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FOREWORD

In 2011, The American Society of Mechanical Engineers (ASME) established the Committee on Nonmetallic Pressure
Piping Systems (NPPS) to develop standards for the construction of nonmetallic pressure piping systems. This
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['s were not adequately defined in existing standards.
jior to the development of the ASME Standards for Nonmetallic Pressure Piping Systems, nonmetallic pressy
irements were contained within several existing standards. The nonmetallic piping requirements of the A
for Pressure Piping varied across Sections, with some Sections having no requirements for nonmetallic cor
. Other standards and codes, such as ASME RTP-1 and the ASME Boiler and Pressure Vessel.Code (BPVC),
ded requirements for reinforced thermoset plastic (RTP) corrosion-resistant equipment'but not for p
g components. ASME BPVC, Section I1I did have a few Code Cases that addressed requirements for some no
g and piping components, including those made from glass-fiber-reinforced thermosetting resin (FRP) 3
moplastics, e.g., high density polyethylene (HDPE) and poly(vinyl chloride) (PVC)sHowever, the scope of th
s was very limited, and in some cases the methodology was nearly 30 years old.\The ASME NPPS Standards
centralized location for NPPS requirements and are developed by committées whose members are expet
The NPPS Committee’s functions are to establish requirements related to pressure integrity for the consti
hetallic pressure piping systems, and to interpret these requirements when questions arise regarding thg
ME and the American Society for Testing and Materials (ASTM.International) have cooperated for mor
5 in the preparation of material specifications adequate for safety:in'the field of pressure equipment. This co
t originated with metallic materials in ASME BPVC, Section II.
e evolution of this cooperative effortis described in Profes§oi’A. M. Greene’s “History of the ASME Boiler Cod
published as a series of articles in Mechanical Engingering from July 1952 through August 1953. The
ations, which are based on the minutes of the ASME Boiler and Pressure Vessel Committee, are ta
bssor Greene’s history and illustrate the cooperative nature of the specifications found in ASME BPV(
aterial Specifications:

“General discussion of material specifications comprising [Paragraphs] 1 to 112 of Part 2 and the
advisability of having them agree’ with ASTM specifications.” (1914)

“An ASME Subcommittee\,~. . was appointed to confer with the American Society for Testing
Materials.” (1916)

“Because of this (cooperation the specifications of the 1918 Edition of the ASME Boiler Code were
more nearly itnagreement with ASTM specifications. ... In the 1924 Edition of the Code, ten speci-
fications were in complete agreement with ASTM specifications, four in substantial agreement, and
two coyered materials for which the American Society for Testing Materials had no corresponding
specifications. . . .

“InySection 11, Material Specifications, the paragraphs were given new numbers, beginning with S-
T-and extending to S-213.” (1925)
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1921 (1932)

“The Subcommittee on Material Specifications ... arranged for the introduction of the revisions of
many of the specifications so that they would agree with the latest form of the earlier ASTM
Specifications.” (1935)

L Construction, as used in this Foreword, is an all-inclusive term comprising materials, design, fabrication, erection, examination, inspection, testing,
and overpressure protection.
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This cooperation has continued with the ASME NPPS Standards. ASME NM.3.1 and ASME NM.3.2 contain many material
specifications thatare similar to the corresponding ASTM specifications but that have been modified for use in accordance
with an ASME construction standard.” Many of these specifications are published in dual format, i.e., they include both U.S.
Customary units and SI units. The metrication protocols followed in the specifications are those adopted by ASTM, and
they usually conform to the requirements of IEEE/ASTM SI 10-1997, Standard for the Use of the International System of
Units (SI): The Modern Metric System.

In 1992, the ASME Board of Pressure Technology Codes and Standards endorsed the use of non-ASTM material for
ASME BPVC applications with the intent that ASME’s procedures and practices for the adoption of ASTM material be used
for the adoption of non-ASTM materials. ASME committees continue to consider materials for use in ASME applications;
see Man{latory Appendix IV for guidance on the approval of new materials.

ASME material specifications identical to those of the originating organization are identified by both the ASME Symbol
and the griginating organization’s symbol. The specifications prepared and copyrighted by ASTM and other 'onigingting
organizations are reproduced in this Standard with the permission of the respective organization. The NPPS‘Commiittee
has carefplly considered each new and revised specification, and has made such changes as deemed necessary to adagjt the
specificafion for use in accordance with an ASME construction standard. In addition, ASME has furnishéd ASTM with the
basic requirements that should govern many proposed new specifications. Joint action will continute'an effort to makge the
ASTM anld ASME specifications identical.

ASME INM.3.1-2018 was approved by the American National Standards Institute (ANSI)»oh August 16, 2018.

2 ASME construction standards include the ASME B16 series of standards, the ASME B31 Code for Pressure Piping, ASME BPVC, ASME NM.1, ASME
NM.2, and ASME RTP-1.

vi
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CORRESPONDENCE WITH THE NPPS COMMITTEE

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

revig
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TOTIS O Case, and attending COMIITES IMEEtNES. COTTESPOIIEICE Soutd be addressed to:

Secretary, NPPS Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

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

pposing Revisions. Revisions are made periodically to the Standard to incorporate €hanges that appear 1

shed periodically.

e Committee welcomes proposals for revisions to this Standard. Such proposals should be as specific as
b the paragraph number(s), the proposed wording, and a detailed déscription of the reasons for the
ding any pertinent documentation.

pposing a Case. Cases may be issued to provide alternative ruleswhen justified, to permit early impleme}

an a

immpdiately upon ASME approval and shall be posted on the‘ASME Committee web page.

Rgquests for Cases shall provide a Statement of Need and*Background Information. The request should id
Stanfard and the paragraph, figure, or table number(s), and be written as a Question and Reply in the same
existing Cases. Requests for Cases should also indicate\thre applicable edition(s) of the Standard to which the
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proved revision when the need is urgent, or to provide rules not'covered by existing provisions. Cases are

applies.

ferpretations. Uponrequest, the NPPS Standards Committee will render an interpretation of any requirem
Hard. Interpretations can only be rendered in response to a written request sent to the Secretary of
Hards Committee.

quests for interpretation should.preferably be submitted through the online Interpretation Submittal F
is accessible at http://go.asme.org/InterpretationRequest. Upon submittal of the form, the Inquirer will rf
matic e-mail confirming receipt.
the Inquirer is unable to ‘use'the online form, he/she may mail the request to the Secretary of the NPPS S
mittee at the above address. The request for an interpretation should be clear and unambiguous. It is fu
ended that the Inquirer submit his/her request in the following format:

ect: Cite the applicable paragraph number(s) and the topic of the inquiry in one or tw
on: Cite the applicable edition of the Standard for which the interpretation is being re
Stiop: Phrase the question as a request for an interpretation of a specific requirement su

ecessary

sirable, as demonstrated by the experience gained from the application of the Stahdard. Approved revisiohs will be

possible,
broposal,
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table for

Proposed Reply(ies):

“yes” or “no” reply is acceptable.

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

general understanding and use, not as a request for an approval of a proprietary ¢lesign or
*mpmmmﬁmmmmmw TotT: i i fott; i ay thata

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

replies.

Background Information: Provide the Committee with any background information that will assist the Committee in
understanding the inquiry. The Inquirer may also include any plans or drawings that are
necessary to explain the question; however, they should not contain proprietary names or

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

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

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

» o«

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

Attending Committee Meetings. The NPPS Standards Committee regularly holds meetings and/or telephOne ‘copfer-
ences thdt are open to the public. Persons wishing to attend any meeting and/or telephone conference should eontadt the
Secretary of the NPPS Standards Committee.
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SPECIFICATIONS LISTED BY MATERIALS

Chlorinated Polyvinyl Chloride (CPVC), Oriented Polyvinyl Chloride (PVCO), and Polyvinyl Chloride (PVC)
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INTRODUCTION

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

NM.1 Thermoplastic Piping Systems: This Standard contains requirements for piping and piping components that are
produced using thermoplastic resins or compounds. Thermoplastics are a specific group of nonmetallic
materials that, for processing purposes, are capable of being repeatedly softened by increase of temperature and

ardened by decrease of temperature.

NM.2 Glpss-Fiber-Reinforced Thermosetting-Resin Piping Systems: This Standard contains requirements forpiping and

hermosetting resin.

iping components that are produced using glass-fiber reinforcement embedded in or surroundéd-by cured

NM.3 Ng@nmetallic Materials: This Standard includes specifications for nonmetallic materials (except wood, nonfibrous

lass, and concrete) and, in conformance with the requirements of the individual conStruiction standar

arts:

aterial specifications identical to or similar to those published by the American Society for Testing 3
aterials (ASTM International) and other recognized national or international organizations.

einforced thermoset plastic material specifications identical to or similar to those published by ASTM and ¢
ecognized national or international organizations.
M.3.3, Nonmetallic Materials, Part 3 — Properties: This Part\provides tables and data sheets for allow
tresses, mechanical properties (e.g., tensile and yield stréngth), and physical properties (e.g., coefficie
hermal expansion and modulus of elasticity) for nonmetallic materials.

Itis thg owner’s responsibility to select the piping standard that best applies to the proposed piping installation. Fa
to be considered by the owner include limitations of the standard, jurisdictional requirements, and the applicabil

ds,

ethodologies, design values, limits, and cautions on the use of materials. This Standard is divided into three

M.3.1, Nonmetallic Materials, Part 1 —Thermoplastic Material Specifications: This‘Part contains thermoplastic

nd

M.3.2, Nonmetallic Materials, Part 2 — Reinforced Thermoset Plastic Material Specifications: This Part confains

ther

able
nt of

ftors
ty of

other stahdards. All applicable requirements of the selécted standard shall be met. For some installations, more thaip one

standard| may apply to different parts of the installation. The owner is also responsible for imposing requiren

supplementary to those of the standard if such requirements are necessary to ensure safe piping for the prop

installatipn.
Certain piping within a facility may be subject to other codes and standards, including but not limited to the folloy

ASME B31.1, Power Piping: This code ‘contains requirements for piping typically found in electric power gener:
station]s, industrial and institutional-plants, geothermal heating systems, and central and district heating and co
systenjs.

ASME B3J1.3, Process Piping: Thiscode contains requirements for piping typically found in petroleum refineries; ons
and offshore petroleum«and hatural gas production facilities; chemical, pharmaceutical, textile, paper, ore-proces
semicqnductor, and_¢eyogenic plants; food- and beverage-processing facilities; and related processing plants
termirfals.

ASME B31.4, Pipéline Transportation Systems for Liquids and Slurries: This code contains requirements for pi
transpprtingproducts that are predominately liquid between plants and terminals, and within terminals and pum
regulafing,“ahd metering stations.

ents
osed

ving:

hting
bling

hore
sing,
and

bing
ping,

ASME B: 1.5, RCfl isCl dtiUll Pll.lllls Clll\:‘l I}Cdt Tl Clllbfcl CUllllJUllClltb. T}lib LUdC LUlltClillD 1 Cl{uil ClllClltD fUl }}ll.lllls
refrigerants and secondary coolants.
ASME B31.8, Gas Transmission and Distribution Piping Systems: This code contains requirements for piping transpo

or

rting

products that are predominately gas between sources and terminals, including compressor, regulating, and metering

stations; and gas gathering pipelines.

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.

xiii
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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
nontpetallic pressure piping. These Standards contain mandatory requirements, specific prohibitions, andtngnmanda-
tory guidance for construction activities. These Standards do not address all aspects of these activities, and those aspects
that pre not specifically addressed should not be considered prohibited. While safety is the overriding considergtion, this
factqr alone will not necessarily govern the final specifications for any piping installation. With few exceptions, the
reqyirements do not, of practical necessity, reflect the likelihood and consequences of deterioration ip service
relafed to specific service fluids or external operating environments. These Standards are\not design hahdbooks.
Man}y decisions that must be made to produce a safe piping installation are not specified in detail within these
Stanflards. These Standards do not serve as substitutes for sound engineering judgment‘by,the owner and the designer.
The phrase engineering judgment refers to technical judgments made by knowledgeablé designers experiended in the
appljcation of these Standards. Engineering judgments must be consistent with the philosophy of these Standprds, and
such|judgments must never be used to overrule mandatory requirements or specific prohibitions of these Standards.

Tq the greatest possible extent, Standard requirements for design are stated’in terms of basic design prindiples and
fornfulas. These are supplemented as necessary with specific requirementsto ensure uniform application of frinciples
and fo guide selection and application of piping elements. These Standards prohibit designs and practices kngwn to be
unsdfe and contain warnings where caution, but not prohibition, is’warranted.

THese Standards generally specify a simplified approach for many eftheir requirements. A designer may chooge tousea
more rigorous analysis to develop design and construction réquirements. When the designer decides to [take this
approach, he or she shall provide to the owner details and ¢alculations demonstrating that design, fabricatign, exam-
inatipn, inspection, testing, and overpressure protection arég-consistent with the criteria of these Standards. Thefe details
shallbe adequate for the owner to verify the validity of the&-approach and shall be approved by the owner. The details shall
be dpcumented in the engineering design.

THe designer is responsible for complying with requirements of these Standards and demonstrating complignce with
the dquations of these Standards when such equations are mandatory. These Standards neither require nor prohibit the
use ¢f computers for the design or analysis of components constructed to the requirements of these Standards. However,
designers and engineers using computer-programs for design or analysis are cautioned that they are responsiple for all
techhical 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 specified with
tolerfances, the values of these parameters are considered nominal, and allowable tolerances or local variancgs may be
consfidered acceptable when(based on engineering judgment and standard practices as determined by the designer.

Sulggested requirementsof)good practice are provided for the care and inspection of in-service nonmetallic[pressure
piping systems only asyan/aid to owners and their inspectors.

THe requirements,efthese Standards are not to be interpreted as approving, recommending, or endorsing any proprie-
tary pr specific desigh or as limiting in any way the manufacturer’s freedom to choose any method of design or arjy form of
construction that,conforms to the requirements of these Standards.

It |s intended that editions of the ASME NPPS Standards not be retroactive. Unless agreement is specificdlly made
between centracting parties to use another edition, or the regulatory body having jurisdiction imposes the use gf another
editipn, the'latest edition issued atleast 6 months prior to the original contract date for the first phase of activity doveringa
piping installation shall be the gaverning document for all dr—\cign 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
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.

Xiv
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The specifications for materials published in ASME NM.3.1 and ASME NM.3.2 are identical or similar to those published
by ASTM and other recognized national or international organizations. When reference is made in an ASME material
specification to a non-ASME specification for which a companion ASME specification exists, the reference shall be inter-
preted as applying to the ASME specification.

Not all materials included in the specifications in ASME NM.3.1 and ASME NM.3.2 have been approved for use in ASME
construction. Use is limited to those materials and grades approved by at least one of the ASME construction standards®
for application under its requirements. Material produced to an acceptable material specification is not limited as to
country of origin.

1 ASME construction standards include the ASME B16 series of standards, the ASME B31 Code for Pressure Piping, ASME BPVC, ASME NM.1, ASME
NM.2, and ASME RTP-1.

XV
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SPECIFICATION FOR RIGID POLY(VINYL CHLORIDE)
(PVC) COMPOUNDS AND CHLORINATED POLY(VINYL
CHLORIDE) (CPVC) COMPOUNDS

@Z@ SD-1784

(Identical with ASTM D1784-11 except for additional requirements in section 13 and Annex A1, and renumbering o
sections 14 and 15.)
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SD-1784

ASME NM.3.1-2018

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

1. Scope

1.1 This spq
pounds intende
form—includin
piping applicat
rinated poly(v
containing at

cification covers rigid PVC and CPVC com-
1 for general purpose use in extruded or molded
g pressure piping applications and nonpressure
ons—composed of poly(vinyl chloride), chlo-
nyl chloride), or vinyl chloride copolymers
east 80 % vinyl chloride, and the necessary

compounding ihgredients. The compounding ingredients shall

be permitted to
chloride) resin

Note 1—Seleg
applications requi
properties, optical
ments and test
agreement betwed

Note 2—Seled

consist of lubricants, stabilizers, non-poly(vinyl
modifiers, pigments, and inorganic fillers.

Lion of specific compounds for particular end uses or
es consideration of other characteristics such as thermal
properties, weather resistance, etc. Specific require-
nethods for these properties should be by mutual
n the purchaser and the seller.

tion of compounds for pressure piping applications

requires consider
determining pres

tion of material stress ratings that are required for
re ratings, but are not addressed in this specification.

Requirements for| long-term material stress ratings in accordance with
recognized stress Jrating standards, such as HDB in accordance with Test
Method D2837 fqr pressure piping, should be included in specifications

for pressure pipi

products or systems.

Note 3—The Ifst of compounding ingredients in 1.1 is not meant to-be

an exhaustive list|of allowable compound ingredients. In additionte’the
compounding ingredients listed, others may also be used. Thejlist of
compounding inggedients in 1.1 does not imply that every ingredient listed
is a required ingredient. Some compounds may not.contain all the

ingredients listed [in 1.1.

1.2 For app
see Classificati

1.3 The reqt

ications involving special chemical resistance
bn D5260.

jirements in this speCification are intended for

the quality confrol of compounds.used to manufacture finished

products. Thes
standard test sp
are not direct
applicable AS
products.

b properties aré/based on data obtained using
ecimens tested under specified conditions. They
y applieable to finished products. See the
M stahdards for requirements for finished

1.4 The text of this specification referencesnofes and
footnotes that provide explanatory material. These notes and
footnotes (excluding those in tables and figures) shalll not be
considered as requirements of this specification.

1.5 Rigid PVC recycle plastics meeting the requirenpents of
this specification may be used in séie applications. Refer to
the specific requirements in the{materials and manyfacture
section of the applicable product standard.

1.6 The values stated 1~ SI units are to be regafded as
standard. The values given in parentheses are for infofmation
only.

1.7 The following safety hazards caveat pertains onlly to the
test methodssportion, Section 11, of this specification: This
standard doey not purport to address all of the safety cdncerns,
if any, associated with its use. It is the responsibility of the user
of this\standard to establish appropriate safety and| health
practices and determine the applicability of regulatory| limita-
fions prior to use.

Note 4—This specification is similar in content (but not te¢hnically
equivalent) to ISO 1163-1:1985 and ISO 1163-2:1980.

2. Referenced Documents

2.1 ASTM Standards:

D256 Test Methods for Determining the Izod Pepdulum
Impact Resistance of Plastics

D618 Practice for Conditioning Plastics for Testing

D635 Test Method for Rate of Burning and/or Extent and
Time of Burning of Plastics in a Horizontal Positjon

D638 Test Method for Tensile Properties of Plastics

D648 Test Method for Deflection Temperature of
Under Flexural Load in the Edgewise Position

D883 Terminology Relating to Plastics

D1600 Terminology for Abbreviated Terms Relating fo Plas-
tics

D3892 Practice for Packaging/Packing of Plastics

Plastics



https://asmenormdoc.com/api2/?name=ASME NM.3.1 2018.pdf

ASME NM.3.1-2018

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

D4703 Practice for Compression Molding Thermoplastic
Materials into Test Specimens, Plaques, or Sheets

D5260 Classification for Chemical Resistance of Poly(Vinyl
Chloride) (PVC) Homopolymer and Copolymer Com-
pounds and Chlorinated Poly(Vinyl Chloride) (CPVC)
Compounds

2.2 ISO Standards:

SD-1784

5. Ordering Information

5.1 The purchase order, or inquiry, for these materials shall
state the specification number and identify the class selected,
for example, D1784, Class 12454.

5.2 Further definition, as may be required for the following,
shall be on the basis of agreement between the purchaser and
the seller:

5.2.1 Physical form and particle size (see 6.1),

5.2.2 Contamination level (see 6.2),

o9

IS 1163-1:1985
ISQ 1163-2:1980

3. Terminology

3.1 | Definitions—Definitions are in accordance with Termi-
nology D883 and abbreviations with Terminology D1600
unlesq otherwise indicated.

4. Classification

4.1|Means for selecting and identifying rigid PVC and
CPV({ compounds are provided in Table 1. The properties
enumgrated in Table 1 and the tests defined are expected to
provide identification of the compounds selected. They are not
necesdarily suitable for direct application in design because of
differqnces in shape of part, size, loading, environmental
condiffions, etc.

4.2|Classes are designated by the cell number for each
propefty in the order in which they are listed in Table 1.

Notg 5—The manner in which selected materials are identified by this
classififation system is illustrated by a Class 12454 rigid PVC compound
having|the following requirements (see Table 1). The two-digit cell limits
10 and| 11 are rarely used, only for special high-temperature gfades of
CPVC [compound:

Class 1 2 4 5. 4

Identifigation:
Poly(vinyl chloride)
homopolymer

Property and Minimum Value:
Izod
(34.7 J/m (0.65 ft-Ibf/in.))
under notch
Tensilef strength

(48.3 MPa (7000 psi))
Modulys of elasticity in
tension
758 MPa (400 000 psi))
Deflecjon temperature under
load

~

(70°Cx(58°F))

Nortg 6—Fhe eell-type format provides the means for identification and
close characterization and specification of material properties, alone or in
combirfatigh, for a broad range of materials. This type format, however, is

52-3—Cotor {scT U.3),
5.2.4 Other supplementary definition if necessary, and
5.2.5 Inspection (see 12.1).

6. Materials and Manufacture

6.1 Materials supplied under this.specification shill be PVC
and CPVC compounds in the form of cubes, grapules, free-
flowing powder blends, or compacted powder blenjds.

6.2 Materials shall be ofturiiform composition apd size and
shall be free of foreign fnatter to such level of contagnination as
may be agreed upon between the purchaser and th¢ seller.

6.3 Color and (fsansparency or opacity of molfled or ex-
truded article§dormed under the conditions recommended by
the sellep~shall be comparable within commergial match
toleranges ‘to the color and transparency or opacity pf standard
moldedyor extruded samples of the same thickness pupplied in
advarce by the seller of the material.

7. Physical Requirements

7.1 Test values for specimens of the material grepared as
specified in Section 9 and tested in accordance with|Section 10
shall conform to the requirements given in Table 1 fpr the class
selected.

8. Sampling

8.1 A batch or lot shall be considered as a unit of manufac-
ture and may consist of a blend of two or more prodjiction runs
of material.

8.2 Sample using a statistically acceptable procgdure.

9. Conformance Testing

9.1 The minimum properties identified by the dlass desig-
nations in Table 1 specified in the purchase order (sefe 5.1) shall
be verified by the tests described in Section 11.

9.2 Conformance with this specification shall be fletermined
with one set of test results. If there are multiple test [results, the
average value for all test samples shall be used tg determine

subject to possible misapplication since unobtainable property combina-
tions can be selected if the user is not familiar with commercially available
materials. The manufacturer should be consulted.

4.3 Product application chemical resistance when specified
shall be classified in accordance with the classification section
of Classification D5260.

conrormance.

9.3 If the average test value produces values below the
minimum property values of the Class designation in Table 1,
the material does not conform to this specification.

10. Specimen Preparation

10.1 Compliance with the designated requirements chosen
from Table 1 shall be determined with compression-molded,
extruded, or injection-molded test specimens for I1zod impact
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TABLE 1 Class Requirements for Rigid Poly(Vinyl Chloride) (PVC) and Chlorinated Poly(Vinyl Chloride) (CPVC) Compounds

Note 1—The minimum property value will determine the cell number although the maximum expected value may fall within a higher cell.

Desig- Cell Limits
?;t(;(:: Property and Unit
N 0 1 2 3 4 5 6 7 8 9 10 1
0.
1 Base resin unspecified | poly(vinyl chlorinated | vinyl co-
chloride) poly polymer
homo- (vinyl
polymer chloride)
2 Impact resistance
(Izoy in:
JIm of notch unspecified | <34.7 34.7 80.1 266.9 533.8 800.7
under notch
Ib/in. of notch <0.65 0.65 15 5.0 10.0 15.0
under notch
3 Tengile strength,
mi
Pa unspecified | <34.5 345 414 48.3 55.2
i <5 000 5 000 6 000 7 000 8 000
4 Modglulus of
elagticity in
tengion, min:
Pa unspecified | <1930 1930 2206 2482 2758 3034
i <280 000 | 280 000 320 000 360 000 | 400 000 | 440 000
5 Deffection
temjperature
under load, min,
1.82 MPa
(26§ psi):
°C unspecified | <55 55 60 70 80, 90 100 110 120 130 140
°F <131 131 140 158 176 194 212 230 251 266 284
Fla nmablllty A A A A A A A A A A A A
A All compouryds covered by this specification, when tested in accordance with Test Method D635, ‘sfiall'yield the following results: average extent of burning of 425 mm;

average time

resistance,
flection tef
cut from 1
tions (see

shown by 1
that a matd
method of]
materials 4
that all spe|
certify the
preparing

supplier fo

Note 7—
will not pro
used for purf

11. Test M
11.1 Co

pf burning of <10 s.

tensile strength, tensile modulus of elasticity, des
hperature under load, and flammability. Specimens
hminates of compression-molded or extruded sec-
Practice D4703) shall not be used unless- it can be
est that complete fusion is obtained. It is uriderstood
rial shall not be tested without alsdyspécifying the
specimen preparation. When comparative tests of
re desired, the greatest care shiall be taken to ensure
Cimens are prepared in exactly the same way used to
cell class of the compound. Procedures used in
he test specimens shdll\be as recommended by the
r each specific compound.

t is possible that™a, specimen taken from a finished product
uce the same results as a specimen prepared by the method
boses of cell,¢lass testing and certification.

[ethods

pditioning—The test specimen for deflection tem-

and 50 * 5 % relative humidity. In cases of disagreemept, the
tolerances shall be =1°C (*1.8°F) and £2 % relative Humid-

ity.

11.3 Tensile Strength and Modulus of Elasticityt—Test
Method D638, using Type I specimens of 3.2 = 0.4 mn{ (0.13
* 0.02 in.) thickness and testing speed of 5.1 mm| (0.20
in.)/min * 25 %. Report tensile strength at the yield poin} if the
material yields, otherwise at break.

11.4 Impact Resistance (Izod)—Method A of Test Method
D256, using 3.2-mm (0.125-in.) thick specimens. The [speci-
mens may be compression-molded, extruded, or injgction-
molded with the provision that compression-molded pr ex-
truded specimens built up as laminates in which cofnplete
fusion is obtained shall be acceptable. Complete fusion means
there shall be no evidence of fraying or delamination |at the
break.

perature (Test Method D648) shall be conditioned in accor-
dance with Procedure B of Practice D618, except that the
minimum conditioning time in the circulating air oven shall be
24 h. All other molded test specimens shall be conditioned in
accordance with Procedure A of Practice D618. The minimum
conditioning time shall be 24 h.

11.2 Test Conditions—Unless otherwise specified in the test
methods or in this specification, tests shall be conducted in the
standard laboratory atmosphere of 23 = 2°C (73.4 = 3.6°F)

11.5 Deflection Temperature—Test Method D648—Method
A- using 127 mm (5 in.) long, 12.5 mm (0.5 in.) wide, and 3.2
mm (0.125 in.) thick specimens under 1.82 MPa (264 psi) fiber
stress. Materials that require high-temperature annealing prior
to testing shall be annealed at 50°C (122°F) for 24 h or at the
manufacturer’s recommendation. Specimens shall be cooled in
accordance with Procedure B of Practice D618. The test report
for annealed specimens shall include the time and temperature
of annealing used.
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11.6 Flammability—Test Method D635. All compounds
covered by this specification, when tested in accordance with
Test Method D635, shall yield the following results: average
extent of burning of <25 mm; average time of burning of <10
S.

12. Inspection

12.1 Inspection of the material shall be made as agreed upon
between the purchaser and the seller as part of the purchase

SD-1784

acceptance by common or other carriers for safe transportation
at the lowest rate to the point of delivery, unless otherwise
specified in the contract or order.

14.2 Marking—Unless otherwise agreed upon between the
purchaser and the seller, shipping containers shall be marked
with the name of the material and the name of the manufac-
turer; class, batch, or lot number; quantity contained therein, as
defined by the contract or order under which shipment is made;
the name of the seller; and the number of the contract or order.

contracf:

13. Cefrtification

13.1 |Certification shall be as required by Annex Al.

14. Pa

14.1
dard ¢

kaging and Package Marking

Packaging—The material shall be packaged in stan-
bmmercial containers, so constructed as to ensure

14.3 All packing, packaging, and marking provisions of

Practice D3892 shall apply to this specification.

15. Keywords

15.1 chlorinated poly(vinyl chloside) (CPV(); CPVC com-
pounds; poly(vinyl chloride) (PVC); PVC compounds; recycle
plastics; rigid PVC

—3

tq

= O N ®

-

:[e certificate. Notwithstanding the absence ©f‘a signature or notarization, the certifying organization is respo|

ANNEX

(Mandatory Information)

Al. CERTIFICATION

he producer or supplier shall furnish a certificate of compliance stating that the material was manufactured
sted, and inspected in accordance with the Specification, including year date, the Supplementary Requiren
hy other requirement designated in the purchase order or contract, and that the results met the requiremer]
pecification, the Supplementary Requirements, and the other requirements. A signature or notarization is no
h the certificate of compliance, but the document shall be dated and shall clearly identify the organization s

e contents of the document.

sampled,
lents, and
ts of that
[ required
ibmitting
nsible for
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SPECIFICATION FOR POLY(VINYL CHLORIDE) (PVC)
PLASTIC PIPE, SCHEDULES 40, 80, AND 120

@Z@ SD-1785

(Identical with ASTM D1785-12 except for additionalrrequirements in section 12 and Annex A1, revised marking re
quirements in para. 10.2.1.4, renumbering of section 13, and quality assurance requirement in para. 11.1 has been
made mandatory.)
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Specification for
Poly(Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40, 80,
and 120

1. Scope

1.1 This spg
pipe made in S
for water (see
fying PVC pl4
system of nomg
and test meth
sustained pres{
quality. Metho

1.2 The pro
for use with thd
are chemically
inherent hazard

cification covers poly(vinyl chloride) (PVC)
hedule 40, 80, and 120 sizes and pressure-rated
Appendix X1). Included are criteria for classi-
stic pipe materials and PVC plastic pipe, a
nclature for PVC plastic pipe, and requirements
ds for materials, workmanship, dimensions,
ure, burst pressure, flattening, and extrusion
Is of marking are also given.

lucts covered by this specification are intended
distribution of pressurized liquids only, which
compatible with the piping materials. Due to
s associated with testing components and sys-

tems with conjpressed air or other compressed gases some

manufacturers
Consult with
their specific te
Note 1—Pres
contain large am|
hazards should a
Note 2—This
requirements for
address venting o
1.3 The text
and appendixe
notes and footn|
not be considel

1.4 The valy
as standard. Th
conversions to
and are not cof

1.5 The foll
test methods f
standard does 1

lo not allow pneumatic testing of their products.
pecific product/component manufacturers for
sting procedures prior to pneumatic testing.
urized (compressed) air or other compressed gases
punts of stored energy which present serious saftey
kystem fail for any reason.

standard specifies dimensional, performance and test
blumbing and fluid handling applications, but does‘fiot
[ combustion gases.

of this specification references notes, footnotes,
5 which provide explanatory material. These
ptes (excluding those in tables and figures) shall
ed as requirements of the spedification.

es stated in inch-pound-units are to be regarded
e values given in parentheses are mathematical
SI units that are provided for information only
isidered standard:

wing safetyshazards caveat pertains only to the
ortion, Section 8, of this specification: This
ot pukport to address all of the safety concerns,

if any, associated with its use. It is the responsibilit).of
of this standard to establish appropriate safety.and
practices and determine the applicability of wegtilatory,
tions prior to use. A specific precautionafy, statement §
in Note 9.

Note 3—CPVC plastic pipes, Schedules 40 and 80, whi
formerly included in this specificatiodyd@re now covered by Spe
F441/F441M.

Note 4—The sustained and bufS$t pressure test requirements
pressure ratings in the Appendix” X1, are calculated from stre

he user

health
limita-
S given

Ich were
ification

and the
s values

obtained from tests made onpipe 4 in. (100 mm) and smaller. However,

tests conducted on pipesas large as 24-in. (600-mm) diameter hay
these stress values to~bg.valid for larger diameter PVC pipe.

Norte 5—PVC pipesmade to this specification is often belled f
line pipe. For details of the solvent cement bell, see Specificatiof
and for details"of belled elastomeric joints, see Specifications D
D3212.

2. Réferenced Documents

2.1 ASTM Standards:

D618 Practice for Conditioning Plastics for Testing

D1598 Test Method for Time-to-Failure of Plast
Under Constant Internal Pressure

D1599 Test Method for Resistance to Short-Time Hy
Pressure of Plastic Pipe, Tubing, and Fittings

D1600 Terminology for Abbreviated Terms Relating
tics

D1784 Specification for Rigid Poly(Vinyl Chloride
Compounds and Chlorinated Poly(Vinyl Ch
(CPVC) Compounds

D2122 Test Method for Determining Dimensions 9
moplastic Pipe and Fittings

D2152 Test Method for Adequacy of Fusion of E

e shown

I use as
h D2672
139 and

c Pipe
draulic
to Plas-

PVO)
loride)

f Ther-

xtruded

Poly(Vinyl Chloride) (PVC) Pipe and Molded Fittings by

Acetone Immersion
D2672 Specification for Joints for IPS PVC Pipg
Solvent Cement

Using

D2837 Test Method for Obtaining Hydrostatic Desig

n Basis
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for Thermoplastic Pipe Materials or Pressure Design Basis
for Thermoplastic Pipe Products

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

D3212 Specification for Joints for Drain and Sewer Plastic
Pipes Using Flexible Elastomeric Seals

F412 Terminology Relating to Plastic Piping Systems

F441/F441M Specification for Chlorinated Poly(Vinyl Chlo-
ride) (CPVC) Plastic Pipe, Schedules 40 and 80

2.2

324
code—the pipe materials designation code shal

SD-1785

standard thermoplastic pipe materials designation

1 consist of the

abbreviation PVC for the type of plastic, followed by the
ASTM type and grade in Arabic numerals and the design stress
in units of 100 psi (0.7 MPa) with any decimal figures dropped.
When the design stress code contains less than two figures, a

cipher shall be used before the number. Th

us a complete

material code shall consist of three letters and four figures for

PVC plastic pipe materials (see Section 5).

td. No. 123 Marking for Shipment (Civil Agencies)

ilitary Standard:

STD-129 Marking for Shipment and Storage

2.4 NSF Standards:

Standard No. 14 for Plastic Piping Components and Related
Maiterials

Standard No. 61 for Drinking Water System Components—
Hdalth Effects

3. Terminology

3.1 Definitions:—Definitions are in accordance with Termi-
nology [F412 and abbreviations are in accordance with Termi-
nology [D1600, unless otherwise specified. The abbreviation for
poly(vipyl chloride) plastic is PVC.

3.2 Definitions of Terms Specific to This Standard:

3.2.1| hydrostatic design stress—the estimated maximum
tensile ptress the material is capable of withstanding continu-
ously with a high degree of certainty that failure of the pipe
will ndt occur. This stress is circumferential when intergal
hydrostatic water pressure is applied.

3.2.2| pressure rating (PR)—the estimated maximum’ water
pressurg the pipe is capable of withstanding contipuously with
a high degree of certainty that failure of the pipe will not occur.

3.2.3| relation between dimensions, design stress, and pres-
sure rdting—the following expression,sec@mmonly known as
the ISQ equation, is used in this\ specification to relate
dimensjons, hydrostatic design stressy/and pressure rating:

28/P = (Dyrt) — 1

where:

S =| hydrostatic deSign stress, psi (or MPa),

P =| pressure rating, psi (or MPa),

D, =| average,outside diameter, in. (or mm), and
t =| minimuywall thickness, in. (or mm).

4. Classification

4.1 General—This specification coveps, BV
and marked with one of six type/gradé/design
tions (see X1.2) in Schedule 40, 80,"and 120 ¥

4.2 Hydrostatic Design Stresses“-This spec
pipe made from PVC plasticsias defined by f]
design stresses which have“been developed
long-term tests (Appendix/X1).

5. Materials and Manufacture

5.1 General=Poly(vinyl chloride) plastics
pipe meeting,the requirements of this specifica
rized by meéans of two criteria, namely, (/) sho
tests anid’ (2) long-term strength tests.

Nome 6—The PVC pipe intended for use in the trg
water should be evaluated and certified as safe for this p
dgency acceptable to the local health authority. The ev
in accordance with requirements for chemical extractio
that are no less restrictive than those included in NSF
The seal or mark of the laboratory making the eval
included on the pipe. See pipe marking requirement f
systems.

5.2 Basic Materials—This specification coy
from PVC plastics having certain physical
properties as described in Specification D1784

5.3 Compound—The PVC compounds use
shall equal or exceed the following classe
Specification D1784; PVC 12454, or 14333.

5.4 Rework Material—The manufacturer sh
own clean rework pipe material and the pipe
meet all the requirements of this specification.

6. Requirements

6.1 Dimensions and Tolerances:
6.1.1 Dimensions and tolerances shall be as
1 and Table 2 when measured in accordance wi

" pipe made to
stress designa-
all sizes.

fication covers
pur hydrostatic
n the basis of

used to make
ion are catego-
't-term strength

nsport of potable
rpose by a testing
luation should be
h, taste, and odors
Standard No. 14.
uation should be
Ir reclaimed water

ers pipe made
and chemical

1 for this pipe
b described in

hll use only his
produced shall

shown in Table
th Test Method

D2122. The tolerances for out-of-roundness shd

11 apply only to

pipe prior to shipment.

6.2 Sustained Pressure—The pipe shall not fail, balloon,
burst, or weep as defined in Test Method D1598, at the test

pressures given in Tables 3-5 when tested in a
8.4.

ccordance with
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TABLE 1 Outside Diameters and Tolerances for PVC Plastic Pipe Schedules 40, 80, and 120, in. (mm)

Tolerances
Maximum Out-of-Roundness (maximum minus minimum
diameter)
Nominal Pipe Size Outside Diameter Schedule 40 sizes 3'% in. and Schedule 40 sizes 3 in. and
Average over; Schedule 80 sizes 8 in. less;
and over Schedule 80 sizes 6 in. and
less;
Schedule 120 sizes all
Ya 0.405 (10.29) +0.004 (+0.10) 0.016 (0.41)
Ya 0.540 (13.72) +0.004 (+0.10) 0.016 (0.41)
s 0.675 (17.14) +0.004 (+0.10) 0.016 (0.41)
Y2 0.840 (21.34) +0.004 (+0.10) 0.016 (0.41),
Ya 1.050 (26.67) +0.004 (+0.10) 0.020 (0,51)
1 1.315 (33.40) +0.005 (+0.13) 0.020/(0,51)
1Va 1.660 (42.16) +0.005 (+0.13) 0.024 (0.61)
1 1.900 (48.26) +0.006 (+0.15) 0.02440.61)
2 2.375 (60.32) +0.006 (+0.15) 0.024 (0.61)
2" 2.875 (73.02) +0.007 (+0.18) 0.030 (0.76)
3 3.500 (88.90) +0.008 (+0.20) 0.030 (0.76)
32 4.000 (101.60) +0.008 (+0.20) 0. 100 (2 54) 0.030 (0.76)
4 4.500 (114.30) +0.009 (+0.23) 0.100 (2.54) 0.030 (0.76)
5 5.563 (141.30) +0.010 (+0.25) 0.100 (2.54) 0.060 (1.52)
6 6.625 (168.28) +0.011 (+0.28) 0.100 (2.54) 0.070 (1.78)
8 8.625 (219.08) +0.015 (+0.38) 0.150 (3.81) 0.090 (2.29)
10 10.750 (273.05) +0.015 (+0.38) 0.150 (3.81) 0.100 (2.54)
12 12.750 (323.85) +0.015 (+0.38) 0.150,(3.81) 0.120 (3 05)
14 14.000 (355.60 +0.015 (+0.38) 0.200(5.08) .
16 16.000 (406.40) +0.019 (+0.48) 0.320-(8.13)
18 18.000 (457.20) +0.019 (+0.48) 0,360 (9.14)
20 20.000 (508.00) +0.023 (+0.58) 0.400 (10.2)
24 24.000 (609.60) +0.031 (+0.79) 0.480 (12.2)
TABLE 2 Wall Thicknesses and Tolerances for PVC Plastic Pipe, Schedules 40, 80, and 120,* in. (mm)
Walk Thickness”
N°m,'3”iéz"ep'pe Schedule 40 Schedule 80 Schedule 120
Minimum Tolerance Minimum Tolerance Minimum Tolerancg
Ve 0.068 (1.73) +0.020 (+0.51) 0.0952.41) +0.020 (+0.51)
Va 0.088 (2.24) +0.020 (+0.51) 0119 (3.02) +0.020 (+0.51)
% 0.091 (2.31) +0.020 (+0.51) 0+126 (3.20) +0.020 (+0.51)
VA 0.109 (2.77) +0.020 (+0.51) 0.147 (3.73) +0.020 (+0.51) 0. 170 (4 32) +0. 020 ( +051)
¥ 0.113 (2.87) +0.020 (+0.51), 0.154 (3.91) +0.020 (+0.51) 0.170 (4.32) +0.020 (+0J51)
1 0.133 (3.38) +0.020 (+0.51) 0.179 (4.55) +0.021 (+0.53) 0.200 (5.08) +0.024 (+0J61)
1Va 0.140 (3.56) +0.020 (+0.61) 0.191 (4.85) +0.023 (+0.58) 0.215 (5.46) +0.026 (+0]66)
12 0.145 (3.68) +0.020 (¥Q.51) 0.200 (5.08) +0.024 (+0.61) 0.225 (5.72) +0.027 (+0]68)
2 0.154 (3.91) +0.020NF0.51) 0.218 (5.54) +0.026 (+0.66) 0.250 (6.35) +0.030 (+0{76)
21/ 0.203 (5.16) +0.024/ (+0.61) 0.276 (7.01) +0.033 (+0.84) 0.300 (7.62) +0.036 (+0]91)
3 0.216 (5.49) +0.026 (+0.66) 0.300 (7.62) +0.036 (+0.91) 0.350 (8.89) +0.042 (+1]07)
32 0.226 (5.74) +0.027 (+0.68) 0.318 (8.08) +0.038 (+0.96) 0.350 (8.89) +0.042 (+1]07)
4 0.237 (6.02) +0.028 (+0.71) 0.337 (8.56) +0.040 (+1.02) 0.437 (11.10) +0.052 (+1]32)
5 0.258 (6.55) +0.031 (+0.79) 0.375 (9.52) +0.045 (+1.14) 0.500 (12.70) +0.060 (+1]52)
6 0.280 (7.11) +0.034 (+0.86) 0.432 (10.97) +0.052 (+1.32) 0.562 (14.27) +0.067 (+1]70)
8 0.322 (8418) +0.039 (+0.99) 0.500 (12.70) +0.060 (+1.52) 0.718 (18.24) +0.086 (+2]18)
10 0.365(9.27) +0.044 (+1.12) 0.593 (15.06) +0.071 (+1.80) 0.843 (21.41) +0.101 (+2|56)
12 0.406,(10.31) +0.049 (+1.24) 0.687 (17.45) +0.082 (+2.08) 1.000 (25 40) +0.120 (+3|05)
14 0:487/(11.10) +0.053 (+1.35) 0.750 (19.05) +0.090 (+2.29) .. .
16 0.500 (12.70) +0.060 (+1.52) 0.843 (21.41) +0.101 (+2.57)
18 0.562 (14.27) +0.067 (+1.70) 0.937 (23.80) +0.112 (+2.84)
20 0.593 (15.06) +0.071 (+1.80) 1.031 (26.19) +0.124 (+3.15)
24 0.687 (17.45) +0.082 (+2.08) 1.218 (30.94) +0.146 (+3.71)

A The minimu

In iscthe lowest wall thickness of the pipe at any cross section. The maximum permitted wall thickness, at any cross section, is the minimum wall t

ickness

plus the stated Tolerance. All tolerances are on the plus side of the minimum requirement.
B These dimensions conform to nominal IPS dimensions, with the exception that Schedule 120 wall thickness for pipe sizes 2 to 3z in. (12.5 to 87.5 mm), inclusive, are
special PVC plastic pipe sizes.

6.2.1 Accelerated Regression Test—The accelerated regres-
sion test shall be used in place of both the sustained and burst
pressure tests, at the option of the manufacturer. The test shall
be conducted in accordance with 8.4.1. The pipe shall demon-
strate a hydrostatic design basis projection at the 100 000-h

10

intercept that meets the hydrostatic design basis category
requirement (see Tables 3-5 and Test Method D2837) for the
PVC material used in its manufacture. (Example: PVC 1120
pipe must have a minimum 100 000-h projection of 3830 psi
(26.40 MPa) and 85 % lower confidence limit (LCL).
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TABLE 3 Sustained Pressure Test Conditions for Water at 73°F TABLE 4 Sustained Pressure Test Conditions for Water at 73°F
(23°C) for PVC Plastic Pipe, Schedule 40 (23°C) for PVC Plastic Pipe, Schedule 80
Pressure Required for Test”? Nominal Pressure Required for Test?
Nominal Pipe PVC1120 %T;ga PVC1120
Size PVC1220 PVC2116  PVC2112 PVC2110 Size PVC1220 PVC2116 PVC2112 PVC2110
PVC2120 PVC2120
in. psi in. psi
Y8 1690 1360 1130 930 Vs 2570 2060 1720 1410
Ya 1640 1310 1090 900 Ya 2370 1900 1580 1300
EZ 1310 1050 870 720 ¥ 1930 1540 1290 1060
Yo 1250 1000 840 690 Y2 1780 1430 1190 980
& +616 8+6 666 556 g 40 ++66 966 790
1 950 760 630 520 1 1320 1060 880 720
1Y 770 620 520 420 1% 1090 870 730 600
112 690 560 460 380 12 990 790 660 540
2 580 470 390 320 2 850 680 570 460
21 640 510 430 350 21 890 710 590 490
3 590 440 370 300 3 790 630 520 430
312 500 400 340 280 312 730 580 480 400
4 470 370 310 260 4 680 540 450 370
5 410 330 270 220 5 610 490 400 330
6 370 300 250 200 6 590 470 390 320
8 330 260 220 180 8 520 410 340 280
10 300 240 200 160 10 490 390 330 270
12 280 220 180 150 12 480 380 320 260
14 270 220 180 150 14 470 380 320 260
16 270 220 180 150 16 470 370 310 260
18 270 220 180 150 18 460 370 310 250
20 260 210 170 140 20 460 370 300 250
24 250 200 170 140 24 450 360 300 250
in MPa in; MPa
% 11.65 9.38 7.79 6.41 78, 17.72 14.21 11.86 9.72
¥z 11.31 9.03 7.52 6.21 Va 16.34 13.10 10.90 8.96
EZ 9.03 7.24 6.00 4.96 % 13.31 10.62 8.89 7.31
4 8.62 6.89 5.79 4.76 2 12.27 9.86 8.20 6.76
EZ 6.96 5.58 4.69 3.79 Ya 9.93 8.00 6.62 5.45
1 6.55 5.24 4.34 3.59 1 9.10 7.31 6.07 4.96
1% 5.31 4.27 3.59 2.90 1Va 7.52 6.00 5.03 4.14
1% 4.76 3.86 3.17 2,62 12 6.83 4.96 4.55 3.72
2| 4.00 3.24 2.69 2.21 2 5.86 4.69 3.93 3.17
2% 4.41 3.52 2.96 2.41 2> 6.14 4.90 4.07 3.38
3| 4.07 3.03 2.55 2.07 3 5.45 4.34 3.59 2.96
3% 3.45 2.76 2.34 1.93 32 5.03 4.00 3.31 2.76
4 3.24 2.55 2.14 1.79 4 4.69 3.72 3.10 2.55
5| 2.83 2.28 1.86 1.52 5 4.21 3.38 2.76 2.28
6 2.55 2.07 w72 1.38 6 4.07 3.24 2.69 2.21
8 2.28 1.79 1.52 1.24 8 3.59 2.83 2.34 1.93
1( 2.07 1.65 1.38 1.10 10 3.38 2.69 2.28 1.86
13 1.93 1.52 1.24 1.03 12 3.31 2.62 2.21 1.79
14 1.89 1,54 1.26 1.05 14 3.29 2.66 2.24 1.82
14 1.89 1,54 1.26 1.05 16 3.29 2.59 217 1.82
19 1.89 1)54 1.26 1.05 18 3.22 2.59 217 1.75
2( 1.82 1.47 1.19 0.98 20 3.22 2.59 2.10 1.75
24 1.75 1.40 1.19 0.98 24 3.15 2.52 2.10 1.75
A The fibgr stresses used to derive these test pressures are as follows: A The fiber stresses used to derive these test pressures are|as follows:
psi MPa psi MPa
FPVC1120 4200 29.0 PVC1120 4200 29.0
FVC1220 4200 29.0 PVC1220 4200 29.0
BPVE2120 4200 29.0 PVC2120 4200 29.0
PYC2116 3360 232 PVC211o 3360 23.2
PVC2112 2800 19.3 PVC2112 2800 19.3
PVC2110 2300 15.9 PVC2110 2300 15.9

6.3 Burst Pressure—The minimum burst pressures for PVC

plastic pipe shall be as given in Table 6, when determined in 6.4 Flattening—There shall be no evidence of splitting,
accordance with Test Method D1599. cracking, or breaking when the pipe is tested in accordance
with 8.6.
Note 7—Times greater than 60 s may be needed to bring large size . . . .
specimens to burst pressure. The test is more difficult to pass using greater 6.5 Extrusion Quality—The pipe shall not flake or disinte-
pressurizing times. grate when tested in accordance with Test Method D2152.

11
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TABLE 5 Sustained Pressure Test Conditions for Water at 73°F (23°C) for PVC Plastic Pipe, Schedule 120

Pressure Required for Test?

Nominal Pipe PVC1120
Size PVC1220 PVC2116 PVC2112 PVC2110
PVC2120
in. psi
A 2130 1710 1420 1170
% 1620 1300 1080 890
1 1510 1200 1000 830
14 1250 1000 830 680
1% 1130 900 750 620
2 990 790 660 540
22 JcU I£:1Y [15]9) 04U
3 930 750 620 510
3% 810 640 540 440
4 900 720 600 490
5 830 660 550 450
6 780 620 520 430
8 760 610 510 420
10 770 620 510 420
12 710 570 480 390
in. MPa
A 14.69 11.79 9.79 8.07
% 117 8.96 7.45 6.14
1 10.41 8.27 6.89 5.72
1% 8.62 6.89 5.72 4.69
175 7.79 6.21 517 4.27
2 6.83 5.45 4.55 3.72
2% 6.76 5.38 4.48 3.72
3 6.41 5.17 4.27 3.52
3% 5.58 4.41 3.72 3.03
4 6.21 4.96 4.14 3.38
5 5.72 4.55 3.79 3.10
6 5.38 4.27 3.59 2.96
8 5.24 4.21 3.52 2.90
10 5.31 4.27 3.52 2.90
12 4.90 3.93 3.31 2.69
A The fiber stipsses used to derive these test pressures are as follows:
pSi MPa
PVC1120 4200 29.0
PVC1220 4200 29.0
PVC2120 4200 29.0
PVC2116 3360 23.2
PVC2112 2800 19.3
PVC2110 2300 15.9
7. Worknjanship, Finish, and Appearan¢e of no prior agreement, any sample selected by the {esting
7.1 The|pipe shall be homogengeus.-throughout and free of laboratory shall b‘? deemed adequate. .
visible cra¢ks, holes, foreign inglusiens, or other defects. The 8.3.1 Test Specimens—Not less than 50 % of the test|speci-
pipe shall be as uniform as cofinércially practicable in color, ~ Mmens required for any pressure test shall have at least a part of
opacity, dejnsity, and otherphysical properties. the I.narkmg.ln thel.r ceptral sections. The central section fis that
portion of pipe which is at least one pipe diameter away from
Note 8—(olor and transparency or opacity should be specified in the an end closure.
contract or gurchase orders
8.4 Sustained Pressure Test—Select the test specimpns at
8. Test MgthodS random. Test individually with water at the internal prejssures
8.1 Condltlomng—Condltlon the test specimens at 73.4 + glven in Tables 3-5, six spec1mens of pipe, each specnnet;l at
SeE o 2 s than

3.6°F(23 =
than 40 h prior to test in accordance with Procedure A of
Practice D618, for those tests where conditioning is required.

8.2 Test Conditions—Conduct tests in the standard labora-
tory atmosphere of 73.4 = 3.6°F (23 = 2°C) and 50 = 10 %
relative humidity, unless otherwise specified in the test meth-
ods or in this specification.

8.3 Sampling—The selection of the sample or samples of
pipe shall be as agreed upon by the purchaser and seller. In case

12

10 in. (250 mm) or more than 3 ft (1 m) between end closures
and bearing the permanent marking on the pipe. Maintain the
specimens at the pressure indicated for a period of 1000 h.
Hold the pressure as closely as possible, but within *=10 psi
(£70 kPa). Condition the specimens at the test temperature of
73.4°F (23°C) to within 3.6°F (£2°C). Test in accordance with
Test Method D1598, except maintain the pressure at the values
given in Tables 3-5 for 1000 h. Failure of two of the six
specimens tested shall constitute failure in the test. Failure of
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TABLE 6 Burst Pressure Requirements for Water at 73°F (23°C) for PVC Plastic Pipe, Schedules 40, 80, and 120
Min Burst Pressures”
Schedule 40 Schedule 80 Schedule 120
Nominal Pipe Size PVC1120 PVC2112 PVC1120 PVC2112 PVC1120 PVC2112
PVC1220 PVC2116 PVC1220 PVC2116 PVC1220 PVC2116
PVC2120 PVC2110 PVC2120 PVC2110 PVC2120 PVC2110
in. psi
Vs 2580 2020 3920 3060
Va 2490 1950 3620 2830
s 1990 1560 2940 2300 . S
Ve 1910 1490 2720 2120 3250 2540
E7Z) 1540 1210 2200 1720 2470 930
1 1440 1130 2020 1580 2300 790
1Va 1180 920 1660 1300 1900 490
1 1060 830 1510 1180 1720 340
2 890 690 1290 1010 1510 180
22 970 760 1360 1060 1490 170
3 840 660 1200 940 1420 110
312 770 600 1110 860 1230 960
4 710 560 1040 810 1380 080
5 620 390 930 720 1260 990
6 560 440 890 700 1190 930
8 500 390 790 620 1160 910
10 450 350 750 580 1170 920
12 420 330 730 570 1090 850
14 410 320 720 570 L N
16 410 320 710 560
18 410 320 700 550
20 390 310 700 540
24 380 300 680 530
in. MRa
) 17.79 13.93 27.03 21.10
Va 1717 13.45 24.96 19.52
¥ 13.72 10.76 20.27 15.86 e ..
A 13.17 10.27 18.76, 14.62 22.41 7.52
) 10.62 8.34 15.1% 11.86 17.03 3.31
1 9.93 7.79 18.93 10.89 15.86 2.34
1Va 8.14 6.34 11.45 8.96 13.10 0.27
12 7.31 5.72 10.41 8.14 11.86 9.24
2 6.14 4.76 8.89 6.96 10.41 8.14
22 6.69 5.24 9.38 7.31 10.27 8.07
3 5.79 4.55 8.27 6.48 9.79 7.65
32 5.31 4.14 7.65 5.93 8.48 6.62
4 4.90 3.86 717 5.58 9.51 7.45
5 4.27 2.69 6.41 4.96 8.69 6.83
6 3.86 3.03 6.14 4.83 8.20 6.41
8 3.45 2.69 5.45 4.27 8.00 6.27
10 3.10 2.41 517 4.00 8.07 6.34
12 2.90 2.28 5.03 3.93 7.52 5.86
14 2.87 2.24 5.04 3.99 N
16 2.87 2.24 4.97 3.92
18 2.87 2.24 4.90 3.85
20 2,73 217 4.90 3.78
24 2.66 2.10 4.76 3.71
A The fier stresses used te.derive these test pressures are as follows:
psi MPa
PVC1120 6400 441
PVC1220 6400 441
PVC2120 6400 441
PVC2116 5000 34.5
P‘V’UL‘I-‘IL JUUU O4-J
PVC2110 5000 34.5

one of the six specimens tested in retest shall constitute failure
in the test. Evidence of failure of the pipe shall be as defined in
Test Method D1598.

8.4.1 Accelerated Regression Test—Test in accordance with
procedures in Test Method D1598, using either free end or
restrained end fittings. A minimum of six samples shall be

13

tested. Test three specimens at a single pressure that will result
in failures at or below 0.10 h. Test an additional three
specimens at a single pressure that will result in failures at
about 200 h. Generating additional data points to improve the
LTHS or LCL, or both, is acceptable. No points shall be
excluded unless an obvious defect is detected in the failure area
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of the test sample, or there was a malfunction of the equipment.
Characterize the data using the least squares regression de-

scribed in Test

Method D2837.

8.5 Burst Pressure—Determine the minimum burst pressure
with at least five specimens in accordance with Test Method
D1599. The time of testing of each specimen shall be between

60 and 70 s.

8.6 Flattening—Flatten three specimens of the pipe each at
least 2 in. (50 mm) long, between parallel plates in a suitable

ASME NM.3.1-2018

10.2.1.3 Schedule (40, 80, or 120, whichever is applicable)
and the pressure rating in pounds per square inch (megapas-
cals) for water at 73°F (23°C) shown as the number followed
by psi (for example, 200 psi (1.4 MPa)). When the indicated
pressure rating is lower than that calculated in accordance with
3.2.3 (see Appendix X1), this shall be indicated by placing a
star after the pressure rating,

10.2.1.4 ASME SD-1785 or both ASME SD-1785 and
ASTM D1785,

102 1 5 Manufacturer s—paime. (r\r fwallamm«lz)
=T T

press until the)
outside diamet|
whichever occy
such that the ¢
removal of the
splitting, crack

9. Retest and

9.1 If the re
of this specific
by agreement

distance between the plates is 40 % of the
pr of the pipe or the walls of the pipe touch,
rs first. The rate of loading shall be uniform and
mpression is completed within 2 to 5 min. On
load examine the specimens for evidence of
ng, or breaking.

Rejection

ults of any test(s) do not meet the requirements
hition, the test(s) shall be conducted again only
pbetween the purchaser and seller. Under such

agreement, minimum requirements shall not be lowered,

changed, or mo
If upon retest,
sented by the
specification.

10. Product M
10.1 Quality
the pipe in suc
after installatio]
10.2 Conten

10.2.1 Mark
spaced at inter

10.2.1.2 Ty

dified, nor shall specification limits be changed.
failure occurs, the quantity of product repre-
est(s) does not meet the requirements of this

farking

of Marking—The marking shall be applied to
N a manner that it remains legible (easily read)
h and inspection.

¢ of Marking:

ng on the pipe shall include the following,
als of not more than 5 ft (1.5 m):

e of plastic pipe material in accerdance with the

10.2.1.1 Nolininal pipe size (for example, 2 ing (50 mm)),

designation co

(@)

S1. Potable
contact with

e prescribed in 3.2.4, for example, PVC1120,

onvey or to_belin contact with potable water.

Water*Requirement—Products intended for
otabl€ water shall be evaluated, tested, and

ALQEAIQ Q.

SUPPLEMENTARY REQUIREMENTS

This requiremént applies whenever a regulatory authority or user calls for product to be used to

10.2.1.6 Production code with which the manufaétyrer can
trace the year, month, day, shift, plant and extrgder of manu-
facture for this product, and

10.2.1.7 Pipe intended for the transport' of potable water
shall also include the seal or mark of the laboratory making the
evaluation for this purpose, spaced atintervals specified by the
laboratory.

Note 9—Manufacturers using the\seal or mark of a laboratpry must
obtain prior authorization from the+laboratory concerned.
Note 10—It is common practice to dual mark Schedule 40 pjping for
potable water and DWYV usage m which compliance with each applicable
standard is met.

11. Quality Assurance

11.1 Thexmanufacturer affirms that the produfct was
manufactuted, inspected, sampled, and tested in accprdance
with thi® specification and has been found to mpet the
requirements of this specification.
12. Certification

12.1 Certification shall be as required by Annex Al.

13. Keywords

13.1 pressure pipe; PVC pipe; Schedule 40 pipe; Sghedule
80 pipe; Schedule 120 pipe

acceptable certifying organization when required by tHe regu-
latory authority having jurisdiction.

certified for co

£ el A 1 1AL 1
UIHIAICC WIULI AINSIZINOSITT StdliudliU INU. Ul U@

the health effects portion of NSF Standard No. 14 by an

This requirement applies only to pipe to be used in systems that have not established other provisions for identification.

S2.Pipe Marking Requirement for Reclaimed Water

Systems—Color identification of pipe shall be by (/) use of

purple (violet) PVC material or (2) by use of continuous purple

stripes printed lengthwise on opposite sides of the pipe. The
pipe shall be marked RECLAIMED WATER at intervals of 5
ft. or less.

14
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GOVERNMENT/MILITARY PROCUREMENT

These requirements apply only to federal/military procurement, not domestic sales or transfers.

S1. Pipe for Reclaimed-Water System—Pipe used in these
systems shall be purple (violet) in color and it shall be marked
Reclaimed Water.

S2. Responsibility for Inspection—Unless otherwise speci-
fied in the contract or purchase order. the producer is respon-

SD-1785

S3. Packaging and Marking for U.S. Government Procure-

ment:

S3.1 Packaging—Unless otherwise spe

cified in the

contract, the materials shall be packaged in accordance with
the supplier’s standard practice in a manner ensuring arrival at

sible fgr the performance of all inspection and test require-
ments dpecified herein. The producer may use his own or any
other sypiitable facilities for the performance of the inspection
and teqt requirements specified herein, unless the purchaser
disapprpves. The purchaser shall have the right to perform any
of the iphspections and tests set forth in this specification where
such inppections are deemed necessary to ensure that material
conforris to prescribed requirements.

Note B2.1—In U.S. Federal contracts, the contractor is responsible for
inspectidn.
Al.
T

=

= O W

He contents of the document.

—

X1.1] The hydrostatieydesign stresses recommended by the
Plasticq Pipe Institutenare used to pressure rate PVC plastic
pipe. These hydrostatic design stresses are 2000 psi (14 MPa),
1600 pdi (11 MPa), 1250 psi (9 MPa), and 1000 psi (7 MPa) for
water af 732Fy23°C). These hydrostatic design stresses apply
only to|pipe-meeting all the requirements of this specification.

ANNEX

(Mandatory Information)

CERTIFICATION

he producer or supplier shall furnish a certificate of compliance stating that the material was manufactured,
gsted, and inspected in accordance with the Specification, including year date, the Supplementary Requiren
afy other requirement designated in the purchase order or contract, and that the results met the requiremen
pecification, the Supplementary Requirements, and-the other requirements. A signature or notarization is no
1 the certificate of compliance, but the document-shall be dated and shall clearly identify the organization syibmitting
He certificate. Notwithstanding the absence offa signature or notarization, the certifying organization is respo

APPENDIX

(Nonmandatory Information)

X1. SOURCE OF HYDROSTATIC DESIGN STRESSES

destination in satisfactory condition and which
able to the carrier at lowest rates. Containers, an
comply with Uniform Freight Classificatien ru
Motor Freight Classification rules.

S3.2 Marking—Marking for, shipment sha
dance with Fed. Std. No. 123.foncivil agencies
129 for military agencies,

Note S3.1—The inclusiqu0f’ U.S. Government pro|
ments should not be consfined as an indication that the

will be accept-
d packing shall
les or National

1 be in accor-
and MIL-STD-

turement require-
U.S. Government

uses or endorses the products described in this specifidation.

X1.2.3 Type II, Grade 1 (14333-D), with
design stress of 2000 psi (14 MPa), designated

X1.2.4 Type II, Grade 1 (14333-D), with
design stress of 1600 psi (11.2 MPa), designate

X1.2.5 Type II, Grade 1 (14333-D), with

sampled,
ents, and
ts of that
required

hsible for

a hydrostatic
| as PVC2120.

a hydrostatic
d as PVC2116.

a hydrostatic

design stress of 1250 psi (8.7 MPa), designate]

d as PVC2112.

X1.2 Six PVC pipe materials are included based on the
requirements of Specification DI1784 and the PPI-
recommended hydrostatic design stresses as follows:

X1.2.1 Type I, Grade 1 (12454-B), with a hydrostatic design
stress of 2000 psi (14 MPa), designated as PVC1120.

X1.2.2 Type I, Grade 2 (12454-C), with a hydrostatic design
stress of 2000 psi (14 MPa), designated as PVC1220.

15

X1.2.6 Type II, Grade 1 (14333-D), with a hydrostatic
design stress of 1000 psi (7.0 MPa), designated as PVC2110.

X1.3 The standard method for obtaining hydrostatic basis
for thermoplastic pipe materials is Test Method D2837. Addi-
tional information regarding the test method and other criteria


https://asmenormdoc.com/api2/?name=ASME NM.3.1 2018.pdf

SD-1785

used in developing these hydrostatic design stresses may be
obtained from the Plastics Pipe Institute, a division of The
Society of the Plastics Industry, 355 Lexington Ave., New
York, NY 10017. These hydrostatic design stresses may not be
suitable for materials that show a wide departure from a
straight-line plot of log stress versus log time to failure. All the
data available to date on PVC pipe materials made in the
United States exhibit a straight-line plot under these plotting
conditions.

ASME NM.3.1-2018

Lower pressure ratings than those calculated in accordance
with 3.2.3 may be recommended, at the option of the pipe
manufacturer, in which case the SDR shall be included in the
marking. Experience of the industry indicates that PVC plastic
pipe meeting the requirements of this specification gives
satisfactory service under normal conditions for a long period
at these pressure ratings. The sustained pressure requirements
are related to these ratings through the slopes of the strength-
time plots of these materials in pipe form.

