-7.2.2 Responsibility for E

xamination. Inspection

shall not relieve the manufacturer, the fabricator, or

method and applicable acceptance criteria that meet
the requirements for the original examination.

7-7.2.3.4 Progressive Sampling for Examination.
When required spot or random examination reveals a
defect, then the following steps shall be taken:

Step 1. Two additional samples of the same kind (if
welded or bonded joints, by the same welder, bonder,
or operator) from the original designated lot shall be
given the same type of examination.

the erector of the responsibilityfes
(a) providing materials, corlqponents, and workman-

ship in accordance with the requ

and of the engineering design
(b) performing all required ¢
(c) preparing suitable recor

tests for the Inspector’s use

7-7.2.3 Examination Require
7-7.2.3.1 General

(a) Prior to initial operation,
including components and work
ined in accordance with the ap
para. 7-7.2.3.

(b) The type and extent of an
required by the engineering de
criteria to be applied, shall be s

(c) Joints and vent openings
tions required by para. 7-7.2.1
design shall be accepted, if thd
required by para. 7-7.3.

rements of this Standard

xaminations
ds of examinations and

ments

each piping installation,
manship, shall be exam-
blicable requirements of

iy additional examination

bign, and the acceptance

pecified.

hot included in examina-
or by the engineering

y pass the leakage test

7-7.2.3.2 Acceptance Critljzia. Acceptance criteria

shall be as stated in the engi
at least meet the applicable
stated in (a) through (c) and els

(a) Metallic weld acceptance
in ASME B31.3, Chapter VI.

ering design and shall
equirements for bonds
ewhere in the Standard.
Criteria shall be as stated

(b) Thermoplastic bond acceptance criteria shall be@s

stated in Mandatory Appendix |.

(c) Casting acceptance crite
ASME B31.3, Chapter II.

Fia shall be as stated in

7-7.2.3.3 Defective Components and Workmanship

(a) Defects (i.e., imperfection
not acceptable by the criteria sp

5 of atype or magnitude
pcified in para. 7-7.2.3.2)

shall be repaired, or the defecti
replaced.

(b) Examination shall be as follows:
(1) When the defective item or work is repaired, the

repaired portion of the item or

work shall be examined.

The examination shall use the same methods and accep-

tance criteria employed for the

original examination.

(2) When the defective item or work is replaced, the
new item or work used to replace the defective item or
work shall be examined. The examination shall use any
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Step 2z

(a) If the items examined as required by Step 1 are ac-
ceptable, the defective item shall be repaired or replaced
and reexamined as specified in para. 7-7.2.3.3 and all items
represented by these two additional samples shall be
accepted.

(b) If any of the items examined as required by Step,1
reveals a defect, two further samples of the same kind shall
be examined for each defective item found by ‘that
sampling.

Step 3. If all the items examined as requiredby Step 2(b)
are acceptable, the defective item(s) shall’be repaired or
replaced and reexamined as specified\in para. 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 replaceéd and reexamined as required,
or

(b) fully examined and repaired or replaced as neces-
sary, and reexanlined as necessary to meet the require-
ments of this'Standard

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
sanipling 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) Spot or random examination (whichever is appli-
cable) shall then be performed on the remaining unexa-
mined joints and vent openings.

7-7.2.4 Extent of Required Examination

Piping in normal fluid service shall be examined to the
extent specified herein or to any greater extent specified
in the engineering design. Acceptance criteria shall be as
stated in para. 7-7.2.3.2 unless otherwise specified.

(a) Visual Examination. At least the following shall be
examined in accordance with para. 7-7.2.7.3:

(1) sufficient materials and components, selected at

random, to satisfy the examiner that they conform to
specifications and are free from defects.
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(2) atleast 5% of fabrication. For bonds, each type of
bond made by each bonder and bonding operator shall be
represented.

(3) 100% of fabrication for bonds other than circum-
ferential, except those in standard components.

(4) random examination of the assembly of
threaded, bolted, and other joints to satisfy the examiner
that they conform to the applicable requirements of
assembly and erection elsewhere in this Standard.

7-7.2.5 Examination Personnel

7-7.2.5.1 Personnel Qualification and Certification.
Personnel performing nondestructive examination to the
requirements of this Standard shall be qualified and certi-
fied for the method to be used following a procedure as
described in ASME BPVC, Section V, Article 1, T-120(e) or
T-120(f).

7-7.2.5.2 In-Process Examination. For in-process ex-

When pneumatic testing is te he pprfnrmpd all threaded

bolted, and other mechanicd
ings, shall be examined.
(5) random examinati
including checking of alig
spring.
(6) erected piping for ¢
require repair or replacef
deviations from the intent
(b) Other Examination. N
joints shall be examined b
accordance with para. 7-7.2
shall be selected to ensure
and bonding operator mak
examined.
(c) Certifications and Re
assured, by examination o
other evidence, that the m

1 joints, as well as vent open-

bn during erection of piping,
nment, supports, and cold

vidence of defects that would
hent, and for other evident
bf the design.

pt less than 5% of all bonded
y in-process examination in
7.5; the joints to be examined
hat the work of each bonder
ling the production joints is

rords. The examiner shall be
[ certifications, records, and
hterials and components are

of the specified grades apd that they have received

required heat treatment, e]
examiner shall provide the
that all the quality control 1
and of the engineering des

7-7.2.4.2 Examination
Piping and piping elements
designated in the engineef
examined to the extent necq
that components, materials,
the requirements of this Sf
design.

kamination, and testing. The
Inspector with a certification
equirements of this Standard
gn have been carried out.

— Category D Fluid Service.
or Category D fluid service as
ing design shall be visually
ssary to satisfy the examinér
and workmanship conforim to
andard and the engineering

7-7.2.4.3 Supplement
(a) Any applicable meth

ry Examination

of examination described in

para. 7-7.2.7 may be specified by the.efigineering design to
supplement the examinatiopn required by para. 7-7.2.4.

(b) The extent of the

upplémentary examination

amination the examination shall he performed hy person-

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 of<the
methods specified in para. 7-7.2.7.1.

(b) Procedures shall be written as required 4/, ASME
BPVC, Section V, Article 1, T-150.

(c) The employer shall certify records of tli¢ examina-
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
7-7.2.7.1 General

(a) Methods Specified in This Standard. Except as
provided in (b), anyexamination required by this Stan-
dard, by the engineering design, or by the Inspector
shall be performed in accordance with one of the
methods,_spécified 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
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;
supports; assembly; and erection.

(b) Visual examination shall be performed in accor-
dance with ASME BPVC, Section V, Article 9.

and any acceptance criterta tiatdiffer fromrthose

in para. 7-7.2.3.2 shall be
design.

7-7.2.4.4 Examination

specified in the engineering

to Resolve Uncertainty. Any

method may be used to resolve doubtful indications.

Acceptance criteria shall be
ination.

those for the required exam-
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(c) Records of individual visual examinations shall not
be required, except for those of in-process examination as
specified in para. 7-7.2.7.5.

7-7.2.7.3 Radiographic Examination. Radiographic
examination may be used in accordance with ASME
B31.3, para. 344.5.

7-7.2.7.4 Ultrasonic Examination. Ultrasonic exam-
ination may be used in accordance with ASME B31.3, para.
344.6.
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7-7.2.7.5 In-Process Examination

(a) In-process examination comprises examination of

the following, as applicable:

(1) joint preparation and cleanliness

(2) preheating
(3) fit-up, joint clearance,
prior to joining

and internal alignment

(4) variables specified by the joining procedure,
including filler material and the following:

(-a) for welding — posi
(-b) for brazing — positi
ture, proper wetting, and capill

(-c) for fusion bonding tH

7-7.3.2.2 Other Test Requirements

(a) Examination for Leakage. The leakage test pressure
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 examination.

(b) The possibility of brittle fracture shall be consid-
ered when leakage tests are conducted on brittle materials
or at low temperature.

10n and electrode

n, flux, brazing tempera-
hry action

ermoplastics — bonding

time, temperature, pressure, and filler material

(5) for welding
(-a) condition of the ro

t pass after cleaning —

external and, where accessibl¢, internal examination,

aided by liquid-penetrant or m4

tion when specified in the engi

gnetic-particle examina-
heering design

(-b) slag removal and weld condition between

passes

(6) appearance of the finighed joint

(b) In-process examination 3
dance with para. 7-7.2.4, unless
specified in the engineering de

7-7.3 Testing
7-7.3.1 Required Leakage Te|

hall be visual, in accor-
additional methods are

ign.

st. Prior to initial opera-

tion, each piping system shall be tested to ensure tight-

ness. The test shall be a hyd

ostatic leakage test in

accordance with para. 7-7.3.4, except as provided herein.
(a) Atthe owner’s option, a piping system in Category D

fluid service may be subjected to|
test in accordance with para. 7-7
static leakage test.

(b) If the owner considers a
impracticable, either a pneumn
with para. 7-7.3.6 or a combine
test in accordance with para. 7-

NOTE: There can be a substantial
compressed gas. ASME PCC-2, Part 5
sive requirements for safely perform

7-7.3.2 General Requirement
quirements in paras. 7-7.3.2.1 t

an initial service leakage
.3.8, in lieu of the hydro-

hydrostatic leakage test
atic test in accordance
 hydrostatic-pneumatie
.3.7 may be substituted.

hazard of stored\énergy in
Article 501 provides exten-
ing compressed-gas testing.

s for_Leakage Test. Re-
rough 7-7.3.2.7 apply to

(c) Liners that are not fully seated against the metallic
housing can exhibit volume growth during pressurization,
thus, pressure decay might not indicate leakage.

(1) Liner growth can result in pressure 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 reduce pressure
decay.

(3) The examiner should confirm leakage with
visible indications at flanges or vent openings.

(d) Short-duration liquid drips from vént openings can
be caused by aspirated moisture trapped between the
liner and housing. This can also occr 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(iner seating.

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
pipihg 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 para. 7-7.3.1.

(c) Closure Welds. The final weld connecting piping
systems or 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 in accordance with para. 7-7.2.7.5 and passes
with 100% radiographic examination in accordance

all the types of leakage tests described In this Chapter.

7-7.3.2.1 Limitations on Pressure

(a) Test Fluid Expansion. If a pressure test is to be main-
tained for a period of time and the test fluid in the system is
subjectto thermal expansion, precautions shall be taken to

avoid excessive pressure.

(b) Preliminary Pneumatic Test. A preliminary test

using air at no more than 170

kPa (25 psig) pressure

may be done prior to hydrostatic testing to locate

major leakage.
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withr para: 7-7.2.7-3 or 1009 ultrasomnic exanimation i
accordance with para. 7-7.2.7.4.

7-7.3.2.4 Externally Pressured Piping. Piping
subject to external pressure shall be tested at an internal
gauge pressure 1.5 times the external differential pres-
sure, but not less than 105 kPa (15 psi).
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7-7.3.2.5 Jacketed Piping

(a) Theinternalline shall be leakage tested on the basis
of the internal 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 basi

s ofthe jacket design pressure

unless otherwise specified in the engineering design.

valve may be used provided the valve (including its
closure mechanism) is suitable for the test pressure.

7-7.3.4 Hydrostatic Leakage Test

(a) Test Fluid
(1) The fluid shall be water unless there is the possi-
bility of damage due to freezing or to adverse effects of
water on the piping or the process. In that case, another
suitable nontoxic liquid may be used.

7-7.3.2.6 Repairs or
Testing. If repairs or addit]
leakage test, the affecteq
except that for minor repd
may waive retest require
measures are taken to ensy

7-7.3.2.7 Test Records

(a) Test Data. Records sh
of each piping system, and
information:

(1) date of test

(2) identification of pi
(3) test fluid

(4) test pressure

(5) certification of res

These test records are no
completion of the test, if a
that the piping has satisfact
as required by this Standar

(b) Responsibility for Rec
bility of the piping designer
cator, and the erector, as app|
required by this Standard a

(c) Retention of Records.
the engineering design, th

Additions After Leakage
ions are made following the
piping shall be retested,
irs or additions, the owner
ments when precautionary
re sound construction.

b1l be made during the testing
shall include the following

ping system tested

1llts by examiner

required to be retained after
Certification by the Inspector
orily passed pressure testing
d is retained.

brds. It shall be the responsi-
the manufacturer, the fabri-
licable, to prepare the records
d by the engineering design.
nless otherwise specified by
e following records shall he

retained for at least 5 yr dfter the record is generated

for the project:
(1) examination proce
(2) examination perso

7-7.3.3 Preparation for

(a) Joints Exposed
(1) All joints, welds, v{
be left uninsulated and exp

dures
hnel qualifications

| eakage Test

nt openihgs, and bonds shall
osed-for examination during

leakage testing, except thal

ioints previouslz tested-in
T 4

(2) Hthe liquid tsfanmmrableitsflash point strattbeat
least 49°C (120°F), and consideration shall be given to the
test environment.

(b) Test Pressure

(1) Except as provided in para. 7-7.3.5, the hydrao:
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 greaterithah the
test temperature, the minimum test pressure;atthe point
under consideration, shall be calculated usitigeq. (7-7-1):

PT =1.5 PST/S (7'7'1)
where
P = internal design gauge pfessure
Pr = minimum test gauge\pressure
S = allowable stress at component design tempera-

ture for the préevalent pipe material; see ASME
B31.3, Tables A-1 and A-1M

allowabl@’;stress at test temperature for the
prevalent pipe material; see ASME B31.3,
Tables A-1 and A-1M

(3) 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
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.