X1.4 THe pipe is rated Tor use with water at 73°F (23°C) at X1.5 The hydrostatic design stresses recommended py the
the maximum internal pressures shown in Tables X1.1-X1.3.  Plastics Pipe Institute are based on tests made on pipéranging
in size from %2 to 2% in. (12.5 to 63.5 mm).
TABLE X1.1 Water Pressure Ratings at 73°F (23°C) for Schedule 40 PVC Plastic Pipe
) Pressure Ratings”
Nominal
Pipe PVC11208
Sive PVC1220 PVC2116 PVC21128 PVC21108
PVC2120
in. psi
% 810 650 500 400
Va 780 620 490 390
% 620 500 390 310
12 600 480 870 300
% 480 390 300 240
1 450 360 280 220
1 370 290 230 180
1% 330 260 210 170
2 280 220 170 140
2% 300 240 190 150
3 260 210 160 130
3% 240 190 150 120
4 220 180 140 110
5 190 160 120 100
6 180 140 110 2
8 160 120 100 80
10 140 10 20 70
12 130 110 80 70
14 130 100 80 60
16 130 100 80 60
18 130 100 80 60
20 120 100 80 60
24 120 2 70 60
in. MPa
% 558 4.48 3.45 2.76
Va 5.38 4.27 3.38 2.69
% 4.27 3.45 2.69 2.14
2 4.14 3.31 255 2.07
% 8.31 2,69 2.07 1.65
1 3.10 248 1.93 1.52
1 255 2.04 1.59 1.24
1% 2.28 1.79 1.45 1.17
2 1.93 1.52 1.17 0.97
2% 2.07 1.65 1.31 1.03
3 1.79 1.45 1.10 0.90
31 1.65 1.31 1.03 0.83
4 1.52 1.24 0.97 0.76
5 1.31 1.10 0.83 0.69
6 1.24 0.97 0.76 0.62
8 1.10 0.83 0.69 0.55
10 0.97 0.76 0.62 0.48
12 0.90 0.76 055 0.48
14 0.91 0.70 0.56 0.42
16 0.91 0.70 0.56 0.42
18 0.91 0.70 0.56 0.42
20 0.84 0.70 0.56 0.42
24 0.84 0.63 0.49 0.42

A These pressure ratings apply only to unthreaded pipe. The industry does not recommend threading PVC plastic pipe in Schedule 40 dimensions in nominal pipe sizes

6 in. (150 mm) and smaller.
B See Appendix X1 for code designation.

16
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TABLE X1.2 Water Pressure Ratings at 73°F (23°C) for Schedule 80 PVC Plastic Pipe

SD-1785

Nominal psi
Pipe PVC1120,
Size, PVC1220, PVC2116 PVC2112 PVC2110
in. PVC2120

Unthreaded Threaded Unthreaded Threaded Unthreaded Threaded Unthreaded Threaded

Ve 1230 610 980 490 770 380 610 310

Ya 1130 570 900 450 710 350 570 280

EZ) 920 460 730 370 570 290 460 230

! 850 420 680 340 530 260 420 210

3 690 340 550 280 430 210 340 170

1 630 320 500 250 390 200 320 160

11 520 260 420 210 320 160 260 130

11 470 240 380 190 290 150 240 120

3 400 200 320 160 250 130 200 100

21 420 210 340 170 260 180 210 110

g 370 190 300 150 230 120 190 90

3 350 170 280 140 220 110 170 90

4 320 160 260 130 200 100 160 80

g 290 140 230 120 180 90 140 70

(i 280 140 220 110 170 90 140 70

i 250 120 200 100 150 80 120 60

1 230 120 190 90 150 70 120 60

13 230 110 180 90 140 70 110 60
14 220 180 140 110
14 220 180 140 110
1 220 180 140 110
2 220 170 140 110
24 210 170 130 110

MPa

1 8.48 4.21 6.76 3.38 5.31 2.62 4.21 2.14

1 7.79 3.93 6.21 3.10 4.90 2.41 3.93 1.93

3 6.34 3.17 5.03 2.55 3.93 2.00 3.17 1.59

1 5.86 2.90 4.69 2.34 3.65 1.79 2.90 1.45

3 4.76 2.34 3.79 1.93 2.96 1.45 2.34 1.17

1 4.34 2.21 3.45 1.72 2.69 2.21 1.10

17 3.59 1.79 2.90 1.45 2.21 1.79 0.90

17 3.24 1.65 2.62 1.31 2.0 1.03 1.65 0.83

3 276 1.38 2.21 1.72 0.90 1.38 0.69

27 2:90 1.45 2.34 1.79 0.90 1.45 0.76

g 2.55 1.31 2.07 1.03 1.59 0.83 1.31 0.62

37 2.41 1.17 1.93 0.97 1.52 0.76 1.17 0.62

4 2.21 1.10 1.79 0.90 1.38 0.69 1.10 0.55

5 Z.00 0.97 159 0.83 T2% 0.62 0.97 0.48

6 1.93 0.97 1.52 0.76 1.17 0.62 0.97 0.48

8 1.72 0.83 1.38 0.69 1.03 0.55 0.83 0.41

10 1.59 0.83 1.31 0.62 1.03 0.48 0.83 0.41

12 1.59 0.76 1.24 0.62 0.97 0.48 0.76 0.41
14 1.54 1.26 0.98 0.77
16 1.54 1.26 0.98 0.77
18 1.54 1.26 0.98 0.77
20 1.54 1.19 0.98 0.77
24 1.47 1.19 0.91 0.77

17
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TABLE X1.3 Water Pressure Ratings at 73°F (23°C) for Schedule 120 PVC Plastic Pipe

Nominal psi
Pipe PVC1120, PVC1220,
Size, PVC2120 PVC2116 PVC2112 PVC2110
n. Unthreaded Threaded Unthreaded Threaded Unthreaded Threaded Unthreaded Threaded
A 1010 510 810 410 630 320 510 250
% 770 390 620 310 480 240 390 190
1 720 360 570 290 450 220 360 180
1Va 600 300 480 240 370 190 300 150
12 540 270 430 210 340 170 270 130
2 470 240 380 190 290 150 240 120
215 270 230 370 T90 290 T50 230 TRO
3 440 220 360 180 280 140 220 110
3% 380 190 310 150 240 120 190 1p0
4 430 220 340 170 270 130 220 10
5 400 200 320 160 250 120 200 1p0
6 370 190 300 150 230 120 190 DO
8 380 180 290 140 230 110 180 DO
10 370 180 290 140 230 110 180 DO
12 340 170 270 140 210 110 170 BO
MPa
> 6.96 3.52 5.58 2.83 4.34 2.21 3.562 1J72
¥ 5.31 2.69 4.27 2.14 3.31 1.65, 2.69 131
1 4.96 2.48 3.93 2.00 3.10 1.52 2.48 1p4
1Va 4.14 2.07 3.31 1.65 2.55 1.81 2.07 103
14 3.72 1.86 2.96 1.45 2.34 1.17 1.86 090
2 3.24 1.65 2.62 1.31 2.00 1.03 1.65 083
2> 3.24 1.59 2.55 1.31 2.00 1.03 1.59 03
3 3.03 1.52 2.48 1.24 1.93 0.97 1.52 0J76
3% 2.62 1.31 2.14 1.03 1.65 0.83 1.31 069
4 2.96 1.52 2.34 1.17 1.86 0.90 1.52 0J6
5 2.76 1.38 2.21 1.10 w72 0.83 1.38 069
6 2.55 1.31 2.07 1.03 159 0.83 1.31 0p2
8 2.62 1.24 2.00 0.97 1.59 0.76 1.24 02
10 2.55 1.24 2.00 0.97 1.59 0.76 1.24 0p2
12 2.34 1.17 1.86 0.97 1.45 0.76 117 0p5

18
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SPECIFICATION FOR FEP-FLUOROCARBON MOLDING
AND EXTRUSION MATERIALS

@Z@ SD-2116

(Identical with ASTM D2116-07(R12) except for revisons in para. 7.1 and section 13, additional requirements in sectiof
14 and Annex(Al, and renumbering of section 15.)
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Specification for
FEP-Fluorocarbon Molding and Extrusion Materials

b W a¥aY

1. Scope
1.1 This sp

ification covers melt processable molding and

extrusion matefials of FEP-fluorocarbon resin. This specifica-

tion does not

ver recycled FEP materials. These FEP resins

are copolymerd of tetrafluoroethylene and hexafluoropropylene

or modified F

-fluorocarbon resins containing not more than

2 % by weight|of other fluoromonomers.
1.2 The valpes stated in SI units as detailed in IEEE/

ASTM SI-10
given in paren
Note 1—Alf|
ISO 12086-2 diff
technically equiv
1.3 The foll
test methods f
standard does 1
if any, associat
of this standa
practices and {
tions prior to

2. Referenced,

2.1 ASTM §|
D150 Test M

tivity (Die
D618 Practid
D638 Test M
D792 Test M

tive Densil

e to be regarded as the standard. The values
heses are for information only.

hough this specification and ISO 12086-1 and
r in approach or detail, data obtained using either are
lent.

hwing precautionary caveat pertains only to the
ortion, Section 11, of this specification. This
ot purport to address all of the safety concerns,
bd with its use. It is the responsibility of the user
d to establish appropriate safety and health
letermine the applicability of regulatory limita-
se.

Documents

yandards:

ethods for AC Loss Characteristics and-Permit-
lectric Constant) of Solid Electrical Insulation
e for Conditioning Plastics for Testing

ethod for Tensile Properties’ of Plastics

ethods for Density and Specific Gravity (Rela-
Ly) of Plastics by Displacement

D883 Termifology Relating to Plastics

D1238 Test |
by Extrusi

Method for Melt.Flow Rates of Thermoplastics
on Plastometer:

ol . 1 £ Al LI W u) h = Y DR
L 1TOUUU 1culuu\uu5_y TUI ADUIUVIAICU TUIIIS I\Cldlllls

tics

to Plas-

D3295 Specification for PTFE Tubing, Miniature Beading

and Spiral Cut Tubing
D3418 Test Method for Transition Temperatures 3
thalpies of Fusion and Crystallizatien of Polyn
Differential Scanning Calorimetrty:
D3892 Practice for Packaging/Packing of Plastics
E691 Practice for Conducting®an Interlaboratory S
Determine the Precision.of a Test Method
IEEE/ASTM SI-10 Use'of-the International System
(SI): The Modern Metric System

2.2 ISO Standaids:

ISO 12086-}+Plastics—Fluoropolymer Dispersio
Moulding and Extrusion Materials—Part 1

ISO 12086-2 Plastics—Fluoropolymer Dispersio
Moulding and Extrusion Materials—Part 2

3. Ferminology

3.1 Definitions:
3.1.1 General—The definitions given in Terminolog
are applicable to this specification.

3.1.2 lot, n—one production run or a uniform blend
or more production runs.
3.2 Abbreviated Terms:

3.2.1 General—The abbreviated terms given in Tg
ogy D1600 are applicable to this specification.

4. Classification

4.1 This specification covers four types of
fluorocarbon resin supplied in pellet form classified ac
to their melt flow rate.

4.2 A one-line system shall be used to specify n
covered by this specification. The system uses predefin

nd En-
hers by

tudy to

f Units

hs and

ns and

y D883

of two

rminol-

FEP-
cording

aterials
ed cells

to refer to specific aspects of this specification, illust;

ated as

follows:
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Specification

Standard Number
Block

Type Special

notes

Example: Specification D2116 — XX, |

For this example, the line callout would be Specification
D2116 — XX, I and would specify an FEP-fluorocarbon resin
that has all of the properties listed for that type, grade, and class
in the appropriate specified properties or tables, or both, in the

SD-2116

7. Sampling

7.1 Sampling shall be statistically adequate to satisfy re-
quirements of Annex Al.

8. Test Specimens

8.1 Prepare a molded sheet 1.5 = 0.3 mm (0.060 = 0.010
in.) thick. Use a picture-frame-type chase having a suitable
blanked-out section and thickness to produce the desired sheet.

Use clean aluminum foil, 0.13 to 0.18 mm (0.005 to 0.007 in.)
thick A high_fpmpprr ture mold

n—contact wath the resin

speciffcation identified. A comma is used as the separator
betwepn the standard number and the type. A provision for
special notes is included so that other information can be
provided when required. When special notes are used, precede
them ith a comma.

5. G

5.1 |The materials shall be of uniform composition and so
prepaged as to conform to the requirements of this specifica-
tion.

5.2 | The material described in this specification shall be free
of forpign matter to such a contamination level as is agreed
upon petween the purchaser and the seller.

eral Requirements

TABLE 1 Detail Requirements for Test on Molding Materials

Type Type Type Type
| I 1l \%
Melt flov rate, g/10 min:
Load] 5000 g:
Min 4.0 >12.0 0.8 2.0
Mak 12.0 2.0 3.9
6. De}ail Requirements

6.1 |The average test result of the lot shall conform to the
requirpments prescribed in Table 1 and Table 2 when tested by
the pfocedures specified herein. Table 2 lists those tests
requirjng a specimen molded as deseribed in Section 8.

TABLE 2 Detail Requirements for Molded Test Specimens

release agent shall be sprayed on the aluminum-fpil to help
prevent the foil from sticking to the sheet. Use“stepl molding
plates at least 1.0 mm (0.040 in.) thick and(of ah arda adequate
to cover the chase.

8.2 Lay down and smoothly cover one plate with a sheet of
aluminum foil. Place the mold chase on top of thi§ assembly.
Place within the mold chase ‘suifficient molding fnaterial to
produce the required sheet,in’such a manner that the polymer
charge is a mound in thé“middle of the chase. Plade a second
sheet of aluminum fail on top of the granules and §dd the top
mold plate. Place the dssembly in a compression molding press
having platens, that have been heated to 372 = 5fC (702 =
9°F).

8.3 Bring ‘the platens to incipient contact wit the mold
assembly. Hold for 2 to 4 min without pressfire. Apply
approximately 1 MPa (145 psi) and hold for 1 to 1.5 min. Then
apply 2 to 4 MPa (290 to 580 psi) and hold for 1 fo 1.5 min.
Maintain the press at 372 = 5°C (702 £ 9°F) dyiring these
steps. Remove the assembly from the press and plage between
two 20 = 7-mm (0.75 £ 0.25-in.) steel plates whode tempera-
ture is less than 40°C (104°F).

8.4 When the sheet is cool enough to touch (apout 50 to
60°C (122 to 140°F)), remove aluminum foil from the sheet. (If
the sheet is allowed to cool to room temperature, thq aluminum
foil cannot be pulled free.)

9. Conditioning

9.1 For tests of specific gravity and tensile |properties,
condition the molded test specimens in accordance with
Procedure A of Practice D618 for a period of at leaft 4 h prior
to test. The other tests require no conditioning.

Type | Type Il Type I Type |V

Specifif gravitys23/23°C (73/73°F)

Min 212 212 212 212

Max 217 217 217 217
Meltind-peint—2C 260+ 20 260+ 20 260 =20 260+ 201
Tensile strength, 23°C (73°F), min:

MPa 17.3 145 20.7 18.7

psi 2500 2100 3000 2700
Elongation, 23°C (73°F), min, % 275 240 275 275
Dielectric constant, max:

At 10% Hz 2.15 2.15 215 215

At 10° Hz 2.15 2.15 2.15 2.15
Dissipation factor, max:

At 10° Hz 0.0003 0.0003 0.0003 0.0003

At 106 Hz 0.0007

0.0007 0.0009 0.0007
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9.2 Conduct tests at the Standard Laboratory Temperature of
23 + 2°C (73.4 = 3.6°F) for determination of specific gravity
and tensile properties only. Since this resin does not absorb
water, the maintenance of constant humidity during testing is
not necessary. Conduct tests for melt flow rate and melting
point under ordinary laboratory conditions.

10. Packaging and Marking
10.1 Packaging—The resin pellets shall be packaged in

standard C'\mmprnia] containers so constructed as to ensure

ASME NM.3.1-2018

11.4 Tensile Properties—Cut five bars with the microtensile
die shown in Fig. 1. The die shall be of the steel rule or solid
metal type of curvature of 5 = 0.5 mm (0.2 = 0.02 in.).
Average the test results. Determine the tensile properties in
accordance with the procedures described in Test Method
D638, except that the specimens used shall be as detailed in
Section 8, the initial jaw separation shall be 22.2 * 0.13 mm
(0.875 = 0.005 in.), and the speed of testing shall be 50 = 5
mm/min (2 £ 0.2 in./min). Clamp the specimen with essen-
tially equal lengths in each jaw. Determine the elongation from

acceptancel by common or other carriers for safe transportation
to the point of delivery, unless otherwise specified in the
contract orf order.

10.2 Md
the name

10.3 Al
Practice D

rking—Shipping containers shall be marked with
f the material, type, and quantity contained therein.

packing, packaging, and marking provisions of
B892 shall apply to this specification.

11. Test Methods

11.1 M4lt Flow Rate:

11.1.1 Rrinciple of Test Method—The melt flow rate is
determined at 372 = 1°C using Procedure A or B described in
Test Methgd D1238. The extrusion plastometer to be used is
described in Test Method D1238 modified by use of corrosion
resistant alfoy for the barrel lining, orifice, piston tip, and orfice
securing dpvice. Use pellets or pieces of approximately the
same size fut from molded or extruded forms. Strips about 6
mm (%4 in]) by 76 mm (3 in.) long also load readily into the
barrel. Refpr to Table 2 or Table 3 of Test Method D1238 for
the amoun{ of charge which shall be adjusted accordingly with
melt densify of FEP being used. Usually the charge amount s
5to 15 g. Hlow rate is measured using a load of 5000 g. Cdllect
five succegsive cuts for the manual method.

11.2 Sp¢cific Gravity—Determine the specific.gravity on a
specimen gpproximately 25.4 by 38 mm (1 by 15 in.) blanked
or cut fronp the molded plaque (Section 8)dnyaccordance with
the procedfires described in Test Methods D792. Add 2 drops
of a wettinfg agent to the water in ordeér to reduce the surface
tension andl ensure complete wettifng\of the specimen.

11.3 Mdlting Point:

11.3.1 Melting Charactetistics by Thermal Analysis—Use
differential| scanning calorimmetry (DSC) as described in Test
Method 3418 for«this™ determination. For specification
purposes, the test shdll be run on a 10 = 2-mg specimen cut
from a pellet of.the:tesin as sold or received. The heating rate
Two peaks during the

peak temperatures shall be reported as T, for the lower
temperature and T, for the upper temperature. The peak
temperature of the peak largest in height shall be reported as
the melting point if a single value is required. If a peak
temperature is difficult to discern from the curves, that is, if the
peak is rounded rather than pointed, straight lines shall be
drawn tangent to the sides of the peak. The temperature
corresponding to the point where these lines intersect beyond
the peak shall be taken as the peak temperature.

22

the chart, expressing it as a percentage of the mitijl jaw
separation.

Note 2—In determining elongation from the chart, dfop a perpgndicu-

lar from the break point to the time axis. Measure the distance alpng the
time axis from the foot of this perpendicular te, the beginning| of the
load-time curve. Then,
Elongation, % = 100d/(22.2.0r 0.875)m (1)
where:
d = distance on chargt; mim (in.),
m = chart speed magnification,
= chart speed/erosshead speed (both in same pnits),
and
22.2 = factor-when d is in millimetres, or
0.875 = factot\when d is in inches.
In making the'test for tensile properties a full-scale load of 22.5 kg (50
Ib) has been\found suitable. If specimens break quickly, increase tije chart
speed sd.that each curve covers at least 51 mm (2 in.) on the time|axis of

the ehart.

11.5 Precision and Bias:

11.5.1 Precision—Table 3 is based on a round robip con-
ducted in 1985-1986 in accordance with Practice |[E691,
involving seven materials tested by six laboratories. Fof each
material, the sheeting from which the test specimens wer¢ to be
cut was obtained from one source. Using a steel rule die, one
set of test specimens for each laboratory was cut by one|of the
laboratories. Sheeting and a duplicate die were furnishefl each
participating laboratory and used to cut a second set ¢f test
specimens. Each test result was the average of five indifvidual
determinations. Each laboratory obtained four test resylts on
each material, two test results each on the specimens furpished
and two on the specimens cut by the laboratory doipg the
testing.

11.5.1.1 The properties used in the analysis are fensile
strength and elongation at break. (Warning—The follpwing
explanations of /, and I (11.5.1.4-11.5.1.6) are intendefl only
to present a meaningful way of considering the approximate
precision of this test method. Do not apply rigorously the data
in Table 3 to the acceptance or rejection of material as| those
(ata arc speci O e Toumnd TobIT and 1 ot be Tepresen-
tative of other lots, conditions, materials, or laboratories.)

11.5.1.2 Users of this test method shall apply the principles
outlined in Practice E691 to generate data specific to their
laboratory and materials, or between specific laboratories. The
principles of 11.5.1.4-11.5.1.6 would then be valid for such
data.

nay not o
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TEST SPECIMEN
Note 1—All Dimensions are in millimetres.
FIG. 1 Microtensile Die

11.5.1.3 Concept of I, and Ip—If CV, and CVy have been same equipment on the same day, the two test results shall be
calculated from a large enough body of data, and for test  judged not equivalent if they differ by more than the 7, value for
results: that material.

11.5.1.4 I,.: Repeatability—In comparing two test results for 11.5.1.5 Iy: Reproducibility—In comparing two test results
the same material, obtained by the same operator using the for the same material, obtained by different operators using
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TABLE 3 Precision Summary, Tensile Strength and Elongation at

Break
Note 1—1, =28 x CV, ; I, =2.8 CRy.
Tensile Strength
Material Mean, cv, CVg, 1, Ig
psi % % % %
FEP 4144 2.98 7.98 8.34 22.34
Percentage Elongation at Break
Material Mean, cv, CVpg, I, Ig,
o/OE Q/O O/O °/O O/O
FEP 319 2.21 7.60 6.19 21.28

average result of the samples tested shall conform
requirements of this specification.

13. Inspection

to the

13.1 Inspection of the material supplied under this spec-
ification shall be for conformance to the requirements

specified herein.
13.1.1 Lot-Acceptance Inspection—Lot-acceptance

inspec-

tion shall be the basis on which acceptance or rejection of the

different equipi
be judged not ¢
for that materi:
11.5.1.6 Any
11.5.1.5 would
being correct.
11.5.2 Bias-
difference betw
There are no re
of bias for this

11.6 Dielect
and dissipation

ment on different days, the two test results shall
[uivalent if they differ by more than the /5 value
1.

judgment in accordance with 11.5.1.4 and
have an approximate 95 % (0.95) probability of

-Bias is systematic error that contributes to the
een a test result and a true (or reference) value.
Cognized standards on which to base an estimate
test procedure.

ric Constant—Determine dielectric constant
factor in accordance with Test Methods D150.

12. Number off Tests

12.1 One s¢
shall be consi

The prod|
tested, ar
any othe
Specificg
on the ce
the certif]
the conte

[ of test specimens as prescribed in Section 8
lered sufficient for testing each sample. The

TOoT 1S made.” I'he Tot-acceprance mspection snall consigt of the

melt flow rate test.

13.1.2 Periodic-Check Inspection—The periddic-ch
spection shall consist of the tests specified for all'requi
of the material under this specification.

13.1.3 Reports—A report of thettest results s

eck in-
ements

hall be

furnished. The report shall consist of results of the lot-

acceptance inspection for the shipment.

14. Certification

14.1 Certification shall be as required by Annex A

15. Keywords

15.1 extrusion material; FEP fluorocarbon polymer;
carbon polymer; fluoropolymers; melt-processible fly
bon polynier; recycled; tetrafluoroethylene copolymery

ANNEX

(Mandatory Information)

Al.

CERTIFICATION

ucer or supplier shall furnishra eertificate of compliance stating that the material was manufactured, sample

d inspected in accordance-with the Specification, including year date, the Supplementary Requirements, afpd

requirement designatéd\in the purchase order or contract, and that the results met the requirements of th
tion, the Supplementary Requirements, and the other requirements. A signature or notarization is not requirg
rtificate of compliance, but the document shall be dated and shall clearly identify the organization submittiy
cate. Notwithstdnding the absence of a signature or notarization, the certifying organization is responsible fi

nts of the dostrment.

fluoro-
orocar-

d9

At
d

g
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SPECIFICATION FOR POLYETHYLENE (PE).PLASTIC
PIPE (SIDR-PR) BASED ON CONTROLLED INSIDE
DIAMETER

@Z@ SD-2239

(Identical with ASTM D2239-12a except for additional requirements in section 11 and Annex A1, revised requirement
in para. 9.1.5, renumbering of section 12, and quality assurance requirement in para. 10.1 has been made mandatory.
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Specification for
Polyethylene (PE) Plastic Pipe (SIDR-PR) Based on
Controlled Inside Diameter

1. Scope

1.1 This spdg
in standard ins
for water (see
compounds g
workmanship,
pressure, burst

1.2 The valu
as standard. Th
conversions to
and are not col

1.3 The text
and appendixe
notes and foot
the specificatio
Supplementary
cation.

1.4 The foll
test methods |
standard does 1
if any, associat
of this standa
practices and {
tions prior to i

Note 1—Refe
PE2406, PE3309
changes in Specif]
refer to previous
PPI TR-3 and PP

cification covers polyethylene (PE) pipe made
de dimension ratios (SIDR) and pressure rated
appendix). Included are requirements for PE
nd requirements and test methods for
dimensions, elevated temperature sustained
pressure, and marking.

es stated in inch-pound units are to be regarded
e values given in parentheses are mathematical
SI units that are provided for information only
isidered standard.

of this specification references notes, footnotes,
5 which provide explanatory material. These
otes shall not be considered as requirements of
h. Notes and footnotes in tables and figures, and
Requirements are requirements of the specifi-

wing safety hazards caveat pertains only to the
ortion, Section 7, of this specification: This
ot purport to address all of the safety concerns,
d with its use. It is the responsibility ofthe user
d to establish appropriate safetysand health
etermine the applicability of regulatory limita-
se.

ences and PE compound~descriptions for PE2305,

PE3406, and PE3408~have been removed due to
cation D3350 and PPI'TR43. For removed designations,
editions of Specification D2239, Specification D3350,
[ TR-4. The remoyal of these PE compounds does not

affect pipelines tHat are in seryiee=PE compounds and material designa-

tions resulting fr
addressed in Sec]

m changes,in Specification D3350 and PPI TR-3 are
on 5.

2. Referenced Documents

2.1 ASTM Standards:

D618 Practice for Conditioning Plastics for Testing

D638 Test Method for Tensile Properties’ of Plastics

D1238 Test Method for Melt Flow.Rates of Thermo
by Extrusion Plastometer

D1598 Test Method for Time<to-Failure of Plast]
Under Constant Internal-Pressure

D1599 Test Method for ‘Resistance to Short-Time H)
Pressure of Plastic*Pipe, Tubing, and Fittings

D1600 Terminology for Abbreviated Terms Relating
tics

D1603 Test, Method for Carbon Black Content in
Plasties

D2122Test Method for Determining Dimensions @
moplastic Pipe and Fittings

D2565 Practice for Xenon-Arc Exposure of Plas
tended for Outdoor Applications

D2837 Test Method for Obtaining Hydrostatic Desig
for Thermoplastic Pipe Materials or Pressure Desig
for Thermoplastic Pipe Products

D3350 Specification for Polyethylene Plastics Pipe
tings Materials

D4218 Test Method for Determination of Carbor
Content in Polyethylene Compounds By the
Furnace Technique

F412 Terminology Relating to Plastic Piping Systejls

G154 Practice for Operating Fluorescent Light Appa
UV Exposure of Nonmetallic Materials

G155 Practice for Operating Xenon Arc Light Appar
Exposure of Non-Metallic Materials

2.2 APWA Standard:
APWA Uniform Color Code

plastics
¢ Pipe
draulic
to Plas-
Olefin
f Ther-
ics In-

n Basis
n Basis

ind Fit-

Black
Muffle-
atus for

atus for
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NSF Standards:

NSF/ANSI Standard No. 14 for Plastic Piping Components
and Related Materials
NSF/ANSI Standard No. 61 for Drinking Water Systems

dimension ratios and pressure rated for water. Press

SD-2239

ure ratings

for water are dependent on the PE compound in accordance

with the following relationship:

2 XHDS

Components—Health Effects PR = (SIDR+1) (D
2.4 PPI Standards:
PPI TR-3 Policies and Procedures for Developing Hydro- ~ Where:

static Design Basis (HDB), Pressure Design Basis (PDB), PR = pressure yating .for water, psi (kPa)

Strength Design Basis (SDB), and Minimum Required ~ HDS = hydrostatic design stress for water at 73°F (23°C),

Strength (MRS) Ratings for Thermoplastic Piping Mate- psi (kPa)

SIDR = standard inside dimension ratio

PPI
i

=

i

rials or Pipe

TR-4 HDB/SDB/PDB/MRS Listed Materials, PPI List-
g of Hydrostatic Design Basis (HDB), Strength Design
asis (SDB), Pressure Design Basis (PDB), and Minimum
equired Strength (MRS) Ratings for Thermoplastic Pip-
g Materials or Pipe

3. Terminology

Note 2—PR and HDS must have the same units. See, Appendix X1 for

maximum pressure ratings for water.

5. Materials

5.1 Polyethylene Compound—Rolyethylene d
suitable for use in the manufacture€ of pipe under f
cation shall meet thermoplastic. materials designg

ompounds
his specifi-
tion codes

3.1|Definitions—Definitions are in accordance with Termi-  PE1404 or PE2708 or PE3608/6r PE4608 or PE471(), and shall
nology F412, and abbreviations are in accordance with Termi- meet Table 1 requirements for PE1404 or PE2708 Jor PE3608
nology D1600, unless otherwise specified. The abbreviation for ~ or PE4608 or PE47}0; and shall meet thermdl stability,
polyethylene plastic is PE. brittleness temperature and elongation at break requjrements in
accordance with Specification D3350.
4. Pipe Classification 5.1.1 Colonand Ultraviolet (UV) Stabilizationd-Per Table
4.1 |General—This specification covers inside diameter con- 1, polyethylehe compounds shall meet Specificatjon D3350
trolled PE pipe made from PE compounds in standard inside =~ code CyD or E. In addition, Code C polyethylene ¢ompounds
shallkhave 2 to 3 percent carbon black, and Cogle D or E
polyethylene compounds shall have sufficient UV dtabilizer to
protect pipe from deleterious UV exposure effdcts during
unprotected outdoor shipping and storage for at least eighteen
(18) months.
TABLE 1 Rolyethylene Compound Requirements
Material Designation
Requirement PE1404 PES708 PE3608 PE4608 PE4F10
Required Value
Minimum HDB at 140°F (60°C),
psi (MPa), A B B B F £\B
perlTest Method D2837 800 (5.5) 800 (5.5) 800 (5.5) 800 (b.5)
and PPI TR-3
HDS for water at
73°F (23°C)
psi (MPa), per 4Q07(2.76) 800 (5.5) 800 (5.5) 800 (5.5) 1000/(6.9)
Test Method D2837
and PPI TR-3
Melt flow rate per' 1.0to 0.4 g/10 =0.40 g/10 min =0.15 g/10 min =0.15 g/10 min =0.15 gf10 min
Test Method D1238, min Cond. 190/2.16 or Cond. 190/2.16 or Cond. 190/2.16 or Cond. 19p/2.16 or
Cond. 190/2.16 =20 g/10 min =20 g/10 min =20 g/10 min =20 g/[l0 min
Cond. 190/21.6 Cond. 190/21.6 Cond. 190/21.6 Cond. 1p0/21.6
Ypegcification D3350
Cell(Classification Required Value
Property Requirement
Density 1 2 3 4 4
(natural base resin)
SCG Resistance 4 7 6 6 7
Color and C C,DorE C,DorE C,DorE C,DorE

u

V Stabilizer Code®

AHDB at 140°F (60°C) not required. Contact manufacturer about pipe use at temperatures other than 73°F (23°C).
BContact manufacturer or see PPI TR-4 for listed value.

CSee 5.

1.1
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Note 3—Pipe users should consult with the pipe manufacturer about
the outdoor exposure life of the product under consideration. Evaluation
of UV stabilizer in Code E color PE compound using Practice D2565 or
Practice G154 or Practice G155 may be useful for this purpose.

5.1.2 Colors for solid color, an external color layer or color
stripes—In accordance with the APWA Uniform Color Code,
blue shall identify potable water service; green shall identify
sewer service; and purple (lavender) shall identify reclaimed
water service. Yellow identifies gas service and shall not be
used.

ASME NM.3.1-2018

6.3 Bond—For pipe produced by simultaneous multiple
extrusion, the bond between the layers shall be strong and
uniform. It shall not be possible to cleanly separate any two
layers with a probe or point of a knife blade at any point.

6.4 Carbon Black—Polyethylene pipe produced using Code
C polyethylene compound per 5.1.1 shall contain 2 to 3 %
carbon black when tested in accordance with 7.5.

6.5 Burst Pressure—The minimum burst pressure for pipe
shall be in accordance with Table 4, when determined in

5.2 Potdble Water Requirement—PE compound intended
for contacq with potable water shall be evaluated, tested, and
certified for conformance with NSF/ANSI Standard No. 61 or
the health pffects portion of NSF/ANSI Standard No. 14 by a
certifying prganization acceptable to the regulatory authority
having jurfsdiction.

5.3 Re
the manuf

ork Material—Clean polyethylene compound from
cturer’s own pipe production that met 5.1 through
5.2 as new| PE compound is suitable for re-extrusion into pipe
when blerlded with new PE compound having the same
material dpsignation. Pipe containing rework material shall
meet all the requirements of this specification.

6. Requirgments

6.1 Wogkmanship—The pipe shall be homogeneous
throughout{ and free of visible cracks, holes, foreign inclusions,
or other deffects. The pipe shall be as uniform as commercially
practicable| in color, opacity, density, and other physical prop-
erties. See|5.1.2.

6.2 Dimensions and Tolerances:

6.2.1 Infide Diameters—The inside diameters and toler-
ances shall be as shown in Table 2 when measured, in
accordan‘ii with Test Method D2122.

6.2.2 Il Thicknesses—Subject to 6.2.3, wall thickness and
tolerance ghall be as shown in Table 3 when measured in
accordancd with 7.4. Wall thickness shall be inclusive of all
extruded cpncentric layers.

6.2.3 W4l Thickness Range—The wall ‘thickness variation
shall not exceed 12 % when measured im\accordance with 7.4.

6.2.4 THickness of Outer Layer-<For pipe produced by
simultaneous multiple extrusion, thatis, pipe containing two or
more condentric layers, the @uter layer shall be at least
0.020-in. (P.5 mm) thick.

TABLE 2 Inside Diameters and Tolerances for SIDR-PR PE Plastic Pipe, in.

abbUldalle Wil:l 7.7. 11'“ al,‘lL‘liliUll, L‘llC fai‘lulc b‘llcl‘l‘l :JC L‘l bt]]e.
6.6 Sustained Pressure—Pipe made from PEP404| com-
pound shall be tested twice annually in accordance with 7.6.
The average failure time shall be >80 hours,at 580 psi| (4.00
MPa) test pressure hoop stress, or >150 heurs at 435 ps{ (3.00

MPa) test pressure hoop stress.

6.7 Elevated Temperature Sustained Pressure—EXxcgpt as
provided in 6.6, elevated temperdture sustained pressurf tests
for each polyethylene compoundidesignation per Table | used
in production at the facility(shall be conducted twice anpually
per 7.8.

6.8 Inside Surface Ductility for Pipe—Pipe shall be
for inside surface-ddctility in accordance with 7.9 or 7.

tested
10.

Note 4—TenSile ¢longation testing per 7.10 provides a quarjtifiable
result and is uded for referee testing and in cases of disagreement.

7. Test-Methods

T\ Conditioning—Condition as specified in th¢ test
method. Where conditioning is not specified in the test method,
condition the test specimens at 73.4 * 3.6°F (23 H 2°C)
without regard to humidity for not less than 4 h in accofdance
with Procedure A of Practice D618, or at 73.4 = 3.6°F |23 =
2°C) for not less than 1 h in accordance with Procedur¢ D of
Practice D618.

7.2 Test Conditions—Conduct tests in accordance with the
conditions specified in the test method, or if not specified|in the
test method, at 73.4 = 3.6°F (23 = 2°C) without regard to
relative humidity.

7.3 Sampling—The selection of the sample or samgles of
pipe shall be as agreed upon by the purchaser and the seller. In
case of no prior agreement, any sample selected by the festing
laboratory shall be deemed adequate.

Pipe Inside Tolerance
Size Diameter
Vo 0.622 +0.010
—-0.010
3 (\_Q’)A L n_n1 0
-0.015
1 1.049 +0.010
—-0.020
14 1.380 +0.010
—0.020
12 1.610 +0.015
—0.020
2 2.067 +0.015
—0.020
3 3.068 +0.015
—0.030

28
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TABLE 3 Wall Thickness and Tolerance for SIDR-PR PE Plastic Pipe, in.
) Wall Thickness”
g'i‘z’: SIDR 19 SIDR 15 SIDR 11.5 SIDR 9 SIDR 7 SIDR 5.3

Minimum  Tolerance  Minimum  Tolerance  Minimum  Tolerance  Minimum Tolerance  Minimum  Tolerance Minimum  Tolerance
o 0.060 +0.020 0.060 +0.020 0.060 +0.020 0.069 +0.020 0.089 +0.020 0.117 +0.020
¥a 0.060 +0.020 0.060 +0.020 0.072 +0.020 0.092 +0.020 0.118 +0.020 0.155 +0.020
1 0.060 +0.020 0.070 +0.020 0.091 +0.020 0.117 +0.020 0.150 +0.020 0.198 +0.024
1Va 0.073 +0.020 0.092 +0.020 0.120 +0.020 0.153 +0.020 0.197 +0.024 0.260 +0.031
12 0.085 +0.020 0.107 +0.020 0.140 +0.020 0.179 +0.020 0.230 +0.028 0.304 +0.036
2 0.109 +0.020 0.138 +0.020 0.180 +0.022 0.230 +0.028 0.295 +0.035 0.390 +0.047
3 0.205 +0.020 0.267 +0.032
AThe wall thickness

plus thd stated tolerance. All tolerances are on the plus side of the minimum requirement. Wall thickness variation shall be in accordance with 6.2.31
B The 2}~ to 6-in. pipe with a pressure rating of 0.70 MPa (100 psi) is not included.

TABLE 4 Minimum Burst Pressure for SIDR Pipe

Minimum Burst Pressure”

SIDR PE1404 PE2708 PEB608, PE4608, PE471
psi (kPa) psi (kPa) psi (kPa)
5.3 400 (2759) 800 (5517) 921 6352)
7 320 (2207) 630 (4345) 725 5000)
9 250 (1724) 504 (3476) 580 4000)
1.5 403 (2779) 464 3200)
15 315 (2174) 363 2503)
19 252 (1738) 290 2000)

AMinimym burst pressure calculated in accordance with
28
Py= ot 1

=
=5
@
o
19

burst test pressure, psi (kPa)

minimum hoop fiber stress, psi. (kPa)

1260 psi (8690 kPa) for PE1404 compound

2520 psi (17,370 kPa) for PE2708 compound

2900 psi (20,000 kPa) for PE3608, PE4608 and PE4710 compound
measured average inside diameter, in. (mm)

measured minimum wall thickness, in (mm).

u]

~ULO®H®nT

Test tpmperature tolerance +3.6°F (+ 2°C). Test pressure tolerancé + 5 psi (+ 35 kPa)

7.3l Test Specimens—Not less thafi50 % of the test
specithens required for any pressurg-test shall have at least a
part of the marking in their central seéetions. The central section
is tha} portion of the pipe samplé that is at least one pipe
diamefer away from an end-closure. The entire marking shall
be dogumented in testing teeords.

specimens tested in retest constitutes failure in the tpst. Failure
of the pipe shall be as defined in Test Method D1498.

7.7 Burst Pressure—The test equipment, proc¢dures and
failure definitions shall be as specified in Test Metjod D1599.

7.8 Elevated Temperature Sustained Pressyre Test—

7.4 |Dimensions and/olerances—Use any length of pipe to
deternphine the dimensions. Inside diameter, wall thickness and
wall thickness range shall be measured in accordance with Test
Methqd D2122,

7.5 | Carbon Black—For all pipe manufactured with Code C
polyethylefie compound, determine in duplicate the carbon

Elevated temperature sustained pressure tests for eqch Table 1
material designation used in production of pipe in fccordance
with this specification at the facility shall be conducfed per Test
Method D1598, and Table 5 using water as the ppessurizing
medium. The “test sample” shall be three specimpns of any
pipe size or SIDR. One Table 5 Condition for the|applicable

black content in accordance with Test Method D1603 or Test
Method D4218.

7.6 Sustained Pressure Test—Select six PE1404 pipe test
specimens. Test in accordance with Test Method D1598 with
water at 176°F (80°C). Internal test pressure shall be deter-
mined in accordance with the equation in Table 5, footnote A.
Failure of two of the six specimens tested constitutes failure in
the test. Failure of one of six specimens tested is cause for
retest of six additional specimens. Failure of one of six

material designation shall be selected for the test.

7.8.1 For the selected Table 5 Condition, passing results are
(a) non-failure for all three specimens at a time equal to or
greater than the Table 5 minimum average time before failure,
or (b) not more than one ductile specimen failure and the
average time before failure for all three specimens shall be
greater than the specified Table 5 minimum average time
before failure for the selected Table 5 Condition, or (c¢)
successful retest per 7.8.3.
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TABLE 5 Elevated Temperature Sustained Pressure Test” Requirements

PE2708, PE3608, PE4608

PE4710

- Test Test Pressure Minimum Average Time Test Pressure Minimum Average Time
Condition Temperature, N .
°F (°C) Hoo;_) Before Failure, hours Hoo;_) Before Failure, hours
Stress, psi (kPa) Stress, psi (kPa)
1 176 (80) 670 (4620) 170 750 (5170) 200
2 176 (80) 650 (4480) 340 730 (5020) 400
3 176 (80) 630 (4345) 510 705 (4870) 600
4 176 (80) 610 (4210) 680 685 (4715) 800
5 176 (80) 590 (4070) 850 660 (4565) 1000
6 176 (80) 580 (4000) 1000 640 (4415) 1200
AA Calculate internal test pressure in accordance with
28
P= D7f+1
t
Where
P = test pyessure, psi (kPa)
S = test pfessure hoop stress, psi. (kPa)
D; = measpred average inside diameter, in. (mm)
t = measpred minimum wall thickness, in (mm)

Test temperatjire tolerance + 3.6°F (+ 2°C). Test pressure tolerance + 5 psi (+ 35 kPa); test pressure hoop stress values are rounded\to the nearest 5 psi or 5|

NOTE-Tablg
greater minim
is to maintain
interpolations

kPa.

5 conditions are based on PE validation requirements per PPl TR-3 with Condition 6 being 85% of Condition 1test pressure hoop stress and dix times
hm average time before failure. Conditions 2 through 5 are linear stress and time interpolations between Conditiofis-}, and 6. The intent of multiple cqnditions
equivalent performance criteria, but provide for retest in the event of ductile failure. The test pressure hoép~stress levels for Conditions 2-5 a
or arbitrarily chosen time increments. An equivalent performance requirement, however, may be determingekby arbitrarily choosing a test pressyre hoop

e linear

stress betweeh Conditions 1 and 6 and linearly interpolating the minimum average time before failure. For example for PE3710 and PE4710 compound designgtions, at

670 psi test p|

7.8.2 Fdr the selected Table 5 Condition, failure to meet this
requirement is (a) brittle failure of any specimen when tested
at Table 5[Condition 1 through 6, or (b) ductile failure of all
three specimens, or (c¢) unsuccessful retest per 7.8.3.

7.8.3 Piovision for Retest for Table 5 Conditions I through
5—If a sgcond ductile failure occurs before the Table (5
minimum [average time before failure, it is permissible to
conduct orfe retest at a Table 5 Condition of lower stréss and
longer mirfimum average time before failure for theymaterial
designatiop. The retest sample shall be three additional speci-
mens of the same pipe size and material designation from the
same time [frame as the test sample per 7.8 For the retest, any
specimen failure before the Table 5 minilmum average time
before failyire at the retest condition constitutes failure to meet
this requir¢gment. For Table 5 Condition 6 no retest is permis-
sible

7.9 Ben{l-back Test Metliod:

7.9.1 Squarely cut four 14 to 1 ¥ in. (29 to 35 mm) wide
rings from|pipe. Condition the rings per 7.1.

7.9.2  Yplit each'¢ing longitudinally so that when reverse
bent per 79.3,thepipe ID for each quadrant around the pipe
will be tesfed:

793 In :
within 5 min: (@) Bend each split ring specimen so that the pipe
inside surface is on the outside surface of the bend. (b) Using
an apparatus such as a bench vise or other suitable equipment,
close the legs of the specimen together. When the specimen
legs are closed together, the top of the bend-back specimen
shall extend above the point of closure by 3 = 2 times the
minimum wall thickness per Table 3. (¢) With the unaided
(naked) eye, visually examine the reverse-bent pipe ID surface.

7.9.4 Visible brittle cracking or crazing indicates failure.

essure hoop stress, the minimum average time before failure would be 927 hours:

927 = 2oo+( (750 — 670) x

30

(1200 — 200)
(750 — 640) )

7.10 Elongation-at-Break Test Method:

7.10.1 Five Test Method D638 Type III or Type IV [speci-
mens’cut in the longitudinal direction from locations egually
spaced around the circumference of the pipe shall be pondi-
tioned per 7.1 and tested in accordance with Test Method
D2565 at a cross-head separation speed of 2 in. (50.8 mm) per
min. If the specimen thickness must be reduced by machining,
the pipe ID surface shall be left unaltered.

7.10.2 The percent elongation at break for each test
men shall exceed 400 %.

speci-

Note 5—Specimen machining that produces smooth surfades and
uniform thickness is necessary. Surface cuts or scratches and non-yniform
thickness in the specimen gage length can detrimentally affect test fresults.

8. Retest and Rejection

8.1 Except as provided in 7.8.3, if the results of any
do not meet the requirements of this specification, the [test(s)
shall be conducted again only by agreement betweg¢n the
purchaser and the seller. Under such agreement, mijimum
requirements shall not be lowered, changed, or modifigd, nor
shall specification limits be changed. If upon retest, failure
occurs, the quantity of product represented by the test(s|) does
not meet the requirements of this speciiication.

itest(s)

9. Marking

9.1 Marking on the pipe shall include the following infor-
mation. Marking shall be spaced at intervals of not more than
5 ft (1.5 m). Marking shall be applied such that legibility is
maintained after normal handling and installation.

9.1.1 Pipe size (for example, 2).

9.1.2 Pipe SIDR (for example SIDR 7).
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9.1.3 The material designation code per Table 1 (for
example, PE3608).

9.1.4 In accordance with 4.1, the pressure rating for water
in psi or kPa (for example, 100 psi or 690 kPa).

9.1.5 ASME SD-2239 or both ASME SD-2239 and ASTM
D2239.

9.1.6 Manufacturer’s name (or trademark) and a code that
identifies manufacturing location, PE compound source, manu-
facturing date and relevant production information such as

SD-2239

Note 6—Manufacturers using the seal or mark of a laboratory must
obtain prior authorization from the laboratory concerned.

10. Quality Assurance

10.1 The manufacturer affirms that the product was
manufactured, inspected, sampled, and tested in accordance
with this specification and has been found to meet all require-
ments of this specification.

11. Certification

extrusi - shall
providd an explanation of the code.

9.1.7] Pipe intended for the transport of potable water shall
also influde the seal or mark of the laboratory making the
evaluatjon for this purpose, spaced at intervals specified by the
laborat¢ry.

—

ANNEX

(Mandatory Informatien)

Al. CERTIFICATION

11.1 Certification shall be as required by,|Annex Al.

12. Keywords
12.1 ID controlled pipe; IDRzinside dianjeter controlled

pipe; PE pipe; plastic pipe; polyethylene pipe} potable water

pipe; service pipe; SIDR; water pipe; water sefvice pipe

he producer or supplier shall furnish a certificate of compliarice stating that the material was manufactured,sampled,
tg¢sted, and inspected in accordance with the Specificatien, including year date, the Supplementary Requirer:rents, and
hy other requirement designated in the purchase ordér or contract, and that the results met the requireme

ts of that

pecification, the Supplementary Requirements, and-the other requirements. A signature or notarization is noj
h the certificate of compliance, but the documént’shall be dated and shall clearly identify the organization s
:[e certificate. Notwithstanding the absence of‘a signature or notarization, the certifying organization is respd
e contents of the document.

= O W ®

-

APPENDIX
(Nonmandatory Information)

X1. SOURCE OF HYDROSTATIC DESIGN STRESSES

t required
nbmitting
nsible for

X1.1] Maximum pipe pressure ratings for use with water
may be|detérniined using PPI recommended hydrostatic design
stress (HDS) ratings for the PE compound per Table 1.

or for variations of internal or external conditipns or for other
temperatures.

Maximum internal pressure ratings for water are shown in
Table X1.1. At the option of the pipe manufacturer, other
pressure ratings may be recommended for water or other media

31

XT1.2 Information on HDS 1is available in Table 3, Test
Method D2837, PPI TR-3 and PPI TR-4.
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TABLE X1.1 Maximum Pressure Rating, PR, for SIDR-PR PE Pipe for Use With Water

ASME NM.3.1-2018

Minimum Burst Pressure*Z psi (kPa)

SIDR PE1404 PE2708, PE3608, PE4608 PE4710
psi (kPa) psi (kPa) psi (kPa)
5.3 125 (860) 250 (1725) 315 (2170)
7 100 (690) 200 (1380) 250 (1725)
9 80 (550) 160 (1100) 200 (1380)
1.5 130 (895) 160 (1100)
15 100 (690) 125 (860)
19 80 (550) 100 (690)

AMinimum burst pressure calculated in accordance with

Where:

Pg = burst tept pressure, psi (kPa)
HDS =

SIDR = standarfl inside dimension ratio

BTable values roun

ed to nearest 5 psi or 5 kPa.

Pn=

ZHDS

(SDIR+1)

hydrostgtic design stress for water at 73°F (23°C), psi. (kPa) (Table 1)

32
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SPECIFICATION FOR POLY(VINYL CHLORIDE) (PVC)
PRESSURE-RATED PIPE (SDR SERIES)

@Z@ SD-2241

(Identical with ASTM D2241-09 except for additionalbrequirements in section 12 and Annex A2, revised marking re
quirements in para. 10.1.5, renumbering of section 13, and quality assurance requirement in para. 11.1 has been mad¢
mandatory.)

33


https://asmenormdoc.com/api2/?name=ASME NM.3.1 2018.pdf

SD-2241

ASME NM.3.1-2018

Specification for
Poly(Vinyl Chloride) (PVC) Pressure-Rated Pipe (SDR
Series)

1. Scope
1.1 This spq

cification covers poly(vinyl chloride) (PVC)

pipe made in standard thermoplastic pipe dimension ratios and

pressure rated
for classifying
pipe, a system
requirements 3
dimensions, su
extrusion quali

1.2 The pro
for use with thd
are chemically
inherent hazard
tems with com
manufacturers
Consult with
their specific te

Note 1—Pres
contain large am|
hazards should a

Note 2—This
requirements for
address venting o

1.3 The text
and appendixe
notes and footn|
not be considel

1.4 The valy
as standard. Th
conversions to
and are not cof

1.5 The foll
test methods f
standard does 1

for water (see appendix). Included are criteria
PVC plastic pipe materials and PVC plastic
of nomenclature for PVC plastic pipe, and
nd test methods for materials, workmanship,
btained pressure, burst pressure, flattening, and
y. Methods of marking are also given.

lucts covered by this specification are intended
distribution of pressurized liquids only, which
compatible with the piping materials. Due to
s associated with testing components and sys-
pressed air or other compressed gases, some
lo not allow pneumatic testing of their products.
pecific product/component manufacturers for
sting procedures prior to pneumatic testing.
urized (compressed) air or other compressed gases
punts of stored energy which present serious safety
kystem fail for any reason.
standard specifies dimensional, performance and test
blumbing and fluid handling applications, but does‘fiot
[ combustion gases.
of this specification references notes, footnotes,
5 which provide explanatory material. These
ptes (excluding those in tables and figures) shall
ed as requirements of the spedification.

es stated in inch-pound-units are to be regarded
e values given in parentheses are mathematical
SI units that are provided for information only
isidered standard:

wing safetyshazards caveat pertains only to the
ortion, Section 8, of this specification: This
ot pukport to address all of the safety concerns,

if any, associated with its use. It is the responsibilit).of
of this standard to establish appropriate safety.and
practices and determine the applicability of wegtilatory
tions prior to use. A specific precautionary.statement i
in Note 7.

Note 3—CPVC plastic pipe (SDR-PR))which was formerly
in this specification, is now covered By Specification F442/F44}

Note 4—The sustained and bufS$t pressure test requirements
pressure ratings in the appendixy/re calculated from stress values
from tests made on pipe 4in. (100 mm) and smaller. Howe
conducted on pipe as large~as 24 in. (600 mm) in diameter ha
these stress values to~be.valid for larger diameter PVC pipe.

Note 5—PVC pipe made to this specification is often belled f]
line pipe. For, details of the solvent cement bell, see Specificati
and for details of belled elastomeric joints, see Specifications D
D3212.

2. Referenced Documents

2.1 ASTM Standards:

D618 Practice for Conditioning Plastics for Testing

D1598 Test Method for Time-to-Failure of Plast
Under Constant Internal Pressure

D1599 Test Method for Resistance to Short-Time Hy
Pressure of Plastic Pipe, Tubing, and Fittings

D1600 Terminology for Abbreviated Terms Relating
tics

D1784 Specification for Rigid Poly(Vinyl Chloride
Compounds and Chlorinated Poly(Vinyl Ch
(CPVC) Compounds

D2122 Test Method for Determining Dimensions o
moplastic Pipe and Fittings

D2152 Test Method for Adequacy of Fusion of E

he user

health
limita-
S given

included
M.

and the
obtained
er, tests
e shown

br use as
h D2672
139 and

c Pipe
draulic
to Plas-

PVO)
loride)

f Ther-

xtruded

Poly(Vinyl Chloride) (PVC) Pipe and Molded Fittings by

Acetone Immersion
D2444 Test Method for Determination of the Impac

Resis-

tance of Thermoplastic Pipe and Fittings by Me3

ns of a

34
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Tup (Falling Weight)

D2672 Specification for Joints for IPS PVC Pipe Using
Solvent Cement

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

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

D3212 Specification for Joints for Drain and Sewer Plastic
Pipes Using Flexible Elastomeric Seals

SD-2241

increased to 0.060in. (1.52 mm). The SDR values shall be
rounded to the nearest 0.5.

3.2.5 standard thermoplastic pipe materials designation
code—The pipe materials designation code shall consist of the
abbreviation PVC for the type of plastic, followed by the
ASTM type and grade in Arabic numerals and the design stress
in units of 100 psi (0.7 MPa) with any decimal figures dropped.
When the design stress code contains less than two figures, a
cipher shall be used before the number, thus a complete
material code shall consist of three letters and four figures for

F41P2 Terminology Relating to Plastic Piping Systems
F442/F442M Specification for Chlorinated Poly(Vinyl Chlo-
ride) (CPVC) Plastic Pipe (SDR-PR)

2.2| NSF Standards:

Stapdard No. 14 for Plastic Piping Components and Related
Mlaterials

Stapdard No. 61 for Drinking Water Systems Components—
Health Effects

3. Tel
3.1
nolog

nolog

‘minology

Definitions—Definitions are in accordance with Termi-
F412, and abbreviations are in accordance with Termi-
D1600, unless otherwise specified. The abbreviation for

poly(\inyl chloride) plastic is PVC.

3.2 | Definitions of Terms Specific to This Standard:

3.2\l hydrostatic design stress—the estimated maximum
tensilg stress the material is capable of withstanding continu-
ously |with a high degree of certainty that failure of the pipe
will rot occur. This stress is circumferential when internal
hydroftatic water pressure is applied.

3.2R pressure rating (PR)—the estimated maximum water
pressure the pipe is capable of withstanding continuouslyywith
a high|degree of certainty that failure of the pipe will notoccur.

3.2B relation between standard dimension <ratio, hydro-
static |design stress, and pressure rating—The following ex-
pressipn, commonly known as the ISO equation, is used in
this sglecification to relate standard dimeiision ratio, hydrostatic

desigi] stress, and pressure rating:
2S/P=R—10r2 $iP=(D /1)~ 1 (1)
where
S § hydrostatic desigstress, psi (or MPa),
P pressure rating; pst (or MPa),
D, § average outside diameter, in. (or mm),
t = minimum ‘wall thickness, in. (or mm), and
R # standard thermoplastic pipe dimension ratio (D/t for
PVE._ pipe), also known as SDR.

3.2 standard thermoplastic pipe dimension ratio (SDR)—

the ral . . . L

calculated by dividing the average outside diameter of the pipe
in inches or millimetres by the minimum wall thickness in
inches or millimetres. If the wall thickness calculated by this
formula is less than 0.060 in. (1.52 mm), it shall be arbitrarily

35

PVC plastic pipe materials.

4. Classification

4.1 General—This specification covefs,PVC pip¢ made and
marked with one of six Type/Grade/Design Stress dgsignations
(see X1.2) in eleven standard dimension ratios.

bn  Ratios
n standard

4.2 Standard Thermoplastic® Pipe Dimensi
(SDR)—This specification ¢oyers PVC pipe in elev
dimension ratios, namely,"}3:5, 17, 21, 26, 32.5, 41} and 64 (in
the body of the document) and 11, 35, 51 and 81|(in Annex
Al.) Standard dimienSion ratios are uniform for gl nominal
pipe sizes for,edch material and pressure rating.|These are
referred to as*SDR 11, SDR13.5, SDR17, SDR2fl, SDR26,
SDR32.5,SDR35, SDR41, SDR51, SDR64, and SDRSI,
respectively. The pressure rating is uniform for g1l nominal
pipegsizes for a given PVC pipe material and SDR|(see Table
XbBl):.

4.3 Hydrostatic Design Stresses—This specifica
pipe made from PVC plastics defined by four
design stresses developed on the basis of long
(appendix).

ion covers
hydrostatic
term tests

5. Materials

5.1 General—Poly(vinyl chloride) plastics usefl to make
pipe meeting the requirements of this specification pre catego-
rized by means of two criteria, namely, (/) short-tefm strength
tests, and (2) long-term strength tests.

Note 6—The PVC pipe intended for use in the transpoft of potable
water should be evaluated and certified as safe for this purposg by a testing
agency acceptable to the local health authority. The evaluatipn should be
in accordance with requirements for chemical extraction, tafte, and odor
that are no less restrictive than those included in NSF Stanfard No. 14.
The seal or mark of the laboratory making the evaluatign should be
included on the pipe. See pipe marking requirement for reclaimed water
systems.

5.2 Basic Materials—This specification covers

from PVC plastics having certain physical ang
properties as described in Specification D1784.

pipe made
chemical

3 Compound—1ne compounds used tor this pipe
shall equal or exceed one of the following classes described in
Specification D1784: PVC 12454 or 14333.

5.4 Rework Material—The manufacturer shall use only his
own clean rework pipe material and the pipe produced shall
meet all the requirements of this specification.

6. Requirements

6.1 Dimensions and Tolerances:
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6.1.1 Outside Diameters—The outside diameters and toler-
ances shall be as shown in Table 1 when measured in
accordance with Test Method D2122. The tolerances for
out-of-roundness shall apply only on pipe prior to shipment.

6.1.2 Wall Thickness—The wall thicknesses and tolerances

ASME NM.3.1-2018

6.4 Flattening—There shall be no evidence of splitting,
cracking, or breaking when the pipe is tested in accordance
with 8.6.

6.5 Extrusion Quality—The pipe shall not flake or disinte-

h . grate when tested in accordance with Test Method D2152.
shall be as shown in Table 2 when measured in accordance

with Test Method D2122.

6.2 Sustained Pressure—The pipe shall not fail, balloon,
burst, or weep as defined in Test Method D1598 at the test

6.6 Impact Resistance—The minimum impact resistance for
PVC plastic pipe shall be as given in Table 5, when determined
in accordance with 8.7.

Note 7—The impact resistance test is intended for use only as a quality

pressures given in Table 3 when tested in accordance with 8.4 ] ] :
6.2.1 Adcelerated Regression Test—The accelerated regres- control test, not as a simulated service test. This test has beeg fpund to
. . . have no quality control significance in sizes over 12 in. (305 mn}).
sion test shall be used in place of both the sustained and burst
pressure tepts, at the option of the manufacturer. The test shall 7. Workmanship, Finish, and Appearance
be conducted in agcordgnce Wlt.h 8.4..1. The pipe shall demon- 7.1 The pipe shall be homogeneous thréughout anfl free
strate a hydrostatic design basis projection at the 100 000-h  from visible cracks, holes, foreign inclusibhis; or other dpfects.
intercept that meets the hydrOSthC design basis category  The pipe shall be as uniform as commercially practicgble in
requlremert (see the table for “Hydrostatic Des1gr.1 Basis color, opacity, density, and other physical properties.
Categories| of Test Method D2837) for the PVC material used i .
in its manufacture. (Example: PVC 1120 pipe must have a I\tIOTEt S—Colﬁr and gansparency o ‘opacity should be specifiedl in the
minimum [100 000-h projection of 3830 psi and 85 % lower ~ COM'ACt OF purchase order.
confidence| limit (LCL).) 8. Test Methods
6.3 Bur}t Pressure—The minimum burst pressures for PVC 8.1 Conditioning—Unless otherwise specified in the |appli-
plastic pipg shall be as given in Table 4, when determined in ~ cable test method,.edndition the test specimens at 73.4 = 3.6°F
accordancg with 8.5. (23 £ 2°C) and50/= 5 % relative humidity for not less than 40
TABLE 1 IPS PVC Pipe—Outside Diameters and Tolerances
Tolerances, in. (mm)
Maximum Out-of-Roundness
(Maximum — Minimum Diameter)
Nominal Pipqg Average Outside Diameter, SDR64
Size, in. in. (mm) For Average SDR41
i SDR17,
SDR32.5, SDR13.5
SDR26, :
SDR21
e 0.405 (10.29) +0.004 (0.10) 0.030 (0.76) 0.016 (0.41)
Va 0.540 (13.72) +0.004 (0.10) 0.030 (0.76) 0.016 (0.41)
% 0.675 (17.14) +0.004 (0.10) 0.030 (0.76) 0.016 (0.41)
a 0.840 (21.34) +0.004 (0.10) 0.030 (0.76) 0.016 (0.41)
% 1.050 (26767) +0.004 (0.10) 0.030 (0.76) 0.020 (0.51)
1 1.315+38.40) +0.005 (0.13) 0.030 (0.76) 0.020 (0.51)
1 1,660,(42.16) +0.005 (0.13) 0.030 (0.76) 0.024 (0.61)
1% 19900 (48.26) +0.006 (0.15) 0.060 (1.52) 0.024 (0.61)
2 2.375 (60.32) +0.006 (0.15) 0.060 (1.52) 0.024 (0.61)
2% 2.875 (73.02) +0.007 (0.18) 0.060 (1.52) 0.030 (0.76)
3 3.500 (88.90) +0.008 (0.20) 0.060 (1.52) 0.030 (0.76)
3% 4.000 (101.60) +0.008 (0.20) 0.100 (2.54) 0.030 (0.76)
4 4.500 (114.30) +0.009 (0.23) 0.100 (2.54) 0.030 (0.76)
5 5.563 (141.30) +0.010 (0.25) 0.100 (2.54) 0.060 (1.52)
6 6.625 (168.28) +0.011 (0.28) 0.100 (2.54) 0.070 (1.78)
8 8625 (219 08) 20015 (0 38) 0450 (3.81) 0.090 (2 29\
10 10.750 (273.05) +0.015 (0.38) 0.150 (3.81) 0.100 (2.54)
12 12.750 (323.85) +0.015 (0.38) 0.150 (3.81) 0.120 (3.05)
14 14.000 (355.60) +0.015 (0.38) 0.200 (5.08) 0.150 (3.81)
16 16.000 (406.40) +0.019 (0.48) 0.320 (8.13) 0.160 (4.06)
18 18.000 (457.20) +0.019 (0.48) 0.360 (9.14) 0.180 (4.57)
20 20.000 (508.00) +0.023 (0.58) 0.400 (10.2) 0.200 (5.08)
24 24.000 (609.60) +0.031 (0.79) 0.480 (12.2) 0.240 (6.10)
30 30.000 (762.00) +0.041 (1.04) 0.600 (15.2) 0.300 (7.62)
36 36.000 (914.40) +0.050 (1.27) 0.720 (18.3) 0.360 (9.14)

36
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TABLE 2 Wall Thicknesses and Tolerances for PVC Plastic Pipe with IPS Outside Diameters

Wall Thickness,” in.Z

N°F’,?F"';a' SDR64 SDR41 SDR325 SDR26 SDR21 SDR17 SDR135
Size, in. Mini- Toler- Mini- Toler- Mini- Toler- Mini- Toler- Mini- Toler- Mini- Toler- Mini- Toler-
mum ance mum ance mum ance mum ance mum ance mum ance mum ance
Ve 0.060 +0.020
Va 0.060 +0.020
s 0.060 +0.020
2 0.062 +0.020
¥a 0.060 +0.020 0.062 +0.020 0.078 +0.020
1 0.060 +0.020 0.063 +0.020 0.077 +0.020 0.097 +0.020
1Va 0.060 +0.020 0.064 +0.020 0.079 +0.020 0.098 +0.020 0.123 +0.020
12 0.060 +0.020 0.073 +0.020 0.090 +0.020 0.112 +0.020 0141 +0.020
2 0.073 +0.020 0.091 +0.020 0.113 +0.020 0.140 +0.020 0179 +0.020
2> 0.088 +0.020 0.110 +0.020 0.137 +0.020 0.169 +0.020 02213 +0.026
3 0.085 +0.020 0.108 +0.020 0.135 +0.020 0.167 +0.020 0.206 +0.025 0.254 +0.031
312 0.098 +0.020 0.123 +0.020 0.154 +0.020 0.190 +0.023 0.235 +0.028 0.294 +0.036
4 0.070 +0.020 0.110 +0.020 0.138 +0.020 0.173 +0.020 0.214 +0.026 0.265 +0.082 0.339 +0.040
5 0.087 +0.020 0.136 +0.020 0.171 +0.021 0.214 +0.027 0.265 +0.032 0.327 #0039 0.413 +0.049
6 0.104 +0.020 0.162 +0.020 0.204 +0.024 0.255 +0.031 0.316 +0.038 0.390 +0.047 0.491 +0.059
8 0.135 +0.020 0.210 +0.025 0.265 +0.032 0.332 +0.040 0.410 +0.049 0.508 +0.061
10 0.168 +0.020 0.262 +0.031 0.331 +0.040 0.413 +0.050 0.511 +0.061 0:632 +0.076
12 0.199 +0.024 0.311 +0.037 0.392 +0.047 0.490 +0.059 0.606 +0.073 0.750 +0.090
14 0.341 +0.048 0.430 +0.052 0.538 +0.064 0.666 +0.080 0.823 +0.099
16 0.390 +0.055 0.492 +0.059 0.615 +0.074 0.762 +0:091 0.941 +0.113
18 0.439 +0.061 0.554 +0.066 0.692 +0.083 0.857 +0.103 1.059 +0.127
20 0.488 +0.068 0.615 +0.074 0.769 +0.092 0.952 ¥0.114 1.176 +0.141
24 0.585 +0.082 0.738 +0.088 0.923 +0.111 1.143 +0.137 1.412 +0.169
30 0.732 +0.102 0.923 +0.111 1.154 +0.138 1428 +0.171 1.765 +0.212
36 0.878 +0.123 1.108 +0.133 1.385 +0.166 N 14 +0.205 2.118 +0.254
A Thelminimum is the lowest wall thickness of the pipe at any cross section. The maximum permitted wall thickness, at any cross section, is the minimum|wall thickness
plus the] stated tolerance. All tolerances are on the plus side of the minimum requirement.
B1in| = 25.4 mm (exact).
TABLE 3 Sustained Pressure Test Conditions for.Water at 73°F (23°C) for PVC Plastic Pipe
PreSsure” Required for Test
PVC 1120,
SDR PVC 1220,
PVC 2120 PVC 2116 PVC 2112 PVC 211d
psi MPa (bar) psi MPa (bar) psi MPa (bar) psi MPa (bar)
13.p 670 4.62 (46.2) 540. 3.72 (37.2) 450 3.10 (31.0) 370 2.55 (25.5)
17 530 3.65 (36.5) 420 2.90 (29.0) 350 2.41 (24.1) 290 2.00 (20.0)
21 420 2.90 (29.0) 340 2.34 (23.4) 280 1.93 (19.3) 230 1.59 (15.9)
26 340 2.34 (23.4) 270 1.86 (18.6) 220 1.52 (15.2) 180 1.24 (12.4)
32p 270 1.86 (18.6) 210 1.45 (14.5) 180 1.24 (12.4) 150 1.03 (10.3)
41 210 1.45 (14.5) 170 1.17 (11.7) 140 0.97 (9.7) 120 0.33 (8.3)
64 130 0.90 (9.0) 110 0.76 (7.6) 90 0.62 (6.2) 70 0.48 (4.8)
A The fiper stresses used to derive these €5t pressures are as follows:
psi MPa (bar)
PVC 1120, PVC 1220,"PNC 2120 4200 29.0 (290)
PVC 2116 3360 23.2 (232)
PVC 2112 2800 19.3 (193)
PVC 2110 2300 15.9 (159)
Somg minor adjustments have been made to keep the test pressures uniform to simplify testing.
h priof t§t€st in accordance with Procedure A of Practice D618 8.3.1 Test Specimens—Not less than 50 % of the] test speci-
for thosete wiTere CONditiomne 1S TequiTed. TIENS TequUiTed 10T any Pressure e Tal mave a Stapartof

8.2 Test Conditions—Conduct the tests in the standard
laboratory atmosphere of 73.4 = 3.6°F (23 = 2°C) and 50 *=
5 % relative humidity, unless otherwise specified in the test
methods or in this specification.