(4) Ifthetestpressure asdefinedineq.(7-7-1) would
produce a circumferential pressure or longitudinal stress
(based on minimum pipe wall thickness) in excess of the
yield strength at test temperature or a pressure more than

1.5 times-the Pr\mpnnnnf vqﬁhg at-test fnmpnr')hn'n’ the

accordance with this Standard may be insulated or

covered.

(2) All weld joints may 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 supports,
if necessary, to support the weight of test liquid.

(c) Limits of Tested Piping. Equipment that is not to be
tested shall be either disconnected from the piping or
isolated by blinds or other means during the test. A
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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
vessel is the same as or less than the test pressure for
the vessel, the piping may be tested with the vessel at
the piping test pressure.
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(b) Where the test pressure of the piping exceeds the
vessel test pressure, and itis not considered practicable to
isolate the piping from the vessel, the piping and the vessel
may be tested together at the vessel test pressure,
provided the owner approves and the vessel test pressure
is not less than 77% of the piping test pressure calculated

in accordance with para. 7-7.3.4(b)(2).

7-7.3.6 Pneumatic Leakage Test

7-7.3.7 Hydrostatic-Pneumatic Leakage Test. If a
combined hydrostatic-pneumatic leakage test is used,
then the requirements of para. 7-7.3.6 shall be met,
and the pressure in the liquid-filled part of the piping
shall not exceed the values calculated in accordance
with para. 7-7.3.4(b).

7-7.3.8 Initial Service Leakage Test. Initial service
leakage tests shall be applicable only to piping in Category
D fluid service, at the owner’s option [see para. 7-7.3.1(a)].

(a) Precautions. Pneumatic tey
of released energy stored in co
care shall be taken to minimi
failure during a pneumatic leaka
shall be considered when the de
rial of construction. See para. 7|

(1) Pressure Relief Device.
shall be provided, having a s
than the test pressure plus th
psi) or 10% of the test pressur

(2) Test Fluid. The gas use
shall be nonflammable and non|

ting involvesthethazard
mpressed gas. Particular
ve the chance of brittle
pe test. Test temperature
signer chooses the mate-
-7.3.2.2(b).

A pressure relief device
et pressure not higher
b lesser of 345 kPa (50

h

[ as test fluid, if not air,
toxic.

(3) Test Pressure. The test pressure shall be not less

than 1.1 times the design pressur
lesser of
(-a) 1.33 times the desig
(-b) the pressure that wq
ential pressure or longitudinal sf
pipe wall thickness) in excess of
of any component at the test te
(b) Procedure
(1) The pressure shall be g
gauge pressure that is the les
pressure or 170 kPa (25 psi) ig
a preliminary check shall be n
tion of joints and vent openirn
para. 7-7.2.7.2.
(2) Thereafter, the pres{
increased in steps, with the prq
at each step to equalize piping sf
sure is reached.
(3) The pressure shall then
pressure before examining for le
para. 7-7.3.2.2.

e and shall not exceed the

n pressure
uld produce a circumfer-
ress (based on minimum
PD0% of the yield strength
mperature

adually increased until a
er of one half the test
attained, at which time
ade, including examina-
gs, in accordance with

ure shall be gradually,
pssure held long enough
rains, until the test pres-

be reduced to-thedesign
hkage in accerdance with

(a) Test Fluid. The test fluid shall be the service fluid.

(b) Procedure. During or prior to initial operation, the
pressure shall be gradually increased in steps, with the
pressure held long enough at each step to equalize
piping strains, until the operating pressure is reached.
A preliminary check shall be made as described in
para. 7-7.3.6 if the service fluid is a gas or vapor.

(c) Examination for Leakage. The examination\or
leakage required by para. 7-7.3.2.2(a) shall be conducted
while the system is at operating pressure. Examination for
leakage of joints, vent openings, and connections may be
omitted if previously tested in accordance’with this Stan-
dard.

7-7.3.9 Sensitive Leakage Test

(a) The sensitive leakage tést shall be the Bubble Test
— Direct Pressure Technique in accordance with ASME
BPVC, Section V, Arti¢le 10, Appendix I or another
leakage test method thdt has a demonstrated sensitivity
not less than 1073 std mL/s under test conditions.

(b) When theBubble Test— Direct Pressure Technique
is used

(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

(22) 8-1 SCOPE

This Chapter pertains to
moplastic piping system(s)
pipes with a thermoplasticl
layer. The reinforcing layer i
stress and primarily respon;
the piping system as compar
rial by itself. The thermoplag
an internal liner and extern
layer can be made of mate
impregnated glass fiber, ¢
steel strips, steel cords, an
supplied as either stick or

(a) discusses design, ma
examination, inspection, an|
Nonmandatory Appendix D)
and repair aspects.

multilayered reinforced ther-
MRTPS) that are composed of
ner and a distinct reinforcing
s the principal carrier of hoop
ible for the pressure rating of
ed to the thermoplastic mate-
tic portions of the MRTPS are
bl cover only. The reinforcing
rials such as dry glass fiber,
arbon fiber, aramid fibers,
d aluminum. MRTPS can be
tpooled pipe. This Chapter

terials, fabrication, erection,
d testing of MRTPS. Refer to
for operation, maintenance,

(b) concerns the parts of the piping system between the

end connections (i.e., pipe|
flanges, and supports). H4
are typically not used with
as standard valves used for
used for MRTPS.

(c) adoptsaperformance
prescribe specific materials,

8-2 APPLICABILITY

(a) This Chapter covers t
applications such as single-{
sour service for oil gathering
gathering, natural-gas trans
tion, water transfer, water
carbon dioxide (CO;) inject]

(b) Use of MRTPS in high

prime connections, fittings,
ngers are excluded as they
MRTPS. Valves are excluded
pther piping systems are also

Lbased approach and does not
constructions, or dimensions.

e use of MRTPS in oil and gas
hase or multiphase,'sweet or
, oil transmission, natural-gas
ission, natural-gas distribu-
njection water disposal, and
ion.

-vapor-pressure applications
he/design engineer considers

is permitted in cases where

the application acceptable from a risk/safety perspective.
(c) Other MRTPS applications outside the oil and gas
industry are acceptable, provided the requirements of this

Standard are met.
(d) MRTPS may be burie
relining applications.

d, laid on surface, or used in
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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 15§;
Annex B, Project Application Information, for‘the
MRTPS manufacturer’s confirmation of suitdbility of
the MRTPS for the intended service.

8-3.2 Maximum Allowable Operating Pressure

The maximum allowable operatingpressure (MAOP) of
the piping system shall comply with’both the static pres-
sure considerations (see paras8-3:2.1) and the cyclic pres-
sure considerations (see para: 8-3.2.2).

8-3.2.1 Static Pressuré’/Considerations

(a) The MAOP ofithe piping system shall comply with
eq. (8-3-1):

MAOQOP < NPR (8-3-1)
where
MAOP = maximum allowable operating pressure, kPa
(psig)
NPR = nominal pressure rating of the MRTPS, kPa
(psig)

(b) For both metallic-reinforced MRTPS and nonme-
tallic-reinforced MRTPS, the NPR shall be as defined
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 connectors.

(a) The ability of an MRTPS to resist the pressure fluc-
tuations anticipated during service shall be verified.

NOTE: Pressure fluctuations are generally the result of opera-
tional changes in the pipeline system, such as pump start/stop
and valve opening and closure.

(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,
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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.

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

temperature at which the minimum qualified pressure
of the MRTPS has been established in accordance with
this Chapter.

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

para. 8-3.4).

(b) The design engineer shall
limit the exposure of the piping
allowable operating pressure to
occurrence.

8-3.4 Minimum Qualified Pj

(a) The minimum qualified pr
be equal to the atmospheric pr

(b) Alternatively, for applicat
than atmospheric pressure, the
sure shall be equal to or higher
sure the MRTPS have been prove
testing.

(c) Successful testing shall co

have measures in place to
system to the minimum
no more than 1 week per

fessure

pssure of the MRTPS shall
PSsure.

ons with pressure lower
minimum qualified pres-
than the minimum pres-
1 to resistby qualification

hsist of a hold test under

vacuum for 1 week at the maximfim qualified temperature

without damage to the MRTPS o
test specimen.

(d) The testing shall be perfo
and class combination that is
vacuum effects.

8-3.5 Surge Pressure

The potential for pressure su
hammer shall be assessed by th{
and a protection system shall b
the highest pressure during a suf
the piping system MAOP plus 1

8-3.6 Maximum Allowable
Temperature

pressure increase in the

rmed on the MRTPS size
most susceptible to the

Fge resulting from water

piping system designer,
e implemented such that
ge event shall not exceed
0%.

Dperating

(a) In establishing the maximum allowable operating

temperature (MAOT) of the pip|
shall consider the fluid temper
ture, solar radiation, and any]

ing systefn; the designer
htupe,~ambient tempera-
other factors that can

of the piping Systenm.

(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
para. 8-3.9).

8-3.9 Minimum Qualified Temperature

The minimum qualified temperature of the MRTPS-shall
be equal to the lowest temperature used in the.qualifica-
tion testing of the MRTPS in accordance with API 15S.

8-3.10 Temperature Fluctuations

(a) Temperature fluctuations, including their magni-
tude and frequency, shall be considered during the
design of the piping system.

(b) Temperature variations outside the range of the
minimum allowable operating temperature and the
MAOT shall be proyven by qualification testing not to
adversely affect the.performance of the MRTPS.

8-3.11 Design Life

The MRTPS shall be qualified for the design life of the
piping.system.

8-3.12 Fittings and Joints

(a) Thejointing system to be used as part of the MRTPS
shall have been proven by performance testing and quali-
fication, as per API 15S, to be equal or superior 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 equivalent
ASME standard, for the requested MAOP.

(c) Where metallic components are used, coating and/
or cathodic protection systems shall be designed and
installed that, when properly maintained, will protect

affect the temperature of the p

pINg SysStem.

(b) The MAOT of the piping system shall be equal to or
less than the maximum qualified temperature of the

MRTPS (see para. 8-3.7).

8-3.7 Maximum Qualified Temperature

The maximum qualified tempe

rature 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
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the fitting through the life of the piping system.

8-3.13 System Supports

(a) The MRTPS shall be adequately supported such that
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.
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8-3.14 Minimum Operating Bend Radius

The minimum operating bend radius (MOBR) used

when the MRTPS is press
larger than the MOBR establ

urized shall be equal to or
ished 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 to ensure compat
joints, and fittings. The as
minimum, gas content; pH
and carbon dioxide; presef
injected chemicals; and
factor that could adversel
the MRTPS.

8-3.16 Sour Service

Metallic components use
to sour service shall be cor

ihility with the MRTPS pipe
sessment shall consider, at
; levels of hydrogen sulfide
ice of aromatics, solids, and
hny other service or fluid
y affect the performance of

|l to construct MRTPS subject
hpliant with NACE MR0175.

8-3.17 Additional Desigh Considerations

The designer of the pipin
also consider the following
(a) weather effects, ultra

from external damage or fi

b system shall, as a minimum,
violet degradation, anchoring

e, and any other mechanism

stresses, potential corrosaon mechanisms, protection

that can cause adverse ef
MRTPS.

(b) external loading and
anticipated traffic and env|
These can require additiond
within a casing.

(c) expansion or contract
or temperature fluctuation|
shall provide the designer
to adequately compensate
intended installation envird

(d) for surface instal
restraining the pipe to p
lead to damage. Support deJ
stresses.

(e) dimensional compat
quirements, and the need
fittings that can reside wit

ects on the performance of

dynamic forces exerted by
ironmentally induced loads.
| burial depths or installation

ion associated with pressure
5. The MRTPS manufacturer
with expansion coefficients
for the effects based on. the
nment.

ations, requirerents for
Fevent movement that can
igns shall mininiize localized

bility, €orrosion control re-
for¢spacing centralizers for
hin~a’host pipe as part of a

ommendations, in addition to the requirements of this
Standard.

8-4.2.1 Joining. The assembly and erection contractor
shall perform the joining of MRTPS in accordance witha
written joining procedure, based on recommendations
from the MRTPS manufacturer.

8-4.2.2 Personnel. The personnel responsible‘for the
fabrication, assembly, and erection of MRTES shall be
trained, assessed, and qualified by the MRTPS manufac-
turer.

8-4.2.2.1 Training. The trainingprogram required in
para.8-4.2.2 shallinclude botha theoretical and a practical
section.

(a) The theoretical section shall cover receiving,
unloading, handling, storihg, laying, joining, backfilling,
and tying in pipe and fittings.

(b) The practical section shall cover the details of
joining pipe and-fittings and the operation of the installa-
tion equipment, if any.

8-4.2.2.2 Assessment. The assessment of personnel
shall'include both a written test and the fabrication of an
MRTPS testjoint. The joint shall be assessed by the trainer
and deemed acceptable.

8-4.2.2.3 Qualification

(a) Upon successful completion of the training and
assessment, each individual shall be issued a training
certificate or pocket card by the MRTPS manufacturer.
The certificate/pocket card shall

(1) be printed on a form containing the logo of the
MRTPS manufacturer

(2) have an issue date, an expiry date, and a unique
identification number

(3) include the name and photograph of the individ-

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
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en continuous evaluation

(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

MRTPS included in the scope
buried, laid on surface, or used
applications.

8-4.3.1 Buried Installations.
conventional “trench and backfil

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

of this Chapter may be
n relining/rehabilitation

MRTPS may be buried by
” methods using conven-

tional trenching equipment, by dlirectional drilling, or by
“plowing-in” with specialized trenching plows.