8.3 Sampling—The selection of the sample or samples of
pipe shall be as agreed upon by the purchaser and the seller. In
case of no prior agreement, any sample selected by the testing
laboratory shall be deemed adequate.
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the marking in their central sections. The central section is that
portion of pipe which is at least one pipe diameter away from
an end closure.

8.4 Sustained Pressure Test—Select the test specimens at
random. Test individually with water at the internal pressures
given in Table 3, six specimens of pipe, each specimen at least
ten times the nominal diameter in length, but not less than 10
in. (250 mm) or more than 3 ft (1000 mm) between end
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TABLE 4 Burst Pressure Requirements for Water at 73°F (23°C)
for PVC Plastic Pipe

Minimum Burst Pressure”

ASME NM.3.1-2018

D1599, having the lengths specified in 8.4. The time of testing
of each specimen shall be not less than 60 s.

Note 9—Times greater than 60 s may be needed to bring large size
specimens to the burst pressure. The test is more difficult to pass using
greater pressurizing times.

8.6 Flattening—Flatten three specimens of the pipe, 2 in.
(50 mm) long, between parallel plates in a suitable press until
the distance between the plates is 40 % of the outside diameter
of the pipe. The rate of loading shall be uniform and such that

the (‘nmprPqunn is anp]Pth within 2 to S min On remagval of

PVC 1120, PVC 2116,
SDR PVC 1220, PVC 2112,
PVC 2120 PVC 2110
psi MPa (bar) psi MPa (bar)
13.5 1000 6.89 (68.9) 800 5.52 (55.2)
17 800 5.52 (55.2) 630 4.34 (43.4)
21 630 4.34 (43.4) 500 3.45 (34.5)
26 500 3.45 (34.5) 400 2.76 (27.6)
32.5 400 276 (27.6) 315 217 (21.7)
41 315 217 (21.7) 250 1.72 (17.2)
64 200 1.38 (13.8) 160 1.10 (11.0)
A The fiber stresses used to derive these test
pressures are|as follows:
psi MPa (bar)
PVC 1120, PJC 1220, PVC 2120 6400 441 (441)
PVC 2116, PJC 2112, PVC 2110 5000 34.5 (345)

TABLE 5 Impact Resistance at 73°F (23°C) for PVC Plastic Pipe

Impact Resistance,

Impact Resistance,

Size, in. ftIbf (J) All SDRs Size, in. ftIbf (J) All SDRs

Y 10 (13.6) 21 40 (54.2)

% 10 (13.6) 3 60 (81.3)

% 15 (20.3) 31 70 (94.9)

1 20 (27.1) 4 90 (122.0)
14 20 (27.1) 5 100 (135.6)
1% 30 (40.7) 6 120 (162.7)

2 30 (40.7) 8 or larger 160 (216.9)

closures aphd bearing the permanent marking on the pipe.
Maintain tlje specimens at the pressure indicated for a period of,
1000 h. Hpld the pressure as closely as possible, but within
*10 psi (=70 kPa). Condition the specimens at-the" test
temperaturp of 73.4°F (23°C) to within £3.6°F (2°C)."Main-
tain the tedt temperature at 73.4 = 3.6°F (23 * 2°C). Test in
accordancd with Test Method D1598, except“maintain the
pressure aff the values given in Table 3 for{ 1000 h. Failure of
two of the|six specimens tested shall constitute failure in the
test. Failufe of one of the six speciimens tested is cause for
retest of s{x additional specimens, Bailure of one of the six
specimens [tested in retest shall\constitute failure in the test.
Evidence ¢f failure of the-pipe shall be as defined in Test
Method D] 598.

8.4.1 Adcelerated Régression Test—Test in accordance with
procedurey| in TestdMethod D1598, using either free end or
restrained pnd fittings. A minimum of six specimens shall be
tested. Tes} thre€)specimens at a single pressure that result in
failures at pr below 0.10 h. Test an additional three specimens

the load, examine the specimens for evidence of (3plitting,
cracking, or breaking.

8.7 Impact Resistance—Determine the impact resistapce in
accordance with the specification requirementssection gf Test
Method D2444. Test at 73.4 = 3.6°F (23 =+ 2°C) using a[Tup B
and flat plate support. Use a 20-1b (94kg)* tup.

8.7.1 Test Specimens—SpecimenS.of pipe for impact {esting
shall be cut to lengths required,in’Test Method D2444.

8.7.2 Test Requirements (V4~to 12 in.)—For pipe siges V4
in. (6 mm) through 12 in._ (300 mm), ten specimens shall be
tested. If nine or more pass, the lot passes. If two or mofe fail,
the lot fails.

9. Retest and Rejection

9.1 If thexesults of any test(s) do not meet the requirdments
of this specification, the test(s) shall be conducted agaip only
by agreement between the purchaser and seller. Undef such
agregment, minimum requirements shall not be loyered,
changed, or modified, nor shall specification limits be chjinged.
Ifupon retest, failure occurs, the quantity of product jrepre-
sented by the test(s) does not meet the requirements ¢f this
specification.

10. Product Marking

10.1 Marking on the pipe shall include the follgwing,
spaced at intervals of not more than 5 ft (1.5 m):
10.1.1 Nominal pipe size (for example, 2 in. (50 mn})),

10.1.2 The outside diameter system (IPS or PIP) on sifes 14
in. (350 mm) and over (for example, IPS 14 in. (350 mm) or
PIP 21 in. (500 mm)),

10.1.3 Type of plastic pipe material in accordance with the
designation code given in 3.2.5 (for example, PVC112()),

10.1.4 Standard thermoplastic pipe dimension ratio [in ac-
cordance with the designation code given in 3.2.4 (fpr ex-
ample, SDR21), or the pressure rating in pounds per $quare
inch for water at 73°F (23°C) shown as the number followed
by psi (for example, 200 psi (1.4 MPa)), except that| when
intended for pressure applications, the pressure rating shall be
shown (for qumplp 200 pci (1.4 MPa)) When the indicated

at a single pressure that will result in failures at about 200 h.
Generating additional data points to improve the LTHS or
LCL, or both, is acceptable. No points shall be excluded unless
an obvious defect is detected in the failure area of the test
sample, or there was a malfunction of test equipment. Charac-
terize the data using the least squares regression described in
Test Method D2837.

8.5 Burst Pressure—Determine the minimum burst pressure
with at least five specimens in accordance with Test Method

pressure rating is lower than that calculated in accordance with
3.2.3 (see appendix), the SDR shall also be included in the
marking code,

10.1.5 ASME SD-2241 or both ASME SD-2241 and
ASTM D2241,

10.1.6 Manufacturer’s name (or trademark),

10.1.7 Production code with which the manufacturer can
trace the year, month, day shift, plant and extruder of manu-
facture for this product, and
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10.1.8 Pipe intended for the transport of potable water shall factured, inspected, sampled, and tested in accordance with this
also include the seal or mark of the laboratory making the specification and has been found to meet the requirements of
evaluation for this purpose, spaced at intervals specified by the this specification.
laboratory.

Note 10—Manufacturers using the seal or mark of a laboratory must 12. Certification
obtain prior authorization from the laboratory concerned. 12.1 Certification shall be as required by Annex A2.

11. Quality Assurance
13. Keywords

13.1 pressure pipe: pressure rated: PVC: SDR

11.1 The manufacturer affirms that the product was manu-

SUPPLEMENTARY REQUIREMENTS

This requirement applies whenever a regulatory authority or user calls for product tobe used tp
convey or to be in contact with potable water.

S1. Potable Water Requirement—Products intended for the health effects portion” of NSF Standard [No. 14 by an
contact| with potable water shall be evaluated, tested, and acceptable certifying-Organization when requir¢d by the regu-
certified for conformance with ANSI/NSF Standard No. 61 or latory authority haVying jurisdiction.

This requirement applies only to pipe to be used in systems that have aiot established other provisions for id¢ntification.

S2. Pipe Marking Requirement for Reclaimed Water . stripes printed lengthwise on opposite sides of the pipe. The
Systemgy—Color Identification of pipe shall be by: (1) use of, “~'pipe shall be marked RECLAIMED WATER a intervals of 5
purple (violet) PVC material or (2) by use of continuous purple ft. or less.

ANNEXES
(Mandatory Information)

Al. PVC PRESSURE'RATED PIPES HAVING OTHER THAN IPS OUTSIDE DIAMETERS

A1l.1] As the use of PVC pipe has expanded, a need for pipe
diametdrs and dimension gatios other than those listed in the

main bpdy of this specification has developed. These include TABLE A1.1 CTS Outside Diameters and Tolerance for PVC
small dlameter (2-ingand under) CTS sizes and larger diameter Plastic Pipe
(6 in. apd over) PIRsizes. The IPS outside diameter pipes and Nominal Tube Average Outside Tolerances, if. (m"f)
the stapdard dindension ratios included in the body of this Size, in.  Diameter, in. (M)  Average ol mexmum
spec1ﬁcat10n provide the format onto which these additional " 0.625 (15.9) £ 0,003 (0.08) 0.008 (0.20)
sizes a:le fitted. Ya 0.875 (22.2) + 0.003 (0.08) 0.010 (0.26)
1 +25-26:6) +6-663-6-68) 0.012 (0.30)
A1.2 Pipe sizes listed in this Annex shall be tested to verify 1% 1.375 234-9; +0.003 20-08; 0.014 EO~36;
. . 11 1.625 (41.3 +0.004 (0.10 0.016 (0.40
they meet the requirements shown in Tables A1.1-A1.7 and all 5 2.125 (54.0) +0.004 (0.10) 0.020 (0.50)

other requirements of the specification.
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TABLE A1.2 PIP Outside Diameters and Tolerance for PVC
Plastic Pipe

Tolerances, in. (mm)

Nominal Tube Average Outside

R . ) Maximum

Size, in. Diameter, in. (mm) Average Out-of-Roundness
6 6.140 (155.96) +0.011 (0.28) 0.100 (2.54)
8 8.160 (207.26) +0.15 (0.38) 0.150 (3.81)
10 10.200 (259.08) +0.15 (0.38) 0.150 (3.81)
12 12.240 (310.90) +0.15 (0.38) 0.150 (3.81)
15 15.300 (388.62) +.016 (0.41) 0.294 (7.46)
18 18.701 (475.00) +.020 (0.51) 0.360 (9.14)
24 22-047-(559-99 +—025-(0-64) O426-+6-66)
24 24.803 (629.99) +.032 (0.81) 0.480 (12.20)
27 27.953 (710.00) +.038 (0.96) 0.540 (13.72)

TABLE A1.3 Sustained Pressure Test Conditions for Water 73.4°F

(23°C) for PVC Plastic Pipe”

Pressure Required for Test—PVC 1120

SDR psi MPa Bars
1 840 5.79 57.9
35 247 1.70 17.0
51 168 1.16 11.6
81 105 0.725 7.25

A The fiber stress used to derive this test was 4200 psi (29.0 MPa).

TABLE A1.4 Burst Pressure Test Conditions for Water at 73.4°F

(23°C) for PVC Plastic Pipe”

Pressure Required for Test—PVC*1120

SDR psi MP& Bars
1 1280 8.82 88.2
35 380 2.62 26.2
51 260 1.79 17.9
81 160 1.085 10.85

A The fiber stress used to derivg this test was 6400 psi (44.1 MPa).

TABLE A1.5 Watéer Pressure Ratings (PR) at 73°F (23°C) for
Nonthreaded PVC Plastic Pipe

PVC 1120

PVC 1220

SDR PVC 2120
psi MPa Bars
1 400 2.75 275
35 118 0.81 8.1
51 80 0.55 55
81 50 0.34 3.4
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TABLE A1.6 Wall Thicknesses and Tolerances for PVC Plastic pipe with CTS Outside Diameters”
) Wall Thickness, in. (mm)&
N°gi'Z":' ;“be SDR 21 SDR 17 SDR 135 SDR 11

‘ Minimum Tolerance Minimum Tolerance Minimum Tolerance Minimum Tolerance
Vo L L L L 0.060 +0.020 0.060 +0.020
EZ L L 0.060 +0.020 0.065 +0.020 0.080 +0.020
1 0.060 +0.020 0.066 +0.020 0.083 +0.020 0.102 +0.020
1Ya 0.065 +0.020 0.081 +0.020 0.102 +0.020 0.125 +0.020
1% 0.077 +0.020 0.096 +0.020 0.120 +0.020 0.148 +0.020
+0.023

2 0.101 +0.023 0.125 +0.023 0.157 +0.023 0.193

WS 0 Kne Q
qtated tolerance. All tolerances are on tl

injmum wall thickness

B 1in. | 25.4 mm (exact).
TABLE A1.7 Wall Thicknesses and Tolerances for PVC Plastic Pipe with PIP Outside Diameters”
Wall Thickness, in. (mm)?&
Nominal
Pipe SDR81 SDR51 SDR41 SDR35 SDR32.5 SDR26 SDR21
Size, in. Mini- Toler- Mini- Toler- Mini- Toler- Mini- Toler- Mini- Toler- Mini- Toler- Mini- Toler-
mum ance mum ance mum ance mum ance mum ance mum ance mum ance
6 0.076 +0.020 0.120 +0.020 0.150 +0.020 0.189 +0.023
8 0.101 +0.020 0.160 +0.020 0.199 +0.024 0.251 +0.030
10 0.126 +0.020 0.200 +0.024 0.249 +0.030 0.314 +0.038
12 0.151 +0.020 0.240 +0.029 0.299 +0.036 0.377 +0.045
15 0.189 +0.023 0.300 +0.042 0.373 +0.052 0.437 +0.052 0.471 +0.056 0.588 +0.070 0.728 +0.087
18 0.366 +0.051 0.456 +0.064 0.534 +0:064 0.575 +0.069 0.719 +0.086
21 0.432 +0.060 0.538 +0.075 0.630 +0.076 0.678 +0.081 0.848 +0.102
24 0.486 +0.068 0.605 +0.085 0.709 +0.085 0.763 +0.092 0.954 +0.115
27 0.548 +0.077 0.682 +0.095 0.799 +0.096 0.860 +0.103 1.075 +0.129
A1 in. £ 25.4 mm (exact).
B The rinimum is the lowest wall thickness of the pipe at any cross section. The maximum permitted wall thickness, at any cross section, is the minfmum wall thickness

plus the dtated tolerance. All tolerances are on the plus side of the minimum fequirement.

T
tQ

2]

o}
th
th

A2, CERTIFICATION

he producer or supplier shall furnish a certificate of compliance stating that the material was manufactured,

pecification, the Supplémentary Requirements, and the other requirements. A signature or notarization is no
) the certificate of eompliance, but the document shall be dated and shall clearly identify the organization s
e certificate. Notyithstanding the absence of a signature or notarization, the certifying organization is respo
e contents of(the*document.

sampled,

sted, and inspected in accordanceé with the Specification, including year date, the Supplementary Requirements, and
afly other requirement designated in the purchase order or contract, and that the results met the requiremenjts of that

required
ibmitting
hsible for
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APPENDIX
(Nonmandatory Information)

X1. SOURCE OF HYDROSTATIC DESIGN STRESSES

X1.1 The hydrostatic design stresses recommended by the
Plastics Pipe Institute are used to pressure rate PVC plastic
pipe. These hydrostatic design stresses are 2000 psi (14 MPa),

1600 psi (1

1.0 MPa), 1250 psi (8.6 MPa), and 1000 psi (6.9

MPa) for water at 73.4°F (23°C). These hydrostatic design

tional information regarding the criteria used in developing
these hydrostatic design stresses may be obtained from the

Plastics Pipe Institute. These hydrostatic design stresse:

s may

not be suitable for materials that show a wide departure from
a straight line plot of log stress versus log time to failure. All

stresses apply only to pipe meeting all the requirements of this ~ the data available to date on PVC pipe materials madelin the
specificatidn. United States exhibit a straight-line plot under these'plotting
] ] ) ] conditions.
X1.2 Sik PVC pipe materials are included based on the
requiremepts of Specification D1784 and the PPI- X1.4 The pipe is rated for use with water in.73°F (23°C) at
recommendled hydrostatic design stresses as follows: the maximum internal pressures shown, in Table X1.1. Lower
X1.2.1 Type I, Grade 1 (12454-B), with a hydrostatic design pressure ratings than those calculated, in.aecordance with 3.2.3
t £ 2000 psi (14 MPa), designated as PVC1120. may be recommended, at the optiofof the pipe manufagturer,
SHESS 0 | psi ( @), designa e‘ s ) ) in which case the SDR shall b€ ,included in the mgrking.
X1.2.2 Typel, Grade 2 (12454-C), with a hydrostatic design  gyperience of the industrydndicates that PVC plasti¢ pipe
stress of 2000 psi (14 MPa), designated as PVC1220. meeting the requirements of this specification give satisfpctory
X1.2.3 Type II, Grade 1 (14333-D), with a hydrostatic service under normal ¢onditions for a long period atf these
design streps of 2000 psi (14 MPa), designated as PVC2120. pressure ratings. The sustained pressure requirements (63) are
X1.2.4 Type II, Grade 1 (14333-D), with a hydrostatic related to these ratm.gs tl}rough the slopes of the strength-time
design streps of 1600 psi (11.0 MPa), designated as PVC2116.  Plots of these mdterials in pipe form.
X1.2.5 Type II, Grade 1 (14333-D), with a hydrostatic X1.5 Theyhydrostatic design stresses recommended by the
design streps of 1250 psi (8.6 MPa), designated as PVC2112.  piugtic Ripe Institute are based on tests made on pipe rqnging
| ) . in sizeMrom %2 to 2% in. (12.5 to 50 mm).
X1.2.6 Type II, Grade 1 (14333-D), with a hydrostatic
design strefs of 1000 psi (7 MPa), designated as PVC2110.
X1.3 THe standard method for obtaining hydrostatic basis
for thermoplastic pipe materials is Test Method D2837. Addi=
TABLE X[i.1 Standard Thermoplastic Pipe Dimension Ratios (SDR) and Water Pressure Ratings (PR) at 73°F (23°C) for Nonthreaded
PVC Plastic Pipe”
Pressure Rating of PVC Pipe Materials”
SDR PMC\1120, PVC 2116 PVC 2112 PVC 2110
PVC)1220,
PVC 2120
psi MPa (bar) psi MPa (bar) psi MPa (bar) psi MPa |(bar)
135 315 217 (21.7) 250 1.72 (17.2) 200 1.38 (13.8) 160 1.10 {11.0)
17 250 1.72 (17.2) 200 1.38 (13.8) 160 1.10 (11.0) 125 0.86 (8.6)
21 200 1.38 (13.8) 160 1.10 (11.0) 125 0.86 (8.6) 100 0.69 {6.9)
26 160 1.10 (11.0) 125 0.86 (8.6) 100 0.69 (6.9) 80 0.55 {5.5)
325 125 0.86 (8.6) 100 0.69 (6.9) 80 0.55 (5.5) 63 0.43 (4.3)
41 100 0.69 (6.9) 80 0.55 (5.5) 63 0.43 (4.3) 50 0.34 (3.4)
64 63 0.43 (4.3) 50 0.34 (3.4) NPR® NPRC NPRC NPR®
Prepsure Rating®¢ Standard Dimension Ratio of PVC Pipe Materials
psi MPa (bar) PVC 1120, PVC 2116 PVC 2112 PVC 2110
PVC 1220,
PVC 2120
315 27.17 (21.7) 135
250 1.72 (17.2) 17 135
200 1.38 (13.8) 21 17 135
160 1.10 (11.0) 26 21 17 135
125 0.86 (8.6) 325 26 21 17
100 0.69 (6.9) 41 325 26 21
80 0.55 (5.5) 41 32,5 26
63 0.43 (4.3) 64 41 325
50 0.34 (3.4) 64 41

A These pressures ratings do not apply for threaded pipe.
B See 3.2.5 and 5.3 for code designation.
©NPR = not pressure rated.
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SPECIFICATION FOR THREADED POLY(VINYL
CHLORIDE) (PVC) PLASTIC PIPE FITTINGS,SCHEDULE
80

@Z@ SD-2464

(Identical with ASTM D2464-13 except for additional requirements in section 12 and Annex A1l, revised marking re
quirements in paras. 10.2.1.5 and 10.3,,.and\quality assurance requirement in para. 11.1 has been made mandatory.
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Specification for
Threaded Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings,
Schedule 80

1. Scope

1.1 This sp
threaded Sched
for materials, V

Note 1—Thre
were formerly ind
F437.

1.2 The pro
for use with th

are chemically
inherent hazar(

pcification covers poly(vinyl chloride) (PVC)
ule 80 pipe fittings. Included are requirements
vorkmanship, dimensions, and burst pressure.

hded CPVC plastic pipe fittings, Schedule 80, which
luded in this standard, are now covered by Specification
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b distribution of pressurized liquids only, which
compatible with the piping materials. Due to
s associated with testing components and sys-
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not be conside
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for informatior]
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pecific product/component manufacturers for
sting procedures prior to pneumatic testing.

urized (compressed) air or other compressed gases
ounts of stored energy which present serious safety
kystem fail for any reason.

of this specification references notes, footnotes,
5 which provide explanatory material. These
otes (excluding those in tables and figure$)'shall
ed as requirements of the specification:

es stated in inch-pound units are.fo*be regarded
The values given in parentheses are provided
only.

wing safety hazards,cayeat pertains only to the

prtion, Section 7,%0f/ this specification. This
ot purport to address all of the safety concerns,
d with its usé. It'is the responsibility of the user
d to establish appropriate safety and health
etermineSthe applicability of regulatory limita-
se.

2. Referenced Documents

2.1 ASTM Standards:

D618 Practice for Conditioning Plastics for Testing

D1599 Test Method for Resistance to Shoit-Time H)
Pressure of Plastic Pipe, Tubingtand Fittings

D1600 Terminology for Abbreviated Terms Relating
tics

D1784 Specification for Rigid Poly(Vinyl Chloride
Compounds and Chlerinated Poly(Vinyl CHh
(CPVC) Compounds

D2122 Test Method“for Determining Dimensions @
moplastic Pipe,and Fittings

D2749 Symbols“for Dimensions of Plastic Pipe Fitt

F412 Terminology Relating to Plastic Piping Systems

F437 Speeification for Threaded Chlorinated Pol
Chloride) (CPVC) Plastic Pipe Fittings, Schedule

FE1498 Specification for Taper Pipe Threads 60° for T
plastic Pipe and Fittings

2.2 Federal Standard:

Fed. Std. No. 123 Marking for Shipment (Civil Age

2.3 Military Standard:

MIL-STD-129 Marking for Shipment and Storage

2.4 NSF Standard:

Standard No. 14 for Plastic Piping Components and
Materials

Standard No. 61 for Drinking Water Systems Compo
Health Effects

3. Terminology

3.1 General—Definitions are in accordance with T
ogy F412, and abbreviations are in accordance with Te
ogy D1600, unless otherwise indicated. The abbrevia
poly(vinyl chloride) plastic is PVC.

draulic
to Plas-

PVO)
loride)

f Ther-
ngs
y(Vinyl

80
hermo-

ncies)

Related

hents—

rminol-
rminol-
ion for
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4. Classification

4.1 General—This specification covers threaded Schedule
80 PVC pipe fittings, made from four PVC plastic compounds
and intended for use with threaded Iron Pipe Size (IPS)
outside-diameter plastic pipe.

4.1.1 Fittings covered by this specification are normally
molded. In-line fittings, such as couplings, unions, bushings,
caps, nipples, etc., shall be molded or machined from extruded
stock.

4.1.2_Fittings fabricated by back welding or butt fusion are

SD-2464

shown in Table 1, and is not included in the center-to-end or
end-to-end dimensions.

6.1.2 Fittings Not Illustrated—All fittings, whether illus-
trated in Table 1 and Table 2 or not, shall have wall thicknesses
and thread dimensions conforming to 6.1 and 6.2.

6.2 Threads—For all fittings having taper pipe threads,
threads shall conform to Specification F1498 and be gaged in
accordance with 8.4.

6.3 Burst Pressure:

not influded in this specification.

5. Materials and Manufacture

5.1|This specification covers PVC pipe fittings made from
two PVC plastics as classified in Specification D1784. These
are cefl classifications 12454 and 14333.

Notg 3—Mechanical strength, heat deflection temperature, and flam-
mability requirements are covered in Specification D1784.

5.2|Rework Material—The manufacturers shall use only
their pwn clean rework fitting material and the fittings pro-
duced|shall meet all the requirements of this specification.

6. Refuirements

6.1 |Dimensions and Tolerances:

6.1l The dimensions and tolerances of the fittings shall be
as shown in Table 1 and Table 2 when measured in accordance
with Test Method D2122. Minimum dimensions have zero
negatilve tolerances. Bushings shall have thread lengths appli-
cable fo the corresponding sizes. Counterbore is optional, is not

—_—

TABLE 1 Dimensions of 90° Ells, Tees, Crosses, 45° Elbows and Couplings (Straight Sizes), in. (mm)*

6.3. 1 11Tc DUTST SUENZUT Of the [tings sttt be it less than
that calculated for the size and wall thickness of'th¢ pipe with
which it is to be used, when calculated from thq following
equation:

S=P(D,1)/2t (1)
where:
S = hoop stress, psi (or MPa);
P = internal pressure, pSi“(or MPa),
D, = average outside diameter, in. (or mm), and
t = minimum wall*thickness, in. (or mm).

Fittings tested ifi accordance with 8.4 shall withstand the
minimum burst ptessure shown in Table 3.
6.3.2 Pressuies shown are minimum burst pressyres and do
not imply/tated working pressures. The burst pressyre shall be
used oiily as an indication of quality.

7.cWorkmanship, Finish, and Appearance

7.1 The fittings shall be homogeneous throughopit and free
of cracks, holes, foreign inclusions, or other dg¢fects. The

H H J—a—y
T
] (e

— +

CROSS COUPLING

Center to Thread

Ngminal End, 902 Elbows, .:.frrgg 9; Eggnztg"tglgg\:\?gdK Inside Diameter Nominal Wall Outside Diameter 1 :2:3 E:g i;
Pipe Size Tees, C:gisnses,s H, min min ’ of Fitting, D, min Thickness, F, min  of Hub, M, min colipling, L, min
V8 0.688 (17.48) 0.38 (9.65) 0.625 (15.88) 0.171 (4.34) 0.108 (2.74) 0.645 (16.40) 0[813 (20.65)
Va 0.812 (20.63) 0.50 (12.70) 0.688 (17.48) 0.258 (6.55) 0.135 (3.43) 0.840 (21.30) 1]063 (27.00)
Y 0.938 (23.83) 0.50 (12.70) 0.750 (19.05) 0.379 (9.63) 0.144 (3.66) 1.000 (25.40) 1]063 (27.00)
V2 1.125 (28.58) 0.64 (16.26) 0.750 (19.05) 0.502 (12.75) 0.198 (5.03) 1.280 (32.50) 11344 (34.14)
Ya 1.250 (31.75) 0.65 (16.51) 1.000 (25.40) 0.698 (17.73) 0.207 (5.26) 1.500 (38.10) 1.500 (38.10)
1 1.500 (38.10) 0.81 (20.57) 1.125 (28.58) 0.911 (23.14) 0.225 (5.72) 1.810 (45.97) 1.688 (42.88)
1Va 1.750 (44.45) 0.85 (21.59) 1.313 (33.35) 1.227 (31.17) 0.261 (6.63) 2.200 (55.88) 1.750 (44.45)
12 1.938 (49.23) 0.85 (21.54) 1.438 (36.53) 1.446 (36.73) 0.270 (6.86) 2.500 (63.50) 2.000 (50.80)
2 2.250 (57.15) 0.90 (22.86) 1.625 (41.28) 1.881 (47.78) 0.297 (7.54) 3.000 (76.20) 2.063 (52.40)
2% 2.688 (68.28) 1.21 (30.73) 1.938 (49.23) 2.250 (57.15) 0.315 (8.00) 3.580 (90.42) 2.625 (66.68)
3 3.063 (77.80) 1.30 (33.02) 2.125 (53.48) 2.820 (71.65) 0.405 (10.29) 4.300 (104.22)  2.750 (69.85)
4 3.625 (92.08) 1.38 (35.05) 2.625 (66.68) 3.737 (94.92) 0.450 (11.43) 5.430 (137.92)  3.000 (76.20)
6 5.125 (130.18) 1.50 (38.10) 3.250 (82.55) 5.646 (143.41) 0.504 (12.80) 7.625 (193.68)  3.250 (82.55)

A The sketches and designs of fittings shown are illustrative only.
B This dimension locates the end of the fitting.
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TABLE 2 Dimensions of Plugs and Caps, in.”
——
#: ] F
s T w
i DS
p— M —
PLUG cap
. Length of Length of Width of Nominal Wall . . Outside Diameter
Fl’\_lomlsqal Male Thread, Female Thread, Flats,? Thickness, Helgr;; of .Head’ CaerJ/He!ght, of Hub,
Ipe Size S, min T, min Q, min F, min » min » min M, min
Y 0.31 (7.87) 0.38 (9.65) 0.469 (11.19) 0.108 (2.74) 0.188 (4.76) 0.625 (15.88) 0.645-(16.38)
Vs 0.44 (11.18) 0.50 (12.70) 0.625 (15.88) 0.135 (3.43) 0.188 (4.76) 0.688 (17.48) 0.840 (21[34)
% 0.44 (11.18) 0.50 (12.70) 0.750 (14.05) 0.144 (3.66) 0.188 (4.76) 0.688 (17.48) 1:000%(25.40)
2 0.53 (13.45) 0.64 (16.26) 0.938 (23.83) 0.198 (5.03) 0.188 (4.76) 0.875 (22.23) 1.280 (32.51)
Ya 0.55 (13.97) 0.65 (16.51) 1.125 (28.58) 0.207 (5.26) 0.219 (5.56) 1.000 (25.40) 1.450 (36.80)
1 0.68 (17.27) 0.81 (20.57) 1.375 (34.93) 0.225 (5.72) 0.219 (5.56) 1.188 (30.18) 1.810 (49.97)
14 0.71 (18.03) 0.85 (21.59) 1.750 (44.45) 0.261 (6.63) 0.281 (7.14) 1.250 (31,75) 2.200 (55.88)
114 0.72 (18.29) 0.85 (21.59) 1.875 (47.63) 0.270 (6.86) 0.313 (7.95) 1.250 (31.76) 2.450 (6923)
2 0.76 (19.30) 0.90 (22.86) 1.875 (47.63) 0.297 (7.54) 0.313 (7.45) 1.375 (@4.93) 3.000 (76.20)
21 1.14 (28.96) 1.21 (30.73) 1.875 (47.63) 0.369 (9.37) 0.375 (9.53) 1,625\(41.28) 3.560 (90/42)
3 1.20 (30.48) 1.30 (33.02) 2.000 (50.80) 0.405 (10.29) 0.375 (9.53) {750 (44.45) 4.250 (107.90)
4 1.30 (33.02) 1.38 (35.05) 2.000 (50.80) 0.450 (11.43) 0.375 (9.53) 2,000 (50.80) 5.350 (134.62)
6 1.44 (36.58) 1.50 (38.10) 2.000 (50.80) 0.504 (12.80) 0.500 (12.70) 2.125 (53.98) 7.625 (193.00)

A The sketchds and designs of fittings shown are illustrative only.

B At the manufacturer’s option the head of the plug shall be hexagonal, octagonal, square, or round.

TABLE 3 Burst Pressure Requirements for Water at 73°F (23°C)
fpr PVC Threaded Pipe Fittings, Schedule 80

Minimum Burst Strength”

'é‘."m"?a' Class 12454 Class 14333
ize, in.
psi MPa psi MPa
Va 3620 (24.96) 2830 (19.51)
% 2940 (20.27) 2300 (15.86)
Yo 2720 (18.75) 2120 (14.62)
Ya 2200 (15.17) 1720 (11.86)
1 2020 (13.93) 1580 (10:89).
14 1660 (11.44) 1300 (8.96)
12 1510 (10.41) 1180 (8.14)
2 1290 (8.89) 1010 (6.96)
21 1360 (8.38) 1060 (7.31)
3 1200 (8.27) 940 (6.48)
4 1040 (7.17) 810 (5.51)
6 890 (6.19) 700 (4.83)
A This table was calculated for Schedule 80 pipe using the I1SO formula and the

stress levels fpr materials as follows:

psi MPa
Class 12454 6400 441
Class 14333 5000 34.5

8.2 Test Caonditions—Conduct tests in the Standard Lhbora-
tory Atmosphere of 73 * 3.6°F (23 = 2°C) and 50 ¥ 5%
relative humidity, unless otherwise specified in the test{meth-
ods orin this specification.

83> Sampling—A sufficient quantity of fittings as fpgreed
upon between the seller and the purchaser shall be sele¢ted at
random from each lot or shipment and tested to determife that
the basic design is in conformance with this specificatipn.

mental
agreed

Note 4—For individual orders or specifications where suppl
tests are required, only those tests and numbers of tests specifically]
upon between purchaser and supplier need be conducted.

8.4 Burst Pressure—Determine the minimum burst pressure
with at least five specimens in accordance with Test Method
D1599. Join the fittings to the pipe sufficiently strong hnd in
such a manner that no failures shall occur in the assemblly at a
pressure less than the pressure requirement given in Tgble 3.
The time of testing each assembly shall be between 60 gnd 70
S.

9. Retest and Rejection

9.1 If the results of any test(s) do not meet the requirgments
of this specification, the test(s) shall be conducted agaip only
by agreement between the purchaser and seller. Undef such
agreement, minimum requirements shall not be loyered,
changed or modified, nor shall specification limits be chfinged.

fittings shall be as uniform as commercially practicable in
color, opacity, density, and other physical properties.

8. Test Methods

8.1 Conditioning—Condition the test specimens at 73.4 =
3.6°F (23 = 2°C) and 50 * 5 % relative humidity for not less
than 40 h prior to test in accordance with Procedure A of
Practice D618, for those tests where conditioning is required.

46

If upon retest, failure occurs, the quantity of product repre-
sented by the test(s) does not meet the requirements of this
specification.

10. Product Marking

10.1 Quality of Marking—The marking shall be applied to
the fittings in such a manner that they remain legible under
normal handling and installation practices.

10.2 Content of Marking:
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10.2.1 Fittings shall be marked with the following:

10.2.1.1 Manufacturer’s name or trademark,

10.2.1.2 Material identification PVC I for cell classification
12454 or PVC 1I for cell classification 14333,

10.2.1.3 The seal or mark of the laboratory making the
evaluation for potable water contact.

10.2.1.4 Size, and

10.2.1.5 ASME SD-2464 or both ASME SD-2464 and
ASTM D2464.

10.4 Markings or symbols shall be molded,

SD-2464

hot-stamped, or

applied to fittings by any other suitable method, such as

printing.

10.5 Where recessed marking is used, care shall be taken to
see that in no case marking causes cracks or reduces the wall

thickness below the minimum specified.

11. Quality Assurance

11.1 The manufacturer affirms that the

product was

in accordance

10.3 [Where the size ol the nttings does not allow complete  manuiactured, inspected, sampled, and tested
marking, omit identification marking in the following se- with this specification and has been found to meet the
quence| size, material designation, manufacturer’s name or requirements of this specification.
trademgrk.

transfers.

S1. Responsibility for Inspection —Unless otherwise speci-
fied in the contract or purchase order, the producer is respon-
sible for the performance of all inspection and test require-
ments Jpecified herein. The producer may use his own or\any
other sgiitable facilities for performance of the inspection and
test requirements specified herein, unless the purchaser disap-
proves.|The purchaser shall have the right to perfofmany of the
inspectfons and tests set forth in this specification where such
inspectfons are deemed necessary to ensure that material
conforrps to prescribed requirements.

Note S1.1—In U.S. federal contracts, the contractor is responsible for
inspectidn.

S2. Packaging and Marking for U.S. Government Procure-
ment:

SUPPLEMENTARY REQUIREMENTS

GOVERNMENT/MILITARY PROCUREMENT

12. Certification

12.1 Certification shall be as\required by Apnex Al.

The following requirements apply only to federal/military procurement, not domestic sales dr

S2.1 Packaging—Unless otherwise
contract, the materials shall be packaged in a
the supplier’s standard practice in a manner en
destination in satisfactory condition and which

spelcified

in the
ccordance with
uring arrival at
will be accept-

able to the carrier at lowest rates. Containers arld packing shall
comply with Uniform Freight Classification riles or National

Motor Freight Classification rules.

S2.2 Marking—Marking for shipment sha]l be in accor-

dance with Fed. Std. No. 123 for civil agencies
129 for military agencies.

and MIL-STD

Note S2.1—The inclusion of U.S. Government profurement require-

ments should not be construed as an indication that the

U.S. Government

uses or endorses the products described in this specifidation.
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POTABLE WATER REQUIREMENT

This requirement applies whenever a Regulatory Authority or user calls for product to be used to convey or to be in contact
with potable water.

S3. Potable Water Requirement—Products intended for the health effects portion of NSF Standard No. 14 by an

contact with potable water shall be evaluated, tested and acceptable certifying organization when required by the regu-
certified for cohformance with ANSI/NSF Standard No. 61 or latory authority having jurisdiction.

ANNEX

(Mandatory Information)

Al. CERTIFICATION

The prodficer or supplier shall furnish a certificate of compliance stating that the material was manufactured, samplegl
tested, and inspected in accordance with the Specification, including year date, the Supplementary Requirements, arnjd
any other| requirement designated in the purchase order or contract, and that-the)results met the requirements of that
Specificafion, the Supplementary Requirements, and the other requirements, A signature or notarization is not requirgd
on the ceftificate of compliance, but the document shall be dated and shall'\clearly identify the organization submitting

the certificate. Notwithstanding the absence of a signature or notarizatien, the certifying organization is responsible for
the contents of the document.
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SPECIFICATION FOR POLY(VINYL CHLORIDE) (PVC)
PLASTIC PIPE FITTINGS, SCHEDULE 40

@g@ SD-2466

(Identical with ASTM D2466-13 except for additionalbrequirements in section 12 and Annex A1, revised marking re
quirements in para. 10.1.5, renumbering of section 13 and quality assurance requirement in para. 11.1 has been mad¢
mandatory.)
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Specification for
Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule
40

1. Scope

1.1 This spg
Schedule 40
materials, work

Note 1—Sock
were formerly inc
F438.

1.2 The pro
for use with thg
are chemically
inherent hazarg
tems with cony
manufacturers
Consult with
their specific t

Note 2—Pres
contain large am|
hazards should a

1.3 Fitting §
transitions and
piping are covg

1.4 The text
and appendixe
notes and footn|
not be conside

1.5 The valy
as standard. Thi
conversions to
and are not cof

1.6 The fo
the test metho
standard does
if any, associat

cification covers poly(vinyl chloride) (PVC)
bipe fittings. Included are requirements for
'manship, dimensions, and burst pressure.

t-type CPVC plastic pipe fittings, Schedule 40, which
uded in this standard, are now covered by Specification

lucts covered by this specification are intended

distribution of pressurized liquids only, which
compatible with the piping materials. Due to
s associated with testing components and sys-
pressed air or other compressed gases, some
10 not allow pneumatic testing of their products.
pecific product/component manufacturers for
sting procedures prior to pneumatic testing.

urized (compressed) air or other compressed gases
punts of stored energy which present serious saftey
ystem fail for any reason.

uch as unions, flanges, special plastic-to-metal
appurtenances intended for use with PVE
red under specification F1970.

of this specification references notes, footnotes,
5 which provide explanatory materfial. These
ptes (excluding those in tables andfigures) shall
ed as requirements of the specification.

es stated in inch-pound ufiits-are to be regarded
e values given in parentheses are mathematical
SI units that are provided for information only
isidered standard,

lowing safety hazards caveat pertains only to
| portion, Seétion 7, of this specification. This
ot purpeftito address all of the safety concerns,
d withnits use. It is the responsibility of the user

of this standard to establish appropriate safetyand
practices and determine the applicability of regulatory
tions prior to use.

2. Referenced Documents

3. Terminology

ogy F412, and abbreviations are in accordance with Te]
ogy D1600, unless otherwise indicated. The abbrevia
poly(vinyl chloride) plastic is PVC.

2.1 ASTM Standards:

D618 Practice for Conditioning, Plastics for Testing

D1599 Test Method for Resistarice to Short-Time Hy
Pressure of Plastic PipesTubing, and Fittings

D1600 Terminology for Abbreviated Terms Relating
tics

D1784 Specification for Rigid Poly(Vinyl Chloride
Compoundsh and Chlorinated Poly(Vinyl Ch
(CPVC):Compounds

D2122 Test*Method for Determining Dimensions ¢
moplastic Pipe and Fittings

D2749 Symbols for Dimensions of Plastic Pipe Fitt

F412 Terminology Relating to Plastic Piping Systen|

health
limita-

rdraulic
to Plas-

PVO)
loride)

f Ther-

ngs
S

F438 Specification for Socket-Type Chlorinated Poly(Vinyl

Chloride) (CPVC) Plastic Pipe Fittings, Schedule

F1498 Specification for Taper Pipe Threads 60° for T
plastic Pipe and Fittings

F1970 Specification for Special Engineered Fittings,
tenances or Valves for use in Poly (Vinyl Chloride
or Chlorinated Poly (Vinyl Chloride) (CPVC) Sy

2.2 NSF Standards:

Standard No. 14 for Plastic Piping Components and
Materials

Standard No. 61 for Drinking Water Systems Compo
Health Effects

3.1 General—Definitions are in accordance with Te

40
hermo-

Appur-
(PVC)
tems

Related

hents—

rminol-
rminol-
ion for
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4. Classification

4.1 General—This specification covers Schedule 40 PVC
pipe fittings, made from four PVC plastic compounds and
intended for use with Iron Pipe Size (IPS) outside-diameter
plastic pipe.

4.1.1 Fittings covered by this specification are normally
molded. In-line fittings, such as couplings, bushings, caps,
nipples, etc., shall be molded or machined from extruded stock.

4.1.2 Fittings fabricated by welding are not included in this

SD-2466

6.2 Threads—For all fittings having taper pipe threads,
threads shall conform to Specification F1498 and be gaged in
accordance with 8.4.

6.3 Burst Pressure:

6.3.1 The minimum burst strength of the fittings shall be not
less than that calculated for the size and wall thickness of the
pipe with which it is to be used, when calculated from the
following equation:

S=P(D,—1)2t (1)

specification
where:
5. Ma3terials S = hoop stress, psi (or MPa),
. . . . . P = internal pressure, psi (or MPa),
1|Th fi P fi fi . : .
5 is specification covers PVC pipe fittings made from D, = average outside diameter, in. (or.m#), and

five PVC plastics as classified in Specification D1784. These
are PYC 12454, 12454, 13354, 11443, and 14333.

5.2 |Compound—The PVC plastic compound shall meet the
requirpments of PVC 12454, 12454, 11443, or 14333, as
descriped in Specification D1784.

Nor
chemic

53

their
duced

3—Mechanical strength, heat resistance, flammability, and
1 resistance requirements are covered in Specification D1784.
Rework Material—The manufacturers shall use only
wn clean rework fitting material and the fittings pro-
shall meet all the requirements of this specification.

6. Refjuirements

6.1 |Dimensions and Tolerances:

6.1l Fitting sockets inside diameters (waterways), mini-
mum |wall thicknesses, and dimensions shall be as shown in
Table |1, Table 2, and Table 3 when measured in accordancé
with Test Method D2122.

6.1.2 When multistep reducer bushings are cored sout} the
inner [socket shall be reinforced from the outer ‘wall by a
mininjum of three ribs extending from the top.«0f’the inner
socke{ to the deepest extremity of the coring. The transition
from D to DJ (Table 3) shall be straight, tapered as shown, or
radiuspd. A positive taper in the same difeetion of the taper in
the sogket on the outside diameter of\the bushing is optional
(See ¥A/XB in Table 3). Any point measured along the outside
diameler of the bushing (between.points XA and XB) shall not
fall bgdlow minimum pipe OB}

6.1.3 The minimum walkthickness of fittings shall be 125 %
of the] minimum wall/thiekness of the corresponding size of
Schedple 40 pipe forywhich they are designed to be used,
excepf that for the-socket, the wall thickness shall be at least
equal fo the minimum wall thickness of the corresponding size
of Schedule4@:pipe. For any threaded fitting the minimum wall

thicknless.ofthe threaded portion shall be at least equal to the
thic ss of material nnder the thread root of threaded Sched-

t minimum wall thickness, in.qor, mm).

Fittings tested in accordance with+8.5 shall withstand the
minimum burst pressure shown-in*Table 4.

6.3.2 Pressures shown ar¢ minimum burst pressy
not imply rated working pressures. The burst presst
used only as an indicafien*of quality.

res and do
re shall be

7. Workmanship, Finish, and Appearance

7.1 The fitimgs shall be homogeneous throughofit and free
of cracks,~holes, foreign inclusions, or other ddfects. The
fittings «shall be as uniform as commercially prafticable in
color, opdcity, density, and other physical propertids.

8..Test Methods

8.1 Conditioning—Condition the test specimenf at 73 =
3.6°F (23 = 2°C) and 50 = 5 % relative humidity for not less
than 40 h prior to test in accordance with Procgdure A of
Practice D618, for those tests where conditioning is required.

8.2 Test Conditions—Conduct tests in the Standdqrd Labora-
tory Atmosphere of 73 % 3.6°F (23 = 2°C) and (50 £ 5%
relative humidity, unless otherwise specified in the| test meth-
ods or in this specification.

8.3 Sampling—A sufficient quantity of fittings
upon between the seller and the purchaser shall be
random from each lot or shipment and tested to det
the basic design is in conformance with this specif

as agreed
selected at
brmine that
cation.

Norte 4—For individual orders or specifications, only thpse tests and

numbers of tests specifically agreed upon between the purchaser and the
seller need be conducted.

8.4 Threads—All taper pipe threads shall be
accordance with Specification F1498.

gaged in

8.5 Burst Pressure—Determine the minimum buy
in accordance with Test Method D1599. The pressu

st pressure
re shall be

ule 80 pipe of the same size.

6.1.4 The minimum inside diameter of the fittings shall be
not less than the minimum specified inside diameter of the
corresponding size of Schedule 40 pipe. Any fitting having a
male thread shall have an internal diameter not larger than
Schedule 80 pipe of the same size.

6.1.5 Minimum dimensions have zero negative tolerance.
Tolerances on other dimensions are shown in Table 1 and Table
3.

51

. - L
apptred—at—aumiformT Tate—suchthat—themmimmom allowable

burst pressure is attained in 60 or 70 s.

Note 5—The time-to-failure may exceed 70 s.

8.5.1 Apparatus—TFittings shall be tested while held in a
test jig constructed in such a manner as to seal the socket by
means of O-rings, or gaskets but not to reinforce or support the
fittings, except where contact is necessary because of the shape
of the fitting to keep the fitting in the test jig. Such contact shall
be held to the minimum. The socket plug portion of the test
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TABLE 1 Tapered Sockets for PVC Pipe Fittings, Schedule 40, in.”
- —

x 24
raotus_/ 30N E_L 45x 4 —L-
{ ) { B S \—T- _1-
A B - Wall Thickness, min Min Entrance, min
i FRETENTance Dameter | SOCKet Botom Drameter C 12 .
N%r;:)lgal = T Socket Inside Outside
! olerance Max Tolerance Max Length, | Diameter, Diameter
Size Diamdter on QOut-of- Diameter on Out-of- min min E F of Hub, M EW: EX, EZ
Diameter | Round Diameter | Round
8 0.41y +0.004 0.016 0.401 +0.004 0.016 0.500 0.225 0.068 0.085 0.526 Ve Ve
(0.41) (0.41)
Ya 0.55p +0.004 0.016 0.536 +0.004 0.016 0.500 0.320 0.088 0.110 0.672 Ve Ve
(0.41) (0.41)
Bz 0.68y +0.004 0.016 0.671 +0.004 0.016 0.594 0.449 0.091 0.114 02821 Va2 Va2
(0.41) (0.41)
2 0.84B +0.004 0.016 0.836 +0.004 0.016 0.688 0.578 0.109 0.136 0.998 Va2 Va2
(0.41) (0.41)
Ya 1.05B +0.004 0.020 1.046 +0.004 0.020 0.719 0.740 0.113 01 1.221 Vaz Vaz
(0.51) (0.51)
1 1.32p +0.005 0.020 1.310 +0.005 0.020 0.875 0.990 0.133 0.166 1.504 Y16 Y16
(0.51) (0.51)
1Va 1.67p +0.005 0.024 1.655 +0.005 0.024 0.938 1.335 Q440 0.175 1.871 Y16 Y16
(0.61) (0.61)
17 1.91p +0.006 0.024 1.894 +0.006 0.024 1.094 1.564 0.145 0.181 2127 Yie Yie
(0.61) (0.61)
2 2.38y +0.006 0.024 2.369 +0.006 0.024 1.156 2,021 0.154 0.193 2.634 Y16 Y16
(0.61) (0.61)
2V 2.88p +0.007 0.030 2.868 +0.007 0.030 1.750 2.414 0.203 0.254 3.170 Va2 8
(0.76) (0.76)
3 3.51p +0.008 0.030 3.492 +0.008 0.030 1.8%6, 3.008 0.216 0.270 3.841 Va2 8
(0.76) (0.76)
3% 4.01p +0.008 0.030 3.992 +0.008 0.030 2.000 3.486 0.226 0.283 4.374 Va2 8
(0.76) (0.76)
4 4.51B +0.009 0.030 4.491 +0.009 0.0306. 2.000 3.961 0.237 0.296 4.907 Va2 8
(0.76) (o/76)
5 5.58B +0.010 0.060 5.553 +0.010 Q.060 3.000 4.975 0.258 0.323 6.039 Va2 8
(1.52) (1.52)
6 6.64f +0.011 0.060 6.614 +0.011 0.060 3.000 5.986 0.280 0.350 7.203 8 e
(1.52) (1.52)
8 8.65p +0.015 0.090 8.610 +0:015 0.090 4.000 7.888 0.322 0.403 9.320 8 e
(2.29) (2.29)
10 10.78D +0.015 0.100 10.735, +0.015 0.100 5.000 9.917 0.365 0.456 11.614 8 e
(3.05) (3.05)
12 12.78D +0.015 0.120 12,735 +0.015 0.120 6.000 11.825 0.406 0.508 13.786 8 e
(3.81) (3.81)
A The sketches and designs of fittings are,illustrative only.
BSocket depth, megsured from socket entrance face to socket bottom face.
CSee 6.1.4.
fixture must exfend ong third to two thirds of the socket depth. If upon retest, failure occurs, the quantity of produc} repre-
Failure of any|partZof the test apparatus does not constitute sented by the test(s) does not meet the requirements|of this
failure of the fittiigs specification
9. Retest and Rejection 10. Marking

9.1 If the results of any test(s) do not meet the requirements
of this specification, the tests(s) shall be conducted again only
by agreement between the purchaser and seller. Under such
agreement, minimum requirements shall not be lowered,
changed, or modified, nor shall specification limits be changed.

10.1 Fittings shall be marked with the following:

10.1.1 Manufacturer’s name or trademark,

10.1.2 Material designation PVC I for PVC 12454-B, PVC
12 for PVC 12454-C, PVC 13 for PVC 13354-C and 11443-B,
and PVC II for PVC 14333-D,

52
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TABLE 2 Minimum Dimension from Center to End of Sockets
(Laying Length) for Couplings, Tees, 90° and 45° Elbows, PVC

Socket-Type Pipe Fittings, Schedule 40, in.”

ASME NM.3.1-2018

SD-2466

10.1.3 Fittings intended for the transport of potable water
shall include the seal or mark of the laboratory making the

evaluation for this purpose.
10.1.4 Size, and

10.1.5 ASME SD-2466 or both ASME SD-2466 and ASTM

following se-

hot-stamped, or
tthod, such as

hall be taken to
tduces the wall

product was
in accordance
| to meet the

Annex Al.

N
i
N\ D2466.
N . .
B t— 10.2 Where the size of the fitting does not allow complete
e marking, omit identification marking in the
' qUence: SiZe, Material designation, manufactyrer’s name or
| trademark.
_L N NN\
6 10.3 Markings or symbols shall be mplded,
T R applied to fittings by any other suitable m
6 b— printing.
- - - - 10.4 Where recessed mazking is used, care s
Nominal G, min J, min N, min . .
Pip$ Size see that in no case marking causes cracks or r
1 Va a Vie thickness below the minimum specified.
! %6 %32 Y16
Y EZ] %6 Y32 s
, v i Y2 11. Quality Assurance
3 9/ 5/ 3/
1 he e Yoo 11.1 The,manufacturer affirms that thej
1}a 7 ¥ a2 manufactured, inspected, sampled, and tested
1}z 1 e Ya2 : : : :
5 e ) o w1th. this spemﬁc.atlon jcmd has been found
2} 1% e e requirements of this specification.
3 11%e Ya %16
3 21 1 % cpe e
4 ’ 25/:2 1 3/12 12. Certification
> 3 1% Ve 12.1 Certification shall be as required by 4
6 3% 1% Va : q y
8 475 2 Va
1 51%16 2%s Va
b i S 9 13. Keywords
AThe skdtches and designs of fittings are illustrative only. 13.1 fittings; pressure; PVC; Sch 40; sockef

s; threads
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TABLE 3 Dimensions of Reducer Bushings, PVC Socket-Type Pipe Fittings, Schedule 40, in. (mm)

EN—-jl- c
/ e
XA A A AAT7 A ;/fﬂ
2 XA U -, xa /
/ 7‘ -4-/.—EJ XA
c - E 7=
V) 7 —/ E
/i1 CM 217 Vi EJ — CM
B % 717 715
9 % Vi
< / 1
. XB XB XB | 7 X B—4
D p—
Nominal Size Outside Diameter Tolerance on Outside Diameter Tolerance on Maximum Out-of-Houndness
XA Outside Diameter XB Outside Diameter (maxy, minus min.)
Yaby Y 0.540 (13.72) +0.007 — 0.004 (0.18 — 0.10) 0.540 (13.72) +0.004 (0.10) 0,016 (0.4]1)
Y5 by Va, Ve 0.675 (17.41) +0.007 — 0.004 (0.18 — 0.10) 0.675 (17.41) +0.004 (0.10) 0.016 (0.4]1)
Yo by %, Va 0.840 (21.34) +0.007 — 0.004 (0.18 — 0.10) 0.840 (21.34) +0.004 (0.10) 0.016 (0.4]1)
Y by Yo, %, th 1.050 (26.67) +0.007 — 0.004 (0.18 — 0.10) 1.050 (26.67) +0.004 (0.10) 0.020 (0.5[1)
1 by 2, % 1.315 (33.40) +0.008 — 0.005 (0.20 — 0.13) 1.315 (33.40) +0.005 (0.13) 0.020 (0.5]1)
14 by Yz, ¥a, 1.660 (42.16) +0.008 — 0.005 (0.20 — 0.13) 1.660 (42.16) +0.005 (0.13) 0.024 (0.6[1)
12 by Ve, %, 1,14 1.900 (48.26) +0.010 — 0.006 (0.25 — 0.15) 1.900 (48.26) +0.006 (0.15) 0.024 (0.6[)
2by Vo, ¥, 1, 14 112 2.375 (60.33) +0.010 — 0.006 (0.25 — 0.15) 2.375 (60.33) +0.006 (0.15) 0.024 (0.6[1)
2% by 2 2.875 (73.03) +0.012 — 0.007 (0.30 — 0.18) 2.875 (73.03) +0/0077(0.18) 0.030 (0.7p)
3 by 2%, 2 3.500 (88.90) +0.013 — 0.008 (0.33 — 0.20) 3.500 (88.90) +0,008 (0.20) 0.030 (0.7p)
31 by 212, 2 4.000 (101.60) +0.013 — 0.008 (0.33 — 0.20) 4.000 (101.60) £0.008 (0.20) 0.030 (0.7p)
4 by 3, 3,214 2 4.500 (114.30) +0.015 — 0.009 (0.38 — 0.23) 4.500 (114.30) +0.009 (0.23) 0.030 (0.7p)
5by 4 5.563 (141.30) +0.017 — 0.010 (0.43 — 0.25) 5.563 (141.30) +0.010 (0.25) 0.060 (1.5p)
6by5 6.625 (168.28) +0.018 — 0.011 (0.46 — 0.28) 6.625 (168.28) +0.011 (0.28) 0.070 (1.7B)
8 by 6 8.625 (219.08) +0.025 — 0.015 (0.64 — 0.38) 8.625 (219.08) +0.015 (0.38) 0.090 (2.2p)
10 by 6 10.750 (273.05) +0.025 — 0.015 (0.64 — 0.38) 10.750 (273.08) +0.015 (0.38) 0.100 (2.5
10 by 8 10.750 (273.05) +0.025 — 0.015 (0.64 — 0.38) 10.750 (273:05) +0.015 (0.38) 0.100 (2.544)
12 by 6 12.750 (323.85) +0.025 — 0.015 (0.64 — 0.38) 12.750(828.85) +0.015 (0.38) 0.120 (3.0p)
12 by 8 12.750 (323.85) +0.025 — 0.015 (0.64 — 0.38) 12.750 (323.85) +0.015 (0.38) 0.120 (3.0p)
12 by 10 12.750 (323.85) +0.025 — 0.015 (0.64 — 0.38) 12+750 (323.85) +0.015 (0.38) 0.120 (3.0p)
A The sketches and Pesigns of fittings are illustrative only, see Symbols D2749.
TABLE 4 Burst Pressure Requirements for Water at 73°F (23°C)
for PVC Socket-Type Pipe Fittings, Schedule 40
) Min Burst Strength,”
gl"zrg":s' Classes 12454, 13354-Q and 11443 Class 14333
' psi (MPa) psi (MPa)
Y% 2580 (17.79) 2020 (13.93)
Va 2490 (17.17) 1950 (13.44)
% 1990 (13.72) 1560 (10.76)
2 1910 (13.17) 1490 (10.27)
Y 1540 (10.62) 1210 (8.34)
1 1440 (9.93) 1130 (7.79)
14 1180 (8.14) 920 (6.34)
112 1060 (7.31) 830 (5.72)
2 890 (6.14) 690 (4.76)
2Ys 970 (6.69) 760 (5.24)
3 840 (5.79) 660 (4.55)
31 770 (5.31) 600 (4.14)
4 710 (4.90) 560 (3.86)
5 620 (4.27) 490 (3.38)
6 560 (3.86) 440 (3.03)
8 500 (3.45) 390 (2.69)
10 450 3.10 . L
12 420 2.90
A This table was calculated for Schedule 40 pipe using the formula and the stress levels for materials as follows:
psi MPa
Classes 11443, 13354-C, and 12454 6400 441
Class 1433 5000 34.5
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SUPPLEMENTARY REQUIREMENTS
POTABLE WATER REQUIREMENT

This requirement applies whenever a Regulatory Authority or user calls for product to be used to
convey or to be in contact with potable water.

S1. Products intended for contact with potable water shall Standard No. 14 by an acceptable certifying organization when
be evaluated. tested and certified for conformance with ANSI/  required by the regulatory authority having jurisdiction.
NSF Sgandard No. 61 or the health effects portion of NSF

ANNEX

(Mandatory Information)

Al. CERTIFICATION

he producer or supplier shall furnish a certificate of compliance stating that.the material was manufactured| sampled,
psted, and inspected in accordance with the Specification, including yeaf\date, the Supplementary Requirerpents, and
ny other requirement designated in the purchase order or contract{ dnd that the results met the requiremefts of that
pecification, the Supplementary Requirements, and the other requirements. A signature or notarization is ndt required
n the certificate of compliance, but the document shall be dated.and shall clearly identify the organization qubmitting
]:e certificate. Notwithstanding the absence of a signature ornétarization, the certifying organization is respgnsible for
e contents of the document.

o n & o

==
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ASME NM.3.1-2018 SD-2467

SPECIFICATION FOR POLY(VINYL CHLORIDE) (PVC)
PLASTIC PIPE FITTINGS, SCHEDULE 80

@g@ SD-2467

(Identical with ASTM D2467-13a except for additional requirements in section 12 and Annex A1, revised marking re
quirements in paras. 10.2.4 and 10.3, renumbering of section 13, and quality assurance requirement in para. 11.1 ha
been made mandatory.)
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Specification for
Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule
80

1. Scope

1.1 This sp
Schedule 80

bcification covers poly(vinyl chloride) (PVC)
pipe fittings. Included are requirements for

materials, worfmanship, dimensions, and burst pressure.

Note 1—CPV
this standard, are

[ plastic pipe fittings, which were formerly included in
now covered in Specification F439.

1.2 The prodlucts covered by this specification are intended

for use with th
are chemically
inherent hazard
tems with con
manufacturers
Consult with
their specific tg

Note 2—Pres
contain large am
hazards should a

1.3 The text
and appendixe
notes and footn
not be conside

1.4 The valy
as standard. Th
conversions to
and are not coJ

1.5 The foll
test method p|
standard does 1
if any, associat
of this standa
practices and {
tions prior to i

b distribution of pressurized liquids only, which
compatible with the piping materials. Due to
s associated with testing components and sys-
pressed air or other compressed gases, some
lo not allow pneumatic testing of their products.
pecific product/component manufacturers for
sting procedures prior to pneumatic testing.
urized (compressed) air or other compressed gases
punts of stored energy, which present serious safety
Kystem fail for any reason.

of this specification references notes, footnotes,
5 which provide explanatory material. These
otes (excluding those in tables and figures)shall
ed as requirements of this specificatiomn.

es stated in inch-pound units are te.be regarded
e values given in parentheses are mathematical
SI units that are provided fof information only
isidered standard.

wing safety hazards,caveat pertains only to the
prtion, Section 8,%0f/ this specification. This
ot purport to address all of the safety concerns,
d with its usé. It'is the responsibility of the user
d to establish appropriate safety and health
letermine‘the applicability of regulatory limita-
se.