8-4.3.1.1 Installation Specification. The design engi-

neer shall develop an installd
provides requirements for f4
limited to, the following:

tion specification that
ctors such as, but not

(a) pipe system routing, takimg into consideration the

MOBR of the product
(b) the transition from above
ground piping

ground piping to under-

(c) the use of tracer wire, warning tape, or both in

buried applications, in accord
turer’s recommendations

hnce with the manufac-

(d) installation of a cathodic protection system, where

required
(e) application of protective
(f) backfill material
(g) burial depth and casing 3
(h) methods to minimize soi
(i) compaction techniques th
material from damage
(j) any additional measures|
localized stresses to the MRTPS

vrapping to the fittings
t crossings
movement and heave

ht will protect the piping

necessary to minimize

(k) installation and placement of buoyancy weights, if

necessary

8-4.3.1.2 Co-trenching. If
co-trenching with other pipelin
infrastructure, the installation s
adequate direction with respect

the installation includes
s or othér'underground
pecification shall include
toséparation distances.

complete shall be performed to ensure the ftness for
service of the piping system.

(d) Any damages resulting 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 pulled past the
bore exit hole to allow for a 360-deg visual evaluation of
the pipe, and to allow for pipe relaxation.

(f) If the examination reveals damages thatlexceed
defined acceptance criteria, further examination shall
be executed to ascertain the acceptability of the installed
pipe.

(g) If it cannot be satisfactorily détermined that the
installed pipe is acceptable, the pipe shall be replaced
or a new HDD bore performed:

8-4.3.2 Surface Installations

(a) Surface installation'shall be performed according to
the installation specification.

(b) The recommendations for support types and spans
shall be followed; including any recommendations for
supporting MRTPS interface materials.

(c) Benids'in MRTPS shall always be made with a radius
greater than the MOBR of the product.

(d)>MRTPS laid on surface shall be adequately
restrained to avoid damage from abrasion on the
ground surface and to avoid pipeline kinking or excessive
movement.

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 reduce the effec-
tive internal diameter of the steel line and damage the

Separation distances shall addresspotential 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 d

8-4.3.3.3 Centralizers

ocumentation.

. 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 amount of the pipe sy
host pipe to allow for a 360
ensure the pull through the
damage that will affect the 4
system, as well as to allow fo
(b) A 3-m (10-ft) trial M
pulled through the host p
MRTPS pull to verify the
the feasibility of the liner g
(c) MRTPS shall be app

stem shall be pulled past the
deg evaluation of the pipe to
host pipe has not caused any
erviceability of the new pipe
r the relaxation of the MRTPS.
RTPS pipe segment may be
pe in advance of the actual
Ktatus of the host pipe and
ull.

ropriately supported at the

transition points from the host pipe to the soil to

avoid shear loads and poin

8-5 EXAMINATION, INS

Examination, inspection,
MRTPS manufacturer’s re
to the requirements of this

8-5.1 General

This section distinguishd
inspection.
Examination applies td
performed by the MRTPS
erector. Reference in this
to a person who performs
Inspection applies to funct
by the owner’s Inspector
References in this Standa
the owner’s Inspector or tH
Inspection shall not relie

t loads.

PECTION, AND TESTING

and testing shall follow the
ommendations, in addition
Standard.

s between examination and

quality control functions
manufacturer, fabricator, or
Standard to an examiner is
Juality control examinations.
ions performed for the owner
r the Inspector’s delegatés.
d to the “Inspector’lare to
e Inspector’s delegates.
e the MRTPS smmanufacturer,

the fabricator, or the erect¢r of the responsibility for

(a) providing materials,
ship in accordance with the |
and of the engineering des

(b) performing all requir

componernts; and workman-
equirements of this Standard
gn

edeXaminations

(a) The erection activities shall be examined to ensure
the piping system is installed in accordance with the
design specifications and in such a way as to avoid any
damage that may affect the long-term integrity of the
piping system.

(b) Wherever the installation methodology allows;-the
following items, as a minimum, shall be examined during
the piping system erection:

(1) pipes, fittings, and accessories toZénsure no
damage

(2) trench preparation as per the MRTPS manufac-
turer’s recommendations

(3) pipe deployment to verifynabsence of kinks and
damages

(4) joining of couplings.and fittings

(5) application of carrosion-protective measures at
metallic fittings, if applicable

8-5.2.2.3 Prehydrotest Examination. Upon comple-

tion of the erection activities, prior to backfilling and
subsequent hydrostatic testing, the piping system shall
be examired to ensure that

(a)~no’/damage is present

(b)_adequate supportand restraint are provided for the
MRTPS and adjoining equipment

Backfill shall be performed in a manner that does not
damage the installed piping system.

8-5.3 Inspection

Inspection should be performed at each examination
milestone outlined in para. 8-5.2. At a minimum, inspec-
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 of the
piping system

(c) preparing suitable r

cCords or 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.
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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.
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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 subassemblies that have pr{
flanged joints at which a blank d
equipment or other piping durin
to be leak tested.

8-5.4.3 Preparation for Hydj
the hydrostatic testing, MRTPS i
cations shall be covered with
exposed.

8-5.4.4 Hydrostatic Test

(a) Test Fluid

(1) The test fluid shall be Y
possibility of damage due to free
of water on the piping or the pr
alternative fluid shall consider f}
chemical compatibility with th
consequences of a pipe system

(2) If hydrostatic testing W
able situation or risk of contan
subject the piping system to o
lieu of the hydrostatic leak test]
are performed, consideratiof

pviously been tested, and
r blind is used to isolate
g a test, are not required

ostatic Testing. Prior to
htended for buried appli-
Koil, with the joints left

vater unless there is the
zing or to adverse effects
cess. The selection of an
ammability, toxicity, and
b MRTPS, as well as the
failure during hydrotest.
Fould create an undesir-
lination, the owner may
pneumatic leak test in
Where pneumatic tests
i shall be given to the

test pressure.

(3) Theresultingtest pressure along the MRTPS shall
not exceed the allowable test pressure stipulated in the
standards of material specifications for the pertinent
components of the piping system.

(c) Test Duration. The duration of the hydrostatic test
pressure of the MRTPS, excluding the conditioning ahd
stabilizing time, shall be a minimum of 8 h.

(d) Test Records

(1) A testrecord shall be completed of each MRTPS
test and shall, at minimum, include the following:

(-a) identification of the piping System tested

(-b) date of test

(-c) test fluid

(-d) test pressure

(-e) test duration

(-f) test temperature

(-g) the pressure.test chart

(-h) calibratiofi‘certificates for testing equipment

(-i) minimuim; maximum, and measurement loca-
tion elevations

(-j) .certification of results by the examiner

(2) Aesting records shall be retained and stored in
the projeet construction file.
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MANDATORY APPENDIX |
FUSING AND ELECTROFUSING OF POLYAMIDE-11
THERMOPLASTIC PIPING; AND FUSING OF POLYPROPYLENE,

OLY{VINYLIDENE FLUORIDE), AN

D

L

' TRAFLUOROETHYLENE) PLASTIC LINERS
OF LINED STEEL PIPE

I-1 GENERAL REQUIREMENTS

This Appendix contain
fabrication, assembly and e
tion, and testing of thermop
amide-11 (PA-11) ther
polypropylene (PP), poly(y
and poly(tetrafluoroethylen
of ASME NM.1, areview of ex

requirements for design,
rection, examination, inspec-
astic piping systems for poly-
moplastic materials and
rinylidene fluoride) (PVDF),
e) (PTFE). During the creation
isting standards revealed that

neither ASME BPVC, Sectiop IX nor any of the American

Welding Society standard
Specifications for PVDF o
pipe. This Appendix provig
these material types.
NOTES:
(1) The fusion joining of PTFE
of a perfluoroalkoxy alkan
(2) PE liners that are to be fittd
be fusion welded by the p
Section IX, Part QF, Plastic K
0.D. bead form is to be re
line is allowed to move b4

I-2 SCOPE

The requirements in t
preparation and qualificati

include Joining Procedure
- PTFE liners of lined steel
es requirements for joining

iners is accomplished by the use
e (PFA) film interface.

d into a steel pipe housing are to
rocedures listed in ASME BPVC,
using, with the exception that the
moved before the fusion-welded
ck into the steel pipe bore,

his Appendix apply to the
on of thé, Joining Procedure

Specification (JPS) for

PA-11 thermoplastic materials, and PP, PVDF, and

PTFE liners of lined steel

fjlsing and electrofusing of

ipe,and to the performance

address all essential variables applicable te- the fusing
process used, and the test results shall meet.all require-
ments of this Appendix.

(b) The information to be included”in the JPS for
fusing and electrofusing of PA-1¥"and the fusing of PP,
PVDF,and PTFE liners is pfrevided in Chapter 5.
There are no required formats for JPSs or PQRs. Any
format may be used provided all applicable information
is recorded, including a-certifying statement acknowled-
ging the validity of the'data and certifying that the speci-
mens were madesand tested in accordance with the
requirements of|this Appendix.

(c) PQRsshall notbe revised exceptto correct errors or
add new-or omitted information. All such changes shall be
identified) authorized, and dated on the PQR.

|-4-JOINING PROCEDURES QUALIFIED BY
EMPLOYERS OR AGENTS

I-4.1 Qualification Variables

The qualification variables for the various processes
used in making a procedure qualification test joint 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 listed in
section [-7.
(b) The testresults shall be recorded on or appended to

qualification of the fusing operator joining those mate-

rials.

I1-3 JOINING PROCEDUR

E

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
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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 ]PS.
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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.

1-4.4 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 Test for Procedure Qu

Specified test specimens sha
qualification. The specimens ug
indicated in the specified test s

1-4.6 Control

During the fusing or electrofy

| be used for procedure
ed shall be prepared as
fandard.

sing of procedure quali-

fication specimens, fusing operatjors shall be under the full

control and supervision of the
following steps shall be supervi
(a) preparation of test specim
fusing
(b) instruction of the fusing
fusing or electrofusing joining j
(c) performance of fusing or
(d) recording of the essenti
fusing or electrofusing test
(e) operator performance ex
(f) documenting of test resul
(g) certification of the final K

I-5 EVALUATION OF TEST §

(a) Test specimens shall be st
tests.

(b) Test methods are in sect

(c) The type, number, and loc
tion criteria for tests, shall be as
dards and in this Standard.

I1-6 SIZE RANGE FOR SPECI

1-6.1 Fusing Test Specimens

The limits of fusing test specir
in (a) through (d).

employer or agent. The
sed:
ens for fusing or electro-

operator on use of the
rocedure

electrofusing

hl variables used in the

hminations and tests
LS

QR
PECIMENS

bjected to the applicable
on I-7.

htion of tests, and evalua-
ndicated in the test stan:

MENS

hens shall be as provided

(a) The fusion ofa DN 50 (NPS

7) PA-11 pipe qnnliﬁpq a

(d) The fusion ofa 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 qualified joining ofa DN 50 (NPS 2) PA-11 elec-

to DN 100 (NPS 4 to NPS 4) PA-11 couplings.

(b) The qualified joining of a DN 150 (NPS 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 PROCEDURE
QUALIFICATION

I-7.1 Visual Examination

(a) All fused joints or electrofused joints shall receive a
visual examination 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 required in
ASME SF-2600 for electrofusion couplings.

(c) The visual examination for fused thermoplastic
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-Pressure Test for
Fused PA-11 Pipe. Elevated-temperature sustained-pres-
sure tests shall not require test to failure. The test shall be
performed in accordance with PPI TR-45, as follows:

(1) The test temperature shall be 80°C (176°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 outside 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 ofa DN 150 (NPS 6) PA-11 pipe qualifies

a fusing operator to fuse DN 100
8) PA-11 pipe.

to DN 200 (NPS 4 to NPS

(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.
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Thisteststrattbecomducted using the requirenents 1
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 jJoined 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) The sustained 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.

1-7.3 Quick-Burst Testin

Electrofused Joints

Quick-burst testing of join|
dance with ASTM D1599,
ASME SF-2600.

(a) Four samples shall b

(b) The samples shall be
testing.

(c¢) The minimum hydrau
less than that required to pj
fiber stress in the pipe.

(d) Failure of the fitting g
when the pressure is less

(e) Failure of one of the
failure.

I-7.4 Tensile Testing

I-7.4.1 Testing of PA-11H
PA-11 fused joints shall be iy
at 5 mm/min (0.2 in./mij
reported as required in thg

I-7.4.2 Testing of PA-11
testing of electrofusion couj
be done in accordance with

(a) Specimens shall be t|
causes the pipe to yield d
outside the joint area.

(b) The tensile test shall
joined.

(c) Results shall be repo
2600.

1-7.4.3 Testing of Fused
Samples. Tensile testing o
liner samples shall be in g

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

g of PA-11 Fused and

ks shall be conducted in accor-
sing the requirements from

e selected at random.
conditioned for 16 h prior to

lic burst pressure shall not be
oduce 26.9-MPa (3,900-psig)

r joint shall constitute failure
han in (c).
four samples shall constitute

used Joints. Tensile testing of

accordance with ASTM D638
1), and the results shall be
t standard.

Electrofusion Couplings. The
lings connected to pipe shall
ASME SF-2600.

psted at a tensile stress that
r causes the pipe to break

be made on the specimen as

'ted as required-in~ASME SF-

PP, PVDF,"and PTFE Liner
f fused\PP, PVDF, and PTFE
ccordance with ASTM D638

but at a cross-head speed (¢

f'50-mm/min (2.0 in./min).

butt joints.
(2) This is a pass-fail test.
(-a) Samples showing elongation are ductile and
pass.
(-b) Samples failing in a brittle mode fail.
(3) A graphic representation showing stress-strain
is created as the test is conducted. This graph ofdhe test
may be used to evaluate ductility.

I-7.6 Hydrostatic Testing of the Butt-Fusion-
Welded PP, PVDF, and PTFE Liners for Lined
Steel

I-7.6.1 Test Fluid. The fluid shall be water unless there
is the possibility of damage ‘due to freezing or adverse
effects of water on the piping or process. If such a possi-
bility exists, another suitable nontoxic liquid may be used.
If the liquid is flammable, then its flash point shall be at
least 49°C (120°F)yand consideration shall be given to the
test environment.

I-7.6.2 Fusion-Welded Samples. A minimum of three
fusion-welded samples shall be hydrostatically tested for
eacliTiner type for which the fusion operator is being qual-
ified.

1-7.6.3 Mechanical Couplings. The mechanical
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 Samples

(a) The fusion-joined lined steel pipe samples shall be
fixtured in a hydrostatic device capable of maintaining a
sealing force on the open pipe ends and the welded
samples.

(b) The test specimen shall be subjected to a test pres-

2 MNP L

(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
joined.

be made on the specimen as

(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
(sscnow)\‘

COUPLING

PE. PIPE
(SECTION)

""""" >

GENERAL NOTE: Reprinted, with perry
Outside Diameter Controlled Polyethyl
West Conshohocken, PA 19428, www

1-7.6.6 Test Results. Test reg
the Joining Procedure Qualificat
be given if there is no leakage o

through the fusion-welded joint.

astm.org.

ults shall be recorded in
on. A passing grade shall
[ the test fluid or test gas

1-7.7 Joint Integrity Tests for Electrofusion

Couplings

(a) Ajoint integrity test shall
fusion joints.

be conducted on electro-

(b) The test shall be conducted using a vise to crush

one-half of a split electrofusion|
shows a half coupling.
(c) Instructions for specimen
in ASME SF-2600.
(1) This test provides an e
strength between the pipe and
(2) Separation of the fitti
fusion interface shall constitute

1-7.8 Joint Crush Test

(a) A joint crush test shall be
sion joints.

(b) The testshall be conducte
specimen (see Figure 1-7.8-1) a
2600, and the results shall be
that standard.

(1) This test provides an e
strength between the pipe and
(2) Minor separations shal

coupling. Figure 1-7.7-1
breparation are provided
valuation of the bonding
fitting.

hg from the pipe at the
failure.

conducted on electrofu-+
1 using a vise to crugh the
5 described in ASME SF-

reported as required in

valuatioh/of the bonding

than 15% separation of the heat

hission, from ASTM F1055-16a, Standard Specification for Electrofusion Type Polyethylene Fittings for
bne and Crosslinked Polyethylene (PEX) Pipe and Tubing, © ASTM International, 100 Barr Harbor Drive,

(c) Separation of the pipe from the fitting at the fusion
interface shall constitute failure.

I1-7.10 Hydrotesting for 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 a combined length of appfoximately 203 mm
(8 in.), shall be clamped in acpressure test unit such
that the fusion-welded section¢an be subjected to a hydro-
static test pressurized to noJess than 1.5 times the ASME
Class 150 steel flanged-spool rating [2 944 kPa (427 psig)]
for a minimum of 10 @in.

(1) The test section shall not have mechanical
coupling installed.

(2) Anyfluid leakage through the test 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 1.5 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 eq. (I-7-1):

Pp = 1.5PS7/S (1-7-1)

internal design gauge pressure, kPa (psig)

tute failure.

I-7.9 Saddle-Type Joint Crush Test

Electrofusion saddles shall be tested using a saddle-type

joint crush test as described in
results shall be reported as req

(a) Pipe fused to the fitting is
vise.

ASME SF-2600, and the
uired in that standard.
placed in the jaws of the

(b) The jaws of the vise are closed.
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fitting: Pr = minimum test gauge pressure, kPa (psig)
be acceptable, but more S = allowable stress at component design tempera-
Z0ne ]n“gfh shall consti- tulC fUl t}lC Pl CVd}Cllt PIPC llldtCl id}, }\Pd (pbl),
see ASME B31.3, Tables A-1 and A-1M
Sy = 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
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Figure 1-7.8-1
Joint Crush Specimens in Vise
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m
I3
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UNTIL WALLS OF
~——VISE PIPE MEET
|

GENERAL NOTE: Reprinted, witH
Outside Diameter Controlled Poly]
West Conshohocken, PA 19428,

ASME B31.3, Tables A-1 an
the piping system is made ug
than one material, the St/
minimum calculated ratio d
If the test pressure as de
circumferential pressure or
minimum pipe wall thick
strength at test temperat
1.5 times the component
the test pressure may be re
sure that will not exceed the

ww.astm.org.

I A-1M. In those cases where
of equivalentlengths of more
 ratio shall be based on the
f the included materials!

fined in (b) wouldproduce a
longitudinal stpess.(based on
ess) in excess of the yield
re or a pressure more than
rating @t test temperature,
duced'to the maximum pres-
lesser of the yield strength or

permission, from ASTM F1055-16a, Standard Specificdtion for Electrofusion Type Polyethylene Fittings for
ethylene and Crosslinked Polyethylene (PEX) Pipe and Tubing, © ASTM International, 100 Barr Harbor Drive,

1-8.1 Heater Removal Time

I-8.1.1 Butt-Fusion Welding of PA-11. The following
table provides the maximum heater removal times that
shall be used for butt-fusion welding of PA-11:

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

1.5 times the Component Ictiugo at-test tculpc1 ature:

1-8 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.
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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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1-8.1.2 Butt-Fusion Welding of PP, PVDF, and PTFE Table I-8-1
Liners. The following table provides the maximum Essential Variables for Heat-Fusing JPS
heater removal times that shall be used for butt-fusion for PA-11
welding of PP, PVDF, and PTFE liners: Description of Variable Essential Nonessential
Maximum Joint type: butt fusion X
Heater Removal Time, s Pipe surface alignment X
Liner Type [Notes (1), (2)] Material X
PP 5 Wall thickness X
PVDF 5 Cross-sectional area X
PTFE 3to5 Position X
Heater surface temperature X
NOTES: Interfacial pressure X
(1) Thisisthe maximum permitted §fime between the removal of Bead size as specified X
EEZ }letgr plate and bringing together the liner ends to form Bead appearance X
(2) The differences between heatel removal times for the PP, Open time l?etween heater removal X
PVDF, and PTFE liners and thos¢ for PA-11 (see para.1-8.1.1) and welding
are due to differences in thicknegs (i.e., the liners are thinner Cooldown time X
than PA-11 pipe) and in the chafacteristics of the materials. Fusing equipment manufacturer X
1-8.2 Beads
A bead is formed during the¢ butt-fusion process. A
typical bead is shown in Figure|[-8.2-1. Table I-8-2

I-8.2.1 Bead Size for Butt F
provide maximum bead size
during butt fusion of defined m

(a) Typical Butt-Fusing Bead

Ti
Pipe Size, mm (in.)

ision. The tables below
t that shall be formed
aterials.

40 (1.25) and smaller
>40 to <90 (>1.25 to <3)
90 to 225 (3 to 8)

1to
3to
3to

NOTE: (1) When the proper bead
heater surfaces all around the pi
the heater. Melt bead size is depen|

(b) Typical Butt-Fusing Bead
Liners

Typ
Pipe Size, mm (in.)

25 to 50 (1 to 2)
75 to 100 (3 to 4)

4.8 to 6.4
6.4 to 7.9

Essential Variables for Electrofusion JPS
for PA-11 Electrofusion Couplings

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.

100

; Description of Variable Essential  Nonessential
Sizes for PA-11 Joint type [Note (1]
ypical Fusing Bead Size, Coupling X
mm (in.) [Note (1)] Saddle X
D (Y5 to ) Fit-up gap X
L5 (Y% to <%6) Material X
b (s to Y46) Wall thickness X
Goupling or saddle manufacturer X
size is formed against the Pipe diameter X
be or fitting ends, remove Cooldown time X
dent on pipe size. Fusion voltage X
| Sizes for PP and\PVDF Fusing time X
Material temperature range X
ical Fusing 2O si Power supply X
.:1(:1 (i;l.s)"[lﬁotza(l)]lze' Power cord X
Chet6h) Processor X
(Yo%) Saddle clamp X
Cleaning agent X
Scraping device X

NOTE: (1) There are electrofusion couplings to join pipe to
pipe and electrofusion saddles for branch connections.



https://asmenormdoc.com/api2/?name=ASME NM.1 2022.pdf

ASME NM.1-2022

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 X
Steel-pipe-to-liner cutback dimension X
Appearance of liner at 0.D. and L.D. of cutback X
Installation of mechanical coupling onto one section of the to-be-joined piping [Note (1)] X
Installation of wind bag around heater for PTFE/PFA liner weld X
Warming of steel pipe ends wheE: installation is to be done at ambijent temperatures below 45°F (7°C) X
Construction of onionskin-type ghelter around weld location to protect against inclement weather X
Fusing equipment manufacturer X
Correct distance fixturing of the |steel pipe end within the fusing equipment X
Alignment of pipe-liner surface gnd wall thickness X
Material (liner type) X
Trimming of liner ends with a fdcing tool to the proper dimension X
Heater plate type X
Verification of heater plate surface temperature X
Weld position (only horizontal welds allowed) X
PFA film thickness for fusing PTFE liners X
Initial PP and PVDF bead size in| contact with the heater plate X
Initial applied pressure against the heater plate to ensure intimate contact of the PTFE with the PFA film X
Removal of excess PFA film fronp heating plate after initial PTFE liner contact with heater plate X
Permissible open time between heater removal and welding X
Applied pressure for making weld X
Heater plate placed back in the metallic storage container to avoid damage X
Cooldown time X
For PP and PVDF liners: bead site and shape and/or appearance X
Joint appearance for PTFE fusion-welded liners X
PTFE fusion-welded connection wrapped with PTFE tape prior to mechanical coupling installation X

NOTE: (1) Make sure that the c

bupling is a vented type for PTFE-lined piping.

101
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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.

8

These visually acceptable beads may have a
gap under the bead after it cools.

/a e

A\

_/

I
PE Jipe (cross-sectional view)

(a) Visually Acceptable
Uniform bead arqund pipe

These visually acceftable beads may have a
gap under the bead after it cools.

10% or
less

)

PE pip¢ (cross-sectional view)

(c) Visually Acceptable
Nonuniform bead sizes but uniform around
pipe (outside diafneter mismatch less than
10% of the wall)

E-F‘;E pipe (cross-sectional view)

(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.

i

PE pipe (cross*sectional view)

(d) Visually Unacceptable
Nonuniform/uniform*bead
around pipe and V-groove
too deep at pipe-tangent

102
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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
moisture creates bubbles in the beads. The bubbles are
limited to the beads and do not affect the strength of butt-
fusion joints. See PPI TR-45 for pictures of typical beads with

bubbles.

(c) Wall Thickness and Cross-Sectional Area. The cross-
sectional area is used to determine the force needed to
make a PA-11 butt-fusion joint.

(d) Interfacial Pressure. When the owner has selected
ASME SF-2600 for the parameters to fuse PA-11, the inter-
facial pressure required shall be 414 kPa to 621 kPa
(60 psi to 90 psi).

NOTE: This interfacial pressure was determined by testing
published in PPI TR-45.

(b) Fusion Beads for PP a
for PP and PVDF liner joint
shown in para. 1-8.2.1(b) 4
around the entire liner join
NOTES:

(1) Theoutward edge ofthebe
and touching back with th

hd PVDF Liners. Fusion beads
s shall meet the size criteria
nd shall be uniform in size
t.

hd shall be completely rolled over
e liner O.D. surface.

(2) Beadsshallnotbe wavy as this indicates that the heater plate

was too hot.

(3) There shall be a minimum
outward edge of the bead
cannot touch the steel pip

(4) Air bubbles shall notappea
applies to PP, PVDF, and |

(c) PTFE/PFA Liner jJoin
shall appear as a straight
raised slightly outward to |

(1) The PFA film shall
entire 360-deg surface of
slightly out past the weld (

(2) There shall be no o
PFA film between the two

1-9 VERIFICATION OF E

The essential variables fo
piping are discussed in para|
of PA-11, in para. 1-9.2; ang
PVDF, and PTFE/PFA pipe a

1-9.1 Essential Variable}

The PA-11 fusion joint shal
of PA-11 pipe as described

The essential variables fd
follows:

2-mm (%6-in.) gap between the
and the steel pipe end. Beads

e end.

I in the bead or fusion joints. This
TFE/PFA liners.

s. The PTFE/PFA liner joint
iner joint with the location

ess than 1 mm (%; in.).

be uniformly visible over the

fusion weld and protruding
.D. surface.

bvious gaps where there is no

PTFE liner ends.

SSENTIAL VARIABLES

r butt fusion of PA-11 plastic
[-9.1; those for electrofusion
those for butt fusion of PP,

hd fitting liners, in para.J-9.3.