2. Referenced Documents

2.1 ASTM Standards:

D618 Practice for Conditioning Plastics for. Testing

D1599 Test Method for Resistance to Shoit-Time H)
Pressure of Plastic Pipe, Tubingtand Fittings

D1600 Terminology for Abbreviated Terms Relating
tics

D1784 Specification for Rigid Poly(Vinyl Chloride
Compounds and Chlerinated Poly(Vinyl CHh
(CPVC) Compounds

D1785 Specification‘for Poly(Vinyl Chloride) (PVC
Pipe, Schedules40, 80, and 120

D2122 Test Method for Determining Dimensions @
moplastic\Pipe and Fittings

D2749 Symbols for Dimensions of Plastic Pipe Fitt

F412Terminology Relating to Plastic Piping Systens

F439 Specification for Chlorinated Poly (Vinyl C
(CPVC) Plastic Pipe Fittings, Schedule 80
F1498 Specification for Taper Pipe Threads 60° for T
plastic Pipe and Fittings
2.2 Federal Standard:
Fed. Std. No. 123 Marking for Shipment (Civil Age
2.3 National Sanitation Foundation Standards:
Standard No. 14 for Plastic Piping Components and
Materials
Standard No. 61 for Drinking Water Systems Compo
Health Effects

3. Terminology

3.1 General—Definitions are in accordance with T
ogy F412 and abbreviations are in accordance with Te
ogy D1600, unless otherwise indicated. The abbrevia]
poly(vinyl chloride) plastic is PVC.

draulic
to Plas-

PVO)
loride)

Plastic
f Ther-
ngs
hloride)

hermo-

ncies)
Related

hents—

rminol-
rminol-
ion for
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4. Classification

4.1 General—This specification covers Schedule 80 PVC
pipe fittings, socket-type, made from four PVC plastic com-
pounds and intended for use with Iron Pipe Size (IPS)
outside-diameter plastic pipe. (See Specification D1785.)

4.1.1 Fittings covered by this specification are normally
molded. In-line fittings, such as couplings, unions, bushings,
caps, nipples, and the like, shall be molded or machined from
extruded stock.

4.1.2_Fittings fabricated by back welding or butt fusion are

SD-2467

6.3 Burst Pressure:

6.3.1 The minimum burst strength of the fittings shall be
not less than that calculated for the size and wall thickness of
the pipe with which it is to be used, when calculated from the
following equation and using a stress of 6400 psi for 8-in. and
smaller fittings, and a stress of 5100 psi for fittings larger than
8-in. when the cell class is 12454, 13354 and 11443. When the
cell class is 14333 a stress of 5000 psi is used in the equation
for fittings 8-in. and smaller:

S=P(D_ —1)/21 (2)

not influded in this specification.

5. M4

5.1|This specification covers PVC pipe fittings made from
five PVC plastics as classified in Specification D1784. These
are PYC 12454, 11443, and 14333.

5.2 |Compound—The PVC plastic compound shall meet the
requirpments of PVC 12454, 11443, or 14333, as described in
Specification D1784.

5.3
their
duced

terials and Manufacture

Rework Material—The manufacturers shall use only
wn clean rework fitting material and the fittings pro-
shall meet all the requirements of this specification.

6. Refjuirements

6.1 |Dimensions and Tolerances:

6.1l Fitting sockets inside diameters (waterways), mini-
mum [wall thicknesses, and dimensions shall be as shown in
Tabled 1-5 when measured in accordance with Test Method
D2122.

6.1.2 When multistep reducer bushings are cored out,.the
inner [socket shall be reinforced from the outer wall by a
mininjum of three ribs extending from the top of the” inner
sockef to the deepest extremity of the coring. THe transition
from D to DJ (Table 4) shall be straight, taperedyas shown, or
radiuspd. A positive taper in the same direction of the taper in
the sogket on the outside diameter of the-bushing is optional
(see XJA/XB in Table 3). Any point measured along the outside
diameler of the bushing (between points XA and XB) shall not
fall bglow minimum pipe OD.,

6.1.3 The minimum wall thickness of fittings shall be 125 %
of thel minimum wall thiekness of the corresponding size of
Schedple 80 pipe for which they are designed to be used,
excepf that for the soeket, the wall thickness shall be at least
equal fo the minimuir'wall thickness of the corresponding size
of Schedule 80\ pipe.

6.1.¢ Thesminimum inside diameter of the fittings shall

hoop stress, psi (MPa)
internal pressure, psi (MPa),
average outside diameter, in. (nmn), and|

R R I

minimum wall thicknessyin. (mm)

Fittings tested in accordance with 8.5 shall withstand the
minimum burst pressure showfiiin Table 6.

6.3.2 Pressures shown aré/ninimum burst pressy
not imply rated working pressures. The burst presst
used only as an indication of quality.

res and do
re shall be

7. Workmanship; Finish, and Appearance

7.1 The fittihgs shall be homogeneous throughofit and free
of cracks))heles, foreign inclusions, or other ddfects. The
fittings\shdll be as uniform as commercially prafticable in
colokopacity, density, and other physical propertids.

8.> Test Methods

8.1 Conditioning—Condition the test specimens
3.6°F (23 = 2°C) and 50 = 10 % relative humidity for not less
than 40 h prior to test in accordance with Procgdure A of
Practice D618, for those tests where conditioning ifs required.

at 73.4 =

8.2 Test Conditions—Conduct tests in the Standqrd Labora-
tory Atmosphere of 73.4 * 3.6°F (23 £ 2°C) and[50 £ 5%
relative humidity, unless otherwise specified in the| test meth-
ods or in this specification.

8.3 Sampling—A sufficient quantity of fittings
upon between the seller and the purchaser shall be
random from each lot or shipment and tested to det
the basic design is in conformance with this specif

as agreed
selected at
trmine that
cation.

Note 3—For individual orders or specifications where gupplemental

tests are required, only those tests and numbers of tests speciffically agreed
upon between purchaser and seller need be conducted.

8.4 Threads—All taper pipe threads shall bg
accordance with Specification F1498.

gaged in

st pressure
re B. The

be nof lessfhan the minimum specified inside diameter of the 8.5 Burst Pressure—Determine the minimum buj
correspotiding size of Schedule 80 pipe. This is calculated as in accordance with Test Method D1599, Procedy
follows: pressure shall be applied at a uniform rate such that the

(1

6.1.5 Minimum dimensions have zero negative tolerance.
Tolerances on other dimensions are shown in Table 1 and Table
3.

6.2 Threads—For all fittings having taper pipe threads,
threads shall conform to Specification F1498 and be gaged in
accordance with 8.4.

(minimum OD) — 2 X (maximum wall) = minimum ID

59

minimum allowable burst pressure is attained in 60 to 70 s.

9. Retest and Rejection

9.1 If the results of any test(s) do not meet the requirements
of this specification, the tests(s) shall be conducted again only
by agreement between the purchaser and seller. Under such
agreement, minimum requirements shall not be lowered,
changed, or modified, nor shall specification limits be changed.
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TABLE 2 Dimensions of 90° Ells, Tees, Crosses, 45° Elbows and Couplings (Straight Sizes), in. (mm)*

SD-2467

— rr
p—u 32
_l_
L
p—tt —p—n -
TEE 90° ELBOW 45° ELBOW COUPLING
) Centerio Thread Length of Centerio Thread Thread End to
N‘;,ri‘gga End, 90° Elbows, Thread, T, End, 45° Elbow,®  Inside Diameter ?ﬁr;k':zss”?__” Outside Diameter Thread End of
Si Tees, min K, min of Fitting, D, min S of Hub, M, min Coupling, L, min
ize B . min
Crosses,” H, min
% 0.688 (17.48) 0.38 (9.65) 0.625 (15.88) 0.215 (5.46) 0.118 0.645 (16.40) 0.813 (20.65)
Vs 0.812 (20.63) 0.50 (12.70) 0.688 (17.48) 0.302 (7.67) 0.149 0.840 (21.3Q) 1.063 (27.00)
A 0.938 (23.83) 0.50 (12.70) 0.750 (19.05) 0.423 (10.74) 0.160 1.000((25.40) 1.063 (27.00)
A 1.125 (28.58) 0.64 (16.26) 0.750 (19.05) 0.550 (13.97) 0.185 1.280 (32.50) 1.344 (34.14)
A 1.250 (31.75) 0.65 (16.51) 1.000 (25.40) 0.750 (19.05) 0.195 1,500 (38.10) 1.500 (38.10)
1 1.500 (38.10) 0.81 (20.57) 1.125 (28.58) 0.960 (24.38) 0.225 1:810 (45.97) 1.688 (42.88)
1Va 1.750 (44.45) 0.85 (21.59) 1.313 (33.35) 1.280 (32.51) 0.261 2.200 (55.88) 1.750 (44.45)
1 1.938 (49.23) 0.85 (21.54) 1.438 (36.53) 1.500 (38.10) 0.270 2.500 (63.50) 2.000 (50.80)
2 2.250 (57.15) 0.90 (22.86) 1.625 (41.28) 1.940 (49.28) 0.297 3.000 (76.20) 2.063 (52.40)
21 2.688 (68.28) 1.21 (30.73) 1.938 (49.23) 2.320 (58.93) 0.345 3.580 (90.42) 2.625 (66.68)
3 3.063 (77.80) 1.30 (33.02) 2.125 (53.48) 2.900 (73.66) 0.405 4.300 (104.22) 2.750 (69.85)
4 3.625 (92.08) 1.38 (35.05) 2.625 (66.68) 3.830 (97.28) Q450 5.430 (137.92) 3.000 (76.20)
6 5.125 (130.18) 1.50 (38.10) 3.250 (82.55) 5.761 (146.33) 0540 7.625 (193.68) 3.250 (82.55)

A The skdtches and designs of fittings shown are illustrative only.

B This din

If upon
sented
specifig
10. Pr¢

10.1

ension locates the end of the fitting.

retest, failure occurs, the quantity of product repre-
by the test(s) does not meet the requirements of this
ation.
pduct Marking

Quality of Marking—The markings shall be applied to

the fittings in such a manner that they remain l¢gible under

normal

10.2
followi
10.2.
11443,
10.2.
evaluat
10.2.
10.2.
D2467.
10.3
markin

quence
or tradg

handling and installation practices.

Content of Marking—Fittings shall be marked with the
hg:

| Material designation PVC I fon PVC 12454, PVC 13
and PVC II for PVC-14333,

D The seal or mark of the laboratory making the
on for potable water contact,

B Size, and

1 ASME SD-2467-0r both ASME SD-2467 and ASTM

Where thé'size of the fitting does not allow complete
p, omiti\jdentification marking in the following se-

siZze,>material designation, manufacturer’s name
mark.

10.4 Marking or symbols shall be molded, lhot-stamped, or

applied to fittings by any other suitable m
printing.

10.5 Where recessed marking is used, care s
see that in no case does marking cause crack
wall thickness below the minimum specified.

11. Quality Assurance

11.1 Quality Assurance—The manufacturer
product was inspected, sampled, and tested in a
this specification and has been found to meet th
of this specification.

12. Certification
12.1 Certification shall be as required by A

13. Keywords
13.1 blunt start thread; fittings; IPS; PVC;

tthod, such as

hall be taken to
or reduce the

hffirms that the
ccordance with
e requirements

nnex Al.

Schedule 80;

sockets; thread
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TABLE 3 Minimum Dimensions from Center to End of Sockets
(Laying Length) for Couplings, Tees, 90° and 45° Elbows, PVC
Socket-Type Pipe Fittings, Schedule 80, in. (mm)*

=

4
G
T\ 1
6
|
I
4
by
o
____T_ N
—f ¢ b—
Nominal G, min J, min N, min
Pipe Size
Y8 4 (6.35) % (3.18) 16 (1.59)
Va %6 (7.94) %32 (3.97) 16 (1.59)
% ¥ (9.53) %16 (4.76) %32 (2.38)
Yo 2 (12.70) 4 (6.35) %2 (2138)
s %e (14.29) %16 (7.94) %32 (2.38)
1 11416 (17.46) %6 (7.94) %32 (2.38)
1Va 7 (22.22) ¥ (9.53) Y3 (2.38)
114 1 (25.40) 76 (11.11) %32 (2.38)
2 14 (31.75) % (15.88) %32 (2.38)
2V 112 (38.10) 116 (17.46) %16 (4.76)
3 11%46 (46.04) %4 (19.05) %6 (4.76)
312 2% (53.98) 1 (25.40) %16 (4.76)
4 2%16 (58.74) 125.40) %16 (4.76)
5 3 (76.20) 1% (34.93) %6 (4.76)
6 32 (88.90) 184 (44.45) 4 (6.35)
8 42 (114.30) 2 (50.80) 4 (6.35)
10 5146 (144.46) 24 (57.15) 4 (6.35)
12 67 (174.68) 2> (63.50) ¥ (9.53)

A The sketches and designs of fittings are illustrative only (taken from Symbols

D2749).

62



https://asmenormdoc.com/api2/?name=ASME NM.3.1 2018.pdf

ASME NM.3.1-2018

SD-2467

TABLE 4 Symbols for Dimensions of Reducer Bushings, PVC Socket-Type Pipe Fittings, Schedule 80,” in. (mm)

4
EN—]
’
XA A ANAT, m
2 XA _2 gf_EJ XA AIY
% c =7 EN —4.5.—5.1 XA
1| oM 7178 —4—EN
8 /1 - 1% Ei—
7 - Z 1%
XB D—y//] xB XB 7 B
D N—pi—

-

c

L
T

(o3 ]

1

Nominal Size Outside Diameter Tolerance on Outside Diameter Tolerance on Maximum Put-of-Roundness
XA Outside Diameter XB Outside Diameter (maxJ}, minus min.)
Ya by Ve 0.540 (13.72) +0.007 — 0.004 (0.18 — 0.10) 0.540 (13.72) +0.004 (0.10) 0.016 (0.41)
s by Vs, Vs 0.675 (17.41) +0.007 — 0.004 (0.18 — 0.10) 0.675 (17.41) +0.004 (0.10) 0.016 (0.41)
Yo by %, Va 0.840 (21.34) +0.007 — 0.004 (0.18 — 0.10) 0.840 (21.34) +0.004 (0.10Q) 0.016 (0.41)
3k by V2, 3%, Va 1.050 (26.67) +0.007 — 0.004 (0.18 — 0.10) 1.050 (26.67) +0.0044(0:10) 0.020 (0.51)
1by V2, ¥ 1.315 (33.40) +0.008 — 0.005 (0.20 — 0.13) 1.315 (33.40) +0,005,(0:13) 0.020 (0.51)
1)/a by o, ¥4, 1 1.660 (42.16) +0.008 — 0.005 (0.20 — 0.13) 1.660 (42.16) +0,005 (0.13) 0.024 (0.61)
112lby V2, ¥4, 1, 14 1.900 (48.26) +0.010 — 0.006 (0.25 — 0.15) 1.900 (48.26) +0.006 (0.15) 0.024 (0.61)
2 by|z, ¥, 1, 1V, 112 2.375 (60.33) +0.010 — 0.006 (0.25 — 0.15) 2.375 (60.33) +0.006 (0.15) 0.24 (0.61)
21 by 2 2.875 (73.03) +0.012 — 0.007 (0.30 — 0.18) 2.875 (73.03) +0.007 (0.18) 0.930 (0.76)
3 by 2%, 2 3.500 (88.90) +0.013 — 0.008 (0.33 — 0.20) 3.500 (88.90) +0.008 (0.20) 0.030 (0.76)
B> by 21, 2 4.000 (101.60) +0.013 — 0.008 (0.33 — 0.20) 4.000 (101.60) +0.008 (0.20) 0.030 (0.76)
4 Ry 3%, 3, 2%, 2 4.500 (114.30) +0.015 — 0.009 (0.38 — 0.23) 4.500 (114,30) +0.009 (0.23) 0.030 (0.76)
5by 4 5.563 (141.30) +0.017 — 0.010 (0.43 — 0.25) 5.563(141:30) +0.010 (0.25) 0.060 (1.52)
6 by 5 6.625 (168.28) +0.018 — 0.011 (0.46 — 0.28) 6.625) (168.28) +0.011 (0.28) 0.70 (1.78)
8 by 6 8.625 (219.08) +0.025 — 0.015 (0.64 — 0.38) 8.625 (219.08) +0.015 (0.38) 0.090 (2.29)
10 by 6 10.750 (273.05) +0.025 — 0.015 (0.64 — 0.38) 10750 (273.05) +0.015 (0.38) 0.100 (2.54)
10 by 8 10.750 (273.05) +0.025 — 0.015 (0.64 — 0.38) 10.750 (273.05) +0.015 (0.38) 0.100 (2.54)
12 by 6 12.750 (323.85) +0.025 — 0.015 (0.64 — 0.38) 12.750 (323.85) +0.015 (0.38) 0.]120 (3.05)
12 by 8 12.750 (323.85) +0.025 — 0.015 (0.64 —0'38) 12.750 (323.85) +0.015 (0.38) 0.120 (3.05)
12 by 10 12.750 (323.85) +0.025 — 0.015 (0.64 < 0.38) 12.750 (323.85) +0.015 (0.38) 0.120 (3.05)
A The skktches and designs of fittings are illustrative only (taken from Symbgls D2749).

TABLE-5 Dimensions of Plugs and Caps, in.

=}

=i

,LI

— M —
PLUG cap
Nopminal Length of Length of Width of Nominal Wall Height of Head, Cap Height, Putside Diameter
Pipg¢ Size Male Thread, Female Thread, Flats,” Thickness, R, min W, min of Hub,
S, min T, min Q, min F, min M, min
V8 0.3147°87) 0.38 (9.65) 0.469 (11.19) 0.108 (2.74) 0.188 (4.76) 0.625 (15.88) 0.645 (16.38)
Va 0,44(11.18) 0.50 (12.70) 0.625 (15.88) 0.135 (3.43) 0.188 (4.76) 0.688 (17.48) 0.840 (21.34)
7 0,44 (11.18) 0.50 (12.70) 0.750 (14.05) 0.144 (3.66) 0.188 (4.76) 0.688 (17.48) 1.000 (25.40)
V2 353 (13.45) 0.64 (16.26) 0.938 (23.83) 0.198 (5.03) 0.188 (4.76) 0.875 (22.23) 1.280 (32.51)
B/a 0.55 (13.97) 0.65 (16.51) 1.125 (28.58) 0.207 (5.26) 0.219 (5.56) 1.000 (25.40) 1.450 (36.80)
1 0.68 (17.27) 0.81 (20.57) 1.375 (34.93) 0.225 (5.72) 0.219 (5.56) 1.188 (30.18) 1.810 (45.97)
Va 0.71 (18.03) 0.85 (21.59) 1.750 (44.45) 0.261 (6.63) 0.281 (7.14) 1.250 (31.75) 2.200 (55.88)
3 0.72 (18.29) 0.85 (21.59) 1.875 (47.63) 0.270 (6.86) 0.313 (7.95) 1.250 (31.75) 2.450 (62.23)
2 076 (10 Qﬂ) 0.90 (')9 88) 1875 (47 683) 0207 (7 L'.A) 0313 (7 AR) 1375 ('-IA QQ) 3.000 (7620)
2 1.14 (28.96) 1.21 (30.73) 1.875 (47.63) 0.369 (9.37) 0.375 (9.53) 1.625 (41.28) 3.560 (90.42)
3 1.20 (30.48) 1.30 (33.02) 2.000 (50.80) 0.405 (10.29) 0.375 (9.53) 1.750 (44.45) 4.250 (107.90)
4 1.30 (33.02) 1.38 (35.05) 2.000 (50.80) 0.450 (11.43) 0.375 (9.53) 2.000 (50.80) 5.350 (134.62)
6 1.44 (36.58) 1.50 (38.10) 2.000 (50.80) 0.504 (12.80) 0.500 (12.70) 2.125 (53.98) 7.625 (193.00)

A At the manufacturer’'s option the head of the plug may be hexagonal, octagonal, square, or round. The sketches and designs of fittings shown are illustrative only.
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TABLE 6 Burst Pressure Requirements for Water at 73°F (23°C)
for PVC Socket-Type Pipe Fittings, Schedule 80

Minimum Burst Strength

Nominal Classes 12454, 13354, and Class 14333
Size, in. 11443
psi MPa psi MPa
Ve 3920 27.03 3060 21.10
Va 3620 24.96 2830 19.51
% 2940 20.27 2300 15.86
o 2720 18.75 2120 14.62
Ya 2200 15.17 1720 11.36
1 2020 13.93 1580 10.89
1a 1660 11.44 1300 8.96
114 1510 10.41 1180 844
2 1290 8.89 1010 6,96
212 1360 9.38 1060 731
3 1200 8.27 940 6.48
312 1110 7.65 860 5.93
4 1040 717 810 5.58
5 930 6.41 720 4.96
6 890 6.14 700 4.83
8 790 5.45 620 4.27
10 600 414
12 580 4.00

S1. Respons|

bility for Inspection—Unless otherwise speci

fied in the con

ract or purchase order, the producer is respon-

sible for the pprformance of all inspection and test teguire-
ments specified herein. The producer may use his own-or any
other suitable facilities for the performance of the inspection
and test requirements specified herein, unlesS\the purchaser
disapproves. Tle purchaser shall have the right to perform any

of the inspectid
such inspectior
conforms to pr

Note S1.1—In
inspection.

S2. Packagi
ment:

ns and tests set forth in tHis,specification where
s are deemed necessary fo ensure that material
escribed requirements,

U.S. Federal contraets, the contractor is responsible for

ng and Marking for U.S. Government Procure-

POTABLE WATER REQUIREMENT

SUPPLEMENTARY REQUIREMENTS
GOVERNMENT / MILITARY PROCUREMENT

These requirements apply only to Federal / Military_procurement, not domestic sales or transfers.

S2.1 Packaging—Unless otherwise specified
contract, the materials shall be packaged in accordan
the supplier’s standard practice in a manner ensuring ai
destination in satisfactory condition and which will be
able to the carrier at lowest rates. Containers and packi
comply with Uniform Freight Classification rules or N
Motor Freight Classification rules.

S2.2 Marking—Marking for shipment shall be in
dance with Fed. Std. No. 123 for civil agencies and MI
129 for military agencies.

Note S2.1— The inclusion of U.S. Government procurement
ments should not be construed as an indication that the U.S. Goy
uses or endorses the products described in this document.

in the
ce with
rrival at
accept-
hg shall
[ational

accor-
-STD-

require-
ernment

This requirement applies whenever a Regulatory Authority or user calls for product to be used to convey or to be in contact with
potable water.

S3. Products intended for contact with potable water shall
be evaluated, tested and certified for conformance with ANSI/

NSF Standard

No. 61 or the health effects portion of NSF

Standard No. 14 by an acceptable certifying organization when
required by the regulatory authority having jurisdiction.
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ANNEX

(Mandatory Information)

Al. CERTIFICATION

The producer or supplier shall furnish a certificate of compliance stating that the material was manufactured, sampled,
tested, and inspected in accordance with the Specification, including year date, the Supplementary Requirements, and
any other requirement designated in the purchase order or contract, and that the results met the requirements of that
Sppoifir‘minn the QIIPPIPmPntan RPqnierPntQ and the other qunierPntq A Qignmnrp Qor notarization is not quuired
on fhe certificate of compliance, but the document shall be dated and shall clearly identify the organization Salhmitting

the|certificate. Notwithstanding the absence of a signature or notarization, the certifying organization is respongible for
the{contents of the document.
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ASME NM.3.1-2018 SD-2513

SPECIFICATION FOR POLYETHYLENE (PE) GAS
PRESSURE PIPE, TUBING, AND FITTINGS

@Z@ SD-2513

(Identical with ASTM D2513-14e1 except for additional requirements in section 9 and Annex A3, revision to para. 1.4,
revised marking requirements in paras. 7.1, 7.2@nd 7.5, changes from "ANSI" to "ASME" in paras. 2.2, 3.2, and 5.15 an
paras. X1.3.4, X1.5.1, and X1.6.1, and quality assurance requirement in para. 8.1 has been made mandatory.)
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Specification for

ASME NM.3.1-2018

Polyethylene (PE) Gas Pressure Pipe, Tubing, and Fittings

1. Scope

1.1 This spefification covers requirements and test methods
for material dimensions and tolerances, hydrostatic burst
strength, chemijcal resistance, and rapid crack resistance of
polyethylene pipe, tubing, and fittings for use in fuel gas mains
and services fof direct burial and reliner applications. The pipe
and fittings covered by this specification are intended for use in
the distribution|of natural gas. Requirements for the qualifying
of polyethyleng systems for use with liquefied petroleum gas
are also covered.

1.1.1 This specification does not cover threaded pipe. De-
sign considerafions are discussed in Appendix X1. In-plant
quality control programs are specified in Annex Al and Annex
A2.

1.1.2 See Specification F2619/F2619M for polyethylene
piping for prepsure or non-pressure oil and gas producing
applications to| convey fluids such as oil, dry or wet gas,
multiphase fluifls, and non-potable oilfield water.

1.2 The textlof this specification references notes, footnotes,
and appendixep which provide explanatory material. These
notes and footnptes (excluding those in tables and figures) shall
not be consideged as requirements of the specification.

1.3 The valyes stated in inch-pound units are to be gegarded
values given in parentheses are mathématical
conversions to [SI units that are provided for information only
and are not considered standard.

1.4 The follpwing is an index of the annexes and appendix
in this specificgtion:

Annex Subject
Annex A1 InPlant Quality Control fer_al,materials up to 12 in.
Annex A2 InPlant Quality Control for\PE materials 14 in. and larger
Annex A3 Cdtification
Appendixes Subject
Appendix Dgsign Consideration
X1

1.5 The follpwing precautionary caveat pertains only to the
test method pprtion, Section 6, of this specification. This

standard does not purport to address all of the safety-¢d
if any, associated with its use. It is the responsibility0f
of this standard to establish appropriate safety”’and
practices and determine the applicability ofwegtilatory
tions prior to use.

2. Referenced Documents

2.1 ASTM Standards:

2.1.1  Terminology:

D1600 Terminology for.Abbreviated Terms Relating
tics

F412 Terminology Relating to Plastic Piping Systen|
2.1.2  Test Methods for:

D638 Test Methed for Tensile Properties of Plastics

D1238 Test\Method for Melt Flow Rates of Thermo,
by Exfrusion Plastometer

D159%Test Method for Time-to-Failure of Plast
Wnder Constant Internal Pressure

D1599 Test Method for Resistance to Short-Time Hy
Pressure of Plastic Pipe, Tubing, and Fittings

D2122 Test Method for Determining Dimensions o
moplastic Pipe and Fittings

D2290 Test Method for Apparent Hoop Tensile Stre
Plastic or Reinforced Plastic Pipe

D2837 Test Method for Obtaining Hydrostatic Desi
for Thermoplastic Pipe Materials or Pressure Desi
for Thermoplastic Pipe Products

F1473 Test Method for Notch Tensile Test to Meas
Resistance to Slow Crack Growth of Polyethylen|
and Resins
2.1.3  Practices for:

D543 Practices for Evaluating the Resistance of Pl
Chemical Reagents

D618 Practice for Conditioning Plastics for Testing

D1435 Practice for Outdoor Weathering of Plastics

D1898 Practice for Sampling of Plastics (Withdrawn|

ncerns,
he user
health
limita-

to Plas-

S

plastics
¢ Pipe
draulic
f Ther-
ngth of

Basis
n Basis

ure the

e Pipes

stics to

1998)
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D2774 Practice for Underground Installation of Thermoplas-
tic Pressure Piping

D2565 Practice for Xenon-Arc Exposure of Plastics In-
tended for Outdoor Applications

F2620 Practice for Heat Fusion Joining of Polyethylene Pipe
and Fittings

G155 Practice for Operating Xenon Arc Light Apparatus for
Exposure of Non-Metallic Materials

2.1.4  Specification for:
D2683Specificationfor-Socke pe-Polyethylene Fittings
for |Outside Diameter-Controlled Polyethylene Pipe and

Specification for Electrofusion Type Polyethylene
ngs for Outside Diameter Controlled Polyethylene
Crosslinked Polyethylene (PEX) Pipe and Tubing
Specification for Tools to Squeeze-off Polyethylene
Gas Pipe or Tubing
Specification for Excess Flow Valves for Natural Gas
ice
F2619M Specification for High-Density Polyethylene
Line Pipe
F2897 Specification for Tracking and Traceability Encoding
System of Natural Gas Distribution Components (Pipe,
Tubling, Fittings, Valves, and Appurtenances)

2.2 ABME Standards:

B 16,40 Manually Operated Thermoplastic Gas Shutoffs
and|Valves in Gas Distribution Systems

B 31.8 Gas Transmission and Distribution Piping’ Systems

2.3 Fgderal Specifications:

Fed. Jtd. No. 123 Marking for Shipment(Civil Agencies)

OPS 49 CFR Part 192 Title 49, Cade) of Federal Regula-
tiong

2.4 Military Standards:

MIL-§TD-129 Marking for\Shipment and Storage

MIL-§TD-1235 (ORD) Single- and Multi-Level Continuous
Sanjpling Procedurés-and Tables for Inspection by Attri-
butds

2.5 140 Standards:

ISO 44137 Buried polyethylene (PE) pipes for the supply of
gasg¢ous-fuels-Metric series-Specifications

ISO 9080 Thermoplastics Pipes for the Transport of

F1563
(PE
F2138
Sery
F2619
(PE

SD-2513

ISO 12162 Thermoplastic Materials for Pipes and Fittings
for  Pressure  Applications—Classification  and
Designation—Overall Service (Design) Coefficient

ISO 13477 Thermoplastics pipes for the conveyance of
fluids — Determination of resistance to rapid crack propa-
gation (RCP) — Small scale steady-state test (S4 test)

ISO 13478 Thermoplastics pipe for the conveyance of fluids

— Determination of resistance to rapid crack propagation

(RCP) - Full-scale test (FST)

PPI TR-3 HDB/HDS /PDB/ SDB/MRS Polici

PPI TR-4 HDB/HDS/SDB/PDB/MRS Listed

PPI TR-33 Generic Butt Fusion Joining forj
Gas Pipe

PPI TR-41 Generic Saddle Fusion Joining
Polyethylene Gas Piping

PPI TN-30/2006 Requirements for the Use of
terials in Polyethylen& Gas Pipe

PPI TR-9 Recommended Design Factors and
ficients for Thérmioplastic Pressure pipe

2.7 Other Doeumnents:

National Eire Protection Association: NFPA 3
Handling Liquefied Petroleum Gases

3. Terminology

3.1 Definitions—Definitions are in accordand
nology F412, and abbreviations are in accordand
nology D1600, unless otherwise specified.

3.2 The gas industry terminology used in thi
is in accordance with ASME B31.8 or OPS 49
unless otherwise indicated.

3.3 The term pipe used herein refers to both p
unless specifically stated otherwise.

3.4 re-rounding equipment—equipment used
pipe and permanently reduce ovality to 5 % or

3.5 rounding equipment—equipment, deviceq
so forth, used to temporarily hold the pipe
out-of-roundness measurements are made, or a
dure (heat fusion, electrofusion, or mechanical)

3.6 pipe material designated code—the pipe

es
Materials
Polyethylene

Procedure for
Rework Ma-

Design Coef-

8 Storage and

e with Termi-
e with Termi-

specification
"FR Part 192,

pe and tubing

to reform the
ess.

, clamps, and
round while
oining proce-
is performed.

material des-

ignation code shall consist of the abbreviation for the type of

plastic (PE) followed by Arabic numerals whic
short term properties in accordance with applic
tion D3350, the hydrostatic design stress for w|
(23°C) in units of 100 psi with any decimal fig

h describe the
ble Specifica-
ater at 73.4°F
ures dropped.

Fluids—Methods of Extrapolation of Hydrostatic Stress
Rupture Data to Determine Long-Term Hydrostatic
Strength of Thermoplastic Pipe Materials
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WNEre tne hydrostatiC design SireSs code contains

less than two

figures, a zero is used before the number. Thus, a complete
material designation code shall consist of PE and four figures
for PE materials. For example, PE2708 is a grade PE27
polyethylene with an 800psi design stress for water at 73.4°F
(23°C). The hydrostatic design stresses for gas are not used in

this designation code.
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3.7 dimension ratio (DR)—the ratio of pipe diameter to wall
thickness. It is calculated by dividing the specified outside
diameter of the pipe, in inches (mm), by the minimum specified
wall thickness, in inches (mm). The standard dimension ratio
(SDR) is a common numbering system which is derived from
the ANSI preferred number series R 10.

3.8 toe-in—a small reduction of the outside diameter at the
cut end of a length of thermoplastic pipe.

4. Materials

ASME NM.3.1-2018

affect the pipelines that are in service. They can still be used for gas
distribution. The main reason for removing these materials from this
standard is to reflect the current state of the art in PE gas distribution

piping.

4.5 Resistance to Slow Crack Growth (SCG)—Use Test
Method F1473 on compression molded plaques at a stress of
2.4 MPa based on the unnotched area and a test temperature of
80°C. Notch depth shall be in accordance with Table 1 in Test
Method F1473. Materials shall meet the Slow Crack Growth
Resistance requirements in Table 1.

4.1 Genpral—The PE used to make pipe and fittings shall be
PE or rewqrked PE (see 4.2 and 4.4) and shall have a Plastics
Pipe Instithte (PPI) long-term hydrostatic design stress and
hydrostatid design basis rating.

4.2 Rewprk Material—Clean rework material of the same
commercidl designation, generated from the manufacturer’s
own pipe find fitting production shall not be used unless the
pipe and flitting produced meet all the requirements of this
specificatign. The use of these rework materials shall be
governed By the requirements of 4.3 and PPI TN-30/2006. In
pipe, rewofk materials shall be limited to a maximum of 30 %
by weight.

Note 1—The requirements for rework materials herein are intended to
incorporate frudent specifications to ensure that the potential for contami-
nation in gas|piping products, that meet this specification, is reduced to the
extent possiljle. It is imperative to emphasize that rework materials have
not been ideftified as the cause of any field failures. The requirements for
rework mateyials were developed by the consensus of interested parties
including prpduct manufacturers, gas utility companies, and regulatory
agencies.

4.3 Docpmentation—A documentation system to allow for
traceability of raw materials including percentage and material
classificatipn (or designation, if applicable) of rework materials
used in tHe manufacture of the pipe product meeting the
requiremerfts of this specification shall exist and be supplied to
the purchager, if requested.

4.4 Clagssification—Polyethylene materialsysuitable for use
in the manfifacture of pipe and fittings under this specification
shall mee{ Table 1 requirements for\the applicable pipe
material dgsignation code.

Note 2—References and material descriptions for PE 2306, PE 2406,
PE 2606, PH 3306, PE 3406, PE 3408PE 3608, PE 3710, and PE 4608
have been removed from D2513~Elimination of these materials does not

TABLE 1 Polyethylene Compound Requirements

4.6 Additive Classes—Polyethylene material compounds
shall meet Specification D3350 code C or E. Code C'mpterial
compounds shall have 2 to 3 percent carbon black. Code E
material compounds shall be yellow with UY stabilizer

4.7 Thermal Stability—The PE material'shall contaif] suffi-
cient antioxidant so that the minimum ‘induction tempgrature
shall be 428°F (220°C) when tested in accordancgd with
Specification D3350. The sample/shall be representative|of the
cross section of the pipe or fittigs.

4.8 Hydrostatic Design.Basis (HDB) Substantiation —The
HDB for PE materials at 78°F (23°C) shall be substantigted to
be linear to 50 years ds)per Test Method D2837, Section 5.7.

Note 3—The lodg-term hydrostatic strength at 50 years in acc¢rdance
with Test Method D2837 is not to be used for any pressure rating
calculations. The MAOP is still calculated using the HDB obtaing¢d from
Test Method “D2837 long-term hydrostatic strength at 100 000| h. PE
compounds*with a thermoplastic pipe material designation codd of PE
2708 and’PE 4710 as well as those compounds denoted in PPI TR{-4 with
an asterisk (*) meet the substantiation requirement of Test Method [D2837.

4.9 Resistance to Rapid Crack Propagation (RCP) for
‘Material —The PE material classification (formulation) ysed in
the manufacture of pipe and fittings under this specification
shall be tested for resistance to failure by RCP in accofdance
with the procedures set forth in ISO 13477 (S4 Test) qr ISO
13478 (Full Scale Test (FST)). The data obtained shall bd made
available upon request without limitations on disclosurg, and
shall not subsequently be subject to disclosure limitationd when
used by others. The values obtained are applicable to al] pipes
with the wall thickness of the pipe tested and all thinngr wall
pipes. In case of conflict, the RCP results of ISO 1347§ shall

apply.

Note 4—While S4 or FST testing of any combination of joutside
diameter and SDR is permitted in fulfillment of the requirement for testing

Pipe Material Designation Code

PE 2708 PE 4710
Dehsity ‘Gel| Classification per Specification 2 4
f D3350
CGLR, ict: Call !‘Ianniﬂ ation pr\r Z Z
Specification D3350
HDS for water at 73°F (23°C) per Test 800 (5.5) 1000 (6.9)
Method D2837 and PPI TR-3, psi (MPa)
Color and UV Stabilizer Code per Speciif- CorE CorE

cation D3350
Melt flow rate per Test Method D1238, g/10
min
HDB at 73°F (23°C) per Test Method
D2837 and PPI TR-3, psi (MPa)
Minimum HDB at 140°F (60°C) per Test
Method D2837 and PPI TR-3, psi (MPa)

=0.40 Cond. 190/2.16 or
=20 Cond. 190/21.6

=0.15 Cond. 190/2.16 or
=20 Cond. 190/21.6
1250 (8.6) 1600 (11.0)

800 (5.5) 800 (5.5)
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PE material resistance to RCP, S4 testing of SDR 9 or SDR 11 PE pipe
specimens is currently the most common industry practice.

Note 5—Caution should be exercised in applying the RCP test results
obtained on one SDR or DR of pipe across a series of pipe SDR’s or DR’s
produced from the same PE material classification (formulation). Indus-
trial research to clarify the relationships between FST and S4 testing is
ongoing at this time, particularly as it relates to the applicability of RCP
test results obtained on one SDR or DR of pipe to other SDR’s or DR’s of
pipe produced from the same PE material classification (formulation).
Consult the resin manufacturer regarding the applicability of RCP test

results across diameters or SDR’s, or both. Additional information
regardipgthe use of RCP datais presented-in 1SQ 4437

SD-2513

5. Requirements

5.1 General—Pipe shall be supplied in either coils or
straight lengths. Any pipe supplied in coils must meet the same
requirements before and after coiling.

5.2 Workmanship—The pipe and fittings shall be homoge-
neous throughout and free of visible cracks, holes, foreign
inclusion, blisters, and dents, or other injurious defects. The
pipe and fittings shall be as uniform as commercially practi-
cable in color, opacity, density, and other physical properties.

4.1¢ UV Resistance—PE materials shall be Code C or E as
definefl in Specification D3350. Code C material shall contain
2 to 3 percent well dispersed carbon black, and due to the
absorgtive properties of the carbon black, is considered to be
stabiliped against deterioration from unprotected exposure to
UV f¢r not less than 10 years. Code E material shall be
stabiliged and protected against deterioration from unprotected
UV ejxposure for not less than 3 years.

4.19.1 PE compounds designated as Code C containing 2 to
3% cqdrbon black shall be considered stabilized against dete-
rioratipn for not less than 10 years without the need for
additipnal testing.

4.19.2 PE compounds designated as Code E shall be con-
siderefl stabilized against deterioration from unprotected expo-
sure fo UV for not less than 3 years when meeting the
following criteria following exposure to actual outdoor (natural
sunlight) weathering for up to 3 years in accordance with
Practige D1435 or accelerated weathering in accordance with
Practi¢e D2565 and Practice G155 for the equivalent of at leagt
3 yearfs natural sunlight: (a) all tensile bar specimens tested\in
accordance with Test Method D638 shall have an elongdtion at
break |value greater than 400% indicating the equivalency of
the PE material before and after UV exposuré\against the
elongdtion at break requirement in Specification D3350; and
(b) al] tensile bar specimens tested in agcordance with Test
Methdd D638 shall retain a minimum of£50% of their original
elongdtion at break values. Test data shall be made available
from the manufacturer upon request:

Nortg 6—Studies have shown HDPE exposed to Xenon Arc via Practice
G155-4 Cycle 1 give approximately 4.4 times the acceleration to outdoor
Floridajexposure. Therefore approximately 2000 hours Xenon Arc testing
would [equal about 1-yedr/eutdoor exposure in Florida or 2-years in
southern Canada.

Notg 7—The détermination for UV resistance is often based on
measurjng the ductility properties of the pipe material exposed to artificial
weathefing. These‘requirements and test methods are based on expected
UV eyposure)levels in North America. Alternate requirements and
alternafe determination methods may be appropriate in other regions of the

5.3 Pipe and Tubing Dimensions and Tolerance}:

5.3.1 Dimension—The dimensions shall be, ‘sflecified by
wall thickness and outside diameter.

5.3.1.1 Diameters—The outside diametef shall
requirements given in Table 2 or Table.3 when nf
accordance with 6.5.

5.3.1.2 Toe-In—When measured.in accordance with 6.5.1.1,
the outside diameter at the cut end of the pipe shall rfot be more
than 1.5 % smaller than “the” undistorted outsidd diameter.
Measurement of the undisterted outside diameter shill be made
no closer than 1.5 pip€ diameters or 11.8 in. {300 mm),
whichever distancé\is less, from the cut end of the pipe.
Undistorted outside diameter shall meet the requifements of
Table 2 or Table 3.

5.3.1.3¢Wall Thickness—The wall thickness shall be as
specifiednin Table 3 or Table 4 when measured in fccordance
with®6-5.1.2. The minimum wall thickness at anly point of
measurement shall be not less than the minimum wall thickness
specified in Table 3 or Table 4.

5.3.1.4 Wall Thickness Eccentricity Range—The [wall thick-
ness eccentricity range shall be within 12 % when npeasured in
accordance with 6.5.1.3.

5.3.1.5 Ovality—The ovality (cross section) of]
(88.9 mm) and smaller pipe shall not exceed
measured in accordance with 6.5.3. Measurement:
pipe shall be made on a sample cut from the coil,
of disagreement, conditioned per 6.3.

meet the
easured in

3 in. IPS
5 % when
of coiled
ind in case

, static soil
y; therefore,
nufacturing,
on, see (1).

ger than 3

Note 9—Other factors, that is, installation compactio]
loading, and dynamic vehicular loads may increase the ovalil
5 % was chosen as the limit for the amount contributed by m:
packing, in-plant storage, and shipping. For further informat|

(1) Before or during installation, coiled pipe la
in. IPS (88.9 mm) shall be processed by the installer through
re-rounding equipment that corrects ovality to 5 %|or less.

Note 10—Ovality is a packaging condition that occurs when roundable
pipe is wound into a coil—the pipe flattens out as it is coildd. Ovality is
corrected when joining equipment is applied to roundable pige, or by field
processing roundable pipe through re-rounding and straightening equip-
ment during installation.

5.3.1.6 Length—The pipe shall be supplied |n straight

world. A5 an exampic 150 4437 standard requires a minimuim resistance
to an accumulation of 3.6GJ for non-black polyethylene materials.

4.11 Qualification for LPG Service—Materials that qualify
for natural gas service and that carry a recommended HDB for
140°F in accordance with 5.6, also qualify for LPG service
without the need for further testing.

Note 8—The terms LPG and LPG gas are synonymous and only apply
to a particular kind of fuel gas. For compositions and properties of LPG
gases see NFPA 58, Appendix B.

71

lengths or coils as agreed upon between the manufacturer and
the purchaser. The length shall not be less than the minimum
length agreed upon when corrected to 73°F (23°C).

5.3.1.7 When sizes other than those listed in Table 2, Table
3 or Table 4 are used, tolerances shall be: for outside diameter,
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TABLE 2 Outside Diameters and Tolerances for Plastic Pipe, in. (mm)

Nominal Maximum Out-of-Roundness
Pipe Outside Diameter Tolerance SDR 17
Size SDR 325 SDR 26 SDR 21 SDR 135
SDR 11
o 0.840 (21.3) +0.004 (x0.102) 0.03(0.762) 0.016(0.406)
EZ) 1.050 (26.7) +0.004 (x0.102) 0.03(0.762) 0.02(0.508)
1 1.315 (33.4) +0.005 (+0.127) 0.03(0.762) 0.02(0.508)
1Va 1.660 (42.1) +0.005 (x0.127) 0.03(0.762) 0.024(0.61)
112 "900 (48-3) T0.006 (0.152) 0.06(1.524) 0.0227(0-0])
2 4.375 (60.3) +0.006 (+0.152) 0.06(1.524) 0.024(@-6[1)
2 3.875 (73.0) +0.007 (x0.179) 0.06(1.524) 0.03(0.76p)
3 3.500 (88.9) +0.008 (+0.203) 0.06(1.524) 9:03(0.76P)
3% 4.000 (101.6) +0.008 (+0.203) 0.1(2.5) 0:03(0.76R)
4 4.500 (114.3) +0.009 (x0.229) 0.1(2.5) 0.03(0.76R)
5 4.563 (141.3) +0.010 (+0.254) 0.1(2.5) 0.06(1.52%)
6 4.625 (168.3) +0.011 (x0.279) 0.12(3) 0.11(2.74) 0.1(2.5) 0.07(1.77B)
8 625 (219.1) +0.013 (x0.330) 0.24(6.1) 0.16(4.06) 0.12(3) 0.08(2.04]
10 1Q.750 (273.0) +0.015 (+0.381) 0.24(6.1) 0.2(5.08) 0.14(3.58) 0.1(2.5)
12 4.750 (323.8) +0.017 (x0.432) 0.28(7.12) 0.2(5.08) 0.14(3,58) 0.1(2.5)
14 14.000 (355.6) +0.063 (+1.60) 0.308(7.82) 0.224(5.68) 0.154(3:97) 0.112(2.8f#)
16 16.000 (406.4) +0.072 (+1.83) 0.352(8.94) 0.256(6.50) 04.76(4.47) 0.128(3.2p)
18 14.000 (457.2) +0.081 (x2.06) 0.396(10.05) 0.288(7.31) 0,198(5.02) 0.144(3.6p)
20 2(.000 (508.0) +0.090 (+2.29) 0.44(11.1) 0.32(8.12) 0.22(5.58) 0.16(4.08)
22 23.000 (558.8) +0.099 (£2.51) 0.484(12.29) 0.352(8.94) 0.242(6.14) 0.176(4.4f)
24 24.000 (609.6) +0.108 (x2.74) 0.528(13.41) 0.384(9.75) 0.264(6.70) 0.192(4.8f)

TABLE 3 RE Tubing-Diameters, Wall Thicknesses, and
Tolerances, in. (mm)

Nominal Outkide Minimum Wall
Tubing Diarheter Tolerance Wall Thickness
Size (CTS) Thickness Tolerance

Ya 0.375/(9.52)  +0.004 (+0.10)  0.062 (1.58)  +0.006 (+0.15)
¥ 0.500|(12.7) ~ +0.004 (+0.10)  0.062 (1.58)  +0.006 (+0.15)
V2 0.625|(15.9)  +0.004 (+0.10)  0.062 (1.58)  +0.006 (+0.15)
12 0.625|(15.9)  +0.004 (+0.10)  0.090 (2.27)  +0.009 (+0.23)
V2 0.625|(15.9)  +0.004 (+0.10)  0.104 (2.64) +0.010 (+0-28)
Ya 0.875|(22.2)  +0.004 (+0.10)  0.062 (1.58)  +0.006 (+Q:15)
Yy 0.875|(22.2)  +0.004 (+0.10)  0.077 (1.95)  +0.008 (%0.20)
¥ 0.875|(22.2)  +0.004 (+0.10)  0.090 (2.27)  +0.009 (+0.23)
1 1.125/(28.6)  +0.005 (+0.13)  0.062 (1.58) _ +0.007 (+0.18)
1 1.125|(28.6)  +0.005 (x0.13)  0.090 (2.27)~F0.011 (+0.28)
1 1.125|(28.6)  +0.005 (+0.13)  0.099 (2,61)._/ +0.012 (+0.31)
1 1.125(28.6)  +0.005 (+0.13)  0.101 (256)  +0.012 (+0.31)
1 1.125|(28.6)  +0.005 (+0.13) 0.121 (3.07)  +0.015 (+0.38)
1Va 1.375((34.9)  +0.005 (+0.13) Q0827(1.58)  +0.007 (+0.18)
1Va 1.375((834.9)  +0.005 (+0.13) ~0.090 (2.27)  +0.011 (+0.28)
1Va 1.375|(34.9)  +0.005 (+0.13)\N\@.121 (3.07)  +0.015 (+0.38)
1% 1.875|(47.6)  +0.006 (+0-5)~ 0.062 (1.58)  +0.007 (+0.18)

use same tolerance of n€xt smaller size; for wall thickness, use
same tolerance|percentage as shown in the tables.

5.4 Minimum Hydrostatic Burst Pressure/Apparent Tensile
Strength (Quic — T 1
ductile manner when tested in accordance with Test Method
D1599. For pipe sizes above 4-in. nominal diameter, the testing
lab shall be allowed to replace the quick burst test (Test
Method D1599) by the apparent ring tensile strength test (Test
Method D2290). The minimum apparent tensile strength at
yield when determined in accordance with 6.8 shall be 2520 psi
(17.4 MPa) for PE 2708 pipe or 2900 psi (20.0 MPa) for PE
4710 pipe.

Note 11—The requirements in 5.3.1.1 and 5.3.1.3 are for lgboratory
proof testing\only and should not be interpreted as applicable tp on-site
testing for) acceptance of installed systems larger than 12|in. See
appropriate installation standards or manufacturer’s recommenddtions for
field\test procedures.

5.5 Chemical Resistance—The pipe and fittings shall not
increase in weight more than 0.5 % (1.0 % for tolgene in
methanol). Where the test specimen is a pipe ring, the material
shall not change more than *12 % in apparent tensile yield
strength when measured in accordance with 6.9. Where(the test
specimen is a plaque, the material shall not change mdre than
*12 % in tensile strength at yield when measured i1 accor-
dance with Test Method D638.

Note 12—This pipe test is only an indication of what will happen as a
result of short term exposure to these chemicals. For longternp results,
additional testing is required.

5.6 Melt Index—Melt index is the flow rate of PE ipaterial
when measured in accordance with Test Method |[D1238,
condition 190/2.16 (formerly Condition E). Materigls that
record zero flow under condition 190/2.16 shall be measured in
accordance with condition 190/21.6 (formerly condifion F).
i i i ignated
category in Table 5. The sample shall be representative of the
cross section of the pipe or fitting and diced to an appropriate
size by a method not producing heat.

5.7 Sustained Pressure 73°F (23°C)—TFittings shall not fail
in less than 1000 h when tested in accordance with Test
Method D1598. For PE 2708 materials, the stress shall be 1320
psi, for PE 4710 materials, the stress shall be 1600 psi.

72
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TABLE 4 Wall Thicknesses and Tolerances for Plastic Pipe, in (mm)*2

Nominal Pipe Size

(IPS) DR¢ Minimum Tolerance
A o 0.062 (1.58) +0.007 (+0.178)
11.0 0.076 (1.93) +0.009 (+0.229)
9.33 0.090 (2.29) +0.011 (+0.279)
% o 0.090 (2.29) +0.011 (+0.279)
11.0 0.095 (2.41) +0.011 (+0.279)
Sch 40 0.113 (2.87) +0.014 (+0.356)
1 D 0.090 (2.29) +£0.011 (+0.279)
135 0.097 (2.46) +0.012 (+0.305)
11.0 0.120 (3.05) +0.014 (+0,856)
9.9 0.133 (3.38) +0.016 (£0:406)
9.33 0.140 (3.56) +0.017 (+0:432)
1Va b 0.090 (2.29) +0.011 (+0.279)
17.0 0.098 (2.49) 40,012 (+0.305)
135 0.123 (3.12) +0.015 (+0.381)
Sch 40 0.140 (3.56) +0.017 (+0.432)
11.0 0.151 (3.84) +0.018 (+0.457)
10.0 0.166 (4.22) +0.020 (+0.508)
9.33 0.178 (4.52) +0.021 (+0.533)
6.0 0.277 (7.04) +0.033 (+0.838)
115 o 0.090 (2.29) +0.011 (+0.279)
17 0.112 (2.85) +0.013 (+0.330)
13.5 0.141 (3.58) +0.017 (+0.432)
Sch 40 0.145 (3.68) +0.017 (+0.432)
11 0.173%4.39) +0.021 (+0.533)
2 21 Q13 (2.87) +0.014 (+0.356)
17 0,140 (3.56) +0.017 (+0.432)
Sch 40 0.154 (3.91) +0.018 (+0.457)
135 0.176 (4.47) +0.021 (+0.533)
11 0.216 (5.49) +0.026 (+0.660)
9.33 0.255 (6.48) +0.031 (+0.787)
215 21 0.137 (3.48) +0.016 (+0.406)
17 0.169 (4.29) +0.020 (+0.508)
136 0.213 (5.41) +0.026 (+0.660)
11 0.261 (6.63) +0.031 (+0.787)
3 21 0.167 (4.24) +0.020 (+0.508)
17 0.206 (5.23) +0.025 (+0.635)
Sch 40 0.216 (5.49) +0.026 (+0.660)
135 0.259 (6.58) +0.031 (+0.787)
1.5 0.304 (7.72) +0.036 (+0.914)
11 0.318 (8.08) +0.038 (+0.965)
9.33 0.375 (9.53) +0.045 (+1.143)
3% 21 0.190 (4.83) +0.023 (+0.584)
17 0.236 (5.99) +0.028 (+0.711)
135 0.296 (7.52) +0.036 (+0.914)
" 0.363 (9.22) +0.044 (+1.118)
4 21 0.214 (5.44) +0.026 (+0.660)
19 0.237 (6.02) +0.028 (+0.711)
17 0.265 (6.73) +0.032 (+0.813)
135 0.333 (8.46) +0.040 (+1.016)
1.5 0.391 (9.93) +0.047 (+1.194)
11.0 0.409 (10.39) +0.049 (+1.246)
9.33 0.482 (12.24) +0.058 (+1.473)
14 2416 0258 /\R 55 0031 (;r\ 787\
21 0.265 (6.73) +0.032 (+0.813)
17 0.327 (8.31) +0.039 (+0.991)
135 0.412 (10.46) +0.050 (+1.270)
11 0.506 (12.85) +0.061 (+1.549)
6 325 0.204 (5.18) +0.024 (+0.610)
26 0.255 (6.48) +0.031 (+0.787)
23.7 0.280 (7.11) +0.034 (+0.864)
21 0.315 (8.00) +0.038 (+0.965)
17 0.390 (9.91) +0.047 (+1.194)
135 0.491 (12.47) +0.059 (+1.499)

73


https://asmenormdoc.com/api2/?name=ASME NM.3.1 2018.pdf

SD-2513

ASME NM.3.1-2018

TABLE 4 Continued

Nominal Pipe Size

(IPS) DR¢ Minimum Tolerance
1.5 0.576 (14.63) +0.069 (+1.753)
11.0 0.602 (15.29) +0.072 (+1.829)
8 325 0.265 (6.73) +0.032 (+0.813)
26 0.332 (8.43) +0.040 (+1.016)
21 0.411 (10.44) +0.049 (+1.245)
17 0.507 (12.90) +0.061 (+1.549)
135 0.639 (16.23) +0.077 (+1.956)
15 0 750 (19 0F) £0 0090 (42 286)
1 0.784 (19.91) +0.094 (+2.388)
10 325 0.331 (8.41) +0.040 (+1.016)
26 0.413 (10.49) +0.050 (+1.270)
21 0.512 (13.00) +0.061 (41.549]
17 0.632 (16.05) +0.076.(+1.930)
13.5 0.796 (20.22) +0.096 (#2.438)
1.5 0.935 (23.75) 40NN 2 (+2.845)
11 0.977 (24.82) +O17 (+2.972)
12 325 0.392 (9.96) +0.047 (+1.194)
26 0.490 (12.45) +0.059 (+1.499)
21 0.607 (15.42) +0.073 (+1.854)
17 0.750 (19.05) +0.090 (+2.286)
135 0.944 (23.98) +0.113 (+2.870)
1.5 1.109 (28.17) +0.133 (+3.378)
11 1.159 (29.44) +0.139 (+3.531)
14t 325 0.431 (10.942) +0.052 (+1.313)
26 0.538 (13.677) +0.065 (+1.641)
21 0.667 (16:933) +0.080 (+2.032)
17 0.824+(20'918) +0.099 (+2.510)
13.5 1,037(26.341) +0.124 (+3.161)
115 11217 (30.922) +0.146 (+3.711)
11 1273 (32.327) +0.153 (+3.879)
16 325 0.492 (12.505) +0.059 (+1.501)
26 0.615 (15.631) +0.074 (+1.876)
21 0.762 (19.352) +0.091 (+2.322)
17 0.941 (23.906) +0.113 (+2.869)
135 1.185 (30.104) +0.142 (+3.612)
115 1.391 (35.339) +0.167 (+4.241)
0 1.455 (36.945) +0.175 (+4.433)
18 32.5 0.554 (14.068) +0.066 (+1.688)
26 0.692 (17.585) +0.083 (+2.110)
21 0.857 (21.771) +0.103 (+2.613)
17 1.059 (26.894) +0.127 (+3.227)
13.5 1.333 (33.867) +0.160 (+4.064)
15 1.565 (39.757) +0.188 (+4.771)
11 1.636 (41.564) +0.196 (+4.988)
20 325 0.615 (15.631) +0.074 (+1.876)
26 0.769 (19.538) +0.092 (+2.345)
21 0.952 (24.190) +0.114 (+2.903)
17 1.176 (29.882) +0.141 (+3.586)
13.5 1.481 (37.630) +0.178 (+4.516)
15 1.739 (44.174) +0.209 (+5.301)
11 1.818 (46.182) +0.218 (+5.542)
22 32,5 0.677 (17.194) +0.081 (+2.063)
26 0.846 (21.492) +0.102 (+2.579)
24 | f\AQ I’)R R1ﬂ\ |f\_1’2€ (n'l_1ﬂ’2)
17 1.294 (32 871) +0.155 (+3.944)
135 1.630 (41.393) +0.196 (+4.967)
115 1.913 (48.591) +0.230 (+5.831)
11 2.000 (50.800) +0.240 (+6.096)
24 32,5 0.738 (18.757) +0.089 (+2.251)
26 0.923 (23.446) +0.111 (+2.814)
21 1.143 (29.029) +0.137 (+3.483)
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TABLE 4 Continued

Nominal Pipe Size

c -

(PS) DR Minimum Tolerance
17 1.412 (35.859) +0.169 (+4.303)
135 1.778 (45.156) +0.213 (+5.419)
1.5 2.087 (53.009) +0.250 (+6.361)
" 2.182 (55.418) +0.262 (+6.650)

A The sizes listed in Table 4 are those commercially available sizes used by the gas industry.

B The minimum is the lowest wall thickness of the pipe at any cross section. The maximum permitted wall thickness, at any cross section, is the minimum wall thickness
plus the stated tolerance. All tolerances are on the plus side of the minimum requirement.

©The DR shown are designations commonly accepted by the gas industry and do not calculate exactly.

D Thesq Walr ICRMESSES Are MMM and - are 1ot & TUnCHorn of e amenSIon Tavos.

T Nonjinal pipe sizes 14-24 were editorially added in April 2014.

TABLE 5 Pipe Category

Category
Pfoperty Test Method A B c E E G A
Temperature, 100 (38) 120 (49) 140 (60) 160 (71) 180 (82) 200+(93)
F o)
Hygirostatic D2837 400 (2.8) 500 (3.4) 630 (4.3) 800 (5.5) 1000 (6.9) 12507(8.6) 1600 (11.0) | 2000 (13.8)
Qesign
Bdsis, psi
MPa)
Melt Index” D1238 >0.5 0.2-0.5 0.01-0.3 <0.018 c

Examgles: CDB - At 140°F (60°C) the HDB is 800 psi (5.5 MPa). The approximate melt index range is 0.2 to 0,5 g/10 min for this PE pipe.

DF - A} 160°F (71°C) the HDB is 1250 psi (8.6 MPa)* .

A The Melt Index information in this table is intended to provide guidance relating to heat fusion joining-ef‘PE materials, not for classification of materials| This property

is not applicable to non-PE materials or to mechanical fittings. See 7.5.

B Typicqlly melt flow measured under condition 190/21.6 is less than 4.01 g/10 min.

€ Whenla PE pipe or fitting is marked per 7.2 or 7.5 with the letter “E,” it affirms that the manufactufeihas verified the applicability of generic fusion joining witH their products
in accofdance with PPI TR-33 and PPI TR-41 by joining to itself and to other “E” materialsandrtesting the joints in accordance with applicable regulatipns. However,
qualificgtion of joining procedures by operators in accordance with applicable regulations maystill be required. Information about manufacturers who haye verified PPI
TR-33 gnd PPI TR-41 generic fusion joining with their products is found in PPl TR-33 and.PPI TR-41. Consult PPl and the manufacturer for additional infformation.

5.8 |Elevated Temperature Service—piping materials™in-
tended for use at temperatures above 100°F (38°C) shall-have
the PPI hydrostatic design basis (HDB) determined at the
speciffc temperature in accordance with Test Method D2837.
The 1P0 000-h intercept (long-term strength) shall be catego-
rized {n accordance with Table 5 and be listed as the “hydro-
static flesign basis of XXX psi at XXX<E(C®) for (compound
name)”

Nortg 13—Many design factors for €leyated temperature service cannot
be covdred in this specification. Usérs'should consult applicable codes for
limitatipns on pertinent maximuf™\temperatures.

Notg 14—In the absence 0fdn HDB established at the specified
temperfiture, the HDB of ahigher temperature may be used in determining
a design pressure rating ‘at the specified temperature by arithmetic
interpofation.

5.9|HDB Validgtion for PE Pipe—The 73°F (23°C) Hydro-
static Pesign-Basis (HDB) of PE pipe shall be validated by the
pipe producer using the PE validation procedure as outlined in
Test Nlethod D2837. For MDPE materials, the HDB of 1250

(S4 Test) or ISO 13478 (Full Scale Test (FST)) shall be
conducted. In cases of conflict, the RCP results of [SO 13478
shall apply. The data obtained shall be made available upon
request without limitations on disclosure, and shall|not subse-
quently be subject to disclosure limitations whep used by
others.

Norte 15—The requirements and testing for resistance to RCP specified
in this specification do not provide information for all possibje conditions
of use. The user should consult with the manufacturey and other
appropriate sources such as resin suppliers, research, acad¢mia, etc., to
determine that the RCP resistance provided by the pipe| producer is
sufficient for the intended use.

5.11 Inside Surface Ductility for Pipe—The insjde surface
of pipe shall be ductile as shown by testing in accordance with
5.11.1, 5.11.2, and 5.11.3. Before testing, specimehs shall be
conditioned in accordance with Practice D618 for 40 h at 73.4
* 3.6°F (23 = 2°C) and 50 % relative humidity.

Note 16—ID ductility testing may also be conducted for qgality control

psi shall be validated; for HDPE materials, the HDB of 1600
psi shall be validated.

5.10 Resistance to Rapid Crack Propagation (RCP) for
Pipe—Additional testing for resistance to RCP is required
when the wall thickness of the pipe being produced in
accordance with this standard exceeds that of the pipe used to
establish the resistance to RCP for the PE compound. In these
circumstances, additional testing for resistance to failure by
RCP in accordance with the procedures set forth in ISO 13477
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PUTPOSES, TOWEVET, Uere 13 10 KNown data that 1dentfies one test as
inferior, equal, or superior to the others, therefore, results from one test
should not be evaluated against the results from either of the other two
tests.

5.11.1 Bend-back Test Method:

5.11.1.1 From the pipe, squarely cut a ring of pipe with a
minimum width of 14 (32 mm). The entire wall thickness may
be tested, or material may be removed from the OD surface of
the pipe, while maintaining an undisturbed ID surface, to
produce a ring with ¥&-in. (9.5-mm) wall thickness.


https://asmenormdoc.com/api2/?name=ASME NM.3.1 2018.pdf

SD-2513

Note 17—The ring may be tested in its entirety, or may be cut into
representative sectors to produce bend-back test specimens.

5.11.1.2 In a well-lit area at 73.4 = 3.6°F (23 £ 2°C)
perform the following procedure within 5 min: (a) Bend the
specimen inside-out (reverse-bend so that the pipe ID surface
is on the outside surface of the bent specimen). (b) Using an
apparatus such as a vise or other suitable bending equipment,
close the legs of the specimen together. When the specimen
legs are closed together, the top of the bend-back specimen
shall protrude 1 to 1! /4 in. (25 to 32 mm) or two wall

ASME NM.3.1-2018

5.13.1.1 Heat fusion joints of thermoplastic pipe and fittings
shall be made in accordance with Practice F2620 and the user’s
written procedure.

5.13.1.2 PE butt fusion joining shall be between compo-
nents (pipes, fittings, or valves) having the same SDR or DR.
Butt fusion between unlike SDR or DR components shall be
allowed only if it has been demonstrated that long term
performance is not adversely affected. The minimum require-
ment to demonstrate long term performance shall be the
validation procedure for PE in Test Method D2837. The

thicknesseg, whichever is greater, above the point of closure
(jaws). (c)|With the unaided (naked) eye, visually examine the
protruding| reverse-bent pipe ID surface for signs of brittle
cracking of crazing.

5.11.1.3| Any indication of brittle cracking or crazing indi-
cates failufe.

5.11.2 Blongation-at-Break Test Method :

5.11.2.1|Five Test Method D638 Type IV specimens cut in
the longituflinal direction from locations equally spaced around
the circumference of the pipe shall be tested in accordance with
Test Meth¢d D638 at a cross-head separation speed of 2 in.
(50.8 mm) min, and at 73.4 * 3.6°F (23 = 2°C). If the
specimen thickness must be reduced by machining, the pipe ID
surface shgll be left unaltered.