5 for Butt Fusion-of PA-11

Il be made by‘heating the ends
in the JPS.
r butt fusion of PA-11 are as

(a) Pipe Surface Alignmé

nt{ The maximum misalign-

(e) Heater Surface Temperature. The heater tempera-
ture required to join PA-11 shall be 257°C to 263°C (495°F
to 505°F).

(f) Heater Removal Time. Heater removal times shall be
as provided in para. I-8.1.1.

(g9) Bead Size, Shape, and Appearance. The bead_ Size
shall be as provided in para. I-8.2.1(a). See also’Figure
1-9.1-1.

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.

(h) Cooldown Time. Cooldown time for a PA-11 butt
fusion shall be 12 min/25 mun (12 min/in.) of pipe
wall thickness.

1-9.2 Essential Variabtes for Electrofusion Joints

Electrofusion couplihg joints shall be made using two
pieces of pipe, and one electrofusion coupling. See
Figure [-9.2-1\Saddle electrofusion joints shall be

Figure 1-9.1-1
Cross-Sectional View of PA-11 Butt-Fusion Bead
| 1H
1%H l

Uniform bead size and shape
bead rolled to pipe surface

ment of the PA-11 pipes shall be 10% of the wall thickness.

(b) Material
(1) The requirements
are limited to PA-11 pipe or
fused.
(2) The PA-11 shall

for procedure qualifications
fittings butt fused or electro-

meet the requirements of

Group 2, Class 2, and Grade 3 (PA-32312) as described

in ASME SD-6779.
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— PA-TT pipe (cross-sectional view)

GENERAL NOTES:

(a) Figure is adapted with permission from PPI TR-45/2016, Butt
Fusion Joining Procedure for Field Joining of Polyamide-11
(PA-11) Pipe, page 13, Figure C.1. Illustration of a Properly
Made PA-11 Butt Fusion Joint.

(b) H = bead height.

(c) The presence of bubbles in the bead is normal and varies with the
amount of absorbed water in the pipe and/or fitting. When PA-11
pipe is butt fused to molded fittings, the fitting-side bead can have
an irregular appearance.
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Figure 1-9.2-1
Cross-Sectional View of an Electrofusion Coupling

Terminals >

coupling

PA-11 pipe/

Flow zone

.

Electrofusion wire coiL \

Body of electrofusion
coupling

GENERAL NOTE: Figure is adapted wi
Inch Polyethylene (PE) Pipe, page 50,

made using an electrofusion sad
pipe.

The essential variables for el
follows:

(a) Fit-Up Gap. The fit-up
between the pipe and the ele
saddle that is not in contact w
pipe or the saddle and the pip¢

(b) Material

(1) The requirements for
shall be limited to PA-11 pipe or
trofused.

(2) The PA-11 shall meq
Group 2, Class 2, and Grade 3
in ASME SD-6779.

(c) Coupling or Saddle Manuy
turer uses its own distinct proce
fusion couplings or saddles. W
coupling or saddle automatical
processor, the tolerance of thd

Appendix H.

dle and a piece of PA-11
ectrofusion joints are as

pap shall be the space
ctrofusion coupling or
th the coupling and the
. See Figure [-9.2-2.

procedure qualifications
ittings butt fused or elec-

t the requirements of
PA-32312) as described

facturer. Eachdananufac-
sses to make its'electro-
hile the batcode on the
y sets the”electrofusion
pipe.that the coupling

or saddle can join or can be att

achied to may vary.

N

h permission from PPI MAB-02-2017, Generic Electrofusion Procedure for Field Joining of 14 Inch to 30

(f) Fusion Voltage. The fusiéh voltage may be set by the
bar code on the fitting or ay be set manually. The rec-
ommended voltage for-the specific electrofusion compo-
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 wallplug may be used to supply power to the elec-
trofusion processor provided the generator or plug

Figure 1-9.2-2
Fit-Up Gap

(d) Pipe Diameter. Different c
be used for each pipe size.

ouplings or saddles shall

(e) Cooldown Time. The coupling shall be allowed to

cool down per the recommendations of the electrofusion
coupling or saddle manufacturer.

NOTE: Differences in the thickness or the amount of heat used in
the joining process can influence the time needed for cooling.
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GENERAL NOTE: Figure is adapted with permission from PPI MAB-
02-2017, Generic Electrofusion Procedure for Field Joining of 14 Inch
to 30 Inch Polyethylene (PE) Pipe, page 56, Appendix H.
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satisfies 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.

(k) Saddle Clamps. Electr

ofusion saddles are available

(1) The heater’s electronic temperature-control
system shall be capable of holding the temperature toler-
ances required for the thermoplastic liner to be fused.

(2) The thermometer and temperature controller
shall be calibrated to have a temperature range as
required for the thermoplastic liner to be fused.

(3) Ifahydraulic 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

in a variety of types and size,
each is unique. The saddle ¢
the electrofusion saddle us
(1) Cleaning Agent. Tho
nonessential variable, a clg
to electrofusion. Various c
for preparing pipe surfaces
agent recommended by the
facturer should be used.
(m) Scraping Device. Th
needed to make a good eld
The purpose of the scraping
tion layer from the pipe surf:
for fusion. Use of the scraj
removal of surface oxidatig

1-9.3 Essential Variable
PVDF, and PTFE/P

Butt fusing of PP, PVDF, a
liners is limited to pipes wi
size of 100 mm (4 in.). Th
follows:

(a) Warming the Steel P
temperatures are below 7°
should be warmed before
since the steel ends can a

s _andthe r‘]:\mping device for
lamp used shall be specific to
pd.

ligh the cleaning agent is a
an pipe surface is essential
eaning agents are available
or electrofusion; the cleaning
electrofusion coupling manu-

e dimensional requirements
ctrofusion joint are critical.
device is to remove the oxida-
ice and expose virgin material
ing device ensures uniform
n.

5 for Butt Fusing of PP,
FA Pipe and Fitting Liners

hd PTFE/PFA pipe and fitting
th a maximum nominal liner
e essential variables are as

ipe Ends. If ambient outside
[ (45°F), the steel pipe ends
aking the liner fusion joint,
as a heat sink and remove

heat from the fusing during the joining process. A hét
air gun warm to the toug¢h [23°C (73°F) or higher]
should be used to warm the steel ends.

(b) Installation of a Shelter to Protect the Fusing Area.

Fusion joining performed i

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 pf PE film or other similar film
(onionskin) may be used to| previde a clean atmosphere.

(d) Pipe Surface and Wall Thickness Alignment. The
maximum misalignment of the PP, PVDF, or PTFE/PFA
pipe liners shall be <5% of the published plastic liner
wall thickness (see Table 1-9.3-1).

NOTE: The alignment of the thermoplastic liner is important:
This alignment shall be checked before inserting the heater plate.

(e) Material
(1) Only PP liners shall be fused to PP liders, PVDF to
PVDF, and PTFE to PTFE with the PFA film interface.
(2) Plastic liners shall conform tocthe following re-
quirements:
(-a) PP homopolymer periASME SD-4101, Type II
(-b) PVDF copolymer per"ASME SD-5575
(-¢) 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 filmiused as the weld interface to make
the PTFE fusion.weld per ASME SD-3307, Type II
(f) Heater Plate Type
(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.

Table 1-9.3-1
Steel Pipe Liner Thickness
for PP, PVDF, and PTFE/PFA Liners

Failure to do so can result in Fastor—welds—thatteal

=

(c) Fusing Equipment Manufacturer. The manual or
hydraulic fusing machine used to fuse plastic-lined
steel piping shall use custom die inserts. The inserts
shall attach firmly to the housing.

Each fusing equipment manufacturer provides die
inserts unique to its equipment. Inserts are not inter-
changeable between manufacturers in most cases.

The fusing machine shall meet the following require-
ments:
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PP and PVDF Liner PTFE/PFA Liner

DN (NPS) Thickness, mm (in.) Thickness, mm (in.)
25 (1) 3.8 (0.150) 3.3 (0.130)
40 (1.5) 4.1 (0.160) 3.3 (0.130)
50 (2) 4.4 (0.172) 3.3 (0.130)
75 (3) 4.4 (0.175) 3.3 (0.130)
100 (4) 5.3 (0.207) 4.1 (0.160)

GENERAL NOTE: The same liner thickness is used for 25-mm to
75-mm PTFE liners.
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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

[

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 (*/;¢-in.) diameter
bead shall be formed all the way around each PP or PVDF
liner end. A uniform bead indicates that there is a positive
contact with the heater plate (see Figure [-9.3-1).

(1) The fusion operator shall apply a force of 18 N to
27 N (4 Ibf to 6 1bf) to make this initial head

11

DO

GENERAL NOTES:

(a) Figure is adapted with permissiory
Guidelines for Electrofusion Coup

(b) The bead shall be uniform aroun

(c) Beads form only with PP and PV
when PFA film is sandwiched bef
heater plate.

from PPI TN-34, Installation
lings 14" and Larger.

the liner.

DF liners. No bead is present
een the PTFE liner and the

(2) The designated heater
liners with the PFA film interfa
special nonstick (metallic-colorg
accommodate the 418°C (785°F)

NOTE: The metallized heater plate s
PP or PVDF liners. The PP and PVDF
the PTFE weld temperatures, resu
debris to other fusion welds that W

blate for fusing the PTFE
fe shall be coated with a
d) alloy coating that can
fusion weld temperature.

hall not be used for welding
iner ends may be charred at
ting in transfer of charred
Fill result in a joint leak.

(3) The heater plate type used shall be recorded on
the Fusion Weld Log.
(g) Heater Plate Surface Tem
(1) PP and PVDF Liners. Fg
pipe and fitting liners, the heate
be 232°C + 6°C (450°F = 10°F).
shall be as recommended N
plastic-lined steel pipe. The hg
shall be verified with a digital
on the Fusion Weld Log and/of

perature

r fusing of PP and PVDF
- plate temperature shall
The fusing.temperature
y the supplier of the
ater plate temperature
byrameter and recorded
by a data logger.

(2) When fusing is performed aboveground up in the
pipe rack, care shall be exercised such that the electrical
cord does not become restrained, causing the heater plate
to tilt to one side and resulting in uneven bead formation
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 apply11¥ 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/eater plate. This
initial pressure ensures that the<melted PFA film is
able to migrate into the microstructure of the PTFE
liner, further anchoring the PFAtinterfacial layer in place.

NOTE: Failure to apply initial interfacial pressure can result in a
weld with poor tensile strength.

(j) Removal of the:Excess PFA Film. After the PTFE liner
ends have sandwiched the PFA film against the heater
plate, the excess film material shall be removed prior
to removal of\the heater plate.

NOTES:

(1) When 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) Removal of the excess PFA film is accomplished by use of a
PTFE spatula.

(k) Permissible Liner-End Open Time After Heater Plate
Removal. Paragraph [-8.1.2 provides the maximum
permissible open time between the removal of the
heater plate and bringing together the PTFE liner ends
to form the weld.

(1) Application of Liner Contact Pressure

(1) For making PP or PVDF fusion welds, the fusion

(2) PTFE Liners

(-a) For fusing of PTFE pipe and fitting liners, the
heater plate temperature shall be 418°C + 2°C (785°F *
5°F). The heater plate temperature shall be verified
with the output reading on the built-in temperature
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 joined.
Its purpose is to prevent a chimney effect of cooler air
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operatorshall apply pnmlgh evenliner cantact pressure to

create a uniform bead rollover on both sides of the weld,

such that the leading bead outside edge touches the liner

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.

(2) 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
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pressure will produce a too-small bead size, resulting in a
weld with poor tensile strength.

(3) For hydraulic machines, us

e the interfacial pressure recom-

mended by the manufacturer of the thermoplastic-lined pipe

for the type of material, wall thickness, and diameter.

(2) For making a PTFE liner fusion weld, the fusion
operator shall apply enough even contact pressure to
bring the liner ends together such that the weld region

rises outward about 2 mm

(1/16 11’1)

tact pressure will result in g V-

(2) An elevated-temperature sustained-pressure
test shall be used as described in PPI TR-45.

(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) Since PA-11is notlisted in EN 13067, for operator qualifica-

tion, testing as described in para. I-9.2 shall be conducted for
international nse

NOTE: Applying too much co
shaped weld that is susceptiblg
too little contact pressure, wher
movement of the PTFE weld reg
tensile strength.

(m) Proper Cooldown Tin|
Liner Fusion Welds. The fus
fusion-welded liners to co
removing the fusion machi

(n) Recording of Essentia

(1) All essential varia
Fusion Weld Log or usiq
logger. Thisapplies toallline
dix L.

(2) The parameters to

1-10 JOINING PROCEDU

to a peel failure mode. Applying
e there is no perceptible outward
ion, will result in a weld with low

e for the PP, PVDF, and PTFE
ion operator shall allow the
ol 10 min to 15 min before
he.

| Variables

les shall be recorded in the
g a fusing log and a data
rslisted in Mandatory Appen-

be verified shall be recorded.

RE SPECIFICATION

1-10.1 Joining Procedure Specification (JPS) or

Standard Joining
(SJPS)

Any JPS or SJPS shall be qu
requirements in section [-1]

(a) Published data as
elevated temperature and
used to satisfy the requirem|
turer’s testing data may be u|

Procedure Specification

alified in accordance with the
0.
provided in PPI TR-45 for
sustained pressure may be
ents in section I-10. Manufac-
Ked if verified by a third party.

(b) An SJPS shall be qualiified using published data pt

manufacturer’s data.

1-10.2 International Pro

(a) International Joining
be qualified using one of t
methods:

(1) EN 12814-7

cedure Qualification

Procedure Specifications shall
he following equivalent test

(2) 1SO 13953

(2) The standards listed for International Joining Procedure
Qualifications may be used in countries other than the
United States provided they are acceptable in the
country of use.

1-10.3 SJPS for Plastic-Lined Steel Pipe

(a) For joining plastic-lined steel pipe linersjrefer to
the published SJPS that addresses the fusing'Wvariables
listed in Table 1-8-3.

(b) Organizations may use an SJPS:for production
fusing without further qualification,

1-10.4 Contents of the SJPS

(a) TheSJPSshalladdressall'ofthe essentialand nones-
sential variables listed in>Tables 1-8-1, I-8-2, and I-8-3.

(b) The organization‘may include any additional infor-
mation in the SJPS that can be helpful in making a fused
joint.

1-10.5 Changes in Documented Parameters

Changes in the documented parameters of an SJPS
beyond the limits specified in Table 1-8-1, Table I-8-2,
or'Table I-8-3 shall require the qualification of a new JPS.

I-11 QUALIFICATION OF A FUSING JPS

I-11.1 PA-11 Butt-Fusing Joining Coupons

(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-

One of these test methods may be used in place of high-
speed tensile impact testing.

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.
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facial o LRSS £ixz 1aint
tactal-pressurefivejoints

(3) low heater surface temperature and high inter-
facial pressure, five joints

(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
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tensile creep test (EN 12814-3) by prior testing (see para.
[-7.4.1).

(d) Three joints of each combination described in
(2)(1) through (a)(4) shall be evaluated using the high-
speed tensile impact test specified in para. I-7.5 or as
required in EN 12814-7 or ISO 13953. The specimen
shall be ductile and have a welding factor of 0.8 or higher.

I1-11.2 Coupons for Acceptance of the JPS

I-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.

NOTE: The operator may be qualified to fuse all sizes and wall
thicknesses that are within the range of the fusing machine by
being trained on fusing the smallest size in DR 11 or lower and

If the coupons described in pd
fied test, the JPS using the range g
pressure, and cooling times shal
new JPS.

1-11.3 Procedure Qualificati
PVDF, and PTFE/PFA

The JPS or SJPS shall be used
joining PP, PVDF, and PTFE/PF

1-12 QUALIFICATION OF AN

The PA-11 electrofusion coup|l

accordance with the JPS using th
(a) Four electrofusion coupl
shall be quick-burst tested as
2600 and fail in a ductile mann
(b) Four electrofusion coupl
shall be tested using the ¢
sustained-pressure test descr
There shall be no failures in a
(c) Four electrofusion coupl
shall be tested using the tensilg
SF-2600.
(1) The tensile test shall be
this Standard and the results re
(2) 1f all samples pass, no 4
required. If samples fail, then ad|
selected and tested.
(3) If all samples pass the
shall be considered acceptable.
(d) Ajointintegrity testshallh
trofusion couplings and four ¢
described in ASME SF-2600.
(1) The results shall be re
(2) If all samples pass, no a

Ta. I-1 1.1 pass the Speci-
ftemperature, interfacial
pass and be allowed as a

pn for Joining PP,
Steel Pipe Liners

fo qualify procedures for
A steel pipe liners.

ELECTROFUSION JPS

ing shall be prepared in
e following test methods:
Ings selected at random
required in ASME SF-
er.
Ings selected at random
levated-temperature
bed in ASME SF-2600.
| 70-h test period.
ngs selected at random
test described in ASME

conducted as required in
ported as pass or fail.

dditional testing shall be
ditional samples shall be

econd test, then the.test

e conducted gn\four elec-
lectrofusien.saddles as

pbortedias pass or fail.
dditienal testing shall be

required. If samples fail, then ad

itional camnlac chall ha

the largest size in DR 17 or lower that the machine is capable of
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
operators shall be of the same type and from the same
manufacturer as that used in the field.

NOTE: An automated data logger or manual record ofthe’fusing
parameters used to make the test specimen shall béprovided for
documentation.

(d) Currently Qualified Personnel. Pérsonnel currently
qualified by the employer or agent to'the requirements in
this Appendix shall be considered qualified under this
Appendix, provided the basis\for their qualification
meets all the requirements.of this Appendix. In such
cases, a certification form shall be initiated and signed
by the employer to verify compliance with this Appendix.

I1-13.2 Fusing.Qperator Test

The fusing-operator test shall comprise a written exam-
ination and.a performance test.

1-13.2.1 Written Examination

{@) The supervisor shall be trained to the requirements
of (b) through (d). The trained supervisor shall supervise
the testing.

(b) The written test shall consist of a minimum of 20
questions.

(c) The operator shall answer 80% of the questions
correctly.

(d) The written test shall cover

(1) safety
(2) fundamentals of the fusing process
(3) identification of typical fusing errors

fucion caHPIReR Beration ».n,-l maintanan
aF

selected and tested.

IO ST pres—Stooe

(3) If all samples pass the second test, then the test

shall be considered acceptable.
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rent-operatior matntenanee

(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
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1-13.2.2 Performance Qualification Testing

(a) Performance qualification testing shall be in accor-

dance with the testing req
standards or this Appendix

uirements of the referenced

(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 Qu

alification Records. For each

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
expired.

fusing operator seeking qu
visor shall compile a Perfo
(PQR) that documents both
test results.
(a) There is no required
format may be used.
(b) The documentation 3
(1) the JPS used
(2) the essential varia
(3) the written test, a

alification a qnqliﬁnd super-
rmance Qualification Record
acceptable and unacceptable

format for a PQR. Any PQR
hall identify, at a minimum

bles required for the JPS
nd the examination methods

used to evaluate the test specimens

(4) the limits of qualifi

i.e., whether the fusing o
certain sizes or liner types
(c) The supervisor shall
of paras. 1-13.2.1(b) throy
supervisor shall supervise

1-13.2.4 Acceptance of T

(a) Acceptance oftestres
of the qualified supervisor

(b) Qualification records
the qualified supervisor
completion of the written e
test.

(c) Qualification recorg
include mechanical test and
test reports that are signed

(d) An Operator Identifi
the fusing operator when
test specimens are approve
or agent. The fusing Oper
recorded in the Fusing O

Cation for the fusing operator,
erator is qualified only for

e trained to the requirements
gh 1-13.2.1(d). The trained
he testing.

est Results

Llts shall be the responsibility
or agent.

shall be signed and dated by
pr agent after satisfactory
kamination and performance

Is shall reference and may
nondestructive examinatiof
by others.
ation number is assighed to
the fusing written{tést and

d by the qualifiedisupervisor
or Identificatien number is
rator Identification log or

e
other list of Operator Idena:fication numbers.

I-13.2.5 Test Failure. A
written test or the performa
option of the qualified sup

(a) Ifthe fusing operator

using.eperator who fails the
hcetést may be retested at the

(2) Afusingoperator whose qualification expiresasa
result of (1) shall be permitted to requalify by making one
test fusion. If the test fusion meets the requirements of the
JPS, then all of the fusing operator’s previous qualifica-
tions for fusing PA-11, PP, PVDF, and PTFE/PFA shall
be reinstated.

(3) When there is a specific reason (e.g., one<Or more
failed butt-fusion joints) to question a fusing<«perator’s
ability to make fusion joints that meet the_specification,
the operator’s qualifications for that type of fusing shall be
revoked.

(4) A fusing operator whose gualification is revoked
as a result of (3) shall be permitted to requalify by first
passing the written examination and then successfully
completing the performancerqualification test(s) that
support the qualification(s) questioned.

(b) Maximum durdtien of fusing operator’s qualifica-
tion shall be 1 yr.

NOTE: Requalification within a time frame shorter than 1 yr can
place an undue\economic burden on the owner or operator.

I-13.4-Requirements for Performance
Qualification Tests

This section lists the essential variables that apply to
fusing machine operator performance qualifications.
The fusing operator qualification is limited by the essential
variables given for the fusing process. These variables are
listed in Tables I-8-1, I-8-2, and I-8-3.

1-13.4.1 Intent of Tests. The fusing operator perfor-
mance qualification tests shall determine the ability of
fusing operators to make sound fused joints when
following a qualified JPS or SJPS.

I1-13.4.2 Use of Procedure Specifications in Qualifica-
tion Tests

TVISOT.
fails the written examination,

he or she shall first pass the written examination before

taking the performance tes

t.

(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
to retake the performance

allowing the fusing operator
test.
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(a) Eachorganization 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) A fusing 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
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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

(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 SJPS.

(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,

daocumentation of the essential variables listed in Table

(3) para. 1-9.3 for fusion
PTFE liners

I-13.4.3 Identification of Fus
Each qualified fusing operator s
tifying number, letter, or symbo
shall be used to identify producti
by the fusing operator (see para
tion of Fusing Machine Opera
follows:

(a) PA-11 fusing operators
fusion weld on the PA-11 pipe

(b) Lined-pipe fusing operat
pipe once the mechanical coupl]

1-13.4.4 Record of Tests. T
operator’s joining performance]
include

(a) the qualified ranges of ess
ables

(b) the type of tests perform|

(c) test results for each fusin

1-13.4.5 Fusing Machine (
Records Required for Butt-Fus

(a) Butt-Fusion Joint for Eval
(1) The following data sha
(-a) interfacial fusing pr]

SJPS range.
(-b) heater surface temp

SJPS range.

p]ding of PP_PVDE _and

ing Machine Operators.
hall be assigned an iden-
by the organization that
bn fused joints completed
[-13.2.3). The identifica-
ors shall be applied as

shall identify the butt-
pr fusion joint.

ors shall mark the steel
ing has been installed.

he record of the fusing
qualification tests shall

ential performance vari-

ed
g operator

perator Qualification
on Joining

Liation
Il be recorded:
pssure within the JPS or

prature within the JPS(on

(-c) Butt-fusing pressyre applied during*the

fusing/cool cycle should be c4
drag pressure. The drag presd

JPS or SJPS range for the ap

lculated to include the
ure shall be'within the
licabledsize (e.g., pipe

diameter). The calculated drag pressureplus the fusion
pressure should agree with the récorded hydraulic

fusing pressure.

[-8-1 shall be noted. The additional data listed in (1)
and the essential variables for fusion welding of PP,
PVDF, and PTFE steel pipe liners are provided in Table
[-8-3.
(b) Electrofusion joint for Evaluation

(1) All essential variables listed in Table I-8-2 shall
be recorded.

(2) Eachelementlisted in Tables I-8-1 and I-8-2:shall
be considered during operator evaluation.

(3) There shall be no electrical fault daring fusing
operation.

I1-13.4.6 Visual Examination of Test-Specimens

(a) For pipe and electrofusioncoupons, all surfaces
shall be examined visually before cutting specimens.

(b) Pipe test coupons shall' be visually examined as
outlined in paras. I-13.4.6.1"and 1-13.4.6.2.

1-13.4.6.1 Visual ‘Examination

1-13.4.6.1.1)Butt Fusion — PA-11. There shall be no
visible evidenge of cracks or incomplete fusing. Bubbles
are allowed\in'the fusion beads. Fusion beads shall exhibit
proper fused bead configuration. See Figure [-9.1-1 for
proper configuration.

{@)* Fused joints shall not display visible angular misa-
lignment, and outside diameter mismatch shall be less
than 10% of the nominal wall thickness.

(b) The data record for the fusing operator perfor-
mance qualification test shall be reviewed and compared
to the JPS or SJPS to verify observance of the specified
variables applied when completing the fused test joint.

1-13.4.6.1.2 Butt Fusion — PP, PVDF, and
PFA/PTFE

(a) There shall be no visible evidence of cracks or
incomplete fiiging

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

110

(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.
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(e) The data record for the fusing operator perfor-
mance qualification test shall be reviewed and compared
to the JPS or SJPS 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 visi

ble evidence on external and

accessible internal surfaces of cracks, excess internal (1.D.)

melt caused by overheating,

fitting malfunction, or incom-

(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
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

plete fusion.
(1) Burn-through, pipe|
sion between the pipe endJ
(2) Maximum fit-up ga
and out-of-roundness, shall
(b) The data record for
mance qualification test sh

wall collapse, and melt extru-
shall not be acceptable.

p, or maximum misalignment
be within JPS limits.

the fusing operator perfor-
be reviewed and compared

1
to the JPS to verify observ:Eme of the specified variables

applied when completing t
(c) Evidence of scraping
coupling shall be present.
(d) Sectioned Electrofusia
air or shrinkage during the c
able only if round or ellipf
corners, and provided they
ments (see ASME SF-2600)
(1) Individual voids {
fusion zone length.
(2) Multiple voids shal
of 20% of the fusion zone
(3) When voids are de
examinations shall be made
follow a diametric path co
containing area of the joint

NOTE: With the owner’s appro

e fused test joint.
ht the end of the electrofusion

n Joints. Voids due to trapped
boling process shall be accept-
ical in shape with no sharp
meet the following require-

hall not exceed 10% of the

not exceed a combined total
ength.

Lected, additional sections or
o verify that the void does not
nnecting with the pressure-
(see ASME SF-2600).

val, NDE can be used as an alter-

native to using sectioned elecfrofusion joints.

1-13.4.7 Evaluation of OJJerator Performance Tests

1-13.4.7.1 Performanc

(a) A specimen joint shal
gitudinal bend test pieces, ¢
torque or impact.

(1) Ifafailure occurs, t
the joint area.
(2) The test shall be c

Test for Fusing PA-11

be cut into at leastthree lon-
ach of whichris‘deformed by

ne fractute shall notinitiate in

bnducted using a bend test.