Note 18—}f the specimen thickness is reduced, the machined side of
the specimefp must be smooth and the thickness of the specimen in the
gage length must be uniform. Surface cuts or scratches and nonuniform
thickness in fhe specimen gage length can detrimentally affect test results.

5.11.2.2] The percent elongation at break for each test
specimen ghall exceed 400 %.

5.11.3 Thermal Stability Test Method—Specimens of the
pipe insid¢ wall surface not more than 0.005 in. (0.13 nim)
thick shalll demonstrate a minimum induction temperatute of
428°F (22()°C) when tested in accordance with the TestMethod
for Thermgl Stability in Specification D3350.

5.12 Sqjeeze-Off—This requirement is limited*to pipe sizes,
wall thickyjesses, squeeze procedures, and'conditions deemed
suitable for squeeze-off in service by the/pipe manufacturer.
There shal]l be no leakage or visual evidence of splitting,
cracking, Breaking or reduction in. LO00-h sustained pressure
category when pipe is tested as. follows:

5.12.1 K
accordancg
unfilled.

repare six randomily selected pipe specimens in
with Test Method D1598 except they shall be

5.12.2 The squegZe<oft shall be effected at the mid-point of
cimen;.90° to the point of the measured minimum

the test sp
wall thickphess.~Close the squeeze bars to the gap stop in
1562 d bald - 41

Hydrostatic Design Basis (HDB) of the PE material.shall be
validated using specimens containing butt fusion joints’fesult-
ing from different SDRs or DRs. Pipe/pipe joints\of the| given
PE material that pass shall validate pipe/pipe, pipe/fitting, or
fitting/fitting joints of the same SDR ratio for that PE mgterial.

5.13.2 Mechanical—Mechanical fittings shall be instafled in
accordance with the user’s written_procedures and the [fitting
manufacturer’s installation instpuctions. The joint shpll be
tested in accordance with thé\ Specific design categgry as
outlined in 6.10.

5.13.3 Electrofusion—Electrofusion joints shall be made in
accordance to user’s wiitten procedures and the fitting manu-
facturer’s installatien instructions.

5.14 Fittings:
5.14.1 Sockeét-type fusion fittings shall meet the rdquire-
ments of, Specification D2683.
5.14,2 Butt-type fusion fittings shall meet the requirgments
of Specification D3261.
5.14.3 Electrofusion fittings should meet the requirgments
of Specification F1055.

5.15 PE Valves—All PE gas valves shall meet the rdquire-
ments of ASME Standard B 16.40.

5.16 Excess Flow Valves—All excess flow valves shall meet
the requirements of Specification F2138.

6. Test Methods

6.1 General—The test methods in this specification
plastic pipe and fittings to be used for gas distributiof
methods that are applicable from other specifications ¥
referenced in the paragraph pertaining to that particular

cover
. Test
ill be
test.

6.2 Sampling—Take a representative sample of the pipe and
fittings sufficient to determine conformance with this specifi-
cation. About 40 ft (12 m) of pipe is required to perform fall the
tests prescribed. The number of fittings required varigs, de-
pending upon the size and type of fitting. A sampling plap shall
be agreed upon by the purchaser and the manufacturgr (see
Practice D1898).

SpecificatiopF+563—and—hold—n—eonstrant—tor~4—h—Remove
squeeze bars and reround pipe by closing squeeze bars at a
point 90° from the squeeze area.

5.12.3 Immediately upon removal of the squeeze-off tool,
fill the specimens with ambient temperature water, that is, 67 =
10°F (19.4 = 5.6°C), condition, and test in accordance with
6.6.

5.13 Joints:
5.13.1 Heat Fusion:
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6.2.1 Pipe Test Specimens—Not less than 50 % of the test
specimens required for any pressure test shall have at least a
part of the marking in their central sections. The central section
is that portion of pipe which is at least one pipe diameter away
from an end closure.

6.3 Conditioning—For those tests where conditioning is
required or unless otherwise specified, condition the specimens
prior to testing for a minimum of 1h in water or 4h in air at 73.4
+ 3.6°F (23 = 2°C).
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6.4 Test Conditions—Conduct the test in the standard labo-
ratory atmosphere of 73.4 = 3.6°F (23 = 2°C) and 50 = 5 %
relative humidity, unless otherwise specified.

6.5 Dimensions and Tolerances:

6.5.1 Pipe—Any length of pipe is used to determine the
dimensions. Coiled pipe shall be measured in the natural
springback condition, unless specified otherwise.

6.5.1.1 Diameter—Measure the diameter of the pipe in
accordance with Test Method D2122. The average outside
diamegerfo eis ari icaverag
maxinfum and minimum diameters at any cross section on the
lengthl of the pipe. For roundable pipe, out-of-roundness
tolerafice applies to measurements made while the pipe is
round¢d with the manufacturer’s recommended equipment.
Measyre out-of-roundness within one-half pipe diameter or 2
in. (5¢ mm), whichever is closer, of the rounding equipment.
See Test Method D2122 for definitions of nonroundable and
roundfible pipe.

(1) The pipe surface shall be free of gross imperfections such
as, degp scratches, grooves, or high or low (flat) spots around
the pipe circumference.

Notg 19—Excessive out-of-roundness may be caused by manufactur-
ing irr¢gularities around the circumference of the pipe, such as deep
scratchps, gouges, flat spots, and high spots. Such defects could detrimen-
tally affect joining. To simulate field joining of roundable pipe, out-of-
roundnpss is checked by fitting a rounding device on the pipe, then
measurjng diameter.

6.5|1.2 Wall Thickness—Make a minimum of six measure-
ments| at each cross section in accordance with Test Method
D2121.

6.5|l.3 Wall Thickness Eccentricity Range—Measure in\a
manngr such that the maximum, A, and the minimum, By wall
thickness at single points of each cross section measured are
obtained. Calculate the wall thickness eccentricity range, E, in
percenjt for each cross section as follows:

E=[(A - B)/A] X 100 (1)

6.5|1.4 Length—Measure pipe lengthyand other linear di-
mensipns with a steel tape or other device, accurate to + 452 in.
(=1 nim) in 10 ft (3 m).

6.5.p Fittings—Measure th¢ dimensions of fittings in accor-
dance|with Test Method D2122.

6.5.8 Ovality—Determine percent ovality in accordance
with Test Method D2122:

6.6 |Sustained Pressure Test:

6.6.Jl Selectsix test specimens of pipe at random, condition
at the|standard laboratory test temperature and humidity, and
pressure.teSt/in accordance with Test Method D1598.

6.6

SD-2513

shall be tested at both 73°F (23°C) and the maximum design
temperature. The test fiber stress shall be 90 % of the hydro-
static design basis (HDB).

Note 20—Air, methane, or nitrogen may be substituted for water as the
test medium.

6.6.2 Maintain the specimens at the pressures required, held
to =10 psi (0.07 MPa), for a period of 1000 h at the test
temperature *+3.6°F (£2°C) as specified in 6.6.1.

6.6.3 Failure of two of the six specimens tested shall

HitbefaHred —Eaiure 2 he-sbig specimens
tested is cause for retest of six additional speciméns| Failure of
one of the six specimens in retest shall constitute fajilure in the
test. Evidence of failure of the pipe shall be|as defihed in Test
Method D1598.

6.7 Minimum Hydrostatic Burst, Pressure (Quidk Burst)—
The test equipment, procedures, andfailure definitigns shall be
as specified in Test Method D1599. Pressures shall be calcu-
lated using the pipe’s aefwal measured minijmum wall
thickness, outside diameter, and the applicable flber stress,
whichever is greater.

6.8 Apparent Tensile Properties—The procedue and test
equipment shall be as specified in Test Methgd D2290,
Procedure_8.)The speed of testing shall be 0.§ in. (12.7
mm)/min\Cut “ring” specimens from pipe. Test a nfinimum of
five specimens. This method is applicable to dll pipe of
nominal ¥4-in. (19.0-mm) outside diameter and larger.

6°9 Chemical Resistance—Determine the resistgqnce to the
following chemicals in accordance with Test Method D543.
Where available, the test specimen shall be a ring 2 jn. SDR 11
pipe cut to the ring dimensions specified in 6.8. Fgr materials
that are not readily available as 2 in. SDR 11 pipe, the test
specimen shall be a plaque of material 4 by 2 by 4[in. (6.3 by
50.8 by 101.6 mm) with a 1 in. (254 mm) widle reduced
section.

Chemicals Concentration {% by volume)
100

5 in mirjeral oil

Mineral oil (USP)
Tertiary-butyl mercaptan
Antifreeze agents (at least one shall be used):

Methanol, or 100
Ethylene glycol 100
Toluene 15 in mgthanol

Test five specimens with each chemical. Weigh| the speci-
mens to the nearest 0.005 g and completely immegse them in
the chemicals for 72 h. On removal from the chemficals, wipe
the specimens with a clean dry cloth. Condition in pir for 2 to
24 h and reweigh. Calculate the increase in wejght to the
nearest 0.01 % on the basis of initial weight. Test the specimen
in tension in accordance with 6.8 within 2 h afterl weighing.
Examine the weight and apparent tensile strength of each

1L Test specimens shall be prepared so that the mini-
mum length of pipe on each side of the fitting is equal to 5
times the diameter of the pipe but in no case less than 12 in.
(304 mm) for sizes less than 6 in. For sizes 6 in. and larger, the
minimum length shall be equal to 3 times the diameter or 30 in.
(762 mm), whichever is shorter.

6.6.1.2 Pressures used shall be calculated using the pipe’s
actual measured minimum wall thickness, outside diameter,
and the applicable fiber stress, whichever is greater. Piping
intended for use at temperatures of 100°F (38°C) and higher
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specimen for conformance to the requirement in 5.5.
(Warning—Because of the possible toxicity of these reagents,
refer to the Material Safety Data Sheet on each of these
reagents before using or handling them.)

6.10 Categorization of Mechanical Joints—The following
test methods provide a uniform procedure for qualification or
categorization of mechanical joints using short term pullout
resistance tests and burst tests. The mechanical joint categories
and test methods are as follows:
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6.10.1 Category I—A mechanical joint design that provides
a seal plus a resistance to a force on the pipe end equal to or
greater than that which will cause a permanent deformation of
the pipe.

6.10.1.1 The apparatus and report shall be as specified in
Test Method D638. The test shall be conducted at ambient
temperatures, that is, 67 = 10°F (19.4 = 5.6°C). The speed of
the testing shall be 0.2 in. (5 mm)/min *=25 %. Five specimens
shall be prepared following the manufacturer’s published
installation instructions. Length of the specimens shall be such

ASME NM.3.1-2018

Norte 22—Edarlier editions of Specification D2513 included PE material
designations PE2406 and PE3408. Changes to Specification D3350 led to
changes in the PE material designation codes that resulted in the PE
material designations PE2406 and PE3408 being superceded by newer
material designations. Additionally, OPS 49 CFR Part 192 may not
reference the most current version of D2513 and as a result may require
marking with material designation codes that are no longer included in this
Specification. For these reasons two material designations may be present.
For example, PE4710 pipes were previously described as PE3408 pipes
and may be marked PE3408/4710. Similarly PE2708 pipes were previ-
ously described as PE2406 pipes and may be marked PE2406/2708.

711 In addition to 7.1 _the pipp mnrl(ing shall include a

that the unfeinforced distance between the grip of the apparatus
and the enfd of the stiffener is at least five times the nominal
outside digmeter of the pipe size being tested. Apply a load
until permgnent deformation (yield) occurs in the unreinforced
area of the piping.

6.10.1.2| Results obtained from the above method pertain
only to tHe specific outside diameter, wall thickness, and
compound|of the piping used in the test and specific fitting
design tested.

Note 21—+The ability to restrain pipe to its yield as specified above
does not guafantee that a properly installed joint will prevent pullout under
actual long-tprm field conditions. Joints that cannot pass this test would be
expected to pullout under actual long term field conditions. To date, this
test is the bgst available for disqualifying unsound joints.

6.10.2 (ategory 2—A mechanical joint design that provides
a seal only|(see Appendix X1.5.5). A mechanical joint designed
for this cdtegory excludes any provisions in the design or
installatior] of the joint to resist any axial pullout forces;
therefore, {ensile tests are not required.

6.10.2.1| The test assembly shall meet the burst test require-
ments of .5 when tested in accordance with Test Method
D1599 with end closures designed in accordance with Test
Method D} 599.

6.10.3 (ategory 3—A mechanical joint design that provides
a seal plus|a pipe restraint rating equivalent to the antieipated
thermal stxlesses occurring in a pipeline (see Appendix X1.4).
This categ¢ry has a manufacturer’s rated pipe.end restraint less
than the vglue required to yield the pipe ag optlined in 6.10.1
(Category [1).

6.10.3.1| The procedures and testifg, shall be the same as
outlined iny 6.10.1 (Category 1) exXcept the test tensile values
shall meet [the rated values published by the mechanical fitting
manufactufer.

7. Marking
7.1 Pipp—All dequired marking shall be legible, visible,

coding that will enable the manufacturer to deterihipe the
location of manufacture, pipe production and resin\ots, and
any additional information which is agreed upén betwegn the
manufacturer and purchaser. The manufacturer shall mgintain
such records for fifty years or for the desighyservice life|of the
pipe, whichever is longer.

7.1.2 All the markings in 7.1 and-Z}.1 shall be repe
intervals not exceeding 2 ft (0.61 m). For indented pr
either the indented print line shall’be in a color that coptrasts
with that of the pipe, or a séparate print line shall be in 4 color
that contrasts with the pipésWhen color is applied such gs with
color stripes, a color shellor solid color pipe, yellow colgr shall
be used.

nted at
nting,

7.2 Pipe intended for natural gas service at elevated tem-
peratures greater than 73°F (23°C) shall be marked with
additional«cede letters from Table 5 (the first code lefter to
identify>the temperature of pressure rating, the second code
letter{ to identify HDB at highest rated temperature, apd the
third code letter to identify the melt index).

Note 23—The non-mandatory, preferred order for all the items rpquired
in the print line in the marking sections 7.1 and 7.2 are:
(1) Pipe size including sizing system (IPS, CTS or OD),
(2) SDR (DR) or minimum wall thickness,
(3) Manufacturer’s name or trademark,
(4) GAS,
(5) Pipe material designation code,
(6) Elevated temperature code from Table 5,
(7) ASME SD-2513 or both ASME SD-2513 and ASTM D2513,
(8) Manufacturer’s lot code (includes date of manufacture in somej
and
(9) Additional information, including date of manufacture, coil
sequential footage, third party certification mark etc.
Example: 2 in. IPS SDR 11 MANUFACTURER NAME GAS PE 2708
CEC ASME SD-2513 LOT CODE INFO 02JAN9S coil #506.

7.3 PE pipe shall be marked with the melt index category in
accordance with Table 5 in addition to the marking rdquire-
ments of 7.1.

cases),

humber

and permgnent.“Fo" ensure permanence, marking shall be 74 M'arki'ngs for pota_ble water, sewe’r,‘reclaimed watet,
applied so it caionly be removed by physically removing part communications or electrical use are prohibited.
of the pipewall The marking shall (1) not reduce the wall 73 Firringv_F'itﬁngc shall be marked ASME ST1-2513

thickness to less than the minimum value for the pipe, (2) not
have any effect on the long-term strength of the pipe, and (3)
not provide leakage channels when elastomeric gasket com-
pression fittings are used to make the joints. These marking
shall consist of the word GAS, the designation ASME
SD-2513 or both ASME SD-2513 and ASTM D2513,
the manufacturer’s name or trademark, the nominal pipe size
including the sizing system used (IPS, CTS, or OD), DR or
minimum wall thickness, material designation, and date of
manufacture.
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or both ASME SD-2513 and ASTM D2513, as well as
with the applicable fitting specification. All fittings shall be
marked on the body or hub. The markings shall consist at least
of the manufacturer’s name or trademark, or both, the size, the
symbol for the type of material, and the three-letter code from
Table 5 (as described in 7.2). In addition, the fittings markings
shall include code that will enable the manufacturer to deter-
mine the date of manufacture, the location of manufacture,
fitting production and resin lots, and any additional information
which may be agreed upon between the manufacturer and
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purchaser. The manufacturer shall maintain such records for 50
years or for the design service life of the fittings, whichever is
longer.

Note 24—7.5 is applicable to fusion type fittings only. The marking
requirements in 7.5 are not applicable to mechanical fittings.

7.6 All PE pipe, tubing, and fusion fittings meeting the
requirements of this specification for gas distribution systems
shall be marked with the 16-character gas distribution compo-
nent tracking and traceability identifier in accordance with

SD-2513

minimum bar thickness value of 0.005 in. or an alternative 1D
or 2D bar code symbology as agreed upon between manufac-
turer and end user. All fittings shall have the 16-character codes
marked or affixed to the product, product packaging, or any
manner agreed upon between manufacturer and end user.

8. Quality Assurance

8.1 The manufacturer affirms that the product was
manufactured, inspected, sampled, and tested in accordance
with this specification and has been found to meet the

Specification F2897. The 16-character code shall be expressed
in alphanumeric format and Code 128 bar code format with a

S1.|Responsibility for Inspection—Unless otherwise speci-
fied i1} the contract or purchase order, the producer is respon-
sible for performance of all inspection and test requirements
speciffed herein. The producer shall use his own or any other
suitable facilities for the performance of the inspection and test
requirpments specified herein, unless the purchaser disap-
proves. The purchaser shall have the right to perform any of the
inspedtions and tests set forth in this specification where such
inspedtions are deemed necessary to ensure that material
conforms to prescribed requirements.

Notg S1.1—In U.S. federal contracts, the contractor is responsible for
inspectjon.

S2.|Packaging and Marking for U.S. Governimpént Procure-
ment:

Al.1 [Quality Contrel

AlJl.1 The follewing in-plant quality control program shall
be usdd to assure,compliance with this specification. The pipe
and fiftings.producers shall maintain records on all aspects of
this pfogram’ and supply these to the purchaser, if requested.

SUPPLEMENTARY REQUIREMENTS
GOVERNMENT/MILITARY PROCUREMENT

These requirements apply only to federal/military procurement, not domestie:Sales or transfers.

ANNEXES

Al. IN-PLANT(QUALITY CONTROL PROGRAM FOR PE PLASTIC PIPE AND FITTINGS UP TO
AND INCLUDING 12 IN. NOMINAL DIAMETER

requirements of this specification.

9. Certification
9.1 Certification shall be as required by/Annek A3.

S2.1 Packaging=Unless otherwise specified in the contract,
the materials shall be packaged in accordance with [the suppli-
er’s standard practices in a manner ensuring arrivallat destina-
tion in satisfactory condition and which will be acfeptable to
the carrier at lowest rates. Containers and packing sHall comply
with Uniform Freight Classification rules or Natignal Motor
Freight Classification rules.

S2.2  Marking—Marking for shipment shall b¢ in accor-
dance with Fed. Std. No. 123 for civil agencies and MIL-STD
129 for military agencies.

Note S2.1—The inclusion of U.S. Government procurerhent require-
ments should not be construed as an indication that the U.S.|Government
uses or endorses the products described in this specification)

particular commercial plastic resin initially, and at [least twice
a year thereafter for material and extrusion proces$ qualifica-
tion and not as a quality control on the product. This test shall
be made in accordance with Al.2.1.1 using any [of the test
conditions in Table A1.1.

Al.T2Im-Piant Quatity Comirol Test Merhods— 1est et
ods other than those specified in Section 6 are used as long as
they provide equivalent results. In case of disagreement, those
test methods in the applicable ASTM standard shall be used.

A1.2 Pipe Tests

A1.2.1 Material and Extrusion Process Qualification—
Sustained pressure tests shall be made on one pipe size in the
range of 2 in., or less, and on one pipe size in the range of 212
in., or greater. This test shall also be made on pipe from each

Al12 11 Flevated Tpmporﬂturp Sustained Prdssure Test
Method—Select six random specimens produced at the manu-
facturer’s facility using the Table Al.l polyethylene pipe
material designation code. Test these pipe samples in accor-
dance with Test Method D1598 using water as the internal test
medium.

A1.2.1.2 Passing results are (/) non-failure for all six
specimens at a time equal to or greater than the Table Al.1
“minimum average time before failure,” or (2) not more than
one ductile specimen failure and the average time before
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TABLE A1.1 Elevated Temperature Sustained Pressure Test Requirements”
Test Temperature Pipe Material Designation Code Pipe Material Designation Code
Condition °F (°C) PE 2708 PE 4710
Test Temperature Hoop Minimum Average Time Test Pressure Hoog Stress”, Minimum Average Time

Stress” Before Failure, psi (kPa) Before Failure,

psi (kPa)? Hours Hours
1 176 (80) 670 (4620) 170 750 (5170) 200
2 176 (80) 650 (4480) 340 730 (5020) 400
3 176 (80) 630 (4345) 510 705 (4870) 600
4 176 (80) 610 (4210) 680 685 (4715) 800
5 176 (80) 590 (4070) 850 660 (4565) 1000
6 176 (80) 580 (4000) 1000 640 (4415) 1200
A Calculate infernal test pressure in accordance with .

P 28
~ (Do

Where:

P = test
S = test
Do = mea

t mea|

B Test temper

failure for|
“minimum|
Al.1 Cond
the Table
permissibl
lower streq
for the ma
tion 6 no 1
in the tesf
through 6
retest is al

Al1.2.1.3
shall be si
material d
sample pej
before the
condition
before fail

Note Al.
ments per P
pressure hoo
failure. Con
between Co
maintain eq;
event of duc
2-5 are line
equivalent p
arbitrarily cHf
6 and linear]

bressure, psig (kPa);

bressure hoop stress, psi. (kPa)

bured outside diameter, in. (mm)
bured minimum wall thickness, in (mm

)

all specimens shall be greater than the specified
average time before failure” for the selected Table
ition. If more than one ductile failure occurs before
A1.1 “minimum average time before failure,” it is

to conduct one retest at a Table A1.1 Condition of
s and longer minimum average time before failure
erial designation except that for Table Al.1 Condi-
etest is permissible. Brittle failure of any specimen
sample when tested at Table Al.1 Condition 1
constitutes failure to meet this requirement and no
owed.

Provision for retest (if needed)—The retest sample
x specimens of the same pipe or tubing .size*and
psignation from the same time frame @sthe test
I A1.2.1.2. For the retest, any specimén failure
‘minimum average time before failure’” at the retest
f lower stress and longer minimum average time
ire constitutes failure to meet, this requirement.

—Table Al.1 conditions are-based on PE validation require-
PI TR-3 with Condition 6 _being 85% of Condition 1 test
p stress and six times gréater minimum average time before
flitions 2 through 5 afe-linear stress and time interpolations
hditions 1 and 6.<Phe intent of multiple conditions is to
ivalent performange criteria, but provide for retest in the
ile failure. The-test pressure hoop stress levels for Conditions
r interpqlations for arbitrarily chosen time increments. An
erformance requirement, however, may be determined by
oosifig-atest pressure hoop stress between Conditions 1 and

example for

minimum average time before failure would be 927 hours (200 + (750 —

670) x ((120

0 — 200) / (750 — 640)) = 927).

A1.2.2 Product Quality Control (Note Al1.2) The tests in
Table A1.2 shall be made per size per extrusion die at the
denoted frequencies and the test results recorded and filed for

inspection

on request.

Note A1.2—When the pipe fails to meet this specification in any test,
additional tests shall be made on the pipe produced back to the previous
acceptable result to select the pipe produced in the interim that does pass

hture tolerance +3.6°F (+2°C). Test pressure tolerance + 5psi (+35 kPa); test pressure hoop stress values are rounded to the nearest 5 psi or 5
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TABLE A1.2 Product Quality Control Tests

Pa.

Property Frequency

Diameter Once every hour or every coil,

whichever is less frequent
Wall thickness, Once every hour or every coil,
whichever is less frequent
Ring\{énsile or burst pressure Testing shall commence at the|
beginning of production of a

particular pipe or tubing size, gnd

shall continue weekly thereaftd
production is interrupted, testin]
recommence after the interrup
though at the beginning of
production.

r. If
g shall
ion as

the requirement. Pipe that does not meet the requirement shall be ri

Note Al.3—For pipe sizes above 4-in. nominal diameter, th
burst test (Test Method D1599) may be replaced by the Appare
Tensile Strength Test (Test Method D2290) if agreed to betw:
purchaser and the manufacturer.

A1.3 Fittings Tests

Al.3.1 The fittings tests listed in the following
paragraphs shall be conducted at the frequencies indica

Note Al.4—When any fitting fails to meet the requirements
specification, or the applicable referenced fitting specification, ad
tests should be made on fittings produced back to previous acd
result to select the fittings produced in the interim that do m)

piected.
b quick
it Ring
ten the

sub-
ted.

of this
flitional
leptable
eet the

pas-that-do-protmeetth rqn;r mepts-shall-be-

A1.3.2 Dimensions:
A1.3.2.1 Socket Fittings:
(a) Socket Entrance, Bottom and Minimum In

bjected.

ternal

Diameters—Once an hour or one out of ten fittings, whichever

is less frequent.


https://asmenormdoc.com/api2/?name=ASME NM.3.1 2018.pdf

ASME NM.3.1-2018

(b) Wall Thickness—At the beginning of each production
setup for each cavity.

A1.3.2.2 Butt Fusion Fittings:(a) Outside Diameter and
Wall Thickness—Once an hour or one out of ten fittings,
whichever is less frequent.

A1.3.3 Other Tests:

Al1.3.3.1 PE Fittings—At the start of each production run,
whenever production conditions have changed, or when the
resin lot is changed, but not less frequently than once per 500

SD-2513

[1] Crushing a fitting, or a portion of a fitting, in a manner
that applies load in the direction normal to the knit line. See
Note Al.5.

[2] Apparent tensile strength tests of a ring cut from a fitting,
with the load oriented normal to the knit line. See Note A1.6.

[3] Burst testing of the fitting. See Note A1.6.

(b) The integrity of at least one part from each mold cavity
shall be verified, using a method selected by the manufacturer
as appropriate for this specific product and process.

fittings [fiereatter, the 1ollowing tests shall be made:
(a) The knit line strength for at least one fitting from each
cavity ghall be demonstrated by one of the following tests:

A2.1| Visual inspection of every length of pipe for work-
manship defects shall be carried out at the manufacturer’s
plant. Measurements of outside diameter and wall thickness
shall b¢ made for each hour’s production or each length of
pipe, whichever is less frequent.

A2.2| Lengths of pipe that are shorter than standard shipping
lengths| are butt-fused to produce standard lengths. Such
build-up lengths must otherwise meet all of the product
requirements of this specification.

g =

o W

[

He contents of(the 'document.

f=

A2. IN-PLANT QUALITY CONTROL PROGRAM FOR 14-IN. AND LARGER DIAMETER
POLYETHYLENE PIPE

A3. CERTIFICATION

Note Al.5—Separation in the knit constitutes a failfire.
Note Al.6—In tests 2 and 3 the strength requitements shown in the
annexes must be met.

A2.3 Manufagturers of pipe shall conduct suth other quality
control tests, as.dre appropriate to their manufpcturing opera-
tions thatwill provide assurance that the produft requirements
of Section5 will be met in place of the actual performance of
the specified tests.

NoTe A2.1—The pressure tests required under produdt requirements are
tests for performance. These tests are not adaptable tp in-plant quality
control. Quality control tests have not been standardized because the

requirements for such tests vary substantially from ope manufacturing
plant to another.

he producer or supplier shall furniish a certificate of compliance stating that the material was manufactured,{sampled,
¢gsted, and inspected in accordance with the Specification, including year date, the Supplementary Requirenients, and
afy other requirement designdted in the purchase order or contract, and that the results met the requiremerits of that
pecification, the Supplementary Requirements, and the other requirements. A signature or notarization is nof required
1 the certificate of dempliance, but the document shall be dated and shall clearly identify the organization syibmitting
He certificate. Nofwithstanding the absence of a signature or notarization, the certifying organization is respopsible for
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APPENDIX

X1. DESIGN CONSIDERATIONS

X1.1 General

X1.1.1 The design of a PE piping system for natural gas
service must include consideration of the combined effects of
time, internal and external stress, and environment as an
overall basis for selecting a specific kind and size of PE pipe.

Note X1.2—In some countries, the ISO MRS method is used to
determine the maximum operating pressure (MOP) using the formula
MOP = 2 MRS/(DR-1) C, which incorporates the pipe DR (dimension
ratio), the MRS (minimum required strength) of the pipe material as
determined by ISO 9080 and ISO 12162 and the design coefficient (C).
Guidance on selection for the value of C is provided in the following

The design str§SS for PE pipc used Tor distribution of natural
gas and petrolepm fuels is regulated by the U.S. Department of
Transportation |as published in OPS 49 CFR Part 192 of the
Code of Federgl Regulations.

X1.2 Design Hquations

X1.2.1 Relafionship Between Pipe Stress and Pressure—
The following ¢xpression is used to relate stress, pressure, pipe
size, and wall thickness:

P =2S8/(DR— 1) (X1.1)
or

28/[(D, /1) — 1]

where:

S = stress|in the circumferential or hoop direction, psi
(MPa),

P = internfal pressure, psig (MPa),

DR = dimeysion ratio,

D, = averape outside diameter, in. (mm), and

= mininhum wall thickness, in. (mm).

X1.2.2 The ffollowing expression can be used to determine
the burst pressfire or sustained pressures needed in testitg:

P,=2S/(DR—1) (X1.2)
where:
P, = burstpressure, psig (MPa),
S, = yield [stress, psi (MPa), and
DR = dimegsion ratio.

P ,=2S5/(DR5T) (X1.3)

where:
P, = sustaiped pressurej psig (MPa),
Sy = fiber ftress psi,(WtPa), and
DR = dimension ratio,

X1.2.3 Relafiqu-bétween Hydrostatic Design Basis (HDB)
and Hydrostatic Design Stress (HDS)-—The HDS is determined

feteretrees SO~ S0 —ardRRIR-5-
X1.3 Design Stress and Internal Pressure for Natufal
Gas

X1.3.1 The design stresses for natural gas-pipe are bpsed on
the hydrostatic design basis at 73°R\ (23°C) obtajned in
accordance with Test Method D2837-xThe test medium| should
be natural gas or simulated natufal gas except that water may
be used where previous tests have shown that for the pgrticular
type of plastic, water and natural gas give essentially the same
test results. The hydrostatic design basis of the PE pfesently
included in the applicable ASTM specifications are as lLOIIOWS:

PE Pipé Hydrostatic Desig

Material D€sigration Basis at
73°F (23°C), psi (MIPa)
PE2708 1250 (8.6)
PE4710 1600 (11.0)

X1:3:2° The design stresses for natural gas at servige tem-
peratures above 73°F (23°C) should be based on hydrostatic
design basis of the pipe that are applicable for the particplar use
temperature.

X1.3.3 The design stress for PE pipe for fuel gasgs other
than natural gas should be based on hydrostatic design basis
categories that have been established with the intended gas as
the pressurizing medium (see X1.7.2 for information| on the
effect of common LPG fuels on the long-term strength of PE

pipes).

Note X1.3—Water may be used in lieu of a particular fuel ghs where
previous tests have shown that the results obtained with water are
equivalent.

X1.3.4 The design stresses for natural gas are obtajned by
multiplying the hydrostatic design basis by design fagtors or
service factors according to the class of location as descfibed in
Chapter IV of ASME B31.8, or, for gas operators in the [United
States, Subpart C of the Minimum Federal Safety Standprds for
Transportation of Natural and Other Gas by Pipeline, PPS 49

by multiplying the HDB by a design factor, f. The design factor,
/., has a value less than 1.0.

HDS = (HDB) (f) (X1.4)

Note X1.1—The actual choice of design factor for a given installation
must be reviewed by the design engineer taking into account federal, state,
and local code requirements. For example, the design factor for gas
pipelines under the jurisdiction of the Department of Transportation is
0.32.

LUK Fart 192,

X1.3.5 For liquefied petroleum gas (LPG) applications, a
maximum operating pressure of 30 psig (206 kPa) is recom-
mended in NFPA 58 by the members of the National Liquefied
Petroleum Gas Association. Liquefied petroleum gas has a
higher condensation temperature than does natural gas; this
maximum pressure is recommended to ensure that plastic pipe
is not subjected to excessive exposure to LPG condensates.
(See X1.7.1.)
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X1.4 Thermal Stress

X1.4.1 Calculate the longitudinal stress (theoretical) in-
duced in a pipe member between fixed points as follows:

SD-2513

X1.5.2.1 Mains and service lines installed by insertion are
considered to approximate unrestrained conditions inside the
casing pipe except at end connections. Direct-burial pipe is
considered to be partially restrained by passive soil pressures

settlement, ground

PE and metal

§=EXCXAt (X1.5) except in the vicinity of joints.
where: X1.5.3 Internal pressure, earth
S = stress, psi (MPa), movement, and thermal contraction impose stresses on the pipe
E = modulus of elasticity, psi (MPa), instantaneous, at that can be transmitted to joints. These stresses are additive.
73°F (23°C), Installation practices should reflect the need for continuous
C = rcoctfcrentof cz&paubiuu, AT A SUpport and containment of the pipe througn Shitable bedding
Ar  =|maximum temperature minus minimum temperature,  and backfilling procedures. Attention shouldpe given to all
°F (°C). joints, particularly to transition joints betweer
X1.4{1.1 The measured stress has been determined to be pipe.

less thah that calculated. This difference is caused by the stress
relaxatipn in viscoelastic materials.

X1.4)2 Calculate the theoretical force sustained at the fixed
points (typically joints) in a pipe member as follows:

F=SXA (X1.6)

= [force, Ibf (N),
S =|stress, psi (MPa), and
= |cross-sectional pipe wall area, in.? (mm?).

X1.4[3 Calculate pipe contraction in unrestrained pipe
caused |by a reduction in temperature as follows:

AL =k XL XCXAt (X1.7)
where:
A L F change in length,
k % 1000 for AL (mm), L (m), C (°C™Y), A 1 (°C)yor
k + 12 for AL (in.), L (ft), C (°F™"), A t (°F),
L F original length,
C F coefficient of linear expansion, and
At F temperature change.

X1.5 Ipstallation Procedure

X1.5[1 It is recognized that certain’ minimum requirements
exist fgr the support of earth-loads from backfill and other
externa] forces. Proper instaltation techniques can be used with
flexible] conduit (as defined\by Marston and Spangler (2)) to
support relatively largé/earth loads without excessive deflec-
tion by|mobilizing.Jateral passive soil forces. Proper installa-
tion tedhnique ensurés that the necessary passive soil pressure
at the sjde of_thevpipe will be developed and maintained. It is
also refognized that internal pressures may be valuable in
minimifing~the deflection caused by earth loads. Installation

X1.5.4 Itis desirable to have pipe joints that
the pipe itself in the longitudinal (axial) dirg
fusion, and mechanical joints-eutlined in 6.10,

are as strong as
ction. Thermal
Category 1 can

provide such joint strength, The joint strength fis a function of

the assembly procedure, the design of the fittir

g, and the pipe

material and dimensions (see X1.5.5).

X1.5.5 For these mechanical devices that afe not designed
to restrain the pipe against pullout forces, proyisions must be
made in<the" field to prevent pullout, keeping in mind that
mechafical joints are vulnerable to the effdcts of internal
pressure, temperature changes, earth settlement, and ground
movement. A somewhat limited alternative s to use long
sléeve-type fittings that permit limited movemg¢nt without loss
of pressure seal. Otherwise, provisions must pe made in the
field to prevent pullout through suitable anchoifing at the joint.

X1.5.6 Plastic pipe joined with mechanical connectors that
utilize a compression-type gasket must be reinfprced by means
of a tubular stiffener that extends at least undejr the section of
pipe being compressed by the gasket and the gripping device
(where used). The stiffener shall be nonsplititype design to
meet the performance requirements recomnpended by the
manufacturer of the fitting in which it is usedl, and the joint
shall meet the test requirements outlined in 6.]0.

X1.5.7 Kinks found in the pipe shall be cuf out. Pipe with
kinks shall not be placed in service.

X1.6 Repair Considerations

X1.6.1 Repairs may be made to PE pipe under appropriate
circumstances. Selection and installation considerations for the
use of full encirclement band clamps are availlable in ASTM
Guide F1025. Additional information on repair jof PE pipe may

be found in manufacturers’ literature, the AGGA Plastic Pipe
ACANME D21 Q

procedures described in Recommended Practice D2774,
ASME B31.8, and the AGA Plastic Pipe Manual for Gas
Service are recommended.

X1.5.2 Unrestrained PE pipe expands and contracts from
thermal change significantly more than metallic pipe. This ratio
may be of the magnitude of ten to one. Typical coefficients of
thermal expansion for unrestrained pipe for PE is 9.0 x 107
(in./in.)/°F 24.30 (mm/mm)°C.
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Distribution Piping Systems, and in the ASME Guide for Gas
Transmission and Distribution Piping Systems.

X1.7 Environmental Effects

X1.7.1 Natural Gas—The natural gas of commerce consists
of methane as the principal constituent with minor amounts of
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other gases, which can include other hydrocarbons (for
example, ethane, propane, butane, pentane), inert gases (for
example, nitrogen, carbon dioxide), and odorants. The long
term effect of natural gas (methane, but with minor amounts of
other gases) at 73°F (23°C) has been shown (3,4) to be
essentially equivalent to that of water at 73°F (23°C) for PE

pipe.

X1.7.2 Other Fuel Gases—In accordance with this
specification, PE materials must have not less than a 1250 psi
HDB for 73.4°F, for methane. It has been shown (5, 6, and 7)
that aliphatic gpseous fuels of higher molecular weights than
methane (naturfl gas) somewhat reduce the long-term strength
of PE pipe matgrials compared to when using methane or water
as the pressuriing medium. The reduction in PE’s long-term
strength caused by gaseous propane, propylene and butane is
modest, well urlder 20 %. On this basis one report (5) considers
an HDB of 1000 psi, for 73.4°F, as a reasonable and conser-
vative design Hasis for PE piping materials intended for LPG
fuel gas servicg.

X1.7.2.1 However, it has also been shown by the above
referenced studjes that propane, propylene and butane, when in
the liquid phage, can cause a greater reduction in long-term
strength, up to| 40 %. Accordingly, the use of PE piping to
convey LPG gqseous fuels should recognize this effect and the
design and ogeration of such piping should consider the
possibility for the occurrence of condensates. Extensive expe-
rience has shqwn that the NFPA maximum recommended
operating presgure of 30 psig for LPG systems (see X1.3.4)

ASME NM.3.1-2018

both minimizes the possible occurrence of condensates and
gives adequate consideration of the effect of LPG fuels on the
long-term strength of PE piping.

X1.7.2.2 Tt has been reported (8,9) and (10), that during the
heat fusion joining of PE piping that has been in service
conveying fuel gases that consist of, or that include heavier
hydrocarbons, the PE surfaces being heated in preparation for
fusion sometimes exhibit a bubbly appearance. This bubbling

is the result of the rapid expansion (by heat) and passage of
abcaxbaod baoos o Lo de

X aca ohtha lia at
#hsorbedheavrerhydroctrborrnsesthroteh-theteiey male-

rial. Heat fusion (butt, socket, saddle, or electrofusion) joint
strength may be reduced by the presence of“the heavier
hydrocarbons. Pimputkar et al (8) conclude thatfor a|system
operating at 50psi and conveying a mixture of as high as 16
volume percent in methane the propane concentratior] in PE
will be under 0.2 percent, sufficient toisometimes shoy some
bubbling, but not high enough to.effect any significan{ degra-
dation in fusion strength. However, if the concentration of
propane in PE exceeds 0.2 pereent, there is the risk of|a rapid
and large drop in fusion stiength. Field tests to verify tle level
of contamination and subsequent degradation of joint dtrength
are not currently available. Therefore, in the case of RE pipe
that has previougly)been installed in these types of s¢rvices,
one should usetechanical fittings to join or repair th¢ pipe.

Note XK4—=PPI Technical Report TR 22-88 (5) lists njaximum
operating pressures for various minimum operating temperatures fit which
condensgates will not form in LPG systems in which the primary [fuels are
propane-and butane.

84


https://asmenormdoc.com/api2/?name=ASME NM.3.1 2018.pdf

ASME NM.3.1-2018 SD-2683

SPECIFICATION FOR SOCKET-TYPE POLYETHYLENE
FITTINGS FOR OUTSIDE DIAMETER-CONTROLLED
POLYETHYLENE PIPE AND TUBING

@Z@ SD-2683

(Identical with ASTM D2683-14 except for additional requirements in section 11 and Annex A1l, revised marking re
quirements in para. 9.1.5, and quality. assurance requirement in para. 10.1 has been made mandatory.)
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Specification for
Socket-Type Polyethylene Fittings for Outside Diameter-
Controlled Polyethylene Pipe and Tubing

1. Scope

1.1 This spd
tings for use
pipe as specifie
ments for matg
performance
specification, *

1.2 The valy
as standard. THh
conversions to
and are not col

1.3 The foll
test method p
standard does 1
if any, associat
of this standa
practices and {
tions prior to |

2. Referenced|

2.1 ASTM S
D618 Practid
D1598 Test
Under Co
D1599 Test ]
Pressure o
D1600 Term
tics
D2122 Test
moplastic

cification covers polyethylene socket-type fit-
vith outside diameter-controlled polyethylene
d by Specifications D3035 and D2513. Require-
rials, workmanship, dimensions, and pressure
are included. Where applicable in this
pipe” shall mean “pipe and tubing.”

es stated in inch-pound units are to be regarded
e values given in parentheses are mathematical
SI units that are provided for information only
isidered standard.

wing safety hazards caveat pertains only to the
brtion, Section 8, of this specification: This
ot purport to address all of the safety concerns,
d with its use. It is the responsibility of the user
d to establish appropriate safety and health
etermine the applicability of regulatory limita-
se.

Documents

randards:

e for Conditioning Plastics for Testing
Method for Time-to-Failure of Plastic Pipe
nstant Internal Pressure

Method for Resistance to Short-Time Hydraulic
f Plastic Pipe, Tubing, and Fittings

nology for Abbreviated Ternis Relating to Plas-

Method for Determining Dimensions of Ther-
Pipe and Fittings

D2513 SpecI';lcation for (Polyethylene (PE) Gas Pressure

Pipe, Tubi

g, and Fittings

D2657 Practice for Heat Fusion Joining of Polyole
and Fittings

D3035 Specification for Polyethylene (PE)\Plastic Pij
PR) Based on Controlled Outside Diameter

D3350 Specification for Polyethylene\Plastics Pipe
tings Materials

F412 Terminology Relating te_Plastic Piping Systems

2.2 Federal Standard:

Fed. Std. No. 123 Marking for Shipment (Civil Age

2.3 Military Standard:

MIL-STD-129 Marking for Shipment and Storage

2.4 Plastic Pipe\Institute

PPI TR-3 Palicies and Procedures for Developing
static Design Basis (HDB), Pressure Design Basis
Strength” Design Basis (SDB), and Minimum R
Strength (MRS) Ratings for Thermoplastic Pipin
rials or Pipe7

RPI TR-4 HDB/SDB/PDB/MRS Listed Materials, P
ing of Hydrostatic Design Basis (HDB), Strength
Basis (SDB), Pressure Design Basis (PDB), and M
Required Strength (MRS) Ratings for Thermoplag
ing Materials or Pipe

3. Terminology

3.1 Definitions are in accordance with Terminolog
and abbreviations are in accordance with Terminology
unless otherwise specified. The abbreviation of polyeg
plastic is PE.

3.2 standard thermoplastic pipe dimension ratio
the ratio of pipe outside diameter to wall thicknes
calculated by dividing the average outside diameter of
by the minimum wall thickness.

4. Classification

4.1 This specification covers polyethylene fittings|

in Pipe
be (DR-

and Fit-

ncies)

Hydro-
(PDB),
equired
r Mate-

PI List-
Design
nimum
tic Pip-

y F412
D1600,
thylene

SDR)—
s. It is
he pipe

of the

sacket type made as QpP(‘iﬁPd insS1andsS?2
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4.1.1 Fittings covered by this specification are normally
molded. In-line fittings such as couplings, unions, bushings,
caps, nipples, etc., may be extruded or machined from extruded
stock. Special fittings such as transition fittings and tapping
teets shall be assembled and fabricated in accordance with
procedures agreed upon between the manufacturer and the
purchaser.

4.1.2 Fittings covered by this specification are intended to
be joined by heat fusion to PE pipe.

4.1.3 Fittings intended for use in the distribution of natural

SD-2683

6.1.1.1 Laying Lengths—Laying lengths shall be in accor-
dance with manufacturer’s specifications.

6.1.2 The maximum angular variation of any opening shall
not be more than 2° off the true centerline axis.

6.1.3 The minimum wall thickness of fittings shall be 125 %
of the minimum wall thickness of the pipe with which they are
designed to be joined. For reducing fittings, the smallest size
wall thickness shall be 125 % of the smallest pipe wall.

6.2 System Pressure Test Requirements:

gas of petroleum fuels shall also meet the requirements of
Specification D2513.

5. M4

5.1|Polyethylene Compound—Polyethylene material com-
pounds suitable for use in the manufacture of fittings under this
speciffcation shall meet Specification D3350 and shall meet the
Specification D3350 classification and property requirements
in Taljle 1, and shall have PPI TR-4 HDB and HDS listings at
73°F [23°C) and HDB listings 140°F (60°C) in accordance
with Table 1.

5.2
mater

terials

Color and Ultraviolet (UV) Stabilization—Polyethylene
al compounds shall meet Specification D3350 code C or
E. Cogle C material compounds shall have 2 to 3 percent carbon
black.| Code E material compounds shall be colored with UV
stabiliger.

5.3 |Rework Material—Clean polyethylene compound from
the mpnufacturer’s own production that met 5.1 and 5.2 as
virgin| material is suitable for remolding into fittings, either
alone [or blended with new compound of the same cell
classification or material designation. Fittings containing~the
rework material shall meet the material and product ‘require-
ments|of this specification.

6. Refquirements

6.1 |Dimensions and Tolerances:

6.1l Fittings, sockets, dimensions,and tolerances shall be
as shown in Table 2 and Table 3 whén imeasured in accordance
with $.4. For reducing fittings/socket and inside diameter
mininfums for the appropriatesize shall apply.

TABLE 1 Specification D3350 Classification of Polyethylene Fittings Materials

62 +—Shor=ferm Rupmre SllCILgL;L—ThC Tmmmum short-
term rupture strength of the fitting and fused pipe ghall not be
less than the minimum short-term rupture stféngth pf the pipe
or tubing in the system when tested in accordance [with 8.5.2.
The test pressures shall be as shown in Table 4. Test| specimens
shall be prepared for testing as described in 8.5.1.

6.2.2 Sustained Pressure—Thg&fitting(s) and fuged pipe or
tubing shall not fail (as defined in the Descriptions of Terms
Section of Test Method D1598) at the test pressurgs given in
Table 5 when tested uivaccordance with 8.5.3.|To ensure
uniformity in preparation/of assemblies for sustain¢d pressure
evaluation, all test joints shall be made in accordance with heat
fusion practices found in D2657.

7. Workmanship, Finish, and Appearance

7.1 Fhe manufacture of these fittings shall be in hccordance
with\good commercial practice so as to prodyce fittings
meeting the requirements of this specification. Fittirjgs shall be
homogeneous throughout and free of cracks, holgs, foreign
inclusions, or injurious defects. The fittings shall beas uniform
as commercially practicable in color, opacity, d¢nsity, and
other physical properties.

8. Test Methods

8.1 Conditioning—Condition the test specimens| at 73.4 =
3.6°F (23 = 2°C) for 40 h minimum prior to test in pccordance
with Procedure A of Methods D618, for those tgsts where
conditioning is required and in all cases of disagrepment.

8.2 Test Conditions—Conduct tests at the standprd labora-
tory temperature of 73.4 * 3.6°F (23 = 2°C).

hysical Propetties

Cell Classification and Properties for Polyethylene Pipe Materials

PE2606 PE2706 PE2708 PE3608 PE3708 PE3710 PE470 PE4710
Density, 2 2 2 3 3 3 4 4
Mett_mdex 3or4 3or4d 3or4d 4 4 4 4 4
Flexural'modulus =4 =4 =4 =4 =4 =4 =4 =5
Tensile Strength =3 =3 =3 =4 =4 =4 =4 =4
Slow crack growth resistance 6 7 7 6 7 7 7 7
(F1473)
Hydrostatic strength classifica- 3 3 3 4 4 4 4 4
tion
Color and UV Stabilizer® CorE CorE CorE CorE CorE CorE CorE CorE
HDB at 140°F (60°C), PPI TR-4, B B B B B N B B
psi (MPa)
HDB at 73°F (23°C), PPI TR-4, 630 (4.34) 630 (4.34) 800 (5.52) 800 (5.52) 800 (5.52) 1000 800 (5.52) 1000
psi (MPa) (6.90) (6.90)

“See 5.2.
BListing required; consult manufacturer for listed value.
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TABLE 2 Fittings for Outside Diameter-Controlled Polyethylene Pipe”

f
e
—Cc—
A Socket Entrance Diameter® B Socket Bottom Diameter®:-? c D
Nominal Average Tolerance MOaX|mum Average Tolerance on Maximum Socket Inside Diameter
: ) : ut-of- ) f Out-of- Depth,
Pipe Diameter on Diameter Round Diameter Diameter Round min min max
Size, in., ’
in. (mm)
2 0.810 +0.005 +0.008 0.804 +0.005 +0.008 0.625 0.648 0:8p4
(20.57) (+0.127) (£0.203) (20.42) (+0.127) (0.203) (15.88) (16.46) (20l42)
-0.010 -0.026
(~0.254) (~0.660)
Ya 1.020 +0.008 +0.010 1.012 +0.008 +0.010 0.625 0814 1.0R0
(25.91) (+0.203) (+0.254) (25.70) (+0.203) (+0.254) (15.88) (20.68) (25}91)
-0.012
(~0.305)
1 1.275 +0.008 +0.010 1.267 +0.008 +0.010 0.687 1.020 1.2f75
(32.38) (+0.203) (+0.254) (32.18) (+0.203) (+0.254) (17.4) (25.91) (32)38)
-0.012
(~0.305)
1Va 1.620 +0.008 +0.012 1.612 +0.008 +0.012 Q875 1.301 1.6R0
(41.15) (+0.203) (+0.305) (40.94) (+0.203) (+0.305) (22.22) (33.04) (41]15)
-0.016
(~0.406)
12 1.860 +0.010 +0.012 1.849 +0.010 +Q012 0.875 1.496 1.8p9
(47.24) (£0.254) (+0.305) (46.96) (+0.254) (£0.305) (22.22) (38.0) (47]122)
-0.020
(~0.508)
2 2.335 +0.010 +0.012 2.324 +0.010 +0.012 0.875 1.885 2.3p4
(59.31) (+0.254) (+0.305) (59.03) (+0.254) (+0.305) (22.22) (47.88) (59|28)
—-0.020
(-0'508)
3 3.455 +0.015 +0.015 3.439 +0.015 +0.015 1.000 2.780 3.4p4
(87.76) (£0.381) (+0.381) (87.35) (+0.381) (0.381) (25.4) (70.61) (87|73)
—-0.025
(~0.635)
4 4.450 +0.015 +0.015 4.434 +0.015 +0.015 1.125 3.575 4.4p49
(113.08) (+0.381) (+0.381) (112.62) (+0.381) (+0.381) (28.58) (90.80) (113]00)
—0.035
(~0.889)
A Minimum difhensions have zero negative tolerance. The sketches-and designs of fittings are illustrative only. Entrance chamfer or radius is optional.
B Measured af top of socket wall taper, just below entrance radius.
© Dimensions of tools should be checked for consistency Withyfittings used. Socket bottom diameter must be equal to or smaller than entrance diameter.
D Measured af bottom of socket wall taper, just above Hottam radius.

8.3 Sampling—Select at randem sufficient quantity of fit- 8.5.1 Prepare test assemblies in such a manner thatf each,
tings from|each lot of shipment and test to determine that the whether individual fittings or groups of fittings, is a Jystem
basic prop¢rties and dimen$ions are in conformance with this incorporating at least one length of pipe or tubing and pne or
specificatign. more fittings in addition to end closures. Fuse all fiftings’

Note 1—For individtal orders or specifications, only those tests and O.utleFS with the appropriate size p.lp.e or tubing. One pipce of
numbers of fests specifically agreed upon between the purchaser and the p%pe H? the system shall have a minimum length equal fo five
manufacturef need_be conducted. pipe diameters.

8.4 Dinfensions—Measureinaccordancewith Test Method 8.5.2 Short-Term Rupture Test—The test equigment,
D2122. procedures, and failure definition shall be as specified in Test

8.4.1 Maximum out-of-round tolerance on sockets applies
to the actual measured average inside diameter.

Note 2—Example—In the 1-in. IPS size, if the actual measured
average inside socket entrance diameter was 1.281 in. (32.54 mm) then the
extreme measured diameters due to ovality can be 1.291 in. (32.79 mm)
maximum and 1.271 in. (32.28 mm) minimum when the out-of-round
tolerance is =0.010 in. (2.54 mm).

8.5 Pressure Test:

Method D1599. Increase the hydrostatic pressure at a uniform
rate such that the specimen fails between 60 and 70 s from the
start of the test. Minimum failure pressures are shown in Table
4.

8.5.3 Sustained Pressure Test—Prepare six fitting specimens
as prescribed in 8.5.1

8.5.3.1 Sustained pressure tests shall be conducted in accor-
dance with Table 5 and Test Method D1598 using water as the
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TABLE 3 Fittings for Outside Diameter-Controlled Polyethylene Tubing”

: ;7777777' i
[+—C—=
A Socket Entrance Diameter® B Socket Bottom Diameter®? c D
Nominal Average Tolerance Maximum Average Tolerance on Maximum Socket Inside Diameter
Tubin Diameter on Diameter Out-of- Diameter Diameter Out-of- Depth, .
Si 9 Round Round min min max
in. (mm)
> 0.585 +0.010 +0.010 0.575 +0.010 +0.010 0.625 0.500, 0.585
(14.86) (+0.25) (+0.25) (14.61) (+0.25) (£0.25) (15.88) (12.70) (14.86)
-0.007 -0.007
(-0.18) (-0.18)
4 0.835 +0.010 +0.010 0.825 +0.010 +0.010 0.625 0.750 0.835
@1.21) (£0.25) (£0.25) (20.96) (£0.25) (£0.25) (15.88) (19.05) (21.21)
1.075 +0.008 +0.008 1.070 +0.008 +0.008 0.625 0.850 1.078
(27.30) (+0.20) (+0.20) (27.18) (+0.20) (£0.20) (15.88) (21.59) (27.38)
-0.012
(~0.30)
1|/ 1.330 +0.008 +0.010 1.322 +0.008 +0.010 0.687 1.250 1.330
(33.78) (£0.20) (£0.25) (33.58) (£0.20) (£0.25) (17.45) (31.75) (33.78)

A Minimpm dimensions have zero negative tolerance. The sketches and designs of fittings are illustrative only.-Entrance chamfer or radius is optional.

B Measyred at top of socket wall taper, just below entrance radius.
€ Dimer]
D Measlred at bottom of socket wall taper, just above bottom radius.

TABIE 4 Quick Burst Minimum Hoop Stress Requirements for
Water At 73°F (23°C) for SDR-PR PE Plastic Pipe Fittings” -2
| Material psi (MPa)
Density Class 2 materials 2500 (17.24)
Density Class 3 and 4 materials 2900 (20.00)
A For oytside diameter controlled pipe, calculate internal test pressure in acgor-
dance With the following formula:
P 2S
= 7D, )
t
Where:
P = test pressure, psig (kPa)
S = test pressure hoop stress, psi. (kPa)
Do = measured outside diameter, in. (mm)sand

t measured minimum wall thickness, in_(mm)

BFiber Jtress listed are to be calculated,on\the pipe being used in the test, not the
fitting.

pressurizing medium. JThe “test sample” shall be three speci-
mens.|Select onesFable 5 Condition for the material designa-
tion apd test thethree specimen test sample.

8.5B.2 Passing results are (a) non-failure for all three
specmlens at a time equal to or greater than the mlnlmum
average e—fa e
specimen failure and the average time before fallure for all
three specimens shall be greater than the specified “minimum
average time before failure” for the selected Table 5 Condition.
For Table 5 Conditions 1 through 5: if more than one ductile
failure occurs before the “minimum average time before
failure”, it is permissible to conduct one retest at a Table 5
Condition of lower stress and longer minimum average time
before failure for the material designation. For Table 5 Condi-
tion 6 no retest is permissible. Brittle failure of any specimen

sions of tools should be checked for consistency with fittings used. Socket bottom diameter mustde equal to or smaller than entrance diameter,

89

before«the Table 5 “minimum average time befdre failure”
constitttes failure to meet this requirement and rfo retest is
allowved.

8.5.3.3 Provision for retest (if needed). The retest sample
shall be three specimens of the same pipe or tubirlg size and
material designation from the same time frame as the “test
sample”. For the retest, any specimen failure pefore the
“minimum average time before failure” at the retest condition
of lower stress and longer minimum average tifme before
failure constitutes failure to meet this requirement.

9. Packaging and Package Marking

9.1 Fittings shall be marked with the following:

9.1.1 Manufacturer’s name or trademark,

9.1.2 Material designation (such as, PE 27086, HE 3608, or
PE 4710),

Norte 3—Earlier editions of Specification D2683 included PE material
designations PE2406, PE3406, PE3407 and PE3408. Changgs to Specifi-
cation D3350 and PPI TR-3 led to changes in thermoplastic material
designation codes, resulting in material designation PE2406|being super-
seded by material designations PE2606 and PE2708, materiaf designation
PE3406 being superseded by PE3606, material designation HE3407 being
discontinued, and material designation PE3408 being superseded by
materlal demgnatlons PE3608 PE3708 PE%7]O PE4708 ind PE4710.

T emination of
1nformat10n and to update specmcatlons and literature, during the transi-
tional period, product markings that include both older and newer
materials designations, for example PE2406/PE2606, may occur.

9.1.3 Fittings intended for the transport of potable water
shall include the seal or mark of the laboratory making the
evaluation for this purpose,

9.1.4 Size, and

9.1.5 ASME SD-2683 or both ASME SD-2683 and ASTM
D2683.
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TABLE 5 Elevated Temperature Sustained Pressure Test Requirements™?
PE2606, PE2706, PE2708 PE3608 PE3708, PE3710, PE4710
PE4708
Test Pressure Hoop Stress Minimum Average Test PressureMinimum
Test A Y )

Condition Temperature, AR Time Before ‘I;anure, Hoopi1 Avgrage

°F (°C)B psi (kPa) Hours Stress” . Time

psi (kPa)®  Before
Failure,
Hours®

1 176 (80) 670 (4620) 170 750 (5170) 200

2 176 (80) 650 (4480) 340 730 (5020) 400

3 176 (80) 630 (4345) 510 705 (4870) 600

4 176 (80) 610 (4210) 680 685 (4715) 800

b 176 (80) 590 (4070) 850 660 (4565). |1000

b 176 (80) 580 (4000) 1000 640 (4415)(")|1200

AA Calculate irjternal test pressure in accordance with
2S

Where:

P = test

S = test

Do = meq
t = mea
BTest tempera

Table 5 condit
minimum aver
maintain equiv
for arbitrarily ¢
Conditions 1 al
the minimum 4

9.2 Whg
marking, id
ing sequen

9.3 All g
to remain

practices. If indentation is used, it shall not reduce the¢\wall manufactured, inspected, sampled, and tested in accor

thickness t
should be d
long-term §
fittings sha
identificati
formulas u

P=

=

bressure, psig (kPa)

bressure hoop stress, psi. (kPa)

bured outside diameter, in. (mm), and
Eured minimum wall thickness, in (mm)

ure tolerance + 3.6°F (+ 2°C). Test pressure tolerance + 5 psi (+ 35 kPa); test pressure hoop stress values arérounded to the nearest 5 psi or 5 kP
bns are based on PE validation requirements per PPl TR-3 with Condition 6 being 85% of Condition ¥.test pressure hoop stress and six times
ge time before failure. Conditions 2 through 5 are linear stress and time interpolations between Conditions 1 and 6. The intent of multiple conditid
hlent performance criteria, but provide for retest in the event of ductile failure. The test pressure hoopsstress levels for Conditions 2-5 are linear interp
10sen time increments. An equivalent performance requirement, however, may be determineddy arbitrarily choosing a test pressure hoop stress i
d 6 and linearly interpolating the minimum average time before failure. For example for PE3710 and PE4710 material, at 670 psi test pressure hooq
verage time before failure would be 927 hours (200 + (750 — 670) x ((1200 — 200) / (750 — 640)) = 927).

less than the minimum value for the fittings,;and it (ith  this specification and has been found to mee
emonstrated that these marks have no effedt on the requirements of this specification.

trength of the fittings. In addition toythe. above, the
1 bear an appropriate code numbetithat will assure
n on the fittings as to month of-production and resin

ed in the production of said fitéings. The manufac- 11.1 Certification shall be as required by Annex A

11. Certification

SUPPLEMENTARY REQUIREMENTS

GOVERNMENT / MILITARY PROCUREMENT

h. Note:
greater
ns is to
blations
etween
stress,

re the size of the fitting does not allow complete turer,shall maintain such additional records as are necesdary to
entification marking may be omitted in the follow- confirm identification of all coded fittings.

e: size, designation number, material designation.

equired markings shall be legible and so applied as 10. Quality Assurance

legible under normal handling and installation 10.1 The manufacturer affirms that the product| was

tance
t the

These requirements apply only to federal/military procurement, not domestic sales or transfers.

Responsibility for Inspection—Unless otherwise specified in
the contract or purchase order, the producer is responsible for
the performance of all inspection and test requirements speci-
fied herein. The producer may use his own or any other suitable

90

facilities for the performance of the inspection and test
requirements specified herein, unless disapproved by the pur-
chaser. The purchaser shall have the right to perform any of the
inspections and tests set forth in this specification where such
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inspections are deemed necessary to ensure that material
conforms to prescribed requirements.

Norte S1.1—In U.S. federal contracts, the contractor is responsible for
inspection.

Packaging and Marking for U.S. Government Procurement

Packaging —Unless otherwise specified in the contract, the
material shall be packaged in accordance with the supplier’s
standard practice in a manner ensuring arrival at destination in
satisfactory condition and which will be acceptable to the
carrier at lowest rates. Containers and packing shall comply

SD-2683

with Uniform Freight Classifications rules or National Motor
Freight Classifications rules.

Marking—Marking for shipment shall be in accordance with
Fed. Std. No. 123 for civil agencies and MIL-STD-129 for
military agencies.

Note S2.1—The inclusion of U.S. Federal Government procurement
requirements should not be construed as an indication that the U.S.

Federal Government uses or endorses the products described in this
specification.

This r

S3. Potable Water Requirement—Products intended for
contact| with potable water shall be evaluated, tested, and
certifiedl for conformance with ANSI/NSF Standard 61 or the

POTABLE WATER REQUIREMENT

pquirement applies whenever a Regulatory Authority or user calls for the product to,besused to convey o
tact with potable water.

ANNEX

to be in con-

health effects portion of NSF Standard 14 by
certifying organization when required by the reg
ity having jarisdiction.

an acceptable
ulatory author-

(Mandatory Information)

Al. ~\<CERTIFICATION

The producer or supplier shall furnish a certificate of compliance stating that the material was manufacture
tested, and inspected in accordance with the'Specification, including year date, the Supplementary Require
any other requirement designated in the'purchase order or contract, and that the results met the requiremg
Specification, the Supplementary Requirements, and the other requirements. A signature or notarization is n
on the certificate of compliance, butithe document shall be dated and shall clearly identify the organization
the certificate. Notwithstanding the absence of a signature or notarization, the certifying organization is resp
the contents of the document.

1, sampled,
ments, and
nts of that
bt required
submitting
pnsible for
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SPECIFICATION FOR POLYETHYLENE (PE).PLASTIC
TUBING

@Z@ SD-2737

(Identical with ASTM D2737-12a except for additional requirements in section 11 and Annex A1, revised marking re
quirements in para. 9.1.5, renumbering of section, 12, and quality assurance requirement in para. 10.1 has been mad¢
mandatory.)
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Specification for

Polyethylene (PE) Plastic Tubing

1. Scope

1.1 This spg
ing in outside
water. Include
requirements
workmanship,
pressure, burst

1.2 The text
and appendixe
notes and foot
the specificatio
Supplementary|
cation.

1.3 The valy
as standard. Th
conversions to
and are not col

Note 1—]Joinif
tubing is not reco

cification covers polyethylene (PE) plastic tub-
liameters and SDR’s that are pressure rated for
H are requirements for PE compounds, and
and test methods for PE plastic tubing
dimensions, elevated temperature sustained
pressure and marking.

of this specification references notes, footnotes,
5 which provide explanatory material. These
otes shall not be considered as requirements of
h. Notes and footnotes in tables and figures, and
Requirements are requirements of the specifi-

es stated in inch-pound units are to be regarded
e values given in parentheses are mathematical
SI units that are provided for information only
isidered standard.

g PE plastic tubing with fittings that require flaring the
mmended because Practice D3140, the technique used to

make the flare hap been withdrawn (discontinued).

Note 2—Refeg
PE2406, PE3306
changes in Specif]
refer to previous
PPI TR-3 and PP
affect pipelines th
tions resulting fr
addressed in Sec]

1.4 The foll
test methods {
standard does 1
if any, associat
of this standa
practices and {
tions prior to |

ences and PE compound descriptions for PE2305;

PE3406, and PE3408 have been removed.dde" to
cation D3350 and PPI TR-3. For removed desighations,
editions of Specification D2737, Specification’D3350,
[ TR-4. The removal of these PE compounds does not
at are in service. PE compounds and.material designa-
m changes in Specification D3350\and PPI TR-3 are
on 5.

wing safety hazards caveat pertains only to the
ortion, Section 7, ©f\‘this specification: This
ot purport to addiess'all of the safety concerns,
d with its use. {t/is the responsibility of the user
d to establish)appropriate safety and health
eterming’the applicability of regulatory limita-
se.