(b) Upon passing the per

ormance test and the written

either of the tollowing tests may be performed at
ambient temperature between 16°C and 27°C (60°F
and 80°F):

(a) Electrofusion 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.

I1-13.4.8 Requalification. After 1 yr, a fusing operator
shall be requalified by passing the required written test
and performance test.

(a) The butt-fusion and electrofusion performance
tests shall be conducted for the Size or size range to
be qualified.

(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 small-
est sizefand the largest size to be tested.

NOTE.If a butt-fusion joint of only one size is required on a butt-
fusion machine, the joint shall be made on the manufacturer’s
machine to be used in the field.

(3) The performance test shall include making one
butt-fused joint. The joint shall be inspected and destruc-
tively tested.

(4) The results of the test shall demonstrate an ac-
ceptable joint.

(5) The performance tests are detailed in the
following paragraphs:

(-a) for fusing PA-11, para. [-13.4.7.1
(-b) for fusing liners, para. [-13.4.7.2
(-c) for electrofusion, para. 1-13.4.7.3

(h) The rnqnirnmnnl—c for paccihn thewrittentestarein
s}

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 fi

ve butt-fused lined steel pipe

samples from each pipe size shall be hydrostatically tested

at 3103 kPa (450 psig).

111

para. [-13.2.1.
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1I-1 SCOPE

This Appendix provides infori
moplastic components manufac
existing ASME standards.
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MANDATORY APPENDIX II
THREADED THERMOPLASTIC CONNECTIONS

hation for threaded ther-
ured in accordance with

Manufactured threaded thermoplastic components for

which no ASME standards exi
testing and by providing dataas
The limitations listed in parf

st shall be qualified by
equired by this Standard.
ps. 1I-1.1 through 1I-1.4

apply to thermoplastics manufactured in accordance

with ASME standards and tho
ASME standards.

11-1.1 General Limitations

(a) Threaded thermoplastic
used in fuel gas applications.

(b) Threaded connections
designed for compressed-air s
in compressed-air or other com
Only manufactured threaded {
used in compressed-air or other
tions may be used for such app

(c) Threaded thermoplastic
used in ASME B31.3 Category N
gases). This includes threade
connections.

11-1.2 Size Limitations

(a) Only threaded connection
may be used for instrument conn
systems.

(b) The threading of pipe shd
80 wall thickness or thicker for al
PVCand CPVC pipe. For other the
or equivalent shall be as specifie

se not manufactured to

ronnections shall not be

that are not specially
brvice shall not be used
bressed-gas applications.
roducts designed to be
compressed-gas applica-
lications.

fonnections shall not be
1 service (toxic fluids or
d thermoplastic flange

s less than 25 mm (4 ih.)
ections in processpiping

11 be limited\te’ Schedule
| pressure‘applications of
rmoplastics, Schedule 80
d bythe design engineer.

1I-1.4 Temperature Limitations

The temperature range of the application shall be
reviewed with the manufacturer before design.

1I-2 THREADED JOINT DESIGN

11-2.1 Threaded Joint Design for Listed
Thermoplastics

The following requirements shall apply to threaded
joint design for PVC and CPVC components:

(a) The thermoplastic pipe threads shall conform to
ASTM F1498 or as specified by the desigh engineer. Ther-
moplastic piping components with metal threads shall
conform to ASME B1.20.1.

(b) Components threaded into the thermoplastic
threaded connections shall“be tapered.

(1) Metal threads shall be made with a taper
described in ASME.B1.20.1.

(2) Thermoplasticthreads shallbe made with ataper
described in-ASTM F1498.

(3) Thetaper shall be compatible for each male and
female sizé component.

(c). Thread shapes other than those described in (a) and
(b)Smay be used if testing shows that the shapes are
designed to provide for strength in axial loads and
feak-tight sealing.

(d) Threaded thermoplastic CPVC and PVC connections
shall be field tested for acceptance following the design
test requirements for the pipeline.

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 nonlisted ther-

(c) Testingto verify thread str

pngﬂ'\ shallhe pprfnrmpd

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.).

11-1.3 Pressure Limitations

The maximum pressure allowed in molded threaded
adapters shall be as shown in Table II-1.3-1.

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 11-1.3-1
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 1275.53 (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/CPVC Sch. 80 1275.53 (185)
102 (4.00) 114.300 (4.500) PVC Sch. 40 758.42 (110)
PVC Sch. 80/CPVC Sch~80 1103.16 (160)
152 (6.00) 168.275 (6.625) PVC Sch. 40 620.53 (90)
NOTE: (1) When higher temperafures are used, the manufacturer’s temperature<pressure rating for the temperature shall be used. In no case
shall threaded connections be uged at pressures or temperatures higherithan the manufacturer’s ratings.
(b) thermal expansion and contraction (a) The maximum and minimum torque limits shall be
(c) environmental loads [such as wind, seismig,snow, identified and respected.
and ice (b) Backing off threaded joints to allow for alignment
(d) vibration shall not be performed.
(e) thermal shock (c) Threaded PVC and CPVC connections require
(f) pressure surge (inclufling changésin velocity) thread sealant. The design engineer shall determine
(1) For threaded pipe, fhe magitmim pressure rating which other thermoplastic threaded connections
shall not be greater than 50p6 ofthe wall thickness of the require sealant.
pipe. (1) Sealant shall be compatible with the thermo-

(2) A pipe rated at 1 379 kPa (200 psi) may have a
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:

plastic materials used at the joint.

(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.
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(e) Primers or solvent cement
(1) shall notbe 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

threaded pipe ends shall be as listed in Table 11-2.5.2-1
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) CPVC and PVC pipe used for threading shall meet

Pipe Ends

11-2.5.1 Molded Threaded Ad
adapters are those made by inje
plastics. They shall comply wit
ments:

(a) PVC and CPVC Adapters

(1) Molded threaded adapters are external and
internal. Solvent-cement joining shall be used to attach
the nonthreaded end of a moldpd PVC or CPVC adapter
to a pipe or component.

(2) CPVC and PVC materials used to make threaded
adapters shall meet the requirgments of ASME NM.3.1.

(3) Molded PVC fittings shall comply with either
ASME SD-2464 or ASME SD-2467.

(4) Molded CPVC threaded| adapters shall meet the
requirements of ASME SF-437.

(5) Molded threaded adapters shall be tested as
required in the applicable spé¢cification [see (2) and
(3)]- A manufacturer of molded threaded adapters
shall show compliance to the specification to which the
threaded adapters were molded.

(6) The maximum pressurg rating for molded PVC
and CPVC threaded adapterp shall be as listed in
Table 11-1.3-1.

(b) Adapters Made of Othe
following requirements apply
made of ABS, PP, or PVDF:

(1) Molded threaded adaptlers are male and femadle.
The method of attaching the addpter to a pipe or compo-
nent shall be specified by the njanufacturer. The'design
engineer shall follow the requirements of this Standard for
listed thermoplastics.

(2) The thermoplastics sha
of ASME NM.3.1 or shall be appi
neer using test data (and shd
conforming to ASME NM.3.1).

ppters. Molded threaded
Ction molding of thermo-
h the following require-

r Thermoplastics. The
r to threaded adapters

1 meet thé requirements
oved by the design engi-
ll-be/identified as not

the requirements of ASME NM 31

(3) The maximum allowed pipe size to be threaded
shall be DN 100 (NPS 4).

(4) When pipe is threaded by a contractor or
supplier, samples of all sizes to be used in an ASME-
stamped thermoplastic piping system shall be fitted
together and the resulting assembly tested for joint tight=
ness using ASME SF-1970, section 8.3.

(-a) The test requirements of this sectionare
above the system test pressure.

(-b) The tested components shall notcbe used in
the piping system.

See Table II-2.5.2-1 for pressure rating of molded PVC
and CPVC field-threaded pipe.

(b) Pipe Made of Other Thermoplastics. The following
requirements apply to threaded pipe ends on pipes
made of thermoplastics othef’than PVC or CPVC:

(1) The minimum walkthickness of the pipe shall be
Schedule 80 or equivalent'as specified by the design engi-
neer.

NOTE: A greater wall thickness may be used.

(2) Thermioplasticpipe shall be selected from listings
in ASME-NM.3.1.

(3) The maximum allowed thermoplastic pipe size to
be.threaded shall be DN 100 (NPS 4).

(4) When pipe end is threaded by a contractor or
supplier, samples of all sizes to be used in the thermo-
plastic piping system shall be tested using the test and
inspection requirements of the design engineer.

11-2.6 Test Report

(a) The design engineer shall provide a test report that
documents the results of the tests in paras. 1I-2.5.2(a)(4)
and II-2.5.2(b)(4) and that verifies the following:

(1) The threaded connections are being used only in
approved applications.

(3) The design engineer shall specify the require-
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

114

(2) Thermoplastic threads conform to ASTM F1498.
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.
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Table 11-2.5.2-1
Pressure Ratings for PVC and CPVC Field-Threaded Pipe Ends

Pressure-Temperature Rating, kPa (psi) at 23°C (73°F) [Note(1)]

Nominal Pipe Actual Pipe Type of Threaded
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 (1.50) 48.260 (1.990) PVC Sch. 80/CPVC Sch. 80 3241 (470) 1621 (235)
50 (2.00) 60.325 (2.375) PVC Sch. 80/CPVC Sch. 80 2758 (400) 1379 (200)
76 (3.00) 88.900 (3.5J0) PVC Sch. 80/CPVC Sch. 80 2551 (370) 1276 (185)
101 (4.00) 114.300 (4.5d0) PVC Sch. 80/CPVC Sch. 80 2206 (320) 1103 (160)

NOTE: (1) When higher temperat]
tions be used at pressures or te]

(4) The manufacture
threaded adapters has pro
mance for each lot of mold

hperatures higher than ratings.

r of molded thermoplastic
bided a certificate of confor-
ed components.

(5) Threaded pipe endls meet the requirements of

para. 11-2.5.2.
(b) For other thermoplag
design engineer shall provid|
to the details in (a), the desi
include the following:

tics (ABS, PP, and PVDF), the
e the tests needed. In addition
bn engineer’s test report shall

ures are used, the manufacturer’s temperature-pressure rating shall be used. In no case shall threaded connee-

(1) a description of the thermoplastic material

(2) adescription of the thermoplastic threaded form

(3) adescription of each'test (including duration and
pressure)

(4) a statementiyindicating whether there was
leakage or breakage

(c) The testreport shall be retained as required by the

design engineer for all phases of the project.
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MANDATORY APPENDIX 11l
ACCEPTANCE CRITERIA FOR THERMOPLASTIC JOINTS

lllI-1 SCOPE

The requirements in this A
inspection for acceptance or
fusion joints and PVC/CPVC sol

1lI-2 POLYETHYLENE (HDPJ
JOINTS

Butt-fused joints shall meet t

(a) Fused butt joints shall ex
configuration. Figure 1-8.2-1 in
depicts acceptable and unaccg
bead configurations.

(b) There shall be no evidenc
fusion.

endix apply to visual

p
{ejection of HDPE butt-

ent-welded joints.

F) BUTT-FUSED

he following:
hibit proper fusion bead

Mandatory Appendix I
ptable thermally fused

b of cracks or incomplete

(c) Fusion joints, except for miter joints, shall not be

visually angled or offset >3 d
shall be less than 10% of the n

(d) The cleavage between fusi
to or below the 0.D. pipe surfa
Mandatory Appendix I).

Solvent-(

eg. The 0.D. mismatch

pminal wall thickness.
on beads shall not extend
ce (see Figure [-8.2-1 in

_—

(e) When available from the equipment used to
monitor hydraulic and thermal variables, the data acqui-
sition record for the fused joint may be compared with the
FPS to verify that parameters and procedures were
followed in making the fused joint. This provision may
become mandatory when specified.

11I-3 PVC AND CPVC SOLVENT-CEMENT-WELDED
JOINTS

Solvent-cement-welded joints shall meet the'following:

(a) Asaresult of the solvent-weldingprocess, a bead of
solvent cement can sometimes be found at the socket
entrance. Excessive cement wilkslow the cure time,
and the bead should be removed)immediately after the
solvent-welding process, white, the cement is still wet.

(b) In cases where a cenient bead did not form at the
socket entrance, there is\a possibility for the cement to
shrink back down into the socket. If shrink-back is
observed at the socket entrance, then the depth of the
pocket (“A” in Figure III-3-1) shall not be greater than
the thickness 6f the socket wall (“B” in Figure III-3-1).

Figure llI-3-1
fement-Weld Shrink-Back Appearance (Cross-Sectional View)

//

(a) Acceptable: A =B
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A

|

> —

(b) Unacceptable: A > B
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MANDATORY APPENDIX IV
STRESS INTENSIFICATION FACTORS AND FLEXIBILITY FACTORS

Table IV-1 begins on the|following page.