2—ReferencedDPocument
e INCIUITI 1ILS

2.1 ASTM Standards:

D618 Practice for Conditioning Plastics for(Testing

D638 Test Method for Tensile Properties lof Plastics

D1238 Test Method for Melt Flow Rates)of Thermo
by Extrusion Plastometer

D1598 Test Method for Time-to-Failure of Plast]
Under Constant Internal Préssure

D1599 Test Method for ReSistance to Short-Time H)
Pressure of Plastic Pipe,-Tubing, and Fittings

D1600 Terminology for Abbreviated Terms Relating
tics

D1603 Test Methiod for Carbon Black Content in
Plastics

D2122 Test\Method for Determining Dimensions @
moplastic Pipe and Fittings

D2565 Practice for Xenon-Arc Exposure of Plas
tended for Outdoor Applications

D2837 Test Method for Obtaining Hydrostatic Desig
for Thermoplastic Pipe Materials or Pressure Desig
for Thermoplastic Pipe Products

D3350 Specification for Polyethylene Plastics Pipe
tings Materials

D3140 Practice For Flaring Polyolefin Pipe And Tu

D4218 Test Method for Determination of Carbon
Content in Polyethylene Compounds By the
Furnace Technique

F412 Terminology Relating to Plastic Piping SysteIJIs

G154 Practice for Operating Fluorescent Light Appa
UV Exposure of Nonmetallic Materials

G155 Practice for Operating Xenon Arc Light Appar
Exposure of Non-Metallic Materials

2.2 APWA Standard:
APWA Uniform Color Code

plastics
¢ Pipe
draulic
to Plas-
Olefin
f Ther-
ics In-

n Basis
n Basis

ind Fit-

bing
Black

Muffle-

atus for

atus for
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2.3 NSF Standards: PR 2 X HDS |
NSF/ANSI Standard No. 14 for Plastic Piping Components ~ (SDR+1) (0
and Related Materials Where:
NSF/ANSI Standard No. 61 for Drinking Water Systems PR ' tine £ ter. 73°F (23°C), psi (kPa)
C ts—Health Effect = pressure rating for water, , psi (kPa
orporients—-ca eets HDS = hydrostatic design stress for water at 73°F (23°C),

2.4 PPI Standards:
PPI T.R_]';’ PQIICIES z'del]’;(])Sce(liDures forDDeyelolg)1ng }gg]go_ SDR = standard dimension ratio
static Design . asis ( . ), Pressure e,SIgn asis ( . ), Note 3—PR and HDS must have the same units. See Appendix X1 for
Strength Design Basis (SDB), and Minimum Required  aximum pressure ratings for water.
Strength (MRS) Ratings for Thermoplastic Piping Mate- A2 This specificationcoversPE tubinei tard dimen-

rials or Pipe . .
PPI| TR-4 HDB/SDB/PDB/MRS Listed Materials, PPI List.  *0" "atios SDR 7.3, SDR 9, and SDR 11.

ing of Hydrostatic Design Basis (HDB), Strength Design 5. Materials
asis (SDB), Pressure Design Basis (PDB), and Minimum
equired Strength (MRS) Ratings for Thermoplastic Pip-
ing Materials or Pipe

psi (kPa)

5.1 Polyethylene Compound—Polyethylene dompounds
suitable for use in the manufactufé~ef tubing junder this
specification shall meet thermoplastic materials ¢lesignation
codes PE2708 or PE3608 or PE4608 or PE4710, and shall meet
Table 1 requirements for PE2708 or PE3608 or PE4608 or

3.1 |Definitions—Unless otherwise specified, definitions are PE4710, and shall meet thermal stability, brittlenegs tempera-
in accprdance with Terminology F412 and abbreviations are in  tyre and elongation at break requirements in accorflance with
accordance with Terminology D1600. Specification D3350.

5.1.1 Color @and Ultraviolet (UV) Stabjlization—
Polyethylene ¢ompounds shall meet Specification I}3350 code

4.1|General—This specification covers PE plastic tubing  C, D or E, In addition, Code C polyethylene compgunds shall
made [from PE compounds in three standard dimension ratios  have 2 t0"3 percent carbon black, and Code D or E| polyethyl-
and pfessure rated for water. Pressure ratings for water are ene compounds shall have sufficient UV stabilizei| to protect
depenflent on the PE compound in accordance with the tubing-from deleterious UV exposure effects durfjng unpro-
following relationship: tectéd outdoor shipping and storage for at least eighteen (18)
months.

=

3. Terminology

4. Tuping Classification

Norte 4—Pipe users should consult with the pipe manufjcturer about
the outdoor exposure life of the product under consideratiof. Evaluation
of UV stabilizer in Code D or E PE compound using Practice D2565 or
Practice G154 or Practice G155 may be useful for this purgose.

TABLE 1 Polyethylene Compound Requirements

Material Designation
Requirement PE2708 PE3608 PE4608 PE4710
Required Value

Mipimum HDB at 140°F

(6¢4°C), psi (MPa), A A A A

pe} Test Method D2837 800 (5.5) 800 (5.5) 800 (5.5) 800 (§5)

anfl PPI TR-3

HOS for water at 800 (5.5) 800 (5.5) 800 (5.5) 1000 (6.9)

73[F (23°C) psi (MPa),

pef Test Method D2837

anfl PPl TR-34

Mgt flow rate, =0.40 g/10 min Cond. =0.15 g/10 min =0.15 g/10 min =0.15 g/f|0 min

pef Test’Method D1238 190/2.16 or =20 g/10 Cond. 190/2.16 or Cond. 190/2.16 or Cond. 1902.16 or
min Cond. 190/21.6 =20 g/10 min =20 g/10 min =20 g/10 min

Cond. 190/21.6 Cond. 190/21.6 Cond. 190/21.6

Specification D3350 Required Value

Cell Classification

Property Requirement

Density (natural base resin) 2 3 4 4

SCG Resistance 7 6 6 7

Color and UV Stabilizer Code? C,DorE C,DorE C,DorE C,DorE

A Contact manufacturer or see PPl TR-4 for listed value.

BSee 5.1.1.
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5.1.2 Colors for solid color, an external color layer or color
stripes—In accordance with the APWA Uniform Color Code,
blue shall identify potable water service; green shall identify
sewer service; and purple (lavender) shall identify reclaimed
water service. Yellow identifies gas service and shall not be
used.

5.2 Products intended for contact with potable water shall
be evaluated, tested and certified for conformance with NSF/
ANSI Standard No. 61 or the health effects portion of NSF/
ANSI Standard No. 14 by a certifvinge organization acceptable

ASME NM.3.1-2018

uniform. It shall not be possible to cleanly separate any two
layers with a probe or point of a knife blade at any point.

6.4 Carbon Black—Polyethylene tubing produced using
Code C polyethylene compound per 5.1.1 shall contain 2 to 3%
carbon black when tested in accordance with 7.5.

6.5 Burst Pressure—The minimum burst pressure for tubing
shall be as given in Table 4, when determined in accordance
with 7.6 using a minimum hoop stress of 2520 psi (17.4 MPa)
for Table 1 density cell 2 polyethylene compound or 2900 psi

to the authprity having jurisdiction. (20.0 MPa) for Table 1 density cell 3 or 4 polyethylene
compound. In addition, the failure shall be ductile.
5.3 Rewjrk Material—Clean polyethylene compound from .
the manufgcturer’s own tubing production that met 5.1 through 6.6 Elevated T.emper ature Sustained Pressyre—Elgvated
5.2 as ney PE compound is suitable for re-extrusion into ~ temperature sustained pressure tests for edeh polyethylene
tubing whgn blended with new PE compound having the same corppound designation per Tgble 1 used improduction |at the
material dg¢signation. Tubing containing rework material shall facility shall be conducted twice annually ‘per 7.7.
meet all the requirements of this specification. 6.7 Inside Surface Ductility for Tubing—Tubing sHall be
. tested for inside surface ductilityivaccordance with 7.8 pr 7.9.
6. Requirgments
6.1 Workmanship—The tubing shall be homogeneous Note 6—Tensile elongation ‘t€sting per 7.9 provides a quarjtifiable
throughou{ and free from visible cracks, holes, foreign result and is used for referee testing and in cases of disagreemen].
inclusion§, or other‘defectg. The tubing §hall be as uniform as 7. Test Methods
commercidlly practicable in color, opacity, density, and other
physical pfoperties. See 5.1.2. 7.1 Conditioming—Condition as specified in th¢ test
6.2 Dinlensions and Tolerances: method. Where conditioning is not specified in the test method,
6.2.1 Ofside Diameters—The outside diameters and toler-  conditiorithe test specimens at 73 = 3.6°F (23 = 2°C) without
ances shall be as shown in Table 2 when measured in  regard go relative humidity for not less than 4 h prior to the test
accordancd with 7.4. in a¢eordance with Procedure A of Practice D618, or af 73 =
6.2.1.1 Qut-of-roundness—Out of roundness shall be in ~ S&F (23 = 2°C) for not less than 1 h in accordancg with
accordancd with Table 2 as extruded, but before coiling for Brocedure D of Practice D618.
packaging when measured in accordance with 7.4. 7.2 Test Conditions—Conduct tests in accordance with the
Note 5—{Coiling may increase out-of-roundness, depending.on the ~ conditions specified in the test method, or if not specified in the
coiling methpd and coil dimensions. test method, at 73.4 £ 3.6°F (23 £ 2°C) without regard to
6.2.2 Whll Thicknesses—The wall thicknesses and tolerance relative humidity.
shgll be a shown. in Table 3 when' meas'ured in ,accordance 7.3 Sampling—The number and selection of samples shall
with 7.4.. Wall thickness shall be inclusivesof* all extruded be as specified in the test method, or if not specified in the test
concentric layers'. o ) ) method, sample selection shall be as agreed upon by the
6.2.3 Wall Thickness Variation—The ‘wall thickness varia- purchaser and seller. In case of no prior agreement’ any Sample
tion shall rfot exceed 12 % when medsuied in accordance with selected by the testing laboratory shall be deemed adeqluate.
74. ) . 7.3.1 Test Specimens—Not less than 50 % of the test|speci-
6.2.4 Thickness of Outer Layer—For tubing produced by 04 required for any pressure test shall have at least a part of
simultaneous multiple . eX{ion, the, outer concentric layer the marking in their central sections. The central section [is that
shall be at|least 0.020 in(¢"5 mm) thick. portion of the tubing sample that is at least one pipe digmeter
6.3 Bonfl—For tubitrg® produced by simultaneous multiple away from an end closure. The entire marking shpll be
extrusion, [the bond<bétween the layers shall be strong and documented in testing records.
TABLE 2 Outside Diameters and Tolerances for PE Plastic Tubing
Tubing Qutside
Size Dlameter, Outside Diameter Out-of-Roundness,
in. (mm) Tolerance, in. (mm) in. (mm)
Yo 0.625 (15.87 +0.004 (£0.10) 0.030 (0.76)
% 0.750 (19.05) +0.004 (+0.10) 0.030 (0.76)
% 0.875 (22.23) +0.004 (+0.10) 0.030 (0.76)
1 1.125 (28.58) +0.005 (+0.13) 0.030 (0.76)
1V 1.375 (34.93) +0.005 (+0.13) 0.030 (0.76)
175 1.625 (41.23) +0.006 (+0.15) 0.030 (0.76)
2 2.125 (53.98) +0.006 (+0.15) 0.030 (0.76)
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TABLE 3 Wall Thickness and Tolerances for PE Plastic Tubing
Wall Thickness, in.”
SDR 7.3 SDR 9 SDR 11
in. (mm) in. (mm) in. (mm)

Tubing Size, in. Minimum Tolerance Minimum Tolerance Minimum  Tolerance Minimum Tolerance Minimum Tolerance Minimum  Tolerance
V2 0.086 +0.010 (2.18) (0.25) 0.069 +0.010 (1.75) (0.25) 0.062 +0.010 (1.57) (0.25)
% 0.103 +0.010 (2.62) (0.25) 0.083 +0.010 (2.11) (0.25) 0.068 +0.010 (1.73) (0.25)
Ya 0.120 +0.012 (3.05) (0.30) 0.097 +0.010 (2.46) (0.25) 0.080 +0.010 (2.03) (0.25)

1 0.154 +0.015 (3.91) (0.38) 0.125 +0.012 (3.18) (0.30) 0.102 +0.010 (2.59) (0.25)
1Va 0.188 +0.019 (4.78) (0.48) 0.153 +0.015 (3.89) (0.38) 0.125 +0.012 (3.18) (0.30)
1% 0.233 +0.022 (5.92) (0.56) 0.181 +0.018 (4.60) (0.46) 0.148 +0.015 (3.76) (0.38)

: A.2n1l vn.r\:n /'{')n) /I\.:)A\ n.coc In.n24 (:.nn\ (n.r*4l> fal 1{\') II\.I\-:(\ (400 (048)

AThe ﬂinimum is the lowest wall thickness of the pipe at any cross section. The max

imum permitted wall thickness, at any cross section, is the minimym |wall thickness

plus the] stated tolerance. All tolerances are on the plus side of the minimum requirement. Wall thickness variation shall be in accordance with 62,3
TABLE 4 Minimum Burst Pressure for PE Plastic Tubing Pipe
Minimum Burst Pressure” psi (kPa)
SDR PE2708 PE3608, PE4608, PE4710
psi (kPa) psi (kPa)

7.3 800 (6517) 921 (6352)
9 630 (4345) 725 (5000)
11 504 (3476) 580 (4000)
AMinimym burst pressure calculated in accordance with:

28

Py b~ 1

T
Where:
Pz =| burst test pressure, psi (kPa)
S =| minimum hoop fiber stress, psi. (kPa)
S =| 2520 psi (17,370 kPa) for Specification D3350 density cell 2 PE compound per Table 2.
S =| 2900 psi (20,000 kPa) for Specification D3350 density cell 3 and 4 PE compoufd per Table 2.
D, =| measured average inside diameter, in. (mm)
t =| measured minimum wall thickness, in (mm).

Test temperature tolerance +3.6°F (+ 2°C). Test pressure tolerance + 5 psi (%35 kPa);

7.4 |Dimensions and Tolerances—Use any length of tubing 7.7.1 For the selected Table 5 Condition, passing results are
to defermine the dimensions. Outside, diameter, out-of- (a) non-failure for all three specimens at a time ¢qual to or
roundpess, and wall thickness shall be m&asured in accordance greater than the “minimum average time before failfire”, or (b)
with Test Method D2122. not more than one ductile specimen failure and the average

74|l Outside Diameter—Measure-the outside diameter of  time before failure for all three specimens shall be greater than
the tulping in accordance with Test Method D2122. The average  the specified “minimum average time before failupe” for the
outsidp diameter is the arithmetie average of the maximum and selected Table 5 Condition, or (c) successful retest|per 7.7.3.
mininfum diameter at anyx efoss sectlgn. Th'e to]erar}ce for 7.7.2 For the selected Table 5 condition, failure tp meet this
out-offroundness shall/apply only to tubing prior to shipment.  requirement is (a) brittle failure of any specimen When tested

7.5|Carbon Black—For all tubing manufactured with Code  at Table 5 Condition 1 through 6, or (b) ductile fajilure of all
C polyethylene.commpound, determine in duplicate the carbon three specimens.
black [content‘ithvdccordance with Test Method D1603 or Test 7.7.3 Provision for Retest for Table 5 Condition§ 1 through
Methdd D4218. 5—If a second ductile failure occurs before the [‘minimum
7.6 |Bufst Pressure—The test equipment, procedures and  average time before failure”, it is permissible to cpnduct one

failure definitions shall be as specified in Test Method D1599.

7.7 Elevated Temperature Sustained Pressure Test—
Elevated temperature sustained pressure tests for each Table 1
material designation used in production of tubing in accor-
dance with this specification at the facility shall be conducted
per D1598, and Table 5 using water as the pressurizing
medium. The “test sample” shall be three specimens of any
tubing size or SDR. One Table 5 Condition for the applicable
material designation shall be selected for the test.

97

Tetest at a lable > Condition of Jower siress and longer
minimum average time before failure for the material designa-
tion. The retest sample shall be three additional specimens of
the same tubing size and material designation from the same
time frame as the test sample per 7.7. For the retest, any
specimen failure before the “minimum average time before
failure” at the retest condition constitutes failure to meet this
requirement. For Table 5 Condition 6 no retest is permissible.

7.8 Bend-back Test Method:
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TABLE 5 Elevated Temperature Sustained Pressure Test” Requirements

PE2708, PE3608, PE4608 PE4710
Test Test Pressure Minimum Test Pressure Minimum
Condition Temperature, Hoop Stress, Average Time Hoop Stress, Average Time
°F (°C) psi (kPa) Before Failure, psi (kPa) Before Failure,
hours hours
1 176 (80) 670 (4620) 170 750 (5170) 200
2 176 (80) 650 (4480) 340 730 (5020) 400
3 176 (80) 630 (4345) 510 705 (4870) 600
4 176 (80) 610 (4210) 680 685 (4715) 800
5 176 (80) 590 (4070) 850 660 (4565) 1000
6 176 (80) 580 (4000) 1000 640 (4415) 1200
AA Calculate ipterreat-test-pressure-aceorde iR
28
P= D,
T
Where
P = test gressure, psi (kPa)
S = test gressure hoop stress, psi. (kPa)
D, = meagured average inside diameter, in. (mm)

~

mea
Test temperat|

Table 5 con|
maintain equi\
for arbitrarily g

Conditions 1
pressure hooq

7.8.1 S
rings from

7.8.2 Sy
bent per 7.
will be tes

7.8.3 In
within 5 n
tubing insi
Using an

ured minimum wall thickness, in (mm)

hosen time increments. An equivalent performance requirement, however, may be determined by arbitrarily choosing a test pressure hoop stress

stress, the minimum average time before failure would be 927 hours:

(1200 — 200)
927 = 200+ (750 — 670) x

(750 — 640)

jjuarely cut four 1 '8 to 1 ¥ in. (29 to 35 mm) wide 8. Retest and Rejection
tubing. Condition the rings per 7.1.

lit each ring longitudinally so that when reverse
B.3, the pipe ID for each quadrant around the tubing
ed.

a well-lit area, perform the following procedure
hin: (a) Bend each split ring specimen so that the
e surface is on the outside surface of.the bend. (b)
hpparatus such as a bench vis€ or other suitable

8.1 Except as provided in 7.7.3, if the results of any
do not meet the requirements of this specification, the

purchaser and the seller. Under such agreement, mir
shall specification limits be changed. If upon retest,

not meet the requirements of this specification.

re tolerance = 3.6°F (+ 2°C). Test pressure tolerance + 5 psi (= 35 kPa); test pressure hoop stress values are ronded to the nearest 5 psi or 5|kPa.

Hitions are based on PE validation requirements per PPI TR-3 with Condition 6 being 85% of Condition 1 test ftessure hoop stress and six timeq greater
minimum averlage time before failure. Conditions 2 through 5 are linear stress and time interpolations between Conditions f.and 6. The intent of multiple conditi

ns is to

alent performance criteria, but provide for retest in the event of ductile failure. The test pressure hoop stress levels for Conditions 2-5 are linear intergolations

petween

nd 6 and linearly interpolating the minimum average time before failure. For example for PE3710 afd)PE4710 compound designations, at 670| psi test

itest(s)
test(s)

shall be conducted again only by agreement betweg¢n the

limum

requirements shall not be lowered, changed, or modifigd, nor

Failure

occurs, the quantity of product represented by the test(s|) does

equipment] close the legs of the specimén together. When the
specimen legs are closed together, theytop of the bend-back 9. Marking
specimen ghall extend above the point of closure by 3 * 12
times the minimum wall thickrdes$ per Table 3. (c) With the 9.1 Marking on the tubing shall include the following
unaided (npked) eye, visually®examine the reverse-bent tubing information. Marking shall be spaced at intervals of no{ more
ID surface than 5 ft (1.5 m). Marking shall be applied such that ledibility
7.8.4 \isible brittle\cracking or crazing indicates failure. is maintained after normal handling and installation.
7.9 Elofgation-dtBreak Test Method: 9.1.1 Tubing size (for example, 1 TUBING).
7.9.1 Hive T&t Method D638 Type III or Type IV speci- 9.1.2 Tubing SDR
mens cut ipn ghéJongitudinal direction from locations equally 9.1.3 The PE material designation in accordance with the
spaced arbudd the circumference of the tuhing shall he  material designation prescribed in Table 1 (for exgmple,

conditioned per 7.1 and tested in accordance with Test Method PE3608).

D638 at a cross-head separation speed of 2 in. (50.8 mm) min.

If the specimen thickness must be reduced by machining, the 160 psi. or 1103 kPa)

tubing ID surface shall be left unaltered.

7.9.2 —The percent elongation at break for each test speci-  D2737.

men shall exceed 400 %.

Note 7—Specimen machining that produces smooth surfaces and that identifies manufacturing location, PE compound s

uniform thickness is necessary. Surface cuts or scratches and non-uniform

thickness in the specimen gage length can detrimentally affect test results.
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9.1.4 Pressure rating for water in psi or kPa, (for example,

9.1.5 ASME SD-2737 or both ASME SD-2737 and ASTM

9.1.6 The manufacturer’s name (or trademark) and a code

ource,

manufacturing date and relevant production information such
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as extrusion line and shift. Upon request the manufacturer shall

provide

an explanation of the code.

9.1.7 Tubing intended for the transport of potable water
shall also include the seal or mark of the laboratory making the
evaluation for this purpose, spaced at intervals specified by the
laboratory.

Note 8—Manufacturers using the seal or mark of a laboratory must
obtain prior authorization from the laboratory concerned.

with this specification and has been found to meet the
requirements of this specification.

11. Certification
11.1 Certification shall be as required by Annex Al.

12. Keywords

10. Qu
10.1

ality Assurance

The manufacturer affirms that the product was

manufgctured, inspected, sampled, and tested in accordance

(Mandatory Information)

Al.

ANNEX

CERTIFICATION

121 CTS: CTS—tubing: DR OD controlled; PE pipe; PE

tubing; plastlc pipe; plastlc tubing; potableGw; ter pipe; poly-
ethylene pipe; polyethylene tubing; potable| water tubing;
service pipe; service tubing; SDR; water pipef water tubing;
water service pipe; water service tubing

The producer or supplier shall furnish a certificate of compliance stating that the material was manufactur¢d, sampled,
tested, and inspected in accordance with the Specification,@cluding year date, the Supplementary Requirpments, and
any other requirement designated in the purchase order\or contract, and that the results met the requirenjents of that
Specification, the Supplementary Requirements, and-the other requirements. A signature or notarization is hot required
on the certificate of compliance, but the document'shall be dated and shall clearly identify the organization submitting
the certificate. Notwithstanding the absence of@ysignature or notarization, the certifying organization is responsible for

the contents of the document.
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X1.1 Maximum tubing pressure ratings for use with water

ASME NM.3.1-2018

APPENDIX
(Nonmandatory Information)

X1. SOURCE OF HYDROSTATIC DESIGN STRESSES

may be determined using PPI recommended hydrostatic design conditions.
stress (HDS) ratings for the PE compound per Section 5 and

Table 1. Maxi

um- internal pressure ratings for cold water are X1 2 Information on HDS is available in Table
=}

shown in Tabl|

e X1.1. At the manufacturer’s discretion and Method D2837, PPI TR-3 and PPI TR-4.

water or other media, or for variations of internal or external

1, Test

responsibility, ¢ther pressure ratings may be recommended for
TABLE X1.1 Maximum Pressure Rating, PR, for SDR-PR PE Pipe for Use With Water
Nominal Pressure Rating”Z psi (kPa)
SDR PE2708, PE3608, PE4608 RE4710
psi (kPa) psi (kPa)
7.37 250 (1725) 315 (2170)
of 200 (1380) 250 (1725)
1t 160 (1100) 200 (1380)
AMinimum burst préssure calculated in accordance with
pp- 2HDS
~ (SDR-1)

Where:

P =

HDS = hydrost
SDR = standar

BTable values roun
Editorially corred

burst tept pressure, psi (kPa)

htic design stress for water at 73°F (23°C), psi. (kPa) (Table 1)
Il inside dimension ratio

ed to nearest 5 psi or 5 kPa.
ted in February 2012.
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SPECIFICATION FOR CHLORINATED POLY{VINYL
CHLORIDE) (CPVC) PLASTIC HOT- AND COLD-WATER
DISTRIBUTION SYSTEMS

@Z@ SD-2846/SD-2846M

(Identical with ASTM D2846/D2846M-14 except for additional requirements in section 15 and Annex A1, revised
marking requirements in para. 12.2.3, renumbering of section 16, and quality assurance requirement in para. 14.1 ha
been made mandatory.)
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Specification for
Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Hot- and
Cold-Water Distribution Systems

ASME NM.3.1-2018

1. Scope

1.1 This spg
and methods of
plastic hot- an
made in one st
service up to a
comprise pipe
plastic-to-meta
sives. Require
materials, wor]
static sustaineq
tance. The co
intended for us
potable water ¢

1.2 The pro
for use with thg
are chemically
inherent hazard

cification covers requirements, test methods,
f marking for chlorinated poly(vinyl chloride)
d cold-water distribution system components
pnndard dimension ratio and intended for water
hd including 180°F (82°C). These components
and tubing, socket-type fittings, street fittings,
transition fittings, solvent cements, and adhe-
ments and methods of test are included for
xmanship, dimensions and tolerances, hydro-
| pressure strength, and thermocycling resis-
mponents covered by this specification are
e in residential and commercial, hot and cold,
istribution systems.

lucts covered by this specification are intended
distribution of pressurized liquids only, which
compatible with the piping materials. Due to
s associated with testing components and sys-

tems with conjpressed air or other compressed gases some

manufacturers
Consult with
their specific tg
Note 1—Pres
contain large am|
hazards should a
1.3 The text
and appendixe
notes and footn|
not be considel

1.4 The valy

lo not allow pneumatic testing of their products,
pecific product/component manufacturers\for
sting procedures prior to pneumatic testing:
urized (compressed) air or other compressed gases
punts of stored energy which presentgserious safety
kystem fail for any reason.

of this specification references netes, footnotes,
5 which provide explanatory” material. These
ptes (excluding those imtables and figures) shall
ed as requirements ©Of\the specification.

es stated in eitherSI units or inch-pound units

are to be regar
each system

ed separately-a$.standard. The values stated in
ay not be-eXxdct equivalents; therefore, each

system shall b¢ used ifidependently of the other. Combining
values from thg twoSsystems may result in non-conformance
with the standdrd.

Norte 2—Suggested hydrostatic design stresses and hydrostatic

ratings for pipe, tubing, and fittings are listed in Appendix X1

assembly, and installation considerations are discussed in Appe]
An optional performance qualification and an in-plant quality
program are recommended in Appendix X3.

1.5 The following safety hazards caveat pertains onl

pressure
Design,
hdix X2.
control

[y to the

test method portion, Sections 9 and_ 10, of this specifjcation:

This standard does not purpoxtdo address all of thd

safety

concerns, if any, associated withits use. It is the responsibility
of the user of this standard-to“establish appropriate safety and
health practices and determine the applicability of redulatory

limitations prior touse:

2. Referenced PDoecuments

2.1 ASTM-Standards:
D1598 Test Method for Time-to-Failure of Plast
Under Constant Internal Pressure

¢ Pipe

D1599 Test Method for Resistance to Short-Time Hydraulic

Pressure of Plastic Pipe, Tubing, and Fittings
D1784 Specification for Rigid Poly(Vinyl Chloride

(PVC)

Compounds and Chlorinated Poly(Vinyl CHloride)

(CPVC) Compounds

D2122 Test Method for Determining Dimensions o
moplastic Pipe and Fittings

D2444 Test Method for Determination of the Impac
tance of Thermoplastic Pipe and Fittings by Me3
Tup (Falling Weight)

D2837 Test Method for Obtaining Hydrostatic Desig
for Thermoplastic Pipe Materials or Pressure Desig
for Thermoplastic Pipe Products

F402 Practice for Safe Handling of Solvent C
Primers, and Cleaners Used for Joining Therm
Pipe and Fittings

F412 Terminology Relating to Plastic Piping Systenps

F493 Specification for Solvent Cements for Chl
Poly(Vinyl Chloride) (CPVC) Plastic Pipe and Fi
F1498 Specification for Taper Pipe Threads 60° for T

f Ther-

Resis-
ns of a

n Basis
n Basis

bments,
bplastic

rinated
tings
hermo-

plastic Pipe and Fittings

102


https://asmenormdoc.com/api2/?name=ASME NM.3.1 2018.pdf

ASME NM.3.1-2018

F1960 Specification for Cold Expansion Fittings with PEX
Reinforcing Rings for Use with Cross-linked Polyethylene
(PEX) Tubing

F1961 Specification for Metal Mechanical Cold Flare Com-
pression Fittings with Disc Spring for Crosslinked Poly-
ethylene (PEX) Tubing

F1807 Specification for Metal Insert Fittings Utilizing a
Copper Crimp Ring for SDR9 Cross-linked Polyethylene
(PEX) Tubing and SDR9 Polyethylene of Raised Tem-
perature (PE-RT) Tubing

SD-2846/SD-2846M

2S/P=R— 1 (1)
or

28/P=(D,/t)—1 (2)
where:
S = stress in circumferential or hoop direction, psi (MPa),
P = internal pressure, psi (MPa),
D, = average outside diameter, in. (mm),
t = minimum wall thickness, in. (mm), and
R = standard dimension ratio, SDR

F2080 Specification for Cold-Expansion Fittings with Metal
ompression-Sleeves for Crosslinked Polyethylene (PEX)

F20098 Specification for Stainless Steel Clamps for Securing
SPRY Cross-linked Polyethylene (PEX) Tubing to Metal
Igsert and Plastic Insert Fittings

F2159 Specification for Plastic Insert Fittings Utilizing a

opper Crimp Ring for SDR9 Cross-linked Polyethylene
(PEX) Tubing and SDR9 Polyethylene of Raised Tem-
pgrature (PE-RT) Tubing

F24B4 Specification for Metal Insert Fittings Utilizing a

opper Crimp Ring for SDR9 Cross-linked Polyethylene

(PEX) Tubing and SDRY Cross-linked Polyethylene/

luminum/Cross-linked Polyethylene (PEX-AL-PEX)

bing

F27B5 Specification for Plastic Insert Fittings For SDR9

oss-linked Polyethylene (PEX) and Polyethylene of

aised Temperature (PE-RT) Tubing

2.2 |ANSI Standards:

ANPBI Z17.1-1958 Preferred Numbers

2.3 |Federal Standard:

Fed| Std. No. 123 Marking for Shipments (Civil Agencies)

2.4 |\Military Standard:

MIIL-STD-129 Marking for Shipment and Storage

2.5 |NSF Standards:

Stapdard No. 14 for Plastic Piping Components and Related

Materials

Stapdard No. 61 for Drinking Water Systems Components—

Health Effects

3. Terminology

3.1 |Definitions:

3.1Jl General—Definitions used in this specification are in
accordance with Terminology F412, unless otherwise speci-
fied. The abbreviation)for chlorinated poly(vinyl chlo-ride) is
CPV({. Plastic tubinig denotes a particular diameter schedule of
plastiq pipe inywhich the outside diameter of the tubing is equal
to the|nominabsize plus ¥4 in. (3.18 mm).

3.1.R Srelation between standard dimension ratio, stress, and

3.1.3 standard dimension ratio (SDR)—a selégtdd series of
numbers in which the average outside diameter td minimum
wall thickness dimension ratios are constant-for gll sizes of
pipe and tubing in each standard dimension ratio, |and which
are the ANSI Z17.1 Preferred NumberySeries 10 njodified by
+1. SDR fittings shall by definition\be equivalent i} minimum
socket wall thickness to the minimum wall thickpess of the
corresponding SDR and size of pipe or tubing, and the
minimum body wall thicknessS shall be 125 % of that value.

3.1.4 standard matetial designation code—the ¢hlorinated
poly(vinyl chloride) material designation code shal] consist of
the abbreviation CRPVC followed by two digits indicating the
ASTM type and grade in Arabic numerals. Where rfecessary, a
third and foucth digit shall be added to indicate the hydrostatic
design stress for water at 73°F [23°C] in units of 1(J0 psi [0.69
MPa].

4. Classification

4.1 Pipe, Tubing, and Fittings—This specification classifies
CPVC 4120 pipe, tubing, and fittings by a single standard
dimension ratio which shall be SDR 11, by a[maximum
continuous use temperature which shall be 180°F [82°C] and
by nominal pipe or tubing diameters from Y4 in.[9.5 mm]
through 2 in. [50 mm].

4.2 Transition Fittings—This specification classifies transi-
tion fittings intended for use up to and including 18p°F [82°C]
as CPVC-180°F on the basis of resistance to [failure by
thermocycling.

4.3 Solvent Cements and Adhesives—This sgecification
classifies solvent cements and adhesives meeting the require-
ments contained herein as CPVC Solvent Cemen{ or CPVC
Adhesive.

Note 3—This specification does not include requiremgnts for pipe
fittings intended to be used to vent combustion gases.

5. Materials
5.1 Basic Materials Description—Chlorinated [poly(vinyl

chlaride) P].’JIQH(‘Q used to make pipe mhing and ﬁttings

intel” L’[}IC;)JMIL-L‘UC fUllUWillg CAPlebiUll ib UbCL‘l w lCldlC
standard dimension ratio, stress, and internal pressure for pipe
and tubing:

meeting the requirements of this specification are categorized
by two criteria; namely, basic short-term properties, and
long-term hydrostatic strength. Sections 5.1.1 and 5.1.2 respec-
tively define these categories.

5.1.1 Basic Short-Term Properties—This specification cov-
ers CPVC 41 pipe, tubing, and fittings made from plastic
materials meeting the mechanical strength, heat resistance,
flammability, and chemical resistance requirements for CPVC
23447 in Specification D1784.
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TABLE 1 Outside Diameters, Wall Thicknesses, and Tolerances for CPVC 41, SDR 11, Plastic Pipe and Tubing”

Outside Diameter, in. [mm]

Wall Thickness, in. [mm]?

Max Out-of-
Nominal Tube or Pipe Size Average Tolerance on Average Round® SDR 11
Min Tolerance

a Tubing 0.375 [9.5] +0.003 [+0.08] +0.003 [+0.08] 0.055 [1.40]° +0.020 [+0.51]
% Tube [10] 0.500 [12.7] +0.003 [+0.08] +0.003 [+0.08] 0.060 [1.52]° +0.020 [+0.51]
2 Tube [15] 0.625 [15.9] +0.003 [+0.08] +0.004 [+0.10] 0.060 [1.52]° +0.020 [+0.51]
% Tube [20] 0.875 [22.2] +0.003 [+0.08] +0.005 [+0.13] 0.080 [2.03] +0.020 [+0.51]
1 Tube [25] 1.125 [28.6] +0.003 [+0.08] +0.006 [+0.15] 0.102 [2.59] +0.020 [+0.51]
1va Tube [32] 1.375 [34.9] +0.003 [+0.08] +0.007 [+0.18] 0.125 [3.18] +0.020 [+0.51]
1%2 Tube [40] 1.625 [41.3] +0.004 [+0.10] +0.008 [+0.20] 0.148 [3.76] +0.020 [+0.51]
2 Tube [50] 2.125 [54.0] +0.004 [+0.10] +0.010 [+0.25] 0.193 [4.90] +0.023 [}0.58]
12 Pipe [40] 1.900 [48.6] +0.006, —0.002 [+0.15, —0.05] +0.008 [+0.20] 0.173 [4.39] +0.021 ]}0.53]
2 Pipe [50] 2.375 [60.7] +0.006, —0.002 [+0.15, —0.05] +0.010 [+0.25] 0.216 [5.49] +0,026 [}0.66]

A All dimensiohs are in inches and millimetres. (1 in. = 25.4 mm.)

B The minimuth is the lowest wall thickness at any cross section. The maximum permitted wall thickness, at any cross section, is the minimum wall thickness plus tHe stated

tolerance. All yvall tolerances are on the plus side of the minimum requirement.

€ The maximym out-of-roundness applies to the average measured outside diameter.
P For tubing s|zes of ¥z in. and below, wall thickness minimums are not a function of SDR.

Note 4—CPVC 23447 was formerly designated as CPVC Type IV
Grade 1, anfl is herein designated as CPVC 41. This is also used in
marking pip¢, tubing, or fittings.

5.1.2 Ldng-Term Hydrostatic Strength—This specification
covers CPVC 41 pipe, tubing, and fittings which are further
defined by|hydrostatic design stress as CPVC 4120. Pipe and
tubing are|so defined on the basis of long-term hydrostatic
strength t¢sts and are made from compounds having an
established 180°F [82°C] hydrostatic design stress of 500 psi
[3.45 MPa] or greater in accordance with Test Method D2837.
Fittings ar¢ so defined by hydrostatic sustained pressure tests
on fitting gssemblies, required by this specification (see 6.2),
based on tle hydrostatic strength of the corresponding pipe or
tubing.

Note 5—No hydrostatic design stress, as such, exists for fitting$.tntil
such time ay long-term hydrostatic strength test methods for fittings are
developed.

5.2 The[PEX fitting ends of CPVC to PEX transition fittings
shall meet|the material and dimensional requirements of the
corresponding PEX fitting standard.

5.3 The| PERT fitting ends of CPVC to PERT transition
fittings shqll meet the material and dimensional requirements
of the corrpsponding PERT fitting standard.

5.4 Rewprk Material—Cledn rework plastic material gener-
ated from| the manufa¢turer’s own plastic tube or fitting
production{may be used-by the same manufacturer provided the
pipe, tubifgg, or fittings meet all the requirements of this
specificatiqn.

6. Requirgménts for Pipe, Tubing and Fittings

interference fit based on the major diameter of pipe and fubing
having a degree of out-ofsroundness.
6.1.1.3 Out-of-Roundness—The  maximum  ofut-of-
roundness requirements-shown in Table 1 and Table 2 fof pipe,
tubing, and fittings ‘apply to the average measured dianfeter.
Note 6—Example: In the 1-in. [25 mm] tubing size, if the m¢asured
average tubidghdiameter was 1.123 in. [28.52 mm], then the ¢xtreme

measured ‘diameters due to ovality could be 1.129 in. [28.68 mm)]
maximwm and 1.117 in. [28.37 mm] minimum.

6:1\2" Pipe and Tubing:
6.1.2.1 Outside Diameter and Wall Thickness—The dutside
diameters and wall thicknesses for pipe and tubing shal| meet
the requirements for dimension and tolerance given in Table 1
when measured in accordance with Test Method D2127.
6.1.2.2 Wall Thickness Range—The wall thickness rarjge for
pipe and tubing shall be within 12 % when measufed in
accordance with Test Method D2122.
6.1.2.3 Flattening—There shall be no evidence of splitting,
cracking, or breaking when the pipe is tested in accoydance
with 9.2.
6.1.2.4 Length—Pipe and tubing supplied in straight 1¢ngths
shall have a tolerance on any specified length of +'2, [-0 in.
[+12.5, =0 mm].
6.1.3 Socket-Type Fittings:
6.1.3.1 Dimensions—Fitting sockets, inside diatheters
(waterways), wall thicknesses, laying lengths, and reducing
bushing minimums shall meet the requirements for dimg¢nsion
and tolerance given in Table 2, Table 3, and Table 4when
measured in accordance with Test Method D2122. The [spigot
ends of street fittings shall meet the outside diametg¢r and

2o pall poaiiraraonte of Taohlo ]

6.1 Dimensions and Tolerances:

6.1.1 General:

6.1.1.1 Wall Minimums—Table 1 and Table 2 show wall
thickness minimums. Calculated SDR 11 fitting wall thick-
nesses that fall below 0.102 in. [2.59 mm] for the fitting socket
bottom, or 0.128 in. [3.25 mm)] for the fitting body, shall be
arbitrarily increased to these values.

6.1.1.2 Interference Fit—The diameters and tolerances in
Table 1 and Table 2 provide for socket-type joints having an

104
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6.1.3.2 Alignment—The maximum angular variation of any
socket opening shall not exceed % ° off the true centerline axis.

6.1.4 Plastic-to-Metal Transition Fittings:

6.1.4.1 Basic Dimensions—Plastic parts of plastic-to-metal
transition fittings shall meet the dimensional requirements of
Table 1 and Table 2, where applicable, with the following
exceptions. Such parts shall be exempted from the require-
ments for inside diameter (waterway) and wall thickness
tolerance.

tHehehts—o—adoe—r
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TABLE 2 Tapered Socket Dimensions for CPVC 41, SDR 11, Plastic Pipe and Tubing Fittings*?
F j— € —]
——

7 1
EW EX \ =74
T /B A RADIUS /305Ny 450 K3
- ¥, _{ { A H ) T 1 \T
* -
E
. A Socket Entrance Diameter, in. [mm] B Socket Bottom Diameter, in=[mm]
Ngminal Tube o o
of Pipe Size Average oerance on Max Out-of-Round € Average olerance on Mgx Out-of-Round €
Average Average
% Tube [10] 0.508 [12.90] +0.003 [+0.08] +0.003 [+0.08] 0.494 [12.55] +0.003 [+0.08] :0.003 [+0.08]
1% Tube [15] 0.633 [16.08] +0.003 [+0.08] +0.004 [+0.10] 0.619 [15.72] +0.003_[+0.08] :0.004 [+0.10]
% Tubd [20] 0.884 [22.45] +0.003 [+0.08] +0.005 [+0.13] 0.870 [22.10] +0.003 {20.08] :0.005 [+0.13]
1 Tube [25] 1.135 [28.83] +0.003 [+0.08] +0.006 [+0.15] 1.121 [28.47] +0,003 +[+0.08] :0.006 [+0.15]
14 Tule [32] 1.386 [35.20] +0.003 [+0.08] +0.007 [+0.18] 1.372 [34.85] +0.,003 [+0.08] 0.007 [+0.18]
114 Tude [40] 1.640 [41.66] £0.004 [+0.10] +0.008 [+0.20] 1.622 [41.20] +0.004 [+0.10] :0.008 [+0.20]
2 Tube [50] 2.141 [54.38] +0.004 [+0.10] £0.010 [+0.25] 2.123 [53.92] +0.004 [+0.10] :0.010 [+0.25]
114 Pipp [40] 1.918 [48.72] +0.004 [+0.10] +0.008 [+0.20] 1.900 [48.26] +0.004 [+0.10] :0.008 [+0.20]
2 Pipe [50] 2.393 [60.78] +0.004 [£0.10] +0.010 [+0.25] 2.375 [60.33} +0.004 [+0.10] :0.010 [+0.25]
C Spcket Length, D Inside Diameter, Wall Thickness, min,” in, [mm} Entrance; min EW
mjn, in. [mm] min, in. [mm] ( E.) Socket Entrance (E,) Socket Bottom F EX EZ, in. [mm]
0.500 [12.70] 0.364 [9.25] 0.068 [1.73] 0.102 [249] 0.128 [3.25] .034 [0.86]
0.500 [12.70] 0.489 [12.42] 0.068 [1.73] 0.102 (259] 0.128 [3.25] .034 [0.86]
0.f00 [17.78] 0.715 [18.16] 0.080 [2.03] 0.102) [2/59] 0.128 [3.25] .034 [0.86]
0.900 [22.86] 0.921 [23.39] 0.102 [2.59] 0102+ [2.59] 0.128 [3.25] .034 [0.86]
1.100 [27.94] 1.125 [28.58] 0.125 [3.18] 0.125 [3.18] 0.156 [3.96] 042 [1.07]
1.800 [33.02] 1.329 [33.76] 0.148 [3.76] 0.148 [3.76] 0.185 [4.70] .049 [1.24]
1.f00 [43.18] 1.739 [44.17] 0.193 [4.90] 0.193 [4.90] 0.241 [6.12] .064 [1.63]
1.875 [34.92] 1.494 [37.95] 0.173 [4.39] 0.173 [4.39] 0.216 [5.49] .058 [1.47]
1.500 [38.10] 1.933 [49.10] 0.216 [5.49] 0.216 [5.49] 0.270 [6.86] 072 [1.83]
AAll dijiensions are in inches and millimetres. (1 in. = 25.4 mm.)
BAll sk¢tches and designs of fittings are illustrative only.
©Maximum out-of-roundness applies to the average measured inside diameter.
PThe njinimum is the lowest wall thickness at any cross section
TABLE 3 Minimum Dimensions from Center to End of Socket (Laying Length) for CPVC 41, SDR 11 Plastic Pipe
and Tubing Fittings” &€
AR 1 ANARNNRNNN
G G m
I + N |-
\\\\\“{J ANNANARANNRY
G —| G |-
Nomihal Tube.orPipe Size G Min? | in. [mm] JMin®? | in. [mm)] N MinP | i}. [mm]
% Tube [10] 0.359 [9.12] 0.174 [4.42] 0.102 [2.59]
1 Jube [15] 0.382 [9.70] 0.183 [4.65] 0.102 [3.59]
¥, Tape 207 0507 {12788} 0235 15.97] 0102 12.59]
1 Tube [25] 0.633 [16.08] 0.287 [7.29] 0.102 [2.59]
1Y Tube [32] 0.758 [19.25] 0.339 [8.61] 0.102 [2.59]
112 Tube [40] 0.884 [22.45] 0.391 [9.93] 0.102 [2.59]
2 Tube [50] 1.134 [28.83] 0.495 [12.57] 0.102 [2.59]
112 Pipe [40] 1.022 [25.96] 0.448 [11.38] 0.102 [2.59]
2 Pipe [50] 1.260 [32.00] 0.547 [13.89] 0.102 [2.59]

A All dimensions are in inches and millimetres. (1 in. = 25.4 mm.)

B All dimensions not shown shall be in accordance with those in Table 2.

€ The sketches and designs of fittings are illustrative only.
P Minimum dimensions have zero negative tolerance.
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TABLE 4 Dimensions of Reducer Bushings for CPVC 41, SDR 11, Socket-Tvpe, Plastic Pipe and Tubing Fittings*-2 &P

EM ==t =

t
i

m
f—2

A Tubing sockgt dimensions, A, B, and C, and tolerances on these dimensions shall be the same as in Table 2. The minimum length of the male end of thé b:lshing or
coupling, CM,|shall be the same as C in Table 2, but in any case the male end shall bottom in the mating fitting. Minimum waterway dimensions, D and_DJ; shagjl

be the

same as D in Jable 2. Minimum wall dimensions, EJ and EN, apply to the larger and smaller sizes joined respectively, and shall be the same as the correésponding values

for E, in Tablg 2.

B The minimufn socket wall thickness for reducing bushings shall be 102 in. [2.59 mm]. If the socket wall thickness exceeds the total of £J and El calculated from the
appropriate E} values in Table 2 and the reducer bushing is cored, the inner socket shall be reinforced from the outer wall by a minimum of three, ribs extending the full

depth of the cpring.

€ The transitiqn from D to DM shall be straight, tapered as shown, or radiused, at the discretion of the manufacturer.

D A taper on the male end of a bushing is optional. If a taper is used, it shall be a positive taper in the same direction as the taper in the_sdeket. Whether a tapel is used

or not, all diarheters X shall conform to the diameter and tolerance for the corresponding size of tubing shown in Table 1.

6.1.4.2 Threads—For all fittings having taper pipe threads,
threads shdll conform to Specification F1498 and be gaged in
accordancg with 9.5.

6.1.5 CPVC to PEX and CPVC to PERT Transition Fittings:

6.1.5.1 |Basic Dimensions:

(1) CPYVC spigot-ends of CPVC to PEX and CPVC to
PERT fittirlgs shall meet the dimensional requirements of Table
1, where applicable, with the following exceptions. Such parts
shall be ejempted from the requirements for inside diameter
(waterway) and wall thickness tolerance and,

(2) CPYVC tapered socket-ends of CPVC to PEX and CPVC
to PERT trpnsition fittings shall meet the dimensional require~
ments of Tlable 2 where applicable.

(3) Thqg PEX fitting end of CPVC to PEX and CRV.C to
PERT trangition fittings shall meet the applicable requirements
of the corrgsponding ASTM fitting standard. See the-following
specificatigns for these requirements: F1960, ‘E1961, F1807,
F2080, F2098, F2159, F2434 and F2735.

6.2 Hydyostatic Sustained Pressure:

6.2.1 G¢neral—Pipe, tubing, and fittings (tested as assem-
blies) shal] meet the minimum hydrostatic sustained pressure
requiremerjts of both test conditiohs shown in Table 5 when
tested in a¢cordance with 9:3:

6.2.2 Pipe and Tubing Quality—Test Condition B shall be
termed the|primary sustairied pressure test for pipe and tubing
and shall He used fér’quality control (see Appendix X3). Test
Condition A shall:beé termed the secondary sustained pressure
test for pjpe_dnd tubing and shall be used for periodic
performan¢e Qualification. Failure to pass either test is cause

TABLE 5 Minimum Hydrostatic-Sustained Pressure Requirdments
for CPVC 4120, SDR 11, Pipe, Tubing, and Fitting Assemblies
Tested in Either Water or/Air Bath External Environment at|180°F

[82°C]*
Test Con- Test/Dura- Hydrostatic Test Pressure
dition tion Water Bath Air Batly
A 6 min 521 psi 551 ps
[3 590 kPa] [3 800 kHa]
B, 4h 364 psi 403 ps
(2510 kPa) [2 780 kHa]

AJest conditions were calculated from the following experimentally derivgd, 95 %
confidence, rupture pressure versus time relationships for CPVC 41, SDR[11, pipe
and tubing at 180°F [82°C]. Pressure, P, and time, £, are in psi and h respectively.
The 50 % confidence relationships are given for information only.
log P = - 0.085155 log t + 2.726805 (50 % confidence in air)
log P =-0.085155 log t + 2.656225 (95 % confidence in air)
log P = -0.097269 log t + 2.690464 (50 % confidence in water)
log P = -0.097269 log t + 2.619884 (95 % confidence in water)

for predicting compliance with the sustained pressure requirements of
Table 5. Such correlations will necessarily differ with the sizp, wall
thickness, and geometry of individual components. Test Method|D2444
using Tup A and Holder A is suggested for nominal diameters of 1fin. [25
mm] and above. For smaller components, a guided mandrel {ype of
impacter such as the Gardner Impacter equipped with a 2 in. [1217 mm)]
radius mandrel is suggested. Drop impact is not included in this pecifi-
cation directly as a quality requirement because of the wide test| scatter
normally associated with this test, and also because of the wide diffprences
in value over the range of sizes and components covered [in this
specification.

6.3 Thermocycling—Transition fittings (other than [metal
Qn(‘ket-tvpe transitions for nse with adhesives) asseimbled

for rejection.

6.2.3 Fitting Quality—Test Condition A shall be termed the
primary sustained pressure test for fittings and shall be used for
quality control (see Appendix X3). Test Condition B shall be
termed the secondary sustained pressure test for fittings and
shall be used for periodic performance qualification. Failure to
pass either test is cause for rejection.

Note 7—Drop weight impact resistance is correlatable with hydrostatic
sustained pressure resistance for CPVC 41 components, and may be useful

according to the manufacturer’s instructions, shall not separate
or leak when thermocycled 1000 times between the tempera-
tures of 60°F and 180°F [16°C and 82°C] in accordance with
9.3.
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TABLE 6 Minimum Hydrostatic Burst Strength Requirements for
Nominal 2-in. [50-mm] CPVC Solvent Cemented Joints after 2 h
Drying at Test Temperature

Temperature Burst Pressure
73.4°F [23°C] 400 psi [2 760 kPa]
180°F [82°C] 200 psi [1 380 kPa]

7. Requirements for Solvent Cement and Adhesive Joints
7.1 CPVC Solvent Cements:

SD-2846/SD-2846M

TABLE 7 Minimum Hydrostatic Sustained Pressure Requirements
for CPVC Socket-Type Adhesive Joint Assemblies Tested Either
in Water Bath or Air Bath External Environment at 180°F [82°C]*

Test Pressure

Test Duration, h

Water Bath Air Bath
10 000 170 psi 207 psi
[1 170 kPa) (1 430 kPa)

A Test conditions were calculated from the experimentally derived, 95 % confi-
dence limit, rupture pressure versus time relationships for CPVC 41, SDR 11, pipe
and tubing noted in Table 5. It is implied that CPVC adhesive joints meeting the
sustained pressure requirements of 7 2 2 would necessarily pass the less rigorous

Norg 8—CPVC solvent cements may exist which meet the require-
ments ¢f the specification when used in accordance with the manufactur-
er’s reqgommendations, without a primer or cleaner. It is recommended that
those ¢PVC solvent cements which may be used without a primer or
cleaner| be clear or yellow in color. Otherwise, it is recommended that
CPVC polvent cement requiring the use of a primer or cleaner be orange
in colgr. Color identification is recommended to facilitate cement
recognftion, to prevent the misuse of the cement and to minimize the
uninterftional use of other cements that may fail at elevated service
temperjitures.

7.1l General—CPVC solvent cements, for use in CPVC
41, pljstic-to-plastic, socket-type joints shall meet the require-
ments|set forth in Specification F493.

7.1 Hydrostatic Burst Strength—2-in. [50-mm] CPVC
solver]t cement joints shall exceed the minimum hydrostatic
burst §trength requirements given in Table 6 after a maximum
drying interval of 2 h when tested in accordance with 10.1.1.
Failurg to pass the burst requirement at either temperature is
cause [for rejection.

7.1.B Hydrostatic Sustained Pressure Strength—'/-in. [15-
mm] PVC solvent cement joints shall meet the requirements
of 6.2 when tested in accordance with 9.3.

7.1 Safe Handling of Solvent Cement—Refer to Practice
F402.

7.2|CPVC Adhesives:

7.2l General—CPVC adhesives (other thah GPVC solvent
cemei]t), shall qualify for use in CPVC sockét-type joints by a
rigoropis simulated use testing program<as, further defined in
7.2.2 gnd 7.2.3. CPVC adhesives shall. be tested in the largest
size jpint and in the exact type_of\joint for which they are
intended; that is, 2-in. [50-mm]\plastic-to-metal or 2-in. [50-
mm] plastic-to-plastic.

7.2 Hydrostatic Sustained Pressure Strength—Socket-type
CPV({ adhesive joints) ‘made and cured according to the
adhesjve manufacturer s instructions, shall not separate or leak
when [tested in accerdance with 10.2 at the hydrostatic sus-
tained| pressurg\condition given in Table 7.

7.2B Theérmocycling—Socket-type CPVC adhesive joints,
made |and“cured according to the adhesive manufacturer’s
instrudtions, shall not separate or leak when thermocycled

requirements of 6.2.1.

9. Test Methods for Pipe, Tubing, and\Fittings

9.1 Sampling—A sufficient quantity of pipe, |tubing, or
fittings, as agreed upon between‘the*purchaser and the seller,
shall be selected at random, ffom each lot or shipment and
tested to determine conforniafice with this specificafion. In the
case of no prior agreemeént, random samples seledted by the
testing laboratory shall'be deemed adequate.

9.1.1 Test Specimens—Not less than 50 % of the| test speci-
mens required forlany pressure test shall have at leqst a part of
the marking in‘their central sections. The central sedtion is that
portion of-pipe which is at least one pipe diameter pway from
an end.¢losure.

9.2 Flattening—Flatten three specimens of the |pipe, 2 in.
[505mm] long, between parallel plates in a suitable|press until
the distance between the plates is 40 % of the outside diameter
of the pipe or the walls of the pipe touch, whichdver occurs
first. The rate of loading shall be uniform and sugh that the
compression is completed within 5 min. Upon rempval of the
load, examine the specimens for evidence off splitting,
cracking, or breaking.

9.3 Hydrostatic Sustained Pressure:

9.3.1 Summary of Test Method—This test methogl describes
a pass-fail test for CPVC 41 pipe, tubing, or fitting$ (tested as
assemblies) subjected to a constant internal hydroftatic pres-
sure for a predetermined period of time. Test conditions are
based on known rupture pressure versus time relatipnships for
standard CPVC 41 components (see footnote to Taple 5). The
external test environment shall be either water or aif; however,
test pressures differ depending on the environmeht selected
(see Table 5).

9.3.2 Apparatus:

9.3.2.1 Constant-Temperature Environment—E]|ther a wa-
ter bath or an air bath capable of maintaining a cqnstant and
uniform temperature of 180 = 1.8°F [82 * 1°C] throughout.

9.3.2.2 Pressurizing System—A pressure source [capable of

10 000 times between the temperatures of 60°F and 180°F
[16°C and 82°C] in accordance with 10.2.

8. Workmanship, Finish, and Appearance

8.1 Workmanship—The pipe and fittings shall be homoge-
neous throughout and free of visible cracks, holes, foreign
inclusions, or other defects. The pipe shall be as uniform as
commercially practicable in color, opacity, density, and other
physical properties.

rapidly and continuously applying a constant hydrostatic
pressure, controlled to =10 psi [££69 kPa] or better, to the test
specimens.

9.3.2.3 Timing Device—Any clock capable of accuracy to
within 1 % of the total test time.

9.3.2.4 Closure Fittings—Any suitable specimen closure
that allows “free-end” mounting, is free of leaks, and will not
contribute to end failures.

Note 9—Various types of compression and flared, metal fittings have
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TABLE 8 Minimum Suggested Drying Times for Solvent
Cemented Fitting Assemblies in Air at 180°F [82°C]

Suggested Drying Time at

Test Condition

(from Table 5) 180°F [82°C], h
A 4
B 16

been found to be acceptable. Socket-type CPVC 41 caps are also
acceptable provided that the necessary solvent cemented or adhesive joints

2

ASME NM.3.1-2018

9.4 Thermocycling:

9.4.1 Summary of Method—This method describes a pass-
fail test for thermally cycling CPVC plastic-to-metal transition
fitting assemblies over a critical temperature range for a
selected number of cycles while subjected to a nominal internal
pressure. The test provides a measure of resistance to failure
due to the combined effects of differential thermal expansion
and creep for CPVC plastic-to-metal transition fittings intended
for continuous use up to and including 180°F [82°C].

9.4.2 Apparatus—A nitrogen or air source capable of main-

are suitably pirred-orered-referto-S-3-2 taining a nominal internal pressure of 100 = 10 psi [69] = 69
9.3.3 Sdmpling and Specimen Preparation: kPa) on the specimens is required. The immersion systeth shall
9.3.3.1 Pipe and Tubing—Select at random specimens of at  consist of two water reservoirs controlled at 60 £\3)6°F|[16 +

least sever] times the nominal diameter in length, but in any 2°C] and 180 * 3.6°F [82 * 2°C]. The specimens sHall be

case not shprter than 10 in. [250 mm]. Take three specimens for cycled from one reservoir to the other or the hot and cold water
quality corftrol testing. Take six specimens for qualification or  ghall be alternately cycled over the test_spécimens autpmati-
referee tesfing. cally and returned to the proper reseryoir.
9.3.3.2 Fittings—Select specimens at random. Take three . ) i )

specimens |for quality control testing. Take six specimens for Nore 10—Automatic cycling may g-accomplished by pumpirg from

. . . . Lo each reservoir through a delivery syster having timer-actuated vglves to
qualificatiqn or referee testing. Assemble the fittings, individu- a specimen water trough havifig. 'synchronized, timer-actuated| return
ally or collectively, using suitable lengths of CPVC 41 pipe or drains. Any automatic apparatys,shall provide for complete immegsion of
tubing and|CPVC solvent cement or CPVC adhesive. Use only the test specimens in the trough.

pipe or tuping and solvent cement or adhesive meeting the 9.4.3 Sampling and-Specimen Preparation— Select jit ran-

requirements of this specification. Assemble the joints in dom six specimens‘of the type and size of CPVC plagtic-to-

accordancg with the cement manufacturer’s instructions. Allow  metal transitioffitfing to be tested. Assemble the fittings with
solvent cg¢mented fitting assemblies to dry at elevated  suitable lengths of pipe or tubing meeting the requirem¢nts of
temperaturg, up to 180°F [82°C] maximum, in a forced-air this specification, and attach to a common manifold. Asgemble
oven untiljall joints are sufficiently strong to eliminate joint  strictlygaccording to the instructions of the transition [fitting
failures dufing the test. Minimum suggested drying times are  mamiifacturer. If plastic threads are to be mated to|metal
shown in |Table 8. Cure assemblies prepared with CPVC  thteads, use the thread sealant intended for use with the
adhesives pccording to the adhesive manufacturer’s instruc- threaded transition. Close the specimen assembly wifh any

tions until the adhesive joints are sufficiently strong to elimi-
nate joint failures during the test. In no case, however, should
adhesive jpints be cured at a temperature higher than I80°F
[82°C].
934 P
joints used
the specim
of air. Con|
for a miniy
an air bath
place it o
hydrostatid
immediate
possible to|
psi [£69 K

ocedure—After curing all cemented or_adhesive
, attach suitable end closures where,necessary. Fill
en with water, making certain to-ayeid entrapment
dition the test specimen at 180-%=_1.8°F [82 = 1°C]
hum of 30 min if using a water-bath, or 4 h if using
. Attach the specimen te.theé pressure source, and
test at 180 = 1.8°EA82# 1°C] under the proper
pressure selected from Table 5. Start the timer
y. Hold the test ptessure and temperature as close as
the specified ¥alues, but in any case to within = 10
Pa] and L.8E.[1°C] respectively. At the end of the

d will
ct the

suitable end closures that allow “free-end” mounting af
not leak under the thermocycling conditions, and conng
specimen assembly to the pressure source.

9.4.4 Procedure—Pressure the specimen assembly wj
trogen in air 100 = 10 psi [690 = 69 kPa]. Immerse in
3.6°F [16 = 2°C] water to determine if there are any
leaks. All leaks shall be eliminated before the thermod
test is started. Thermally cycle the specimen assembly
manually or automatically, and under an internal press
100 = 10 psi [690% 69 kPa] alternately between 60 *
[16 = 2°C] and 180 = 3.6°F [82 = 2°C] by me
immersion in water using the following test cycle:

ith ni-
60 =
initial
ycling
either
ure of
3.6°F
ins of

Water immersion at 180°F [82°C]
Air immersion at ambient

Water immersion at 60°F [16°C]
Air immersion at ambient

2 minutes (mirp)
2 minutes (mak)
2 minutes (mirp)
2 minutes (mak)

specified njinimum tifpe interval, isolate the specimen from the . .

pressure squrce-aitd check for any continuous loss of pressure UPOH the completlon' Of 1000 thermal cycles, immetse the
resulting ffom_transmission of water through the specimen. ~ SPECImeN assetpbly again in 60 * 3.6°F [1.6 + 2°C] water and
Any Such nnﬁnnan ]r\cc r\f‘ prPQC]1rP7 rPCn]ﬁng {"rr\m ]’\nrcﬁng CheCk fOr any Slgn Of gas lea'kage' Any evldence Of ]‘ea‘k age at

or weeping of the test specimens as defined in Test Method
D1598, shall constitute failure. If joint leakage or joint sepa-
ration has occurred, the test shall be repeated using a longer
joint drying or curing cycle.

9.3.5 Interpretation of Results:

9.3.5.1 For Quality Control—Failure of any one of three
specimens tested shall constitute failure in this test.

9.3.5.2 For Performance Qualification—Failure of any one
of six specimens tested shall constitute failure in this test.

108

the transition fitting or separation of the transition fitting from
the pipe or tubing constitutes a failure.

9.4.5 Interpretation of Results—Failure of any one of six
specimens tested shall constitute failure in this test.

9.5 Threads—All taper pipe threads shall be gaged in
accordance with Specification F1498.

10. Tests for Solvent Cement and Adhesive Joints

10.1 Test for Solvent Cement Joints:


https://asmenormdoc.com/api2/?name=ASME NM.3.1 2018.pdf

ASME NM.3.1-2018

10.1.1 Hydrostatic Burst Strength—Determine the mini-
mum hydrostatic burst strength for CPVC solvent cemented
joints according to Test Method D1599, except as herein
specified. Test assemblies containing at least six nominal 2-in.
[50-mm] solvent cemented joints prepared for CPVC 41 pipe
or tubing and fittings meeting the requirements of this speci-
fication. Assemble the joints in accordance with the solvent
cement manufacturer’s instructions. After attaching end
closures, fill the specimen assembly with water and condition
in water at the test temperature for 2 h maximum. Then test

SD-2846/SD-2846M

making the evaluation for this purpose, spaced at intervals
specified by the laboratory,

12.2.3 ASME SD-2846/SD-2846M or both ASME SD-
2846/SD-2846M and ASTM D2846/D2846M,

12.2.4 Material designation in accordance with 5.1.2
(CPVC 4120),

12.2.5 Pressure rating (see Appendix X1) at 180°F [82°C].

12.2.6 Nominal size,

12.2.7 Standard dimension ratio (SDR 11), and

12.2.8 A code number identifying the compound and the

immef(liately. Increase the internal pressure at a constant rate so
as to|reach the minimum burst requirement in 60 to 70 s.
Leakalge or separation at any of the joints tested at less than the
mininjum hydrostatic burst requirement specified in Table 6
shall ¢onstitute failure in this test.

10.]
10.]
Six ad
exact
adhes
joints
instru
pipe g
requir
10.]
Test i
which
leakin|
bursti
adjacg
of six
10.]
dance
evidel
tutes 4
shall

11. R

11.
ments
only |
such 4
chang
If upg
sented
specif]

b Test for Adhesive Joints:
.1 General—Prepare a test assembly containing at least
hesive joints of the largest nominal diameter and the
ype (plastic-to-plastic, or plastic-to-metal) for which the
ve is intended to qualify. Make and cure the adhesive
in accordance with the adhesive manufacturer’s
tions, but in no case above 180°F [82°C]. The CPVC 41
r tubing and fittings used in the assembly shall meet the
bments of this specification.
.2 Hydrostatic Sustained Pressure for Adhesive Joints—
h accordance with 9.2, but at the conditions in Table 7
require a test duration of 10 000 h. Any evidence of
o or separation at the adhesive joint, or adhesive-related
g, weeping, or ballooning of the CPVC 41 components
nt to the joint, shall constitute failure. Failure of any one
joint specimens tested shall constitute failure in this test:
.3 Thermocycling for Adhesive Joints—Test in ;accor-
with 9.3, but carry the test to 10000 cycles:” Any
ce of leakage or separation at the adhesive joint consti-
failure. Failure of any one of six joint spesimens tested
onstitute failure in this test.

etest and Rejection

If the results of any test(s)  dp not meet the require-
of this specification, the tests(s) shall be conducted again
y agreement between thg purchaser and seller. Under
greement, minimum<equirements shall not be lowered,
bd, or modified, norshall specification limits be changed.
n retest, failurévOccurs, the quantity of product repre-
by the test(s)_does not meet the requirements of this
cation.

Nortf 11-—=Manufacturers using the seal or mark of a laboratory must

obtain prior~duthorization from the laboratory concerned.

date of manufacture.

12.3 Pipe and Tubing—Markings 12.2.4~thro
shall be required on pipe and tubing at intérvals o
than 5 ft [1.5 m]. Marking shall be applied without
in some permanent manner so as 't0) femain leg
normal handling and installation«praectice.

12.4 Socket-Type Fittings—Markings 12.2.1 thr
shall be required on socketétype fittings, except
makes such marking impractical. Where markings 4
fittings shall be identified’ by some symbol which i
the manufacturer’s'trade literature. Marking on fittiy
molded, hot stamped, or applied in some other
manner so as,to remain legible under normal hal
installatiefy practice. Where recessed marking is
shall be\taken to see that wall thicknesses are nf
below.the specified minimums.

heh 12.2.7
f not more
ndentation
ible under

ugh 12.2.4
Where size
re omitted,
defined in
gs shall be
permanent
ndling and
used, care
ot reduced

12.5 Transition Fittings—Markings 12.2.1 thro
shall be required on CPVC plastic-to-metal transitio
addition to the designation CPVC.

12.6 CPVC to PEX and CPVC to PERT
Fittings—Markings 12.1 through 12.2.3 shall be req
marked on the transition fittings in addition to th
number to which the PEX or PERT fitting end po1
transition is manufactured.

hgh 12.2.3
h fittings in

Transition
uired to be
e standard
ttion of the

bments and
.1 through
Cement or

12.7 Solvent Cements and Adhesives—Solvent ¢
adhesives shall be labeled in accordance with 12.]
12.2.3 in addition to the designation CPVC Solvent]
CPVC Adhesive.

ished criteria
in products,
er and user
b air quality
ified by that
trict and the
be indicated

Norte 12—Certain regional air quality districts have establ|
regarding limits on volatile organic content levels for cert
including CPVC solvent cement. Both the cement produ
should ensure that the product complies with the specifi
district requirements as determined by the test methods spe
air quality district. It is recommended that the air quality di
air quality district’s regulation to which the cement conforms
on the label.

13. Safe Handling of Solvent Cement

12. Product-Marking
12.1 Quality of Marking—The marking shall be applied to

the pipe in such a manner that it remains legible (easily read)
after installation and inspection.

12.2 Content of Marking:

12.2.1 Manufacturer’s name (or trademark), and production
code,

12.2.2 Components intended for the transport of potable
water shall also include the seal or mark of the laboratory
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13.1 Refer to Practice F402 for information on safe han-
dling of solvent cements.

14. Quality Assurance

14.1 The manufacturer affirms that the product was
manufactured, inspected, sampled, and tested in accordance
with this specification and has been found to meet the re-
quirements of this specification.
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15. Certification 16. Keywords
15.1 Certification shall be as required by Annex Al. 16.1 cold-water pipe; CPVC piping; hot-water pipe

S1. Respons
fied in the cont

sible for the pf

ments specified
other suitable f
and test requi
disapproves. T}
of the inspectio
such inspection]
conforms to pr

NotE S1.1—In
inspection.

S2. Packagi
ment:

This requireny

S3. Potable
contact with [
certified for co

Th
tes
any

distribution piping

SUPPLEMENTARY REQUIREMENTS

GOVERNMENT/MILITARY PROCUREMENT

bility for Inspection—Unless otherwise speci- S2.1 Packaging—Unless otherwise spécified
ract or purchase order, the producer is respon- contract, the materials shall be packaged in“accordan
rformance of all inspection and test require- the supplier’s standard practice in a mannepensuring a
herein. The producer may use his own or any  destination in satisfactory condition and\which will be
acilities for the performance of the inspection able to the carrier at lowest rates. Coiitainers and packi
ements specified herein, unless the purchaser ~ comply with Uniform Freight €ldssification rules or N
e purchaser shall have the right to perform any =~ Motor Freight Classification-utes.

ns and tests set forth in this specification where S2.2 Marking—Marking, for shipment shall be in
s are deemed necessary to ensure that material dance with Fed. Std. Nox 123 for civil agencies and MII
escribed requirements. 129 for military agencies.

Note S2.1—The dnelusion of U.S. Government procurement]

ments should notH@ censtrued as an indication that the U.S. Goy
uses or endorses, the products described in this document.

U.S. Federal contracts, the contractor is responsible for

g and Marking for U.S. Government Procure-

POTABLE WATER REQUIREMENT

ent applies whenever a Regulatory Authority or usér calls for product to be used to convey or to be in contac]
potable water.

Water Requirement—Products intended* for the health effects portion of NSF Standard No. 14
otable water shall be evaluated, tested and acceptable certifying organization when required by th
hformance with ANSI/NSF Standatd No. 61 or  latory authority having jurisdiction.

ANNEX

(Mandatory Information)

Al. CERTIFICATION

p produeef or supplier shall furnish a certificate of compliance stating that the material was manufactured, s
ed, and inspected in accordance with the Specification, including year date, the Supplementary Requireme
' Othéet requirement designated in the purchase order or contract, and that the results met the requirements

; water

in the
te with
rival at
accept-
ng shall
[ational

accor-
L-STD-

require-
ernment

t with

by an
e regu-

hmpled,
hts, and
of that

Spccmcauon, the Supplementary Kequirements, and the other requirements. A signature or notarization 18 notr

equired

on the certificate of compliance, but the document shall be dated and shall clearly identify the organization submitting
the certificate. Notwithstanding the absence of a signature or notarization, the certifying organization is responsible for

the

contents of the document.
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APPENDIXES

(Nonmandatory Information)

X1. HYDROSTATIC DESIGN STRESS

Hydrostatic design stresses recommended by the Plas-

tics Pipe Institute are used to pressure rate CPVC plastic pipe
and tubing. These design stresses are based on the 100 000-h

hydros

aticstrenath of the nine and tubino obtained in accor
i of 1=}

SDR 11, components meeting the requirement
fication.

X1.4 These hydrostatic design stresses are

SD-2846/SD-2846M

s of this speci-

not suitable for

dance
ing thel
these N
Plastics
Industr|

X1.2
design
compli
assemb
to that
actual
tems fq
require
are dert
and tuh

X1.3
Table

ith Test Method D2837. Additional information regard-
method of test and other criteria used in developing
ydrostatic design stresses may be obtained from the
Pipe Institute, Division of the Society of the Plastics
, 355 Lexington Ave., New York, NY 10017.

Independent methods for determining the hydrostatic

stress of fittings have yet to be developed due to the
ating effects of fitting geometry. Instead, fittings and
led systems carry an implied pressure rating equivalent
of the corresponding pipe or tubing on the basis of
pquivalent hydrostatic performance of assembled sys-
r periods exceeding 10 000 h. The sustained pressure
ments of 6.2 for fittings, tested as assembled systems,
ved from the rupture pressure-time relationship for pipe
ing (see footnote to Table 5).

The hydrostatic design stresses and pressure ratings in

X1.1 apply to systems assembled from CPVC 4120;

materials that show a negative departure fron
plot of log stress versus log time-to-failure.” J
available to date on CPVC materials made-in th

and tested in the form of pipe, "tubing, of

assemblies meet this requirement. Experience
indicates that CPVC hot- andteold-water distri
made from components, meeting the requirg
specification give satisfactory service under no
at this temperature-pressure rating.

TABLE X1.1 Hydrostatic Design Stresses and Pr
for CPVC 4120, SDR 11, Hot-Water Distributid

a straight-line
All of the data
e United States
cured fitting
of the industry
bution systems
ments of this
mal conditions

pssure Ratings
n Systems

Hydrostatic Pressure Rating
RRd Temperature Design Stress for Water
73.4°F [23°C] 2000 psi 400 psi
[13.8 MPa] [2.8 MPa]
180°F [82°C] 500 psi 100 psi
[3.5 MPa] [0.7 MPa]
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X2. DESIGN, ASSEMBLY, AND INSTALLATION CONSIDERATIONS

X2.1 Design

X2.1.1 Thermal Expansion—The linear thermal expansion
rate for CPVC is approximately 'z in. for each 10°F tempera-
ture change for each 100 ft [ mm for each 10°C temperature
change for each 10 m] of pipe or tubing. When installing long
runs of pipe allow Y16 to ¥32 in. longitudinal clearance per foot
[5 to 7 mm per metre] of run to accommodate thermal
expansion. Proper design includes offsets of 12 in. [300 mm] or
more every 10]ft [3 m] on vertical risers if they are restrained
by horizontal Hranches at each floor level. Pipe should not be

anchored rigid]
smooth hanger

X2.1.2 Supp
spacing betweg)
and 4 ft [1.2 n

X2.1.3 Wate
fication are nof
[82.2°C]. Heng
instantaneous f|
suitable for usg
tions made in §

X2.1.4 Sweq
CPVC is sever:
sweating or ¢
certain tempers

X2.1.5 Watq
system will wi
of its rated pi
advisable when
are used in thd
advisable to ¢
recommended
pressure calcul
“Steel Pipe De
can Water Worl
10016.

to a support but rather be secured with broad,
providing for a degree of movement.

ort Spacing—The maximum recommended
n supports is 3 ft [1 m] for sizes 1 in. or smaller
] for larger sizes.

i Heaters—Components covered by this speci-
intended for use at temperatures above 180°F
e, they may not be suitable for use with the
pe (coil or immersion) water heater. They are
with storage type water heaters with connec-
n approved manner.

ting—Even though the thermal conductivity of
1l orders of magnitude lower than that of metal,
ndensation at a slow rate may occur under
ture and humidity conditions.

r Hammer and Surge—A CPVC hot-water
hstand repeated pressure surges well in exegéss
essure, but water hammer arrestors may-” be
solenoid valves or other quick closing.devices
system. In designing for such situations it is
onsult the pipe or fitting manufacturer for
urge pressure limits. Water hammmer and surge
ations are reviewed in AWWA Manual M11,
bign and Installation,” 1964, Chapter 7, Ameri-
ks Association Inc., 2 Park Ave., New York, NY

X2.2 Assembl

X2.2.1 Solvgnt Ceniented Joints:
X2.2.1.1 Intprference Fit—Components meeting the dimen-

sional requirenpents’ of this specification are designed to have

ence dry-fit exists when the pipe or tubing makes contact with
the fitting socket wall between one third and two thirds of the
way into the socket.

X2.2.1.2 Cutting—Pipe and tubing may be cut to length
with tubing cutters. Tubing cutters with thin cutting wheels
designed specially for plastic are recommended. Where tubing
cutters are not available, a saw and mitre box may be used.

i T i ust be

removed before assembling a joint.

X2.2.1.3 Solvent Cleaning—When recommended by the
cement manufacturer, organic liquids can be used’as a dleaning
solvent for CPVC 41 components. These organic [liquids
should have a low solvation power for.CPVC, to jprevent
mistaken use of the cleaning solvent fera cement. Uncgmented
joints with a good solvent. THF fer instance, will pass tle usual
cold water pressure check but are\likely to fail later in h¢t water
service.

X2.2.1.4 Step-by-Step. Assembly—Correct assembly con-
sists of the following ste€ps: (/) cut the pipe square; (2) femove
burrs; ( 3) check fofinterference fit; (4) clean both pipe ¢nd and
fitting socket with.,a recommended CPVC cleaner or by light
sanding, or both; (5) apply a liberal coat of CPVC [solvent
cement tothepipe and apply a light coat of cement to thg fitting
socket; (6) assemble immediately by bottoming the pipe in the
socket\and rotating a quarter turn as the joint is assembled; and
(7)xremove excess cement from the joint. If a joint has been
properly made, a small bead of cement will always appear at
the juncture between the pipe or tubing and the fitting.

X2.2.2 Adhesive Joints—Assemble according to thg manu-
facturer’s instructions paying particular attention to whether
sanding of the pipe or tubing is recommended to eliminate the
interference fit.

X2.2.3 Plastic-to-Metal Transitions—Assemble in| accor-
dance with the manufacturer’s instructions. Union and com-
pression type transition fittings are likely to include ferfules or
O-rings, or both, which form an essential part of th¢ fitting
assembly and should not be omitted. Plastic socket-fo-male
threaded adapters should be installed with a recommended
thread sealant.

X2.3 Installation

X2.3.1 Storage and Handling—CPVC pipe, tubifg, and
fittings should be stored under cover to avoid unnecesgary dirt

an interference fit. Before making a cemented joint, it is
advisable to check for an interference dry-fit. A good interfer-

accumulation and long-term exposure to sunlight. Pipe and
tubing should be stored with continuous support in straight,
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uncrossed bundles. Care should be used in handling to ensure
that unnecessary abuse such as abrasion on concrete or
crushing is avoided.

X2.3.2 Installation Temperature—Extra care must be taken
at temperatures of 40°F or lower and 110°F or higher. Always
follow the manufacturer’s installation instructions carefully.

X2.3.3 Pressure Testing—CPVC piping systems made of
12 through 2-in. sizes in accordance with this specification, and
utilizing a solvent cement requiring a primer or cleaner, can be

SD-2846/SD-2846M

For cements not requiring a primer or cleaner, refer to the
manufacturer’s recommended cure times specific to that ce-
ment.

X2.3.4 Repairs—If a leak is discovered, that portion of the
system should be drained and the joint and fitting should be cut
out. The pipe should be thoroughly dried and a new fitting
should be installed using couplings and short lengths of pipe.

X2.3.5 Soldering in the Area—Soldered metal joints should

pressurg tested (using cold tap water only) at line pressure (150
psi majimum) after the solvent cement joints have cured for at
least the following amount of time:
Ambient Minimum Cure Times, h
Temperature 12in. to 1in. 1%4in. to 2 in.
dver 60°F 1 2
40° to 60°F 2 4

X3.1 S

X3.1
cation

cope

1 The following program covers performance qualifi-
ind in-plant quality control for component design and

manufacture respectively to provide reasonable assurance that

CPVC

hot-water distribution system components supplied

under this specification shall consistently meet its requires

ments.

X3.2 Herformance Qualification

X3.2
on eacli

1 Performance qualification tests shall berin initially
component design, size, and formulation-according to

the reqirements of this specification. The test results shall be
indepenjdently certified, and shall be made available to the
purchader on request.

X331
X3.3

h-Plant Quality Control
1 Material—The pipe;“tubing, and fittings shall be

manufactured only fromeCRVC 4120 materials, as defined in

Section| 5 of this spéeification. The manufacturer shall so
certify.
X3.3|2 Quality Control Testing—Pipe, tubing, and fitting

quality

contreltests shall be run for each extrusion line or mold

X3. OPTIONAL PERFORMANCE QUALIFICATION AND IN-PLANT QUALITY CONTROL PROGR]
FOR CPVC HOT-WATER DISTRIBUTION SYSTEM:COMPONENTS

not be made closer than 18 1n. (400 mm)
plastic-to-metal adapter in the same waterpihe

o an installed

TFABLE X3.1 Suggested Quality Control Program
Component Property Frequency Method
Pipe“and tubing outside diameter hourly 6.1.2.1

wall thickness hourly 6.1.2.1
sustained pressure daily 6.2
6.1.3
Fittings socket diameter hourly 6.1.4.2
external threads hourly 6.2
sustained pressure daily 6.2

cavity in accordance with the requirements of th
at a frequency agreed upon between the pur
manufacturer. The program outlined in Table
mended. The test results shall be recorded
inspection on request. Should a component f
specification in any test, production should be s
the previous acceptable test result and teste
which components produced in the interim d
requirement. Components that do not meet the
this specification shall be rejected.

X3.3.3 Marking—A code number shall be i
pipe, tubing, and fittings that can be used
manufacturer, the compound, and the date of 1

is specification
chaser and the
X3.1 is recom-
and filed for
hil to meet the
ampled back to
l to determine
b not meet the
equirements of

ncluded on the
fo identify the
hanufacture.
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SPECIFICATION FOR POLYETHYLENE (PE).PLASTIC
PIPE (DR-PR) BASED ON CONTROLLED- QUTSIDE
DIAMETER

@Z@ SD-3035

(Identical with ASTM D3035-14a except for additional requirements in section 11 and Annex A1, revised marking re|

quirements in para. 9.1.5, renumbering of-section 12, and quality assurance requirement in para. 10.1 has been mad¢

mandatory.)
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Specification for
Polyethylene (PE) Plastic Pipe (DR-PR) Based on Controlled
Outside Diameter

1. Scope

1.1 This spdg
in thermoplasti
eter and pressul
are requiremen
pipe, a systen
requirements 3
dimensions, su
marking are al

1.2 All pipe
for use as the
non-potable w
force main and
consult the md
being transpor
will not affect
user.

1.3 The valy
as standard. Th
conversions to
and are not cof

1.4 The foll
test methods j
standard does 1
if any, associat
of this standa
practices and d
tions prior to

2. Referenced,|

2.1 ASTM S|
D618 Practid

cification covers polyethylene (PE) pipe made
C pipe dimension ratios based on outside diam-
re rated for water (see Appendix X1). Included
ts for polyethylene compounds and PE plastic
W of nomenclature for PE plastic pipe, and
nd test methods for materials, workmanship,
tained pressure, and burst pressure. Methods of
o given.

produced under this specification are intended
distribution and transmission of potable and
iter, grey water, reclaimed water, wastewater,
gravity municipal sewage, etc. The user should
nufacturer to determine whether the material
ed is compatible with polyethylene pipe and
he service life beyond limits acceptable to the

es stated in inch-pound units are to be regarded
e values given in parentheses are mathematical
SI units that are provided for information only
isidered standard.

wing safety hazards caveat pertains only, te'the
ortion, Section 7, of this specificationx~This
ot purport to address all of the safety concerns,
bd with its use. It is the responsibility.of the user
d to establish appropriate safery and health
etermine the applicability of regulatory limita-
se.

Documents

fandards:
e for Conditioning Plastics for Testing

3.

nology F412, and abbreviations are in accordance with
nology D1600, unless otherwise specified.

D238 TestMetitod for Metr Fiow Rates of T hermT
by Extrusion Plastometer

D1598 Test Method for Time-to-Failure of| Rlast
Under Constant Internal Pressure

D1599 Test Method for Resistance to Short*Time Hy
Pressure of Plastic Pipe, Tubing, and Fittings

D1600 Terminology for Abbreviated-Terms Relating
tics

D2122 Test Method for Detésmmining Dimensions d
moplastic Pipe and Fittings

D2290 Test Method for\Apparent Hoop Tensile Stre
Plastic or Reinforeed Plastic Pipe

D2837 Test Method for Obtaining Hydrostatic Desig
for Thermoplastic Pipe Materials or Pressure Desig
for Thermoplastic Pipe Products

D3350 Specification for Polyethylene Plastics Pipe
tings Materials

F412-Terminology Relating to Plastic Piping Systenps

22 NSF International Standards:

NSF/ANSI Standard No. 14 for Plastic Piping Com
and Related Materials

NSF/ANSI Standard No. 61 for Drinking Water
Components—Health Effects

2.3 Other Documents:
TR-4 Listing of Hydrostatic Design Bases (HDB), §
Design Bases (SDB), Pressure Design Bases (PO
Minimum Required Strength (MRS) Ratings for Tl

plastic Piping Materials or Pipe
APWA Uniform Color Code

Terminology

3.1 Definitions—Definitions are in accordance with|

3.2 Definitions of Terms Specific to This Standard:

lastics
¢ Pipe
draulic
to Plas-
f Ther-
ngth of

n Basis
n Basis

ind Fit-

ponents

System

trength
B) and
hermo-

Termi-
Termi-
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TABLE 1 Polyethylene Compound Requirements

Material Designation

PE1404 PE2708 PE3608 PE4608 PE4710
Requirement Required Value
HDB at 140°F (60°C), psi
(MPa), B B B B
per ASTM D2837 and PP 800 (5.5) 800 (5.5) 800 (5.5) 800 (5.5)
TR-3
HDS for water at
73°F (23°C) psi (MPa), 400 (2 76) 800 (5 5) 800 (5 5) 800 (5 5) 1
per ASTMDZ837 and PPI 00 (6.9)
TR-3¢
Melt flow 1.0 to 0.4 g/10 =0.40 g/10 min Cond. =0.15 g/10 min Cond. =0.15 g/10 min Cond. =0.15 p/10 min Cond.
rate per min 190/2.16 or =20 g/10 min 190/2.16 or =20 g/10 min  190/2.16 or =20 g/10 min 190/2.16|or =20 g/10 min
A$TM D1238 Cond. 190/2.16 Cond. 190/21.6 Cond. 190/21.6 Cond. 190/21.6 Cord. 190/21.6
Specffication D3350 .
Cell Clagsification Property Required Value
Density
(natural base resin) 1 2 3 & 4
S.CG 4 7 6 6 7
Resistance
C¢lor and UV
Stabilizer Code? C C,D,orE C,D,orE C,D,orE G,D,orE

AHDB at [140°F (60°C) not required. Contact manufacturer about pipe use at temperatures othérthan 73°F (23°C).
B Minimufn value.

CContact|manufacturer or see PPl TR-4 for listed value.

bsee 5.1]1.

3.2.1| relation between dimension ratio, hydrostatic design

stress, jand pressure rating—the following expression, -com- TABLE 2 IPS Pipe-Outside Diameter” and Jolerance

monly known as the ISO equation, is used in this spegification IPS Outside Diameter, Tolerances,
to relate dimension ratio, hydrostatic design stressf.and pres- Size in. (mm) in. (mm)

sure rafing: % 0.840 (21.34) +0.004 (0.10)

’ Ya 1.050 (26.7) +0.004 (0.10)

2S8/P =DR— 1 0r2S/P = (D,/t).—1 (1) 1 1.315 (33.4) +0.005 (0.13)

14 1.660 (42.2) +0.005 (0.13)

where: 12 1.900 (48.3) +0.006 (0.15)

. . . 2 2.375 (60.3 +0.006 (0.15

S =| hydrostatic design stress for-water at 73°F (23°C), psi 3 3.500 §88-9; +0.008 20.20;

(MPa), 4 4.500 (114.3) +0.009 (0.23)

P =|pressure rating, psi (MPa), g g-ggg gfg-gg; ig-g:; Eg-gg

D, = average outside d}ameter, in. (mm) 10 10750 (273.05) £0.015 (0.38)

¢ =| minimum wall thickniess, in. (mm), and, . 12 12.750 (323.85) +0.017 (0.43)

DR =| thermoplastic fipe dimension ratio (D, /t for PE pipe). 14 14.000 (355.60) +0.063 (1.60)

16 16.000 (406.40) +0.072 (1.83)

4. P pe Classifieation 18 18.000 (457.20) +0.081 (2.06)

20 20.000 (508.00) +0.090 (2.29)

4.1 (eneral~<This specification covers PE pipe made from 22 22.000 2558-80; +0.099 §2-51;

. o . . . . 24 24.000 (609.60 +0.108 (2.74

PE plastic p}pe materials in various dimension ratios and water 26 26.000 (660.4) +0.117 (2.97)

pressurp ratings. 28 28.000 (711.2) +0.126 (3.20)

. . . . . . 30 30.000 (762.0) +0.135 (3.43)

4..2 Th.ermoplasttc Ptpe .Dlmer}ston .Ratlo.s (DR)—Thls 3o 32.000 (812.8) +0.144 (3.66)

specification covers PE pipe in various dimension ratios such 34 34.000 (863.6) +0.153 (3.89)

as, but not limited to, DR 11, DR 13.5, DR 17, and DR 21. The 36 36.000 (914.4) +0.162 (4.11)

. . . . . 42 42.000 (1066.8) +0.189 (4.80)

pressure rating is uniform for all nominal sizes of pipe for a 48 48.000 (1219.2) +0.216 (5.49)

given PE pipe material and DR. (See Table X1.1.) 54 54.000 (1371.6) +0.243 (6.17)

. . _ .. 63 63.000 (1600.2) +0.284 (6.71)

4.3 Special Sizes—Where existing system conditions or 65 65.000 (1651.0) +0.293 (7.44)

special local requirements make other diameters or dimension
ratios necessary, other sizes or dimension ratios, or both, shall
be acceptable in engineered products when mutually agreed

AFor a distance to the cut end of the pipe that is the lesser of 11.8-in (300 mm) or
1.5 times the outside diameter, a diameter reduction of up to 1.5% shall be
acceptable.
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upon by the customer and manufacturer if (/) the pipe is
manufactured from plastic compounds meeting the material
requirements of this specification and (2) the strength and
design requirements are calculated on the same basis as those
used in this specification.

5. Materials

5.1 Polyethylene Compounds—Polyethylene compounds
suitable for use in the manufacture of pipe under this specifi-

ASME NM.3.1-2018

the same percentage of the calculated minimum wall as for the
closest listed minimum wall thickness.

6.2.3 Wall Thickness Range—The wall thickness range shall
be within 12 % when measured in accordance with Test
Method D2122.

6.3 Short-term Properties—Specimens of pipe shall be
tested in accordance with either Test Method D1599 or Test
Method D2290. The test method used, Test Method D1599 or
Test Method D2290, is determined by the pipe size and the

cation shall_meet thermoplastic materials designation codes
PE1404 or|PE2708 or PE3608 or PE4608 or PEA710, and shall ~ 2'21aPIITy O appropriafe test equipment. Test Method ‘])1599
. is generally used for 4 in. (114 mm) and smaller sizgs‘atjd Test
meet Tablg 1 requirements for PE1404 or PE2708 or PE3608 . .
or PE460§ or PE4710, and shall meet thermal stability, ~ Method D2290 for 2 in. (60 mm) and larger sizes. Shont-term
brittleness femperature and elongation at break requirements in hoop stress and failure mode data is provided by’either| test.
accordancd with Specification D3350 6.3.1 Burst Pressure—The minimum burst pressure for PE
5.1.1 Cqlor and Ultraviolet (UV) Stabilization—Per Table plastic pipe shall be as given in Table 4, when determiped in
3, polyethylene compounds shall meet Specification D3350 accordance with Test Method D1599 and 7.6. The failurd mode
code C, Dfor E. In addition, Code C polyethylene compounds ~ shall be ductile.
shall have 2 to 3 percent carbon black, and Code E polyethyl- 6.3.2 Apparent Ring Tensile-Stréngth—The minimum pppar-
ene compdunds shall have sufficient UV stabilizer to protect  ent ring tensile strength at $ield shall be 1250 psi (8.62| MPa)
pipe from feleterious UV exposure effects during unprotected for PE 1404, 2520 psi (1%37 MPa) for Table 1 density|cell 2
outdoor sh|pping and storage for at least eighteen (18) months. polyethylene pipe matetials, and 2900 psi (20.00 MHa) for
5.1.2 Cglors for solid color, a color shell layer, or color  Table 1 density cell3 and 4 polyethylene pipe material when
stripes—In pccordance with the APWA Uniform Color Code, tested in accordan¢e with Test Method D2290, Procedure B
blue shall jdentify potable water service; green shall identify and 7.7. The fAilure shall be ductile.
sewer serv|ce; purple (lavender) shall identify reclaimed water
service. Ydllow identifies gas service and shall not be used. 6.4 Sustained Pressure at Ambient and Elevated Tempera-
. . ture fot7PE1404—PE1404 pipes shall be tested in accofdance
>-2 Poiqble Wmer Requ; re.me{qz.—When requ1.red by the with. 7.4 at the stresses and temperatures specified in Tgble 6.
regulatory fauthority having jurisdiction, products intended for s may be conducted on any pipe size, but tests conflucted
contact with potable water shall be evaluated, tested, and 6 in. (168 mm) nominal size pipe shall be considered
certified fgr conformance with NSF/ANSI Standard No. 61 or on b m. L . . P E) o .

. representative of all pipe sizes. At 176°F (80°C) pipes shall be
the health ¢ffects portion of NSF/ANSI Standard No. 14 by, dn ith If ductile failures occur at the hicher
acceptable|certifying organization. tested at eit Oer streoss. ue &

stress at 176°F (80°C), testing shall be repeated at the|lower
5.3 Rework Material—Clean, rework material-ftom the  stress. Acceptable results are non-failure at the mirimum
manufactufer’s own pipe production that met 5.1 theough 5.2 average test time, or brittle failure at times exceedifg the
as new compound is suitable for use when blénded with new minimum average test time.
compound|of the same material designation. Pipe containing
the rework material shall meet the requirements of this 6.5 Elevated Temperature Sustained Pressure for | Pipes
specificati¢n. Other Than PE1404—Elevated temperature sustained pressure
tests for each Table 1 polyethylene pipe material (mpaterial
6. Requirfments designation) used in production at the facility shall bg con-
6.1 Wogkmanship—The-pipe shall be homogeneous ducted twice annually per 7.5.
throughou{ and free fremd Visible cracks, holes, foreign Note 1—Elevated temperature sustained pressure tests are intehded to
inclusions,| or other deféets. The pipe shall be as uniform as verify extrusion processing and are conducted in accordance with the
commerciglly practiable in color, opacity, density, and other ~ manufacture’s quality program.
physical pfopertigs. 6.5.1 Passing results are (/) non-failure for all| three
6.2 Dimensions and Tolerances: specimens at a time equal to or greater than the Tgble 8
6.2.1 Oltside Diametere—The ontside diameters and toler- “minimum average time before failure” for the selected| Table

ances shall be as shown in Table 2 or Table 7 when measured
in accordance with Test Method D2122. For diameters not
shown in Table 2 or Table 7, the tolerances shall be the same
percentage of the outside diameter as those for the closest listed
diameter.

6.2.2 Wall Thicknesses—The wall thicknesses and toler-
ances shall be as shown in Table 3 or Table 7 when measured
in accordance with Test Method D2122. For wall thicknesses
(DRs) not shown in Table 3 or Table 7, the tolerances shall be

118

8 Condition, or (2) not more than one ductile specimen failure
and the average time before failure for all three specimens shall
be greater than the specified “minimum average time before
failure” for the selected Table 8 Condition. If more than one
ductile failure occurs before the “minimum average time
before failure”, it is permissible to conduct one retest at a Table
8 Condition of lower stress and longer minimum average time
before failure for the material designation except that for Table
8 Condition 6 no retest is permissible. Brittle failure of any
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TABLE 3 IPS Pipe” Minimum Wall Thickness and Tolerance

SD-3035

IPS DR 32.5 DR 26 DR 21 DR 17 DR 15.5 DR 13.5 DR 11 DR 9 DR 7
Size I'Min.  Tol. [ Min. Tol. | Min. Tol. | Min. Tol. | Min. Tol. | Min. Tol. | Min. Tol. | Min. Tol. | Min. Tol.
in. in. in. in. in. in. in. in. in. in. in. in. in. in. in. in. in. in.
(mm) (mm) | (mm) (mm) | (mm) (mm) [ (mm) (Mmm) [ (mm) (mm) | (mm) (mm) [ (mm) (mm) | (mm) (mm) (mm)  (mm)
1 0.062 0.020 | 0.076 0.020 | 0.093 0.020 | 0.120 0.020
(1.57) (0.51) | (1.93) (0.51) | (2.36) (0.51) | (3.05) (0.51)
% 0.062 0.020 | 0.068 0.020 | 0.078 0.020 | 0.095 0.020 | 0.117 0.020 | 0.150 0.020
(1.57) (0.51) | (1.73) (0.51) | (1.98) (0.51) | (2.41) (0.51) | (2.97) (0.51) | (3.81) (0.51)
1 0.062 0.020 | 0.063 0.020 | 0.077 0.020 | 0.085 0.020 | 0.097 0.020 | 0.120 0.020 | 0.146 0.020 | 0.188 0.023
(1.57) (0.51) | (1.60) (0.51) | (1.96) (0.51) | (2.16) (0.51) | (2.46) (0.51) | (3.05) (0.51) | (3.71) (0.51) | (4.78) (0.58)
14 U064 0U.020 | U.079 0020 | 0098 0020 | 0-107 U.020 | U-123 0.020 | U-151 U.020 [ O-18% _ 0.02 0.237  0.028
(1.63) (0.51) | (2.01) (0.51) | (2.49) (0.51) | (2.72) (0.51) | (3.12) (0.51) | (3.84) (0.51) | (4.67) (0.56) | (6.02) (0.71)
115 0.062 0.020 | 0.073 0.020 | 0.090 0.020 | 0.112 0.020 | 0.123 0.020 | 0.141 0.020 | 0.173 0.021 | 0.211 . '0v025/ | 0.271 0.033
(1.57) (0.51) | (1.85) (0.51) | (2.29) (0.51) | (2.84) (0.51) | (3.12) (0.51) | (3.58) (0.51) | (4.39) (0.53) | (5.36),\._[0.64) | (6.88) (0.84)
2 0.073 0.020 | 0.091 0.020 | 0.113 0.020 | 0.140 0.020 | 0.153 0.020 | 0.176 0.021 | 0.216 0.026 | 0.264,/ 0.032] | 0.339 0.041
(1.85) (0.51) | (2.31) (0.51) | (2.87) (0.51) | (3.56) (0.51) | (3.89) (0.51) | (4.47) (0.53) | (5.49) (0.66) | (6:%1) (0.81 (8.61) (1.04)
3 0.108 0.020 | 0.135 0.020 | 0.167 0.020 | 0.206 0.025 | 0.226 0.027 | 0.259 0.031 | 0.318 0.038 [~0:389 0.047] | 0.500 0.060
(2.74) (0.51) | (3.43) (0.51) | (4.24) (0.51) | (5.23) (0.64) | (5.74) (0.69) | (6.58) (0.79) | (8.08) (0.9%) {7(9.88) (1.19) | (12.70) (1.52)
4 0.138 0.020 | 0.173 0.021 | 0.214 0.026 | 0.265 0.032 | 0.290 0.035 | 0.333 0.040 | 0.409 Q049 | 0.500 0.060] | 0.643 0.077
(3.51) (0.51) | (4.39) (0.53) | (5.44) (0.66) | (6.73) (0.81) | (7.37) (0.89) | (8.46) (1.02) |(10.39) \(1:24) [(12.70) (1.52) | (16.33) (1.96)
6 0.204 0.024 | 0.255 0.031 | 0.315 0.038 | 0.390 0.047 | 0.427 0.051 | 0.491 0.059 | 0.602 , 0.072 | 0.736 0.088 | 0.946 0.114
(5.18) (0.61) | (6.48) (0.79) | (8.00) (0.97) | (9.91) (1.19) |(10.85) (1.30) |(12.47) (1.50) |(15:29) (1.83) [(18.69) (2.24) |(24.03) (2.90)
8 0.265 0.032 | 0.332 0.040 | 0.411 0.049 | 0.507 0.061 | 0.556 0.067 | 0.639 0.077¢].0~/84 0.094 | 0.958 0.115] | 1.232 0.148
(6.73) (0.81) | (8.43) (1.02) |(10.44) (1.24) [(12.88) (1.55) [(14.12) (1.70) |(16.23) (1.96) J419.91) (2.39) [(24.33) (2.92) | (31.29) (3.76)
10 0.331 0.040 | 0.413 0.050 | 0.512 0.061 | 0.632 0.076 | 0.694 0.083 | 0.796 @.096 | 0.977 0.117 | 1.194 0.143 | 1.536 0.184
(8.41) (1.02) |(10.49) (1.27) |(13.00) (1.55) [(16.05) (1.93) |(17.63) (2.11) |(20.22) ((244) |(24.82) (2.97) [(30.33) (3.63) | (39.01) (4.67)
12 0.392 0.047 | 0.490 0.059 | 0.607 0.073 | 0.750 0.090 | 0.823 0.099 | 0.944, 0.113 | 1.159 0.139 | 1.417 0.170, | 1.821 0.219
(9.96) (1.19) |(12.45) (1.50) | (15.42) (1.85) [(19.05) (2.29) |[(20.90) (2.51) |(2898) (2.87) |(29.44) (3.53) [(35.99) (4.32) |(46.25) (5.56)
14 0.431 0.052 | 0.538 0.065 | 0.667 0.080 | 0.824 0.099 | 0.903 0.108 41037 0.124 | 1.273 0.153 | 1.556 0.187] | 2.000 0.240
10.95) (1.32) [(13.67) (1.65) |(16.94) (2.03) |(20.93) (2.51) [(22.94) (2.74) |(26.34) (3.15) |(32.33) (3.89) |(39.52) (4.75) |(50.80) (6.10)
16 0.492 0.059 | 0.615 0.074 | 0.762 0.091 | 0.941 0.113 | 1.032 0.1247 1.185 0.142 | 1.455 0.175 | 1.778 0.213] | 2.286 0.274
12.50) (1.50) [(15.62) (1.88) |(19.35) (2.31) |(23.90) (2.87) [(26.21) (8.%5) |(30.10) (3.61) |(36.96) (4.45) |(45.16) (5.41) |(58.06) (6.96)
18 0.554 0.066 | 0.692 0.083 | 0.857 0.103 | 1.059 0.127 | 1.161(»0.139 | 1.333 0.160 | 1.636 0.196 | 2.000 0.240] | 2.571 0.309
14.07) (1.68) [(17.58) (2.11) |(21.77) (2.62) |(26.90) (3.23) | (29.49)"(3.53) |(33.86) (4.06) |(41.55) (4.98) |(50.80) (6.10) | (65.30) (7.85)
20 0.615 0.074 | 0.769 0.092 | 0.952 0.114 | 1.176 0.141 | 1290 0.155 | 1.481 0.178 | 1.818 0.218 | 2.222 0,267] | 2.857 0.343
15.62) (1.88) [(19.53) (2.34) |(24.18) (2.90) | (29.87) (3.58) 82.77) (3.94) |(37.62) (4.52) |(46.18) (5.54) |(56.44) (6.78) |(72.57) (8.71)
22 0.677 0.081 | 0.846 0.102 | 1.048 0.126 | 1.294 0.155¢1.419 0.170 | 1.630 0.196 | 2.000 0.240 | 2.444 0.293| | 3.143 0.377
17.20) (2.06) [(21.49) (2.59) |(26.62) (3.20) |(32.87) (3:94) [(36.04) (4.32) |(41.40) (4.98) |(50.80) (6.10) |(62.08) (7.44) [(79.83) (9.58)
o4 0.738 0.089 | 0.923 0.111 | 1.143 0.137 | 1.412_(04169 | 1.548 0.186 | 1.778 0.213 | 2.182 0.262 | 2.667 0.320] | 3.429 0.411
18.75) (2.26) [(23.44) (2.82) |(29.03) (3.48) | (35.86) (4.29) [(39.32) (4.72) |(45.16) (5.41) |(565.42) (6.65) |(67.74) (8.13) |(87.10) (10.44)
26 0.800 0.096 | 1.000 0.120 | 1.238 0.149 | 1,629~ 0.183 | 1.677 0.201 | 1.926 0.231 | 2.364 0.284 | 2.889 0.347]
20.32) (2.44) |(25.40) (3.05) | (31.45) (3.78).JN38:84) (4.65) |(42.60) (5.11) |(48.92) (5.87) |(60.05) (7.21) [(73.38) (8.81
8 0.862 0.103 | 1.077 0.129 | 1.333 0.160Q_[)1.647 0.198 | 1.806 0.217 | 2.074 0.249 | 2.545 0.305 | 3.111  0.373
21.89) (2.62) |(27.36) (3.28) | (33.86) (4.06) [(41.83) (5.03) |(45.87) (5.51) |(52.68) (6.32) |(64.64) (7.75) [(79.02) (9.47
30 0.923 0.111 | 1.154 0.138 | 1.429 _ 071 | 1.765 0.212 | 1.935 0.232 | 2.222 0.267 | 2.727 0.327 | 3.333  0.400
23.44) (2.82) [(29.31) (3.51) | (36.30\\(4.34) [(44.83) (5.38) |(49.15) (5.89) |(56.44) (6.78) |(69.27) (8.31) [(84.66) (10.16]
32 0985 0.118 | 1.231 0.148 | 1,624/ 0.183 | 1.882 0.226 | 2.065 0.248 | 2.370 0.284 | 2.909 0.349 | 3.556  0.427]
25.02) (3.00) |(81.27) (3.76) | (38.71) (4.65) |[(47.80) (5.74) |(52.45) (6.30) |(60.20) (7.21) |(73.89) (8.86) [(90.32) (10.85)
34 1.046 0.126 | 1.308 0.157(| 1619 0.194 | 2.000 0.240 | 2.194 0.263 | 2519 0.302 | 3.091 0.371
26.57) (3.20) [(33.22) (3809 [(41.12) (4.93) [(50.80) (6.10) |(55.73) (6.68) |(63.98) (7.67) |(78.51) (9.42)
36 1.108 0.133 | 1.385 0466 | 1.714 0.206 | 2.118 0.254 | 2.323 0.279 | 2.667 0.320 | 3.273 0.393
28.14) (3.38) |(35.18)\\(4/22) | (43.54) (5.23) [(53.80) (6.45) |(59.00) (7.09) |(67.74) (8.13) |(83.13) (9.98)
42 1.292 0.155 | 1.645090.194 | 2.000 0.240 | 2.471 0.297 | 2710 0.325 | 3.111  0.373
32.82) (3.94) [(4M02) (4.93) |(50.80) (6.10) [(62.76) (7.54) |(68.83) (8.26) |(79.02) (9.47)
48 1477 0177, )\ 1.846 0.222 | 2286 0.274 | 2.824 0.339 | 3.097 0.372 | 3.556 0.427
37.52) (4.50)4446.89) (5.64) | (58.06) (6.96) |(71.73) (8.61) |(78.66) (9.45) |(90.32) (10.85)
54 1.662 0.199°| 2.077 0.249 | 2571 0.309 | 3.176 0.381 | 3.484 0.418
42.21)e.(5:05) |(52.76) (6.32) | (65.30) (7.85) [(80.67) (9.68) |(88.49) (10.62)
63 1.938.40.233 | 2.423 0.291 | 3.000 0.360
49:23)" (5.92) |(61.54) (7.39) | (76.20) (9.14)
2000 0240 12500 0300 | 3005 0371
65 (50.80) (6.10) |(63.50) (7.62) |(78.61) (9.42)

“See 4.3 for sizes not shown.
BFor IPS sizes greater than 24, tolerance applies to the minimum wall thickness obtained when measuring pipe.

specimen in the test sample when tested at Table 8 Condition
1 through 6 constitutes failure to meet this requirement and no
retest is allowed.

6.5.2 Provision for retest (if needed)—The retest sample
shall be three specimens of the same pipe or tubing size and
material designation from the same time frame as the test
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TABLE 4 Burst Pressure Requirements for Water at 73°F (23°C) for DR-PR PE Plastic Pipe

Min Burst Pressure,” psi (MPa)

Dimension PE 3608,
Ratio PE 4608, PE 2708 PE 1404
PE 4710
psi (MPa) psi (MPa) psi (MPa)
7 967 (6.67) 840 (5.79) 417 (2.87)
9 725 (5.00) 630 (4.34) 313 (2.16)
1 580 (4.00) 504 (3.47) 250 (1.72)
135 464 (3.20) 403 (2.78) 200 (1.38)
15.5 400 (2.76) 348 (2.40) 172 (1.19)
7 363 (2.50) 315 (2.13) 156 (1.08)
1 290 (2.00) 252 (1.74) 125 (0.86)
6 232 (1.60) 202 (1.39) 100 (0.69)
2.5 184 (1.27) 160 (1.10) 79 (0:55)
A The fiber stresses used to derive these test pressures are as follows:
psi (MPa)
PE 3608, PE 4608, PE 4710 2900 (20.00)
PE 2708 2520 (17.37)
PE 1404 1250 (8.62)

TABLE 5 Apparent Tensile Strength at Yield of Ring Specimens
Cut from Pipe

failure time specified in Table 6 in accordance witlh Test
Method D1598,%t)the stress and temperature values giyen in

Matdrial psi (MPa) Table 6. Maintdin the specimens at the test pressures *[10 psi
PE 2708 2520 (17.37) (=70 kPa) and the test temperatures = 3.6°F (= 2°C). Kailure
PE 3608, of one of the three specimens tested is cause for retest of three
PE 4608, 2900 (20.00) additiendl specimens. Failure of one of three specimens|tested
PE 4710 in retest constitutes failure in the test. Test and retest spedimens
PE 1404 1250 (8.62) shall be from the same production lot. Failure of the pipe test

sample per] 7.5. For the retest, any specimen failure beforge_the
Table 8 “rhinimum average time before failure” at the-tetest
condition ¢f lower stress and longer minimum average time
before failfire constitutes failure to meet this requirement.

7. Test Mgthods

7.1 Confitioning—Condition the test Specimens for not less
than 40 h|prior to test in accordanee’ with Procedure A of
Practice Dp18, for those tests where/conditioning is required.

7.2 Test| Conditions—Conduct tests in the standard labora-
tory atmosphere of 73 £ 3.,6°F (23 = 2°C), unless otherwise
specified i the test methods or in this specification.

7.3 Sampling—The selection of the sample or samples of
pipe shall Be as agreed upon by the purchaser and the seller. In
case of no priordgreement, random samples as selected by the
testing labgratory shall be deemed adequate.

specimen shall be as defined in Test Method D1598. [When
testing at 176 = 3.6°F (80 = 2°C) at the higher stress, if dluctile
failure occurs before the minimum time, rerunning the [test at
the lower stress condition is not considered a retest.

7.5 Elevated Temperature Sustained Pressure Tesg—The
“test sample” shall be three specimens of a generally represen-
tative pipe or tubing size produced at the manufacfurer’s
facility using the Table 1 polyethylene pipe material (mpterial
designation). Select one Table 8 Condition for the Table 1
polyethylene pipe material (material designation) and t¢st the
three specimen test sample in accordance with Test Method
D1598 using water as the internal test medium.

7.6 Hydrostatic Burst Pressure—The test equipment,
procedures, and failure definitions shall be as specified jn Test
Method D1599.

7.7 Apparent Ring Tensile Strength at Yield—The npethod
and test equipment shall be as specified in Test Method [)2290,
Procedure B. Test a minimum of five specimens.

7.4  Sustained Pressure Test at Ambient and Elevated
Temperature—Select three specimens of pipe at random and
test each specimen individually with water at controlled
temperatures under the stresses given in Table 6. Each speci-
men shall be at least ten times the nominal diameter in length,
but not less than 10 in. (250 mm) or more than 3 ft (1000 mm)
between end closures and containing the permanent marking
on the pipe. Condition the specimens for at least 2 h at test
temperature *= 3.6°F (2°C) prior to test. Test for the minimum

8. Retest and Rejection

8.1 Except as specified in 6.4, 6.5, 6.5.1 and 6.5.2, if the
results of any test(s) do not meet the requirements of this
specification, the test(s) may be conducted again in accordance
with an agreement between the purchaser and the seller. There
shall be no agreement to lower the minimum requirement of
the specification by such means as omitting tests that are a part
of the specification, substituting or modifying a test method, or
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TABLE 6 Stress and Time Requirements for Sustained Pressure Test”

Minimum Hours
Before Failure at

Minimum Average Hours

Pipe_ 73°F (23°C) to Failure at 176°F (80°C)
Material - - - -
S =800 psi S = 670 psi S =580 psi S =435 psi
(5.5 MPa) (4.6 MPa) (4 MPa) (3 MPa)
PE 1404 1000 80 150
A Calculate internal pressure in accordance with the following formula:
2S
P= D,
——1
4
where:
P = pressure, psig (MPa),
S = lhoop stress, psi (MPa),
D, = 4dverage outside diameter, in. (mm), and
t = minimum wall thickness, in. (mm).
TABLE 7 PE4710 DIPS PR-DR Plastic Pipe—Outside Diameter and Wall, Thickness
Wall Thickness, in. (mm)
DIPS Outside Diameter”? PR 300 PR 250 PR 200 PR 150, PR 125 PR 100
Size 7.7 DR 9 DR 11 DR 143 DR 17 DR 21
Average = Tol. Min. Tol.Z Min. Tol.B Min. Tol.B Miri Tol.Z Min. Tol.B Min. Tol.B
3 3.960 0.018 0.514 0.062 0.440 0.053 0.360 0.043 0.277 0.033 0.233 0.028 0.189 0.023
(100.58)  (0.46) (13.06) (1.57) (11.18) (1.35) (9.14) (1.09) (7.04) (0.84) (5.92) (0.71) (4.80) (0.58)
4 4.800 0.022 0.623 0.075 0.533 0.064 0.436 0.052 0.336 0.040 0.282 0.034 0.229 0.027
(121.92)  (0.56) (15.82) (1.91) (13.54) (1.63) (11.07) (1.32) (8.53) (1.02) (7.16) (0.86) (5.82) (0.69)
6 6.900 0.031 0.896 0.108 0.767 0.092 0.627 0075 0.483 0.058 0.406 0.049 0.329 0.039
(175.26)  (0.79) (22.76) (2.74) (19.48)  (2.34)  (15.93) . 91) (1227) (1.47)  (10.31)  (1.24) (8.36) (0.99)
s 9.050 0.041 1.175 0.141 1.006 0.121 0.823 0.099 0.633 0.076 0.532 0.064 0.431 0.052
(229.87)  (1.04) (29.85) (3.58) (25.55) (3.07) (20.90), (2.51) (16.08) (1.93) (13.51) (1.63) (10.95) (1.32)
10 11.100 0.050 1.442 0.173 1.233 0.148 1:009 0.121 0.776 0.093 0.653 0.078 0.529 0.063
(281.94) (1.27) (36.63) (4.39) (31.32) (3.76) (25.63) (3.07) (19.71) (2.36) (16.59) (1.98) (13.44) (1.60)
12 13.200 0.059 1.714 0.206 1.467 0.176 1.200 0.144 0.923 0.111 0.776 0.093 0.629 0.075
(335.28)  (1.50) (43.54) (5.23) (37.26) (4.47), (30.48) (3.66) (23.44) (2.82) (19.71) (2.36) (15.98) (1.91)
14 15.300 0.069 1.987 0.238 1.700 0.204 1.391 0.167 1.070 0.128 0.900 0.108 0.729 0.087
(388.62)  (1.75) (50.47) (6.05) (43.18) (5.18) (35.33) (4.24) (27.18) (3.25) (22.86) (2.74) (18.52) (2.21)
16 17.400 0.078 2.260 0.271 1.933 0.232 1.582 0.190 1.217 0.146 1.024 0.123 0.829 0.099
(441.96)  (1.98) (57.40) (6.88) (49.10) (5.89) (40.18) (4.83) (30.91) (3.71) (26.01) (3.12) (21.06) (2.51)
18 19.500 0.088 2.5632 0.304 27167 0.260 1.773 0.213 1.364 0.164 1.147 0.138 0.929 0.111
(495.30)  (2.24) (64.31) (7.72) (55.04)  (6.60)  (45.08)  (5.41)  (34.65)  (4.17)  (29.13)  (3.51) |(23.60)  (2.82)
20 21.600 0.097 2.805 0.337 2.400 0.288 1.964 0.236 1.510 0.181 1.271 0.153 1.029 0.123
(548.64)  (2.46) (71.25) (8.56), (60.96) (7.32) (49.89) (5.99) (38.35) (4.60) (32.28) (3.89) (26.14) (3.12)
o4 25.800 0.116 3.351 0402 2.867 0.344 2.345 0.281 1.804 0.216 1.518 0.182 1.229 0.147
(655.32)  (2.95) (85.12) ((fo24) (72.82)  (8.74)  (59.56)  (7.14)  (45.82)  (5.49)  (38.56)  (4.62) |(81.22)  (3.73)
30 32.000 0.144 4.156 07499 3.556 0.427 2.909 0.349 2.238 0.269 1.882 0.226 1.524 0.183
(812.80)  (3.66) (105.56). /) (12.67) (90.32)  (10.85)  (73.89) (8.86) (56.85) (6.83) (47.80) (5.74) (38.71) (4.65)
36 38.300 0.172 4,974 0.597 4.256 0.511 3.482 0.418 2.678 0.321 2.253 0.270 1.824 0.219
(972.82)  (4.37) (126)34)  (15.16)  (108.10)  (12.98)  (88.44) (10.62)  (68.02) (8.15) (57.23) (6.86) (46.33) (5.56)
42 44.500 0.200 5.779 0.693 4.944 0.593 4.045 0.485 3.112 0.373 2.618 0.314 2.119 0.254
(1130.30)  (5.08) ) _\(146.79) (17.60) (125.58) (15.06) (102.74) (12.32)  (79.04) (9.47) (66.50) (7.98) (53.82) (6.45)
48 50.800 0229 6.597 0.792 5.644 0.677 4.618 0.554 3.552 0.426 2.988 0.359 2.419 0.290
(1290.32) _(6)82) (167.56) (20.12) (143.36) (17.20) (117.30) (14.07) (90.22) (10.82)  (75.90)  (9.12) |(61.44)  (7.37)
A For a diptance to tHe/cut end of the pipe that is the lesser of 11.8-in. (300 mm) or 1.5 times the outside diameter, a diameter reduction of up to 1.5% [shall be acceptable.
B For DIAS sizes.greater than 24, tolerance applies to the minimum wall thickness obtained when measuring pipe.

by changing the specification limits. In retesting, the product
requirements of this specification shall be met, and the test
methods designated in the specification shall be followed. If,
upon retest, failure occurs, the quantity of product represented
by the test(s) does not meet the requirements of this specifi-
cation.

9. Marking

9.1 Marking on the pipe shall include the following, spaced
at intervals of not more than 5 ft (1.5 m):

121

9.1.1 Nominal pipe size (for example, 2 in. IPS),

9.1.2 Type of plastic pipe material in accordance with the
materials designation code given in per 5.1 (for example, PE
3608),

9.1.3 Thermoplastic pipe dimension ratio in accordance
with 4.2 (for example, DR 11),

9.1.4 The pressure rating in pounds-force per square inch
for water at 73°F (23°C) shown as the number followed by psi
(kPa), for example, 100 psi or 690 kPa,
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TABLE 8 Elevated Temperature Sustained Pressure Test Requirements

PE2708, PE3608, PE4608 PE4710
Condition Test Temperature Test Pressure Hoop Minimum Average Time Test Pressure Hoop Minimum Average Time
°F (°C)A Stress® Before Failure Stress® Before Failure

psi (kPa)* Hours psi (kPa)* Hours
1 176 (80) 670 (4620) 170 750 (5170) 200
2 176 (80) 650 (4480) 340 730 (5020) 400
3 176 (80) 630 (4345) 510 705 (4870) 600
4 176 (80) 610 (4210) 680 685 (4715) 800
5 176 (80) 590 (4070) 850 660 (4565) 1000
6 176 (80) 580 (4000) 1000 640 (4415) 1200

minimum avel

maintain equiyalent performance criteria, but provide for retest in the event of ductile failure. The test pressure hoop stress levels for Conditions 2-5 are lineafintergolations

for
Col

the minimum pverage time before failure would be 927 hours (200 + (750 — 670) - ((1200 — 200) / (750 — 640)) = 927).

5C

wh

o

~TO w3

arbitrarily ¢hosen time increments. An equivalent performance requirement, however, may be determined by arbitrarily choosing a test pressure hodp stress petween
nditions 1 gnd 6 and linearly interpolating the minimum average time before failure. For example for PE3710 and PE4710 material, at 670 psi test pfesstire hoop stress,

alculate intprnal test pressure in accordance with:

ere:
test pressure, psig (kPa)
test pressure hoop stress, psi. (kPa)
ured outside diameter, in. (mm)
meagured minimum wall thickness, in (mm)

(TRl
3
I}
O

9.1.5 A$ME SD-3035 or both ASME SD-3035 and ASTM potable waterjcsgreen shall identify sewer; and purple (yiolet,

D3035, lavender) shall identify reclaimed water. Yellow identitjes gas
9.1.6 Mpnufacturer’s name (or trademark) and code, and and shallkpet be used.
9.1.7 Pipe intended for transporting potable water shall also 9.3 Markings that identify gas, communications or eleftrical
include thq seal of an accredited laboratory. use*are prohibited.

de

D3350 and HPI TR-3 led to changes in thermoplastic materials designatipn

CO

Note 2—Farlier editions of Specification D3035 included PE materials 10. Quality Assurance

signations| PE 2406, PE 3406, and PE 3408. Changes to Specification .
e g b 10.1 The manufacturer affirms that the product wis

des, resulfing in materials designation PE 2406 being superseded’by ~ manufactured, inspected, sampled, and tested in accordlance

materials dg¢signations PE 2606 and PE 2708, materials desigmation with this specification and has been found to meet the re-

PE 3406 beipg superseded by PE 3606 and materials designation\PE 3408 quirements of this specification.

be

PE 4608, PH 4708, and PE 4710. Recognizing that a_period of time is 11. Certification

necessary for the dissemination of information and.to\update specifica-

tions and lit¢rature, during the transitional period/product markings that 11.1 Certification shall be as required by Annex Al.
include both older and newer materials deSighations, for example

PE 2406 /PH 2606, may occur. 12. Keywords

ing superseded by materials designations PE 3608, PE 3708) PE 3710,

Note 3—Manufacturers using the seal 'of approval of an accredited

laboratory mjust obtain prior authorization fiom the laboratory concerned. 12.1 DR; OD controlled; PE pipe; plastic pipe; potable

stripes, a dolor shell layer or a solid color; blue shall identify ~ Water service pipe

9.2 Usigg Color—When coloy' is applied, such as with ~ Water pipe; polyethylene pipe; service pipe; SDR; watef pipe;

ANNEX

(Mandatory Information)

Al. CERTIFICATION

The producer or supplier shall furnish a certificate of compliance stating that the material was manufactured, sampled,
tested, and inspected in accordance with the Specification, including year date, the Supplementary Requirements, and
any other requirement designated in the purchase order or contract, and that the results met the requirements of that
Specification, the Supplementary Requirements, and the other requirements. A signature or notarization is not required
on the certificate of compliance, but the document shall be dated and shall clearly identify the organization submitting
the certificate. Notwithstanding the absence of a signature or notarization, the certifying organization is responsible for
the contents of the document.
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APPENDIX

(Nonmandatory Information)

X1. PIPE PRESSURE RATINGS

X1.1 The pipe is rated for use with water at 73°F (23°C) at
the maximum internal pressures shown in Table X1.1. Lower

pressure ratings than those calcu

may be,
ally hig
installa
are gel
exceed
peratur
temper.
above

turer fq

lated in accordance with 3.2.1

rh pressure surges, elevated temperatures, or unusual
ion conditions exist. Pressure ratings at 73°F (23°C)
lerally suitable for use at service temperatures not
ng 80°F (27°C). Pressure ratings are reduced at tem-
s above 80°F (27°C), and materials having an elevated
iture HDB should be used when service at temperatures
0°F (27°C) is anticipated. Consult the pipe manufac-
r information about elevated temperature service and

SD-3035

pressure ratings. Industry experience indicates that satisfactory
long-term service can be provided by PE plastic pipe meeting

pressure requirements (see 6.4) are related
through the slopes of the strength-time plots of
in pipe form.

this specification that is properly installed and operated within
teertt 5 2h 3 : atires, The sustained

b these ratings
these materials

X1.2 The hydrostatic design_stress recominended by the

Plastics Pipe Institute are based-on tests made
in size from Y2 to 3 in. (12.7 to 50.8 mm).

n pipe ranging

TABIE X1.1 Thermoplastic Pipe Dimension Ratios (DR) and Water Pressure Ratings(PR) at 73°F (23°C) for DR-PR PK Plastic Pipe
PE Pipe Materials”
Dimension PE 2708, PE 3608,
Ratio PE4710 I 4 PE 1444
Pressure Rating, psi (MPa) Pressure\Rating, psi (MPa) Pressure Rating| psi (MPa)
7 333 (2.3) 267 (1.84) 133 (0.92)
77 300 (2.1)
9 250 (1.7) 200 (1.38) 100 (0.69)
1 200 (1.4) 160 (1.10) 80 (0.55)
135 160 (1.1) 128 (0.88) 64 (0.44)
14.3 150 (1.0)
15.5 138 (1.0) 110 (0.76) 55 (0.38)
17 125 (0.9) 100 (0.69) 50 (0.34)
21 100 0.7) 80 (0.55) 40 (0.28)
26 80 (0.6) 64 (0.44) 32 (0.22)
325 63 (0.4) 51 (0.35) 25 (0.17)

A Hydrostatic Design Stress values obtained from PPI TR4\Other design factors may be appropriate under certain conditions. Values rounded to the

MPa)

nearest 5 psi (0.03
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ASME NM.3.1-2018 SD-3222

SPECIFICATION FOR UNMODIFIED POLY(VINYLIDENE
FLUORIDE) (PVDF) MOLDING EXTRUSION AND
COATING MATERIALS

@Z@ SD-3222

(Identical with ASTM D3222-05(R10) except, for-Tfevisions in para. 7.1 and section 12, and additional requirements if
section 13 and Anhex Al, and renumbering of sections 14 and 15.)
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Specification for
Unmodified Poly(Vinylidene Fluoride) (PVDF) Molding
Extrusion and Coating Materials

1. Scope

1.1 This spe
extrusion matej
nylidene fluori
(or PVF, in §
thermoplastic
form.

1.2 This spg

cification covers melt processable molding and
rials, as well as coating materials of poly(vi-
le) fluoroplastic, commonly abbreviated PVDF
cientific literature). This specification covers
fesin materials supplied in pellet or powder

cification applies only to the virgin homopoly-

mer prepared from vinylidene fluoride, not copolymers, rein-

forced, filled
treatments for

1.3 The test
for specificatio|
is not the purp
data for design

1.4 PVDF f]
and 356°F) and
(Warning—E\
ride can occur

1.5 The valy
S-10, are to be
parentheses arg

Note 1—PVD
crystalline struct
sample. Specime
this specification

1.6 This sta
safety concern
responsibility d
priate safety a
bility of reguld
tionary statemg

grades or special grades with additives or
modification of attributes.

involved are intended to provide information
h of unmodified PVDF homopolymer resins. It
bse of this specification to provide engineering
purposes.

uoroplastics melt between 156 and 180°C (312
are thermally stable up to about 370°C (698°F).
olution of corrosive and toxic hydrogen fluo-
under certain conditions.)

es stated in SI units, as detailed in IEEE/ASTM
regarded as the standard. The values given in
for information only.

F exhibits polymorphism. The type-and extent of
re varies with the thermomechanical ‘history of the
s prepared by techniques differéntythan prescribed in
Can have properties that vary ffom the values specified.
ndard does not purport to address all of the
s, if any, associated)with its use. It is the
f the user of thissstandard to establish appro-
id health practices and determine the applica-
tory limitatiens prior to use. Specific precau-
nts are given in Section 10.

Note 2—There is no equivalent ISO standard for thishspedification.

Information in this specification is technically equivalént t
information in ISO 12086-1 and ISO 12086-2.

2. Referenced Documents
2.1 ASTM Standards:

related

D149 Test Method for DielectricvBreakdown Voltdge and
Dielectric Strength of Solid\El€ctrical Insulating Materials

at Commercial Power Frequencies

D150 Test Methods for A€ Loss Characteristics and
tivity (Dielectric Constant) of Solid Electrical Ing

D256 Test Methdds for Determining the Izod Pe
Impact ResiStance of Plastics

D257 Test Méthods for DC Resistance or Conduct
Insulating*Materials

Permit-
ulation
ndulum

ance of

D542 Test Method for Index of Refraction of Trarsparent

QOrganic Plastics
D618 Practice for Conditioning Plastics for Testing
D638 Test Method for Tensile Properties of Plastics
D790 Test Methods for Flexural Properties of Unrei
and Reinforced Plastics and Electrical Insulating
als
D792 Test Methods for Density and Specific Gravity
tive Density) of Plastics by Displacement
D883 Terminology Relating to Plastics

hforced
Materi-

(Rela-

D1238 Test Method for Melt Flow Rates of Thermojplastics

by Extrusion Plastometer
D2863 Test Method for Measuring the Minimum

Dxygen

Concentration to Support Candle-Like Combustion of

Plastics (Oxygen Index)

D3418 Test Method for Transition Temperatures gnd En-
thalpies of Fusion and Crystallization of Polymers by

Differential Scanning Calorimetry
D3835 Test Method for Determination of Prope

ties of

Polymeric Materials by Means of a Capillary Rh¢ometer

D3892 Practice for Packaging/Packing of Plastics
IEEE/ASTM S-10 Use of the International System

f Units
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TABLE 1 Classification of PVDF Resins
Typical Values or Ranges
Property Type | Type Il
Grade 1 Grade 2
Specific Gravity Gms/cc 1.75-1.79 1.75-1.79 1.76-1.79
Peak Melting Endotherm °C 156-162 162-170 164-180
Melt Flow Rate 9/10 min (wt in Kg)
Ultra High Viscosity 0.5-10*
High Viscosity 0.5-84 5-85 0.5-10¢
Medium Viscosity 4-184 5-36° 0.5-30°
Low Viscosity 3.5-45F 0.5-60"
Apparent Meft Viscosity Pas™
High Viscosity 2800-3800 2800-3700 2500-4000
Medium Viscosity 2300-2800 1300-2800 1300-2500
Low Viscosity 350-1300 250-1300
Nofe: For measuring MFR values of PVDF, the load must be selected based on the viscosity as follows:
A= 21.6 Kg
52125 Kg
©=10.0 Kg
b= 5 Kg
£= 3.8 Kd
F=2.16 Kg
G Reportdd for a shear rate of 100 s~' determined by capillary rheometry at 232°C (450°F) using 0.027 radian (60°)‘%entrance angle die with L/D of 1% and in accordance
with procg¢dures of Test Method D3835. Multiply the pascal second values by ten to obtain poise values.
(SD: The Modern Metric System resin grades<available from several sources ar]d are provided
2.2 JEC and ISO Standards: for infefination purposes only.
ISO [12086-1 Plastics—Fluoropolymer Dispersion and 4.1.2 Type II—PVDF fluoroplastics are polymerized in sus-
Mg¢ulding and Extrusion Materials—Part 1: Designation  pension. Peak melting temperatures of these regins range from
andl Basis for Specification 164 to 180°C. The particles isolated from puspension are

ISO
M
Te

12086-2 Plastics—Fluoropolymer Dispersion and
Iding and Extrusion Materials—Part 2: Preparation of!
bt Specimens and Determination of Properties

3. Terminology

3.1 1
3.1.1
cation,
3.1.2
OI MOT{

Definitions:

For definitions of plastics terms used in this specifi-
see Terminology D883.

lot, n—one production run or atgniform blend of two
production runs.