117
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Table IV-1
Stress Intensification Factors, i, and Flexibility Factors, k, for High-Density Polyethylene

811

Flexibility Flexibility Factor, k Stress Intensification Factor, i
Description Characteristic, h [Note (1)] [Note (1)] Sketch
Straight pipe N/A 1.0 1.0 N/A
Butt-fusion joint N/A 1.0 1.0 N/A
Molded elbow t,R 1.25
2 /3
Miter elbow s = r(1 + tan 0) (14 cotd) In-plane loading 17 £5/2
[Note (2)] DR-1 [Note (3)] /3 5
o) L ). 't
1576 g -
t,(1 + cotf) 77; R
2r
g Scote
2
Equal outlet molded tee 4.4t, 1.0 = 1.73 Lt
[Note (4)] r b= I R
117 D]_ o
i, = ==
h2/3 I I
Equal outlet mitered tee 4.4t, or 8.8 1.0 iy = 4.45 i
v DR -1 1213 [ rl
2wl ?77 T
= h2/3
\
Sidewall fusion branch N/A 1.0
connection 2/3 el
R T, \
[Note (5)] iy = 1.74[—'") [—b] —mi>1s A
r T, p TT T
e \
R 3, 2 < ;
i = 1.54(—’”) (—p] > 15
T Ry, R’"
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Table IV-1

Stress Intensification Factors, i, and Flexibility Factors, k, for High-Density Polyethylene (Cont’d)

Flexibility Flexibility Factor, k Stress Intensification Factor, i
Description Characteristic, h [Note (1)] [Note (1)] Sketch
Electrofusion saddle fitting N/A 1.0 1.0
[Note (6)] -
| H
L
Electrofusion coupling N/A 1.0 1.0
1 L
| K
T__ RN | ——
Concentric monolithic reducers N/A 1.0
1/2 -
Dy |(D t L
05 +032 L2 <4s k 2
D2 t2 D1 = — - — D2
Concentric fabricated reducers N/A 1.0 (b 1/2 ] o
05 + 0.40(—1](—2] <30 f B ‘
)N\ 1 2
o, ——t1T—1 D
Fabricated, machined, or N/A 1.0

molded thrust collar

-
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Table IV-1

Stress Intensification Factors, i, and Flexibility Factors, k, for High-Density Polyethylene (Cont’d)

Flexibility Flexibility Factor, k Stress Intensification Factor, i
Description Characteristic, h [Note (1)] [Note (1)] Sketch
Metallic-to-PE bolted flange N/A 1.0 1.0
connection
[~—Full-face ring
gasket: steel
pipe I.D. to
bolt-circle I.D.
Ggsket
7]
HDPE-to-HDPE bolted flanged N/A 1.0 1.0
connections
N]
\
] Full-face gasket:
pipe I.D. to
bolt-ring O.D.
Gasket
1]

GENERAL NOTES:

(a) The following nomenclature a
D; = nominal 0.D. of the larg
D, = nominal 0.D. of the sm4

Dy = pipe 0.D.
DR = pipe dimension ratio
= Do/ Ty

er side of a concentric fabricated reducer or the diameter of the thrust collar
ller side of a concentric fabricated reducer or the nominal pipe diameter of a thrust collar

pplies to this table only for use in.determining stress indices, stress intensification factors, and flexibility factors:

ZZ20Z-T'NN NSV
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Table IV-1

Stress Intensification Factors, i, and Flexibility Factors, k, for High-Density Polyethylene (Cont’d)

GENERAL NOTES: (Cont'd)

R = nominal bend radius of elbow or pipe bend, mm (in.)

r = mean radius of pipe, mm (in.) (matching pipe for elbows and tees)

S = miter spacing at centerline, mm (in.)
T, = nominal thickness of the smaller side of a concentric fabricated reducer or the nominal pipe thickness of a thrust collar
T, = nominal wall thickness of pipe, mm (in.) (matching pipe for elbows and tees)

T, = nominal wall thickness of run pipe, mm (in.)

6 = one-half angle between

adjacent miter axes, deg

(b) All abutting piping fittings of

NOTES:

(1) The stress intensification fact
(2) One-half miter angle, 6, shall

(3) The flexibility factor, k, is app
(4) The tee thickness, t,, shall be
(5) The ratio ODyranch/ODrun shal
(6) The ratio ODypanch/ODryn shal

e PR L1 el ; " . 2.2 0 4 4 s o) s edaramder FaThy 1ol
eI DNS SiTalr Mreet tre requIire e ts o TIgure 20277~ 1, NIuStratior (a) o nrustratior (0, as appircanTe:

rs, i, and the flexibility factors, k, shall not be taken as less than 1.0. They are applicable to moments in any plang for
e limited to <11.25 deg.

icable only for in-plane bending moment loading.

1.4 times the pipe thickness, T, (1.4T,).

be <0.4.

be <0.6.

fittings except as noted.
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MANDATORY APPENDIX V
ONE-PIECE THERMOPLASTIC FLANGES

V-1 SCOPE

This Appendix covers one-pie
These one-piece flanges shall be1
PVC, or PVDF thermoplastics. T|
shall be used to join one-piece
pipe are solvent-cement welding
connections.

NOTES:
(1) One-piece thermoplastic flang
tured using injection molding
(2) One-piecethermoplasticflange
use in systems normally convey
moplastic flanges specifically d
for compressed-air or other c(
may be used in compressed-ga

V-1.1 Typical Drawings of
Thermoplastic Flang

Figure V-1.1-1 shows a ther
solvent-cement connections 4
made with heat.

V-1.2 Threaded Configuratipn

Figure V-1.2-1 shows threade
various thermoplastics.

V-2 DESIGN

The following loads shall be ¢
the force needed to make a leak-
flange:

(a) hydraulic pressure

(b) surge pressure at the hig

(c) thermal expansion and cq

(d) bending forces

ce thermoplastic flanges.
made from ABS, CPVC, PP,
he joining methods that
flanges to thermoplastic
, heat fusion, or threaded

es are generally manufac-
r fabrication methods.
onnections are intended for
ing liquids. One-piece ther-
esigned and manufactured
mpressed-gas applications
s applications.

ne-Piece

oplastic flange used for
nd socket connections

d connections used with

nsidered in deterrining
ree seal with agne-piece

hest design flow
ntractions

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 contraction for the
design operating temperature range, kPa
(psi)
WPyq = working pressure rating of the components,
kPa (psi)

(b) Theequationin (a) shall require medification based
on characteristics of the specific thermoplastic material 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 from DN 15 to
DN 600 (NPS % to-NPS 24).

(b) Metric. Metric bolt circles may be used. Dimensions
are provided in-Nonmandatory Appendix A, Table A-2.1-2.

V-2.3 Reinforcing Rings

(a)."Metallic or nonmetallic reinforcing rings may be
used with one-piece thermoplastic flanges. 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 reinforcing ring.

V-2.5 Stress Relaxation of Thermoplastics

(e) misalignment of the flan

€5

(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)

Addiss 1 Hil:ol 1, dadt s
ottt arwamr tr et RRESShay ot eeatarotompensatt

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 V-3 PROOF-TESTING REQUIREMENTS FOR ONE-
Socket Configuration PIECE THERMOPLASTIC FLANGES
t I -3.1 Materials
M V-3.1 Material
‘ (a) Listed Materials. The following materials are
. | N currently listed for one-piece thermoplastic flanges:
1
' . ! . j Material Type
t * ABS N/A
N +—— Bolt-cirle diameter - CPVC N/A
4 M3x. O.D. 3 PP Homopolymer, copolymer
PVC N/A
PVDF Homopolymer, copolymer
Figure V'1_°2'1 . (b) Unlisted Materials. Unlisted thermoplastic mate-
Threaded Gonfiguration rials may be approved for use by following the, fequire-
1 ments in ASME NM.3.3, Mandatory Appendix ‘L
— Jﬁl V-3.2 Testing Requirements
S
! ' &% V-3.2.1 Testing. Testing shall be«onducted following
4 S— S— /I,? the requirements listed in ASTM*D1598, with the
N _.l | i following exceptions:
) ) ) (a) The test pressure shall\be 3.2 times the marked
b Bolt-circfe diameter i operating pressure for the one-piece flange.
! Max. O.D. g (b) The test shall ouly-be conducted for 5 min after
reaching constant pressure.
(c) The report shall only contain information related to
. the above test.-A plot showing pressure equalization and
Figure|V-2.3-1 constant pr€ssure is required. No calculations of hoop

One-Piece Thermoplastic F

-

Washers

Reinforcing ring — ]

One-piece flange —_|

Bolts

ange With Reinforcing Rings

Gasket
Reinforcing ring ——— |
N

Washers
Nuts — ]

Ve | ——
OJv o 0

L >«

L

stress or\plots of hoop stress are required.

V:3.2.2 Pressure Ratings

(a) General The pressure rating of the one-piece flange

shall be based on the standard dimension ratio (SDR) or
dimension ratio (DR) or the Schedule of the components
being used. The SDR, DR, or Schedule of flange adapter
shall be determined using the highest temperature at
which the piping system is expected to operate.
NOTE: The pressure rating of PVC and CPVC lap-joint flange
connections shall be limited to 1034 kPa (150 psi) for Schedule
80 unless otherwise rated higher by the manufacturer following
the requirements of this Standard.

(b) Thermoplastic-Lined Metal Pipe. Connections of
thermoplastic-lined metal pipe to one-piece flanges

GENERAL NOTE: Hex head bolts
bolts may be used.

re shown above. Studs or hex head

123

shall have the pressure rating of the component 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

ring, a gasket (if required), bolts,
joining method.
(b) The following identified j
moplastic lap-joint flanges may
(1) heat fusion
(2) solvent-cement weldin
(3) threaded connections

V-3.2.6 Bolt Torque

(a) General The bolt torque
mined by one of the following:

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) 1f 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-

4 1 1 1
ITULS, dilt wWdsSIITTLS, Plub d

bining methods for ther-
be used:

o

b

required shall be deter-

(1) The bolt torque recommended by the manufac-

turer of the flange adapter or
backup ring shall be used wit
gasket type and thickness.

(2) Torque calculations s
sealing forces plus expected
gasket sealing stress plus exped

(b) Bolt Lubrication and Fricti

(1) When method (a)(1) o
mine bolt torque, only bolts, n
mended by the flange adaptd
backup ring manufacturer shall

(-a) Lubricate only if re
turer.

(-b) Use friction-reduc
specified by the manufacturer.

(2) When torque calculatio
and nuts with the coefficient of fr
shall be used.

(3) During installation, bol
cated only if such lubrication if
with (1)(-a) or (1)(-b).

NOTE: Refer to ASME PCC-1 for m
flanges. If using HDPE flanges and ¢
use information on lubrication and }

V-3.2.7 Test Specimens. Sp

he manufacturer of the
n the specified full-face

hall be based either on
btress relaxation or on
ted stress relaxation.
on-Reducing Coated Bolts
[ (a)(2) is used to deter-
its, and washers recom-
r manufacturer or the
be used.

quired by the manufac-

ng components only if

s are used, only the bolts
ction used in calculations

s and nuts may-be lubri-
specified insaccordance

re informiation on fit-up of
hlculations from PPI TN-38,
faetors from this Standard.

sions shall conform to Schedule 40 or Schedule 80 pipe
dimensions.

(c) 1f the one-piece flange is for threaded joining, the
threads shall meet the requirements of Mandatory
Appendix II.

(d) The bolt circle shall conform to ASME B16.5 or the
flange standard used for other metal components inthe
system as required in the owner’s design specifications.

(e) The 0.D. and the L.D. of the flange face shall be
provided.

V-4.2 CPVC

Submittal information for CPVC ore-piece flanges shall
include dimensions as indicated below.

(a) 1f the one-piece flange is for'socket joining, dimen-
sions shall conform to ASME\SF-439.

(b) 1f the one-piece flange is for spigot joining, dimen-
sions shall conform to.Schedule 40 or Schedule 80 pipe
dimensions.

(c) Pipe used to, make socket connections shall meet
required dimensions for Schedule 40 or Schedule 80
pipe dimensions.

(d) Ifthe one-piece flange is for threaded joining, the
threads shall meet the requirements of Mandatory
Appendix II.

te) The 0.D. and the L.D. of the flange face shall be
provided.

(f) The bolt circle shall conform to ASME B16.5 or the
flange standard used for other metal components in the
system as required in the owner’s design specifications.

V-4.3 PVDF and PVDF Copolymer

Submittal information for PVDF or PVDF copolymer
one-piece flanges shall be provided with dimensions as
indicated below.

ecimens 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 secti

on V-4).

124

{a) If the one-piece flange is for sacket joining, female
socket dimensions shall conform to published socket
dimensions; pipe dimensions shall comply with published
dimensions for socket connections.

(b) 1f 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 Mandatory
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Appendix II, 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.

Submittal information for
provided with dimensions

(a) If the one-piece flang|
dimensions shall conform to
or PP pipe dimensions.

(b) If the one-piece flang
threads shall meet the r¢
Appendix II. For materia
Appendix II, the manufacty
test data and descriptive information.

(c) The bolt circle shall cpnform to ASME B16.5; or for
metric-dimension flange standards, ISO 7005 or EN 1092
shall be used. Other bolt-cir¢le dimensions may be used if
required in the owner’s degign specifications.

PP one-piece flanges shall be
hs indicated below.

e is for socket-fusion joining,
published socket dimensions

e is for threaded joining, the
bquirements of Mandatory
s not listed in Mandatory
rer may provide equivalent

(D) Pipe used for tie male SOCKet connection shait nave
an 0.D. that conforms to published dimensions needed for
socket solvent welding.

(c) If the one-piece flange is for female threaded
connections, the threads shall meet the requirements
of Mandatory Appendix II. For materials not listed.in
Mandatory Appendix II, the manufacturer may provide
equivalent test data and descriptive informatjoh.

(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 dimensigns.may be used if
required in the owner’s design specifications.

(e) The 0.D. and the LD. of the flange face shall be
provided.

125
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