4. Clagsification

4.1
fied PV
and ext
coating

4.1.1
sion. D|
melting

[his specification coy€rstwo types of natural, unmodi-
DF fluoroplastics.sipplied in pellet form for molding
Fusion, and in péwder form for solutions, dispersions, or
K.

Type I-PNDF fluoroplastics are polymerized in emul-
epending. upon the polymerization conditions, the peak

point*of the resin can be varied between 156 and

170°C.

Theé diameter of the primary particle isolated from the

spherical and range typically from 20 to 150 (

4.1.2.1 Type II resins are available comme
data of Table 1 reflect ranges encompassing va
the properties of available grades.

4.2 The system uses predefined cells to r¢
aspects of this specification, as illustrated belo

m in diameter.
rcially, and the
lues typical for

fer to specific
W.

Specification

Standard Number Block Type Grade

Clgss

Special
Notes

Example: Specification
D3222 - 05 | 2

For this example (D3222 — 05, 12), the line ¢
a PVDF resin polymerized in emulsion, ha)
gravity between 1.75 and 1.79, and a peak me]
between 162 to 170°C. A comma is used a:
between the Standard Number and the Type. Se
needed between the Type, Grade, and Class.
Special Notes is included so that other inform
preferred viscosity range, can be provided
When special notes are used, they shall be

hllout describes
ing a specific
ting endotherm
b the separator
parators are not

Provision for
ition, such as a
vhen required.
preceded by a

emulsion is typically less than 1 pum; the dried powder has an
average agglomerate diameter range of 3 to 15 um.

4.1.1

.1 Two distinctly different Type I emulsion PVDF

resins are available commercially. These are differentiated by
peak melting endotherm values, as shown in Table 1, and this
difference is the basis for subdividing Type I resins into Grades

1 and 2

. Table 1 shows the melt viscosity ranges encompassing
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COTHTHTT:

5. General Requirements

5.1 The material shall be of uniform composition and free of

foreign matter.

6. Detail Requirements
6.1 General Attributes:
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6.1.1 Peak Melting Endotherm—The material covered by
this specification shall have a minimum peak melting endo-
therm for the type and class as shown in Table 1 when tested
in accordance with Test Method D3418. For Type I resins, this
shall involve heating a solid specimen of 5 = 1 mg from room
temperature to 200°C at 10°C/min, maintaining the tempera-
ture at 200°C for 5 min, followed by cooling at a controlled
rate of 10°C/min to about 30°C, then reheating at 10°C/min to
200°C. Record the peak melting endotherm during the second
melting cycle.

ASME NM.3.1-2018

ture is 30 to 60°C higher than the upper peak melting
endotherm value depending on the grade. Mold temperature is
120 = 10°F.

6.3.2 Flexural Properties—The material covered in this
specification shall have a minimum flexural modulus of 1.38
GPa (190 x 10° psi) when tested in accordance with Method I
of Test Methods D790, using 6.4-mm (0.25-in.) thick speci-
mens prepared by injection molding under conditions specified
by the resin supplier. Alternatively, compression-molded
samples are used (see Section 8) and tested after the 16-h

6.1.1.1 Yemperature—Test Type II resins likewise except
that the mgximum is 250°C.

6.1.2 Specific Gravity—A solid specimen of the material
covered by this specification shall have the minimum specific
gravity indjicated in Table 1 (1.75 for Type I, Class 1 and 1.76
for all othprs) when tested in accordance with Test Method
D792.

Note 3—TJest attached to the specimen upon immersion. Dipping the
specimens i a very dilute solution (less than 0.1 weight percent) of an
ammonium fperfluorooctanoate surfactant minimizes this problem.

6.1.3 Rdfractive Index—The material covered in this speci-
fication shgll have a refractive index of 1.42 when measured at
the sodiump D line at 25°C (77°F) in accordance with the
refractomefer procedure in Test Methods D542, using speci-
mens that [have not been subjected to any processes which
induce orientation of the polymer chains or crystal-lites.
Compressipn-molded specimens at least 2-mm (0.079-in.)
thick that have been quenched rapidly in water are preferred.

6.1.4 Liiting Oxygen Index—The material covered in this
specificatiqn shall have a minimum limiting oxygen index of
42 when t¢sted in accordance with Test Method D2863.

Note 4—If a column with a restricted opening is used, positionsthe top
of the specipen 40 mm below the opening.

6.2 Progessing Related Attributes:

6.2.1 Flpw Rate—Materials conforming to this specification
shall be t¢sted for melt flow rate in accerdance with Test
Method D238 using loads shown in parentheses in Table 1.

6.2.2 Rljeological Properties—Theapparent melt viscosity
of these materials shall be tested™in~accordance with Test
Method DB835 at 231 % 1°C (450°F) using a die with an
entrance apgle of 60° (conesangle of 120°) and a minimum
capillary LJD of 15. See Table 1.

6.3 Medhanical Properties:

6.3.1 Tensile Pioperties—The material covered in this
specificatign shall-have a tensile yield strength exceeding 36
MPa (520() psi)-at 23°C (74°F) and a minimum elongation at

break of 10.% when tested in accordance with Test Method 7. Sampling

D638 at 51 mm (2 in.)/min, using Type I specimens 3.2-mm
(0.125-in.) thick as specified in Test Method D638. Preferably,
compression-molded samples are used (see Section 8), but
injection molded specimens also are used, providing that the
samples yield and rupture in the gage region and not near the
heel. Specimens shall be molded under conditions specified by
the resin suppliers. Generally, injection molded specimens
show low and variable elongation values compared to
compression-molded specimens. Typically, the melt tempera-

conditioning period.

6.3.3 Impact Resistance—Type 1 material coyeted”in this
specification shall have a minimum impact strength.of 80.0 J/m
(1.50 ftIbf/in.) determined by Test Metheds “D256 |using
6.4-mm (0.25-in.) thick specimens prepared.by injection|mold-
ing under conditions specified by the marufacturer. Alterna-
tively, specimens are compression-molded and tested affer the
conditioning period as specified above. For Type II mgterial,
impact testing is not required,

6.4 Electrical Properties:

6.4.1 D-C Resistanceé—The material covered in this [speci-
fication shall have a d-c volume resistivity greater than 1]2()-m
(12x 10" Q-cmf<when tested as a 0.76-mm (0.0§0-in.)
compression-molded specimen (see Section 8) in accoydance
with Test Methods D257.

6.4.2 Dielectric Strength—The material covered i this
specifigation shall have a dielectric strength in air no legs than
57 K\/mm (1280 V/0.001 in.) by the “short-time” method of
Test Methods D149 with 0.13-mm (0.05-in.) |thick
gompression-molded specimens (see Section 8) tested |in air
using 25.4-mm (1-in.) Type 3 electrodes.

6.4.3 Dielectric Constant—The material covered ip this
specification shall have a dielectric constant less than ]1.0 at
100 Hz and greater than 5.8 at 1 MHz when tested as a 3{2-mm
(0.125-in.) thick compression-molded specimen (see Section 8)
in accordance with Test Methods D150 at 23°C (73°F).

6.4.4 Dissipation Factor—The material covered ip this
specification shall have a dissipation factor of less than|0.045
at 100 Hz and less than 0.24 at 1 MHz when tested as 3}2-mm
(0.125-in.) compression-molded specimens (see Section} 8) in
accordance with Test Methods D150 at 23°C (73°F).

Norte 5—Since this material has very low water-absorption chjracter-
istics, maintenance of constant humidity during testing or specimen
preparation is not necessary except as required for a specific test thethod.
However, no moisture shall be present in the resin when prgparing
specimens for testing. Heat the resin sample at 110°C (230°F) in an
air-circulating oven until the adventitious moisture is removed.

7.1 Sampling shall be statistically adequate to satisfy the
requirements of Annex Al.

8. Preparation of Compression Molded Specimens

8.1 Equipment:

8.1.1 Press with approximately 180 kN (20 ton) capacity
and heating capability for maintaining platens between 220 and
240°C (428 to 464°F).
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8.1.2 Two smooth chromium-finished plates with approxi-
mate dimensions 150 by 250 by 5 mm (10 by 10 by 0.02 in.),
or, if more appropriate to the press type, 150 by 150 by 5 mm
(6 by 6 by 0.02 in.).

8.1.3 Flat open-cavity steel molds, that is, frames, to pro-
vide the shape and thicknesses requisite for the specific tests.

8.1.4 Timing device.

8.1.5 Appropriate equipment to handle the hot mold assem-
bly when removed from the press.

8.1.6 Balan‘p and caontainers for weioching the rogin

SD-3222

the mold dimension. To assure complete filling, the stack of
thin samples must be slightly higher than the mold cavity

thickness.

9. Test Conditions

9.1 Specific Gravity, Mechanical Properties,
Properties:
9.1.1 Condition the molded test specimens

and Electrical

in accordance

with Procedure A of Practice D618, except that the period shall

be at least 16 h Irr'im~ to test

samples.
8.1.7| Water-filled container to quench-cool the samples in
the mold frame.
8.1.8] Aluminum foil approximately 0.1-mm thick (0.004-
in.).

8.2
in.):

8.2.1] For the given mold cavity establish, by initial trial
preparafions, the amount of material necessary to overfill
slightly| and yield a minimum flash after forming.

8.2.2] Place the appropriate amount of material in the center
of the fold between thin sheets of polished aluminum foil.

8.2.3| Place the assembly between the chrome-finished
plates.

8.2.4] Place the mold assembly in the press so that it is in
contact| with the hot platens, using a ram force that barely
register on the force gage and hold for a 5-min period at a
tempergture of 230 = 2°C (446 = 4°F).

8.2.5| After the preheat period, slowly increase the ram fotee
to 130 kN (30 000 1Ibf) and hold for 1 min.

8.2.6] Remove the sandwiched material and immediately
quench|in cold water.

8.2.7] After standing for 1 min, disassemble-and-remove the
molded| plaque from the frame.

Compression Molding Specimens Less Than 2 mm (0.08

Note p—The alternative method of allowing-the assembly to cool at
ambient froom temperature under a heavy weight, or under pressure in a
cold prejs, results in specimens having prépesties that vary from values in
specificafion tests.

8.2.8| If the mold shape is ‘not appropriate for the test, cut
test spdcimens from the mgolded sample.

Norte [[—The edges of the-specimen affect performance in mechanical

tests. Dig¢-cutting is the (preferred method to prepare such specimens; the
cutting gdges shall be-leveled and sharp.

8.3 Compression Molding Specimens Thicker Than 2 mm
(0.08 in.):
8.3.1] Pellets of PVDF can be compression-molded directly

9.1.2 Conduct tests at the standard laboratq
of 23 = 2°C (73.4 £ 3.6°F).

Note 8—PVDF is a partially crystalling_polymer. U
conditioned equivalently for a sufficient period to
crystallinity, samples prepared by any otheér method giy

10. Handling

10.1 As is the case with,any synthetic resin

Ty temperature

nless molded and
assure consistent
e variable results.

it is advisable

to wear a dust mask when handling large quantities of powder

grades to prevent ingestion.

11. Packaging
11.1 Thepacking, packaging, and marking

Practic€ D3892 shall apply to this specification.

12. Jnspection

12.1 Inspection of the material supplied w
to this specification shall be for conformance
ments specified herein.

12.2 Lot-acceptance inspection shall be the
acceptance or rejection of the lot is made. The
inspection shall consist of all the requirements

12.3 Periodic check inspection with referend
fication shall consist of the tests for all requi
material under this specification.

12.4 A report of test results shall be furn
port shall consist of results of the lot-acceptancg
the shipment and the results of the most re
check inspection.

13. Certification
13.1 Certification shall be as required b

14. Precision and Bias

14.1 The precision and bias statements

provisions of
L

ith reference
to the require-

basis on which
lot-acceptance

e to this speci-
rements of the

shed. The re-
inspection for
cent periodic-

y Annex Al.

bf ASTM test

methods referenced herein apply to the specifi

C tests required

in thick sections without difficulty.

8.3.2 Powdered PVDF samples tend to entrap air when
thick sections are molded under compression. Such specimens
are not suitable for any tests in this specification. The preferred
method to obtain bubble-free thick moldings involves prepa-
ration of thin compression-molded sheets, as described in 8.2,
and a subsequent second molding cycle filling the thick section
mold with several layers of the thin sheet specimens cut to fill

129
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15. Keywords

15.1 extrusion materials; fluorohydrocarbon plastics; fluo-
ropolymers; molding materials; polyvinylidene fluoride

(PVDF)
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ANNEX

(Mandatory Information)

Al. CERTIFICATION

The producer or supplier shall furnish a certificate of compliance stating that the material was manufactured, sampled,
tested, and inspected in accordance with the Specification, including year date, the Supplementary Requirements, and
any other requirement designated in the purchase order or contract, and that the results met the requlrements of that

Specification-the-Supplementary Requirements-and-the-other requirements—A-sishatire-of rotarizationisnetrequed
on the dertificate of compliance, but the document shall be dated and shall clearly identify the organization submitting
the certjficate. Notwithstanding the absence of a signature or notarization, the certifying organization is responsible [for
the confents of the document.
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ASME NM.3.1-2018 SD-3261

SPECIFICATION FOR BUTT HEAT FUSION
POLYETHYLENE (PE) PLASTIC FITTINGS FOR
POLYETHYLENE (PE) PLASTIC PIPE AND TUBING

@Z@ SD-3261

(Identical with ASTM D3261-12e1 except for additional requirements in section 13 and Annex Al, revised marking
requirements in para. 11.1.1, renumbering of section 14, and quality assurance requirement in para. 12.1 has been|
made mandatory.)
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Specification for
Butt Heat Fusion Polyethylene (PE) Plastic Fittings for
Polyethylene (PE) Plastic Pipe and Tubing

1. Scop

1.1 This spe
fittings for use
and tubing (C
workmanship,
burst pressure.

1.2 The valy
as standard. Thi
conversions to
and are not coj

cification covers polyethylene (PE) butt fusion
with polyethylene pipe (IPS, DIPS, and ISO)
['S). Included are requirements for materials,
dimensions, marking, sustained pressure, and

es stated in inch-pound units are to be regarded
e values given in parentheses are mathematical
SI units that are provided for information only
isidered standard.

2. Referenced

2.1 ASTM S
D1598 Test
Under Coit
D1599 Test ]
Pressure o
D1600 Term
tics
D2122 Test
moplastic

Documents

andards:

[Method for Time-to-Failure of Plastic Pipe
istant Internal Pressure

Method for Resistance to Short-Time Hydraulic
f Plastic Pipe, Tubing, and Fittings

nology for Abbreviated Terms Relating to Plas-

Method for Determining Dimensions of Ther-
Pipe and Fittings

Pipe, Tubiphg, and Fittings

D2513 Spechcation for Polyethylene (PE) G@as - Pressure

D3350 Speci

tings Matd
F412 Termin
2.2 Federal
Fed. Std. No
2.3 Military
MIL-STD-1]

2.4 Nationa
Standard No|
Materials

cation for Polyethylene Plasties Pipe and Fit-
rials
plogy Relating to Plastic,Piping Systems
Standard:
. 123 Marking for-Shipment (Civil Agencies)
Standard:
PO Marking\for Shipment and Storage

Sanitaticy Foundation Standard:
14 fot: Plastic Piping Components and Related

2.5 Plastic Pipe Institute

PPI TR-3 Policies and Procedures for Developing
static Design Basis (HDB), Pressufie Design Basis
Strength Design Basis (SDB),and Minimum R
Strength (MRS) Ratings for’Thermoplastic Piping
rials or Pipe

PPI TR-4 HDB/SDB/PDB/MRS Listed Materials, P,
ing of Hydrostatic Design Basis (HDB), Strength
Basis (SDB), Pressute Design Basis (PDB), and M
Required Strerigth (MRS) Ratings for Thermoplas
ing Materials.or Pipe

3. Terminology

3.1 Definitions are in accordance with Terminolog
and abbreviations are in accordance with Terminology
unless otherwise specified.

3.2 dimension ratio (DR) for thermoplastic pipe—t
of diameter to wall thickness. For this specificatig
calculated by dividing the specified outside diameter|
specified wall thickness of the fitting at its area of fusi
are rounded and do not calculate exactly.

4. Classification

4.1 General—This specification covers butt fusion
intended for use with polyethylene pipe and tubing.

4.1.1 Fittings covered by this specification are n
molded. Fittings may be machined from extruded or
stock.

Hydro-
(PDB),
equired
r Mate-

PI List-
Design
Inimum
tic Pip-

y F412
D 1600,

he ratio
n it is
by the
n. DRs

fittings

brmally
molded
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4.1.2 Fittings fabricated by thermal welding are not in-
cluded in this specification.

4.1.3 Fittings intended for use in the distribution of natural
gas or petroleum fuels shall also meet the requirements of
Specification D2513.

5. Ordering Information

5.1 When ordering fittings under this specification, the
following should be specified:
5.1.1 Polyethylene compound (material designation or trade

SD-3261

7.1.1 Outside Diameter—Nominal outside diameters of butt
fusion fittings shall conform to the nominal iron pipe size
(IPS), ductile iron pipe size (DIPS)or copper tubing size (CTS)
dimensions at area of fusion. These dimensions and tolerances
shall be as shown in Table 2, Table 3, Table 4 and of this
specification.

7.1.2 Inside Diameter (CTS Fittings Only)—Inside diam-
eters of butt fusion fittings for tubing at area of fusion shall
conform to the dimensions of the tubing being joined. The
dimensions and tolerances for the fittings are shown in Table 5.

name 7.1.3 Wall Thickness—The wall thicknesses of putt fusion
5.1p Style of fitting (tee, 90° ell, and the like) fittings shall not be less than the minimum spetiffed for the
35.1B Size: pipe or tubing. The wall thicknesses and tolerdances|at the area
5.1B.1 Nominal diameter. of fusion shall be as shown in Table 5,,Tabl¢ 6, Table 7, and
5.1B.2 CTS, IPS, DIPS, or schedule. Table 8 of this specification.
5.1B.3 Dimension ratio number or schedule number. 7.1.4 Measurements—These shall be made in hccordance

with Test Method D2122 for roundable pipe.

6. M3terials 7.1.5 Design Dimensions»—Overall fitting dimersions may

6.1|Polyethylene Compound—Polyethylene material com- be as preferred from a desigh standpomt by. the mainufacturer
: . . . and accepted by the purchaser consistent with 7.1.5.

pounds suitable for use in the manufacture of fittings under this . . S .

. . . . 7.1.6 Special Sizes=Where existing system copditions or
speciffcation shall meet Specification D3350 and shall meet the ial Tocal . ke other di di .
Specification D3350 classification and property requirements sptc?ma oca requliﬁmems ma Z.Ot e 1amegers or blrtrlllensﬁoﬁ
inTable 1 and shall have PPI TR-4 HDB and HDS listings at (10 Tecs i) 0081 8 O AHIETEOR 18 105 O1RO°h
73°F [23°C) and HDB listings 140°F (60°C) in accordance ¢ acceptableyifor engineered applications w e mutug y
with Table 1 agreed upOn by the customer and the manufacturer, iff the fitting

’ ) o is manufactured from plastic compounds meeting the material
6.2|Color and Ultraviolet (UV) Stabilization—Polyethylene  requfifeinents of this specification, and the strength fand design
materfal compoupds shall meet Specification Table 1 code C or requirements are calculated on the same basis as thpse used in
E. Codle C material cqmpounds shall have 2 to 3 percent .carbon this specification. For diameters not shown in Tablg 2, Table 3
blac}(: Code E material compounds shall be colored with UV (\ or Table 4, the tolerance shall be the same percentage as that
stabiliger. shown in the corresponding tables for the next smjaller listed
6.3 |Rework Material—Clean polyethylene compound ffom  size. Minimum wall thickness for these special siz¢s shall not
the mhnufacturer’s own production that met 6.1 and\ 6.2 as be less than the minimum wall speciﬁed for the plpe or tubing
virgin| material is suitable for remolding into fittings, either ~ the fitting is designed to be used with. The maxjmum wall
alone | or blended with new compound of ~thé same cell thickness allowed shall not be greater than 20 % thicker than
classification or material designation. Fittings~eontaining the  the specified minimum wall, and shall be determinefl by 10.4.3
rework material shall meet the material 4nd product require-  of this specification.
ments|of this specification. 7.2 Pressure Test Requirements :
. 7.2.1 Short-Term Rupture Strength for Fittings 'f to 12 in.
7. Refuirements and 90 to 315 mm, Nominal Diameter—The minithum short-
7.1|Dimensions and Tolerdnces: term rupture strength of the fitting and fused pip¢ or tubing
TABLE 1 Specification D3350 Classification of Polyethylene Fittings Materials
hysical Propetties Cell Classification and Properties for Polyethylene Pipe Materials
PE2606 PE2706  PE2708 PE3608 PE3708 PE3710 PE470§ PE4710
Denstty. 2 2 2 3 3 3 4 4
Mett ndex 3or4 3or4 3or4 4 4 4 4 4
Flexural'modulus =4 =4 =4 =4 =4 =4 =4 =5
Tensile Strength =3 =3 =3 =4 =4 =4 =4 =4
Slow crack growth resistance 6 7 7 6 7 7 7 7
(F1473)
Hydrostatic strength classifica- 3 3 3 4 4 4 4 4
tion
Color and UV Stabilizer® CorE CorE CorE CorE CorE CorE CorE CorE
HDB at 140°F (60°C), PPI TR-4, B B 8 8 8 8 B 8
psi (MPa)
HDB at 73°F (23°C), PPI TR-4, 630 (4.34) 630 (4.34) 800 (5.52) 800 (5.52) 800 (5.52) 1000 800 (5.52) 1000
psi (MPa) (6.90) (6.90)

A See 6.2.
B Listing required; consult manufacturer for listed value.
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TABLE 2 IPS Sizing System Outside Diameters and Tolerances
for Fittings for Use with Polyethylene Pipe, in.

ASME NM.3.1-2018

TABLE 4 ISO Sizing System (ISO 161/1) Outside Diameters and
Tolerances for Fit for Use with Polyethylene Pipe, mm

Nominal Pipe Average Outside Nominal Pipe Average Outside Diameter at Area of Fusion
Size Diameter gt Area of Tolerance Size Min Max?
Fusion?
2 0.840 +0.008 % 90.0 %08
v o540 oo 110 110.0 111.0
! 1o oo 160 160.0 161.4
" o e 200 200.0 201.8
b oo e 250 250.0 2523
: 0. 280 280.0 2825
2 2.875 +0.010 315 315.0 317.8
M i SoITE 355 355.0 358.2
4 4.500 +0.015 400 400.0 400’6
6 6.625 +0.018 450 450.0 454.1
8 8.625 +0.025 500 500.0 504.5
1o 10.750 £0.027 260 2600 P
12 12.750 +0.036 630 6300 6357
{4 14.000 +0.063 210 7100 Tio4
16 16.000 £0.072 800 800.0 8072
18 18.000 +0.081 900 9000 908 1
{0 20.000 +0.090 1000 1000.0 1009.0
2|5 21.500 x0.097 1200 1200,0 1210.8
32 22.000 +0.099 1400 1400.0 1412.6
94 24.000 +0.108 1600 1600.0 1614.4
18 28.000 £0.126
42 32.000 +0.144 A Specified in 1SO 3607.
36 36.000 £0.162
4o 42.000 +0.189
48 48.000 +0.216

A Defined as rheasured ¥4 to 2 in. (6.4 to 12.7 mm) from fitting outlet extremity.

TABLE 3 DIIPS Sizing System Outside Diameters and Tolerances
fdr Fittings for Use with Polyethylene Pipe, in.

Average Outside Diameter

Nominal [Pipe Size at Area of Fusion Tolerance”
B 3.96 +0.016
A 4.80 +0.022
b 6.90 +0.031
B 9.05 +0.041

10 11.10 +0.050
12 13.20 +0.089.
14 15.30 +0.069
16 17.40 +0.078
18 19.50 +0.088
40 21.60 +0.097
44 25.80 +0.116
K (0] 32.000 +0.144
36 38.30 +0.172
42 44.50 +0.200
48 50,80 +0.229

A Defined as heasured V4 to 2 in. (6,4 10,12.7) from fitting outlet extremity.

shall not b¢ less than thesminimum short-term rupture strength
of the pipe| or tubing(in the system when tested in accordance
with 10.5.3. Thesesminimum pressures shall be as shown in

Table 9 of [this_specification. Test specimens shall be prepared
for testing in the manner described in 105 1 of this Qpppiﬁna_

7.2.3 Sustained\Pressure—The fitting and fused plpe or
tubing shall nét fdil, as defined in Test Method D1598,| when
tested at thelime, pressures, and test temperatures sdlected
from test*Qptions offered in Table 10. The test specimen§ shall
be prepared for testing in the manner prescribed in 10.3.1.

8«\Workmanship, Finish, and Appearance

8.1 The manufacture of these fittings shall be in accofdance
with good commercial practice so as to produce fjttings
meeting the requirements of this specification. Fittings shall be
homogeneous throughout and free of cracks, holes, fpreign
inclusions, or other injurious defects. The fittings shall be as
uniform as commercially practicable in color, opacity, dgnsity,
and other physical properties.

9. Sampling

9.1 Parts made for sale under this specification shofild be
sampled at a frequency appropriate for the end use int¢nded.
When the fittings are to be installed under a system spefifica-
tion (such as Specification D2513 for gas), the mirffimum
requirements of that specification must be satisfied.

10. Test Methods

10.1 General—The test methods in this specification|cover
fittings to be used with pipe and tubing for gas, water, and other
engineered piping systems. Test methods that are applicable

tion. The test equipment, procedures, and failures definitions
shall be as specified in Test Method D1599.

7.2.2 Short-Term Strength for Fittings 14 to 48 in. and 355
to 1600 mm, Nominal Diameter—Fittings shall not fail when
tested in accordance with 10.5.4. The minimum pressure shall
be as shown in Table 9 of this specification. Test specimens
shall be prepared for testing in the manner described in 10.2 of
this specification. The test equipment and procedures shall be
as specified in Test Method D1599.

from other specifications will be referenced in the paragraph
pertaining to the particular test. Certain special test methods
applicable to this specification only are explained in the
appropriate paragraph.

10.2 Conditioning—Unless otherwise specified, condition
the specimens prior to test at 73.4 = 3.6°F (23 = 2°C) for not
less than 6 h in air, or 1 h in water, for those tests where
conditioning is required and in all cases of disagreement.
Newly molded fittings shall be conditioned 40 h prior to test.
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TABLE 5 Diameter, Wall Thickness, and Tolerances for Fittings for Use with Plastic Tubing
Tubing T Nominal Tubi Diameter at Area of Fusion” Vi Wall
ubin e ominal Tubin — - inimum Wal
in. (?m:)p Size, in. o Outside, in. (mm) Inside, in. (mm) Thickness, in. (mm)
Average Tolerance Average Tolerance
0.062 (1.57) Y2 CTS 0.625 (15.88) +0.010 (+0.26) 0.495 (12.58) +0.004 (+0.10) 0.062 (1.58)
% CTS 0.875 (22.22) + 0.010 (+0.26) 0.745 (18.92)
0.090 (2.29) Y2 CTS 0.625 (15.88) +0.010 (+0.26) 0.437 (11.10) +0.004 (+0.10) 0. 090 (2 28)
% CTS 0.875 (22.22) +0.010 (+0.26) 0.687 (17.44) +0.004 (+0.10) 0.090 (2.28)
1CTS 1.125 (28.58) +0.013 (+0.34) 0.937 (23.80) +0.005 (+0.12) 0.090 (2.28)
1% CTS 1.375 (34.92) +0.013 (+0.34) 1.187 (30.14) +0.005 (+0.12) 0.090 (2.28)
PRI 7 CIS 0.875 (22-22) +0.010 (£0.20) 0.715 (18.16) +0.004 (£0.10) 0.077 (1.96)
1CTS 1.125 (28.58) +0.013 (+0.34) 0.915 (23.24) +0.005 (+0.12) 0.101 (2.56)
14 CTS 1.375 (34.92) +0.013 (+0.34) 1.125 (28.58) +0.005 (+0.12) 0.121 (3.08)
OR9.3 Y2 CTS 0.625 (15.88) +0.010 (+0.26) 0.483 (12.26) +0.004 (+0.10) 0.067 (1.70)
% CTS 0.875 (22.22) +0.010 (+0.26) 0.679 (17.24) +0.004 (+0.10) 0.094 (2.38)
1CTS 1.125 (28.58) +0.013 (+0.34) 0.873 (22.18) +0.005 (+0M2) 0.121 (3.08)
1% CTS 1.375 (34.92) +0.013 (+0.34) 1.069 (27.16) +0.005%(+0.12) 0.148 (3.76)
A Defined as measured V4 to V2 in. (6.4 to 12.7 mm) from fitting outlet extremity.
TABLE 6 IPS Sizing System Wall Thickness and Tolerance at the Area of Fusion for Fittings-for Use with Polyethylen¢ Pipe, in.*5:¢
. . . Minimum Wall Thickness
Nomingl Pipe Size
SCH 40 SCH 80 SDR 21 SDR 17  SDR 135 DR 10 DR¢11.% SDR 11 DR 9.3 SDR 9 DR7
2 0.109 0.147 0.076 0.090 - 0.120
Ya 0.113 0.154 0.095 0.113 0.117 0.150
1 0.133 0.179 0.119 0.142 0.146 0.188
1Va 0.140 0.191 Q66 0.151 0.179 0.184 0.237
1% 0.145 0.200 0.173 0.204 11 0.271
2 0.154 0.218 0.216 0.256 0.9464 0.339
3 0.216 0.300 0.259 0.305 0.318 0.377 0.389 0.500
4 0.237 0.337 0.264 0.333 0.392 0.409 0.484 0.400 0.643
6 0.280 0.432 0.316 0.390 0.491 0.576 0.603 0.713 0.736 0.946
8 0.322 0.410 0.508 0639 0.750 0.785 0.928 0.958 1.232
10 0.365 0.511 0.633 0.797 0.935 0.978 1.156 1.194 1.536
12 0.406 0.608 0.750. 0.945 1.109 1.160 1.371 1.417 1.821
14 0.667 0.824 1.273 1.505 1.456 2.000
16 0.762 0.941 1.455 1.720 1.9478 2.286
18 0.857 1.059 1.636 1.935 2.qoo 2.571
20 0.952 1.176 1.818 2.151 2.922 2.857
P1.5 1.024 1.265 - 3.071
22 1,048 1.294 2.000 2.366 2.444 3.143
24 1.143 1.412 2.182 2.581 3.429
28 1:333 1.647 2.545 4.000
32 1.524 1.882 2.909 4.571
36 1.714 2.118 5.143
42 2.000 2.471 6.000
48 2.286 6.857
A Tolerange +20 %, -0 %.
B For thoge SDR groups having, overlapping thickness requirements, a manufacturer may represent their product as applying to the combination (forlexample, 11.0/11.5)
so long ap their product falls_within the dimensional requirements of both DR’s.
€ For wal| thicknesses notllisted the minimum wall thickness may be calculated by the average outside diameter/SDR rounded up to the nearest 0/001 in.
10.3 | Test.Conditions—Conduct the tests at the standard have "2-in. (12.7-mm) land lengths cut to the mhinimum inside
laboratpry>temperature of 73.4 = 3.6°F (23 = 2°C) unless diameter and maximum inside diameter. A fitting is unaccept-
otherwise specified: able (no go) if it 1S snugty on the minimum inside diameter

10.4 Dimensions and Tolerances:
10.4.1 Outside Diameter—Measure the outside diameter of

land of the gage.

land of the gage or if it fits loosely on the maximum diameter

10.4.3 Wall Thickness—Make a series of measurements

the fittings at the area of fusion in accordance with the Wall
Thickness section of Method D2122 by use of a circumferen-
tial tape readable to the nearest 0.001 in. (0.02 mm).

10.4.2 Inside Diameter (CTS Fittings Only)—Use a stepped
plug gage to determine the inside diameter of the CTS end of
the fitting. The plug gage shall be of the go/no go type and shall
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using a cylindrical anvil tubular micrometer or other accurate
device at closely spaced intervals to ensure that minimum and
maximum wall thicknesses to the nearest 0.001 in. (0.02 mm)
have been determined. Make a minimum of six measurements
at each cross section.
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TABLE 7 ISO Sizing System Wall Thickness and Tolerance at the
Area of Fusion for Fittings for Use with

Polyethylene Pipe, mm*-5:¢

Condition 6 no retest is permissible. Brittle failure of any
specimen before the Table 10 “minimum average time before
failure” constitutes failure to meet this requirement and no

10.5.2.3 Provision for retest (if needed). The retest sample
shall be three specimens of the same pipe or tubing size and
material designation from the same time frame as the “test
For the retest, any specimen failure before the
“minimum average time before failure” at the retest condition

of lower stress—and longer minimum—averagetime before

failure constitutes failure to meet this requirement.

10.5.3 Minimum Hydrostatic Burst Pressure for Fitfings />
to 12 in. and 90 to 315 mm, Nominal Diametér—The test
equipment, procedures, and failure definitiens shalll be as
specified in Test Method D1599. The hydrostatic pressyre shall
be increased at a uniform rate suchSthat the specim¢n fails
between 60 and 70 s from start f test. Minimum)| failure

10.5.4 Minimum Hydrostatic:-Pressure for Fittings I4 to 48
in. and 355 to 1600 mm, Neminal Diameter—The tes{ equip-
ment and procedures shall be as specified in Test Method

Nominal Minimal Wall Thickness .
Pipe retest is allowed.
Size DR41 DR325 DR26 DR 21 DR 17 DR 11
90 35 43 5.3 8.2
110 3.4 42 5.2 6.5 10.0 »
160 4.9 6.2 7.6 9.4 14.5 sample.
200 6.2 77 9.5 1.8 18.2
250 77 96 1.9 14.7 22.7
280 8.6 10.8 13.3 16.5 25.5
315 9.7 12.1 15.0 18.5 28.6
355 10.9 137 16.9 20.9 32.3
400 12.3 15.4 19.0 235 36.4
450 13.8 17.3 21.4 26.5
500 15.4 19.2 23.8 29.4
560 17.2 215 26.7 32.9
630 19.4 24.2 30.0 37.1
710 21.8 27.3 33.8 41.8
800 24.6 30.8 38.1 47.1 )
900 27.7 34.6 429 pressures are shown in Table 9;
1000 24.4 30.8 385 47.6
1200 29.3 36.9 46.2
1400 34.1 43.1
1600 39.0 49.2
A Tolerance +20 %,|-0 %.

B For those SDR gifoups having overlapped thickness requirements, a manufac-

turer may represen|
11.0/11.5) so long a
DR’s.

their product as applying to the combination (for example,
their product falls within the dimensional requirements of both

€ For wall thicknessps not listed the minimum wall thickness may be calculated by

the average outsidg

diameter/SDR rounded up to the nearest 0.001.

10.5 Pressufe Testing:

10.5.1 Prepq
Prepare test sp
individual fittir]
ing at least one|
with the approj
pipe or tubing i
to five pipe dig

10.5.2 Susta

10.5.2.1 Sus
accordance wit
as the pressuri
specimens. Sel
designation an

10.5.2.2 Pas
specimens at a
average time b
specimen failu

ration of Specimens for Pressure Testing—
ecimens in such a manner that each, whethéx
gs or groups of fittings, is a system incorperat-
length of pipe or tubing. Fuse all fitting ontlets
briate size pipe or tubing. At least one ‘piece of
h the system shall have a minimum'\length equal
meters.

ined Pressure Test:

tained pressure tests sHall *be conducted in
h Table 10 and Test Méthod D1598 using water
ring medium. The €test sample” shall be three
ect one Table 40 Condition for the material
| test the three specimen test sample.

bing results—afe: (a) non-failure for all three
time equal to or greater than the “minimum
pfore-fatlure,” or (b) not more than one ductile
Fecand the average time before failure for all

chaoll ba graatar thaon tha coanifad Sty

D1599. The hydrostatic pressure shall be increasgd at a
uniform rate such'that the test pressure is reached withjn 60 to
70 s from the Start of the test. No failure should occuf in the
sample duringithe test period.

11. Product Marking

11.%'Fittings shall be marked with the following:
I.1.1 ASME SD-3261 or both ASME SD-3261 apd
ASTM D3261.

11.1.2 Manufacturer’s name or trademark,
11.1.3 Material designations (such as PE2708 or PE4710),

Norte 1—Earlier editions of Specification D3261 included PE|material
designations PE2406, PE3406, PE3407 and PE3408. Changes td Specifi-
cation D3350 and PPI TR-3 led to changes in thermoplastic [material
designation codes, resulting in material designation PE2406 beifg super-
seded by material designations PE2606 and PE2708, material degignation
PE3406 being superseded by PE3606, material designation PE3407 being
discontinued, and material designation PE3408 being superseded by
material designations PE3608, PE3708, PE3710, PE4708 and [PE4710.
Recognizing that a period of time is necessary for the dissemifpation of
information and to update specifications and literature, during thje transi-
tional period, product markings that include both older anfl newer
materials designations, for example PE2406/PE2606, may occuf.

11.1.4 Date of manufacture or manufacturing code,
11.1.5 Size.

11.2 Where the physical size of the fitting does ndt allow

three specimen

.
S—STroT OC— ottt oo tho S poCI OO ot

average time before failure” for the selected Table 10 Condi-
tion. For Table 10 Conditions 1 through 5: if more than one
ductile failure occurs before the “minimum average time
before failure,” it is permissible to conduct one retest at a Table
10 Condition of lower stress and longer minimum average time
before failure for the material designation. For Table 10

complete marking, marking may be omitted in the following
sequence: size, date of manufacture, material designation,
manufacturer’s name or trademark.

11.3 Where recessed marking is used, take care not to
reduce the wall thickness below the minimum specified.
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12. Quality Assurance 13. Certification

12.1 The manufacturer affirms that the product was 13.1 Certification shall be as required by Annex Al.
manufactured, inspected, sampled, and tested in accordance  14. Keywords
with this specification and has been found to meet the

. A : . 14.1 butt fusion fittings; fittings; polyethylene fittings; poly-
requirements of this specification.

ethylene pipe; polyethylene tubing

TABLE 8 DIPS Sizing System Wall Thickness and Tolerance at the Area of Fusion for Fittings for Use with Polyethylene Pipe, in.-5:¢

Norpinal Minimum Wall Thickness

E:T SDR 325 DR 26 DR 21 SDR 17 DR 135 SDR 11 SDR 9 SDR 7
3 0.122 0.153 0.189 0.233 0.294 0.360 0.449 0.566
4 0.148 0.185 0.229 0.283 0.356 0.437 0:534 0.686
6 0.213 0.266 0.329 0.406 0.512 0.628 0.767 0.946
8 0.279 0.348 0.431 0.533 0.670 0.823 1.006 1.293
14 0.342 0.427 0.529 0.653 0.823 1.009 1.234 1.586
13 0.407 0.508 0.629 0.777 0.978 1.200 1.467 1.886
14 0.471 0.589 0.729 0.900 1.134 1.3 1.700 2.186
14 0.536 0.670 0.829 1.024 1.289 1.582 1.934 2.486
1§ 0.600 0.750 0.929 1.147 1.445 1.%73 2.167 2.786
20 0.665 0.831 1.029 1.271 1.600 1.964 2.400 3.086
24 0.794 0.993 1.229 1.518 1.912 2.346 2.867 3.686
30 0.985 1.231 1.524 1.883 2.371 2.909 3.556 4.571
34 1.179 1.473 1.824 2.253 2.837 3.482 4.256 5.471
42 1.370 1.712 2.119 2.618 3.297 4.046 4.945 6.357
44 1.563 1.954 2.419 2.989 3.763 4.619 5.645 7.257

A Tolerange +20 %, 0 %.
B For thode SDR groups having overlapping thickness requirements, a manufacturer may represent their product as applying to the combination (for pxample, 11.0/11.5)
so long a$ their product falls within the dimensional requirements of both DR’s.
€ For wall| thicknesses not listed the minimum wall thickness may be calculated by the averagéoutside diameter/SDR rounded up to the nearest 0.001

TABLE 9 Burst Pressure Requiremgnts at 73.4°F for Common Fitting Sizes”

Wall Thickness, DR, Nominal Minimum Pressure, Minimum Hressure,
or Schedule Diameter psi (MPa) Density B or 4
Materials ppi (MPa)
DR7 ALLE 833 (5.744) 967 (6.p67)
SDR 9 ALLB 625 (4.309) 725 (4.999)
DR 9.3 ALLE 602 (4.151) 699 (4.820)
SDR 11 ALLE 500 (3.448) 580 (3.p99)
DR 11.5 ALLE 476 (3.282) 552 (3.806)
DR 15.5 ALLE 345 (2.379) 400 (2.[758)
SDR 17 ALLE 313 (2.158) 363 (2.p03)
SDR 21 ALLB 250 (1.724) 290 (2.p00)
DR 26 ALLE 200 (1.379) 232 (1.p00)
DR 32.5 ALLE 159 (1.096) 184 (1.p69)
0.062 in. (1.575 mm) 2 CTS 551 (3.799) 639 (4.406)
0.062 in. (1.575 mm) % CTS 381 (2.627) 442 (3.p48)
0.062 in. (1.575 mm) 1CTS 292 (2.013) 639 (4.406)
0.090 in. (2.286 mpx) 2 CTS 841 (5.799) 976 (6./730)
0.090 in. (2.286 M) % CTS 573 (3.951) 665 (4.685)
0.090 in. (2.286\mm) 1CTS 435 (2.999) 504 (3.475)
0.090 in. (2.286"'mm) 174 CTS 350 (2.413) 406 (2.[799)
SCH 40 2 IPS 746 (5.144) 865 (5.p64)
SCH 40 % IPS 603 (4.158) 699 (4.820)
SCH.4Q 11PS 563 (3.882) 653 (4.602)
SCH40 14 IPS 461 (3.179) 534 (3.p82)
SCH-40 114 4RS 4430 gdo 479-3-B303)
SCH 40 21PS 347 (2.393) 402 (2.772)
SCH 40 31IPS 326 (2.268) 381 (2.672)
SCH 40 4IPS 278 (1.917) 322 (2.220)
SCH 40 6 IPS 221 (1.524) 256 (1.765)
SCH 40 8 IPS 194 (1.338) 225 (1.551)
SCH 40 10 IPS 176 (1.214) 204 (1.407)
SCH 40 12 IPS 164 (1.131) 191 (1.317)
SCH 40 16 IPS 164 (1.129) 190 (1.309)
SCH 40 20 IPS 154 (1.060) 178 (1.230)

A Fiber stress of 2520 psi (17.4 MPa) for PE2406 and PE3408.
B Refers to IPS, DIPS and I1SO diameters shown in Table 2, Table 3 and Table 4.
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TABLE 10 Elevated Temperature Sustained Pressure Test Requirements*-Z

PE2606, PE2706, PE2708 PE3608 PE3708,

PE3710, PE4710

PE4708

Test Test Pressure Hoog Stress,” Minimum Average Test Pressure Minimum

. psi (kPa) Time Before Failure, Hoop Average
Condition Temperature, H B St A Time

°F (2C)B ours tress,” i

psi (kPa) Before

Failure,

Hours?
1 176 (80) 670 (4620) 170 750 (5170) 200
2 176 (80) 650 (4480) 340 730 (5020) 400
3 176 (80) 630 (4345) 510 705 (4870) 600
4 76807 BT (#2107 880 B85 (27157 800
5 176 (80) 590 (4070) 850 660 (4565)| 1000
6 176 (80) 580 (4000) 1000 640 (445 | 1200

A A Calculate internpl test pressure in accordance with
28

)

P=

Where:

P = test presqure, psig (kPa)

S = test presqure hoop stress, psi. (kPa)

Do, = measureq outside diameter, in. (mm), and
t = measureq minimum wall thickness, in (mm)

B Test temperature folerance +3.6°F (+2°C). Test pressure tolerance +5 psi (35 kPa); test pressure hoop stress valyes‘are rounded to the nearest 5 psi or 5 KPa. Note:
Table 10 conditions|are based on PE validation requirements per PPl TR-3 with Condition 6 being 85% of Conditior1 test pressure hoop stress and six timgs greater
minimum average tjme before failure. Conditions 2 through 5 are linear stress and time interpolations betweep~€8nditions 1 and 6. The intent of multiple condgtions is to
maintain equivalentfperformance criteria, but provide for retest in the event of ductile failure. The test pressure-heop stress levels for Conditions 2-5 are linear intefpolations
for arbitrarily chosef time increments. An equivalent performance requirement, however, may be determined by arbitrarily choosing a test pressure hoop stres$ between
Conditions 1 and 6 gnd linearly interpolating the minimum average time before failure. For example for PE3710 and PE4710 material, at 670 psi test pressure hopp stress,

the minimum average time before failure would be 927 hours (200 + (750 — 670) x ((1200 — 200) /(750" — 640)) = 927).

SUPPLEMENTARY REQUIREMENTS

GOVERNMENT7Z MILITARY PROCUREMENT

These requirements apply only to federal / military procurement, not domestic sales or transfers.

S1. Responsjbility for Inspection—Unle§s otherwise speci- S2.1 Packaging—Unless otherwise specified [in the
fied in the confract or purchase order, the producer is respon- contract, the materials shall be packaged in accordanpe with
sible for the pprformance of all inspection and test require-  the supplier’s standard practice in a manner ensuring afrival at

ments specifieq herein. The produgsr/may use his own or any destination in satisfactory condition and which will be[accept-
other suitable acilities for .the perfor.mance of the inspection  able to the carrier at lowest rates. Containers and packifg shall
and test requirements specified herein, unless the purchaser  comply with Uniform Freight Classification rules or National

disapproves. The purchasershall have the right to perform any Motor Freight Classification rules.
of the inspectigns and tésts set forth in this specification where
such inspectior]s are ‘deemed necessary to ensure that material

conforms to prgsecribéd requirements. . .
P q 129 for military agencies.

S2.2  Marking—Marking for shipment shall be in accor-
dance with Fed. Std. No. 123 for civil agencies and MIL-STD-

Note S1.1—In U.S. federal contracts, the contractor 1s responsible for

inspection. Norte S2.1—The inclusion of U.S. Government procurement require-

S2. Packaging and Marking for U.S. Government Procure-
ment:
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ments should not be construed as an indication that the U.S. Government
uses or endorses the products described in this specification.
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ADDITIONAL SUPPLEMENTARY REQUIREMENTS

This requirement applies whenever a Regulatory Authority or ser calls for the product to be used
to convey or to be in contact with potable water.

S3. Potable Water Requirement—Products intended for  health effects portion of NSF Standard 14 by an acceptable
contact with potable water shall be evaluated, tested, and certifying organization when required by the regulatory author-
certified for conformance with ANSI/NSF Standard 61 or the ity having jurisdiction.

ANNEX

(Mandatory Information)

Al. CERTIFICATION

The producer or supplier shall furnish a certificate of compliance stating that the material was manufadtured, sampled,
tested, and inspected in accordance with the Specification, including year date, the Supplementary Requirements, and
any other requirement designated in the purchase order or cofifraCt, and that the results met the requirements of that
Specification, the Supplementary Requirements, and the othét'requirements. A signature or notarizatior is not required
on the certificate of compliance, but the document shall bexdated and shall clearly identify the organizgtion submitting
the certificate. Notwithstanding the absence of a signatufe or notarization, the certifying organization is{responsible for
the contents of the document.
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SPECIFICATION FOR PERFLUOROALKOXY
(PFA)-FLUOROCARBON RESIN MOLDING AND
EXTRUSION MATERIALS

@Z@ SD-3307

(Identical with ASTM D3307-10 except for revisions in paras. 5.2, 7.1, and section 10, and additional requirements i
section 11 and Annex Al, and renumbering of sections 12 and 13.)
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Specification for
Perfluoroalkoxy (PFA)-Fluorocarbon Resin Molding and
Extrusion Materials

1. Scope

1.1 This spe
extrusion matej
bon resin. The
resins containif

were formerly
tion D6314.

1.2 This spg
calling out plas
or parts. It is
Material selecti
the plastics fiel
the performanc
it will be expo
costs involved,
than those cov

1.3 This spg

1.4 The test
for identifying
this specificati
poses. Specimg
could yield tes
specification.

1.5 The val
standard. The Y
only.

1.6 The foll
test methods p
This standard
concerns, if anj
of the user of t

cification covers melt processable molding and
ials of PFA-perfluoro(alkoxy alkane) fluorocar-
materials are copolymers of TFE-fluorocarbon
)¢ perfluoroalkoxy side chains. These materials
the subject of this specification and Specifica-

cification is intended to provide a means for
ic materials used in the fabrication of end items
not intended for the selection of materials.
on should be made by those having expertise in
d after careful consideration of the design and
e required of the part, the environment to which
ed, the fabrication process to be employed, the
and the inherent properties of the material other
pred by this specification.

cification does not cover recycled plastics.

involved are intended to provide information
the materials covered. It is not the function of;
n to provide engineering data for design pur-
ns prepared by injection molding or extrfision
results that may vary from the valués jin this

les stated in SI units are tosbevtegarded as
alues given in parentheses dre, for information

wing precautionary cadyeat pertains only to the
brtions, Sections 8tand 9 of this specification:
does not purportto address all of the safety
, associated with its use. It is the responsibility
vis standard-to establish appropriate safety and

health practices and determine the applicability of.red
limitations prior to use.

Note 1—This specification, ISO 12086-1(2006), a
12086-2(2006) differ in approach or detail. Ddta)obtained usi
may not be technically equivalent.

2. Referenced Documents

2.1 ASTM Standards:

D150 Test Methods for A€ 1oss Characteristics and
tivity (Dielectric Constant) of Solid Electrical Ing

D618 Practice for, Conditioning Plastics for Testing

D638 Test Methad. for Tensile Properties of Plastics

D792 Test Métheds for Density and Specific Gravity
tive Density) of Plastics by Displacement

D883 Terminology Relating to Plastics

D123&Test Method for Melt Flow Rates of Thermo
by Extrusion Plastometer

D1600 Terminology for Abbreviated Terms Relating
tics

D1708 Test Method for Tensile Properties of Plastics
of Microtensile Specimens

D2116 Specification for FEP-Fluorocarbon Moldi
Extrusion Materials

D3892 Practice for Packaging/Packing of Plastics

ulatory

hd ISO
hg either

Permit-
ulation

(Rela-

plastics
to Plas-
by Use

ng and

D4591 Test Method for Determining Temperau;gzs and

Heats of Transitions of Fluoropolymers by Di
Scanning Calorimetry

D4895 Specification for Polytetrafluoroethylene
Resin Produced From Dispersion

D5033 Guide for Development of ASTM Standards R

rential
PTFE)

belating

to Recycling and Use of Recycled Plastics (Withdrawn

2007)

D6314 Specification for Fluorocarbon Perfluoronpethoxy

(MFA) Resin Molding and Extrusion Materials
drawn 2002)

(With-
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TABLE 1 Detail Requirements for Test on Molding and Extrusion Materials

SD-3307

Type Type Type Type Type Type Type Type Type Type Type Type Type Type
I I Il v \ Vi Vil Vil IX X XI XIi pll XIV
Melt flow,” g/10min:
min >7 1 >3 >10 1 >3 10 2 >24 1 =4 =8 =18 =63
max 19 3 7 30 3 10 17 5 =50 4 8 18 40 81
Melting endotherm peak
temperature,® 300 300 300 285 285 285 280 280 300 265 265 265 265 290
min, °C
ASee 9.3 of this specification.
BSee 9.4 of this specification.
E177 Practice for Use of the Terms Precision and Bias in 6. Detail Requirements
ASTM Test Methods . 6.1 The materials covered by this specification|shall con-
IEHE/ASTM SI.-IO Sta.ndard for Use of Fhe International 1y (o the requirements prescribed ih “Table 1 apd Table 2
Spstem of Units (SI): The Modern Metric System when tested by the procedures specified herein. Tible 2 lists
2.2|1S0 Standards: those tests requiring a specimem-molded as described in 9.1.
ISQ 12086-1 Plastics—Fluoropolymer Dispersions and .
Mloulding and Extrusion Materials—Part 1 7. Sampling
ISQ 12086-2 Plastics—Fluoropolymer Dispersions and 7.1 Sampling shall be/ statistically adequate to [satisfy the
Moulding and Extrusion Materials—Part 2 requirements of Annex Al.
3. Terminology 8. Number of Tests
3.1|Definitions—Definitions are in accordance with Termi- 8.1 One)set of test specimens as prescribed in| Section 9
nologfes D883 and D1600. shall be, considered sufficient for testing each sqmple. The
3.1Jl lot, n—one production run or a uniform blend of two average, result of the specimens tested shall confprm to the
or mofe productions runs. reguirements of this specification.
4. Cljssification 9. Test Methods
4.1 |This specification covers 14 types of PFA-fluorocarbod 9.1 Test Specimens:
resins|supplied in pellet form for molding and extrusion. 9.1.1 Prepare a molded sheet 1.50 * 0.25-mip (0.060*
N i ‘ b dt i rial 0.010-in.) thick. Use a picture-frame-type chasg having a
) one-ne system may be used 1o spectly maerias suitable blanked-out section and thickness to pfjoduce the
covergd by this 5P ecification. The. Sys““‘?‘ uses p rgdeﬁned cells desired sheet. Use clean aluminum foil, 0.13 to 0.18 jmm (0.005
to refgr to specific aspects of this specificatiqfl jillustrated as to 0.007 in.) thick, in contact with the resin. A high tpmperature
follows: mold release agent may be sprayed on the alumirjum foil to
Specificatiofy help prevent the foil from sticking to the sheet| Use steel
Standard Number ‘Type . Grade :Class :  Special molding plates at least 1.0 mm (0.040 in.) thick and of an area
I:3Iocl:< : : : Notes adequate to cover the chase.
9.1.2 Lay down and smoothly cover one plate With a sheet
c L soeait a0 — o - — of aluminum foil. Place the mold chase on top of thi} assembly.
Xemp pecification D307 ~ K - - Place within the mold chase sufficient molding material to
In this standard, the enly*specifications are type; no grade or produce the required sheet in such manner that the polymer
class ik required. A gonima is used as the separator between the charge is a mound in the middle of the chase. Plade a second
standgrd number.and-the type. sheet of aluminum foil on top of the granules and dd the top
; mold plate. Place the assembly in a compression malding press
5. Gemeral Requirements having platens that have been heated to 380 + SPC (716 *
5.1 |The smaterials shall be of uniform composition and so 10°F).
prepatled-asto conform to the requirements of this specifica- Q1.3 Bring the press platens to incipient contatt with the
tion. mold assembly. Hold for 2 to 4 min without pressure. Apply

5.2 The materials described in this specification shall be free
of foreign matter to such a contamination level as may be
required in Annex Al.

143

approximately 1 MPa (145 psi) and hold for 1 to 1.5 min. Then
apply 2 to 4 MPa (290 to 580 psi) and hold for 1 to 1.5 min.
Maintain the press at 380 = 5°C (716 = 10°F) during these
steps. Remove the assembly from the press and place between
two 20 = 7-mm (0.75 £ 0.25-in.) steel plates whose tempera-
ture is less than 40°C (104°F).

9.1.4 When the sheet is cool enough to touch (about 50 to
60°C (122 to 140°F)), remove the aluminum foil from the
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TABLE 2 Detailed Requirements for Molded Specimens

Type Type Type Type Type Type Type Type Type Type Type Type Type Type
| I} 1] v \% VI Vi VIl IX X XI Xl XMl A\
Tensile strength, min, 23°C
(73.4°F):A
MPa 20.68 25.00 20.68 22.75 25.51 22.75 20.68 26.20 20.68 20.68 20.68 20.68 17.24 20.00
psi 3000 3625 3000 3300 3700 3300 3000 3800 3000 3000 3000 3000 2500 2900
5}';”?;2"“ 2¥C(734F) 75 300 275 275 260 275 275 300 275 275 275 275 275 230
Note: The following properties are the same for all types except as noted.
Specific gravity, 23°C g
734°F)P All 2.12-2.17
Dielectric corfstant, max:© All 2.2 at 10 Hz and 10° Hz
Dissipation fgctor, max:©
102 All 0.0003
10° All 0.0005 except Type 7, which is 0.0003
“See 9.6 of tHis specification.
BSee 9.5 of tHis specification.
CSee 9.7 of tHis specification.
sheet. (If the sheet is allowed to cool to room temperature, the 9.6 Tensile Properties—Cup five specimens with the ficro-

aluminum [foil cannot be pulled free.)

9.2 Conlditioning:

9.2.1 Fdr tests of specific gravity, tensile properties, and
electrical properties, condition the molded test specimens in
accordancd with Procedure A of Practice D618 for a period of
at least 4 h|prior to test. The other tests require no conditioning.

9.2.2 C¢nduct tests at the Standard Laboratory Temperature
of 23 £ 2°C (73.4 = 3.6°F) for determination of specific
gravity, terJsile properties, and electrical properties only. Since
the resin does not absorb water, the maintenance of constant
humidity dpring testing is not necessary. Conduct tests for melt
flow rate gnd melting endotherm under ordinary laboratefy.
conditions

9.3 Melt Flow Rate—Determine the melt flow\rate in
accordancg with Test Method D1238, Test Method Aer B, with
a temperatpre of 372 = 1°C and using a total load, including
piston, of 3000 g. The same requirements apply for the use of
corrosion-tlesistant alloy for the barrel linifig, orifice, and piston
tip.

9.4 Melting Endotherm Peak Témperature:

9.4.1 Dg¢termine the melting endotherm peak temperature
using techpiques in Test Method D4591 and Specification
D4895. Place a 20-mgespecimen in a 4-mm tube with a
thermocouple. Premelt“the’ specimen at 325°C, and push the
thermocouple into dntimate contact with the melt. Cool the
sample in gir. Run.the differential thermal analysis at 10°C/min
with glass [beads’as a reference to a maximum temperature of
350°C. Exf{end Straight lines down tangent to both sides of the

tensile die shown in Fig. ¢ Which is exactly the same gs Fig.
1 of Test Method D1708,°The die shall be of the steel-rule type
of curvature of 5 %£,0.5-mm (0.20 = 0.02-in.) type. Detgrmine
the tensile propérties in accordance with the procedurps de-
scribed in TestMethod D638, except that the specimenp used
shall be as detailed above, the initial jaw separation shall be 22
* 0.13 mm (0.866 = 0.005 in.), and the speed of testing shall
be 50~mhm/min (2 in./min). Clamp the specimens with pssen-
tially~equal lengths in each jaw. Determine the elongation from
the' chart, expressing it as a percentage of the initigl jaw
Separation. Details appear in the Tensile Properties section of
Specification D2116.

9.7 Dielectric Constant and Dissipation Factor—Detdrmine
dielectric constant and dissipation factor on three specimens,
each 101.6 mm (4 in.) in diameter in accordance with Test
Methods D150. Testing shall be at 10> Hz and 10° Hz.

10. Inspection

10.1 Inspection of the material supplied with referpnce
to a specification based on this classification system ghall
be for conformance to the requirements specified hereinf

10.2 Lot-acceptance shall be the basis on which acceptance
or rejection of the lot is made. The lot acceptance inspection
shall consist of melting endotherm peak temperature anfl melt
flow rate.

10.3 Periodic check inspection with reference to a specifi-

cation based on this classification system shall consist jof the
test for all requirements of the material in accordance wifh this

melting endotherm, and take the temperature at which the lines
intersect (peak minimum) as the melting endotherm peak
temperature.

9.4.2 Precision—The single instrument precision of the
differential thermal analysis applied to this material is =1.2°C
(2S) as defined in Practice E177.

9.5 Specific Gravity—Cut two specimens from the compres-
sion molded sheet and test in accordance with Test Method
D792.

specification.

10.4 A report of test results shall be furnished. The
report shall consist of results of the lot-acceptance inspection
for the shipment and the results of the most recent periodic-
check inspection.

11. Certification
11.1 Certification shall be as required by Annex Al.
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l¢—————— 250 ———————— P

Ale— .
Min. 4 Min. 16
< 275 Max. 8" Max. 20
STEEL RULE DIE [ 24—
{Inside dimensions for die are the same as test . N
specimen) A'A

Die to be sharpened
As shown in "A-A"

R5=0*

<

< 52025

L o]

Possible thicknesses: 1.5 = 03

Y 08 = 0.15

— — ‘/ 05 = 0.10
0.125= 0.03

1521

TEST SPECIMEN
Note 1—All dimensions are in millimetres.

FIG. 1 Microtensile Die and Test Specimen

12. Packaging and Package Marking 13. Keywords

12.1 All packing, packaging, and marking provisions of

13.1 extrusion; injection molding; fluoropolymer, perfluo-
Practice D3892 shall apply to this specification.

roalkoxy; PFA-fluorocarbon resin; tetrafluoroethylene copoly-
mer; TFE-fluorocarbon
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ANNEX

(Mandatory Information)

Al. CERTIFICATION

The producer or supplier shall furnish a certificate of compliance stating that the material was manufactured, sampled,
tested, and inspected in accordance with the Specification, including year date, the Supplementary Requirements, and
any other requirement designated in the purchase order or contract, and that the results met the requlrements of that

Specification-the-Supplementary Requirements-and-the-other requirements—A-sishatire-of rotarizationisnetrequed
on the dertificate of compliance, but the document shall be dated and shall clearly identify the organization submitting
the certjficate. Notwithstanding the absence of a signature or notarization, the certifying organization is responsible [for
the confents of the document.
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AND FITTINGS MATERIALS

@Z@ SD-3350

(Identical with ASTM D3350-14 except for additional’requirements in section 14 and Annex Al, and renumbering o
section 15.)
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Specification for
Polyethylene Plastics Pipe and Fittings Materials

1. Scope
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is no known ISO equivalent to this standard.
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rials see Specification D4976. For information regarding wire

and cable mate

2. Referenced,|
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D618 Practid
D638 Test M
D746 Test M
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rials see Specification D1248.

Documents

fandards:

e for Conditioning Plastics for Testing

ethod for Tensile Properties of Plastics

fethod for Brittleness Temperature of Plastics
mers by Impact

als

D792 Test Methods for Density and Specific Gravity
tive Density) of Plastics by Displacement

D883 Terminology Relating to Plastics

D1238 Test Method for Melt Flow Rates) 6f Thermo
by Extrusion Plastometer

D1248 Specification for Polyethylene Plastics Ej
Materials for Wire and Cabl¢

D1505 Test Method for Defsity of Plastics by the I
Gradient Technique

D1603 Test Method for' Carbon Black Content in|
Plastics

D1693 Test Method for Environmental Stress-Crac
Ethylene Plastics

D1898 Practice for Sampling of Plastics (Withdrawn

D2837 Test Method for Obtaining Hydrostatic Desig
forThermoplastic Pipe Materials or Pressure Desig
fer Thermoplastic Pipe Products

D2839 Practice for Use of a Melt Index Strand foy
mining Density of Polyethylene

D3035 Specification for Polyethylene (PE) Plastic Pij
PR) Based on Controlled Outside Diameter

D3892 Practice for Packaging/Packing of Plastics

D4218 Test Method for Determination of Carbon
Content in Polyethylene Compounds By the
Furnace Technique

D4703 Practice for Compression Molding Therm
Materials into Test Specimens, Plaques, or Sheet

D4883 Test Method for Density of Polyethylene
Ultrasound Technique

D4976 Specification for Polyethylene Plastics Mold
Extrusion Materials

D5033 Guide for Development of ASTM Standards K

(Rela-

plastics
(trusion
ensity-
Olefin
king of
1998)
n Basis
n Basis
Deter-
be (DR-
Black
Mulftle-
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Relating
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F1473 Test Method for Notch Tensile Test to Meag
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Resistance to Slow Crack Growth of Polyethylen

e Pipes
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and Resins

F2263 Test Method for Evaluating the Oxidative Resistance
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of Polyethylene (PE) Pipe to Chlorinated Water

2.2 ISO Standard:

ISO 12162 Thermoplastic Materials for Pipes and Fittings
for  Pressure  Applications—Classification  and
Designation—Overall Service (Design) Coefficient

3. Terminology

3.1 Definitions:
3.1.1 Terms as described in Terminology D883 shall apply

SD-3350

Type | (0.910 to 0.925) = Low Density
Type Il (0.926 to 0.940) = Medium Density
Type 11 (0.941 to 0.965) = High Density

Note 5—The manner in which materials are identified in the cell
classification is illustrated for Class PE233424B as follows (refer also to
Table 1 and 6.2):

Class

2334248B
Density (0.926-0.940 g/cm®) | |

Melt Index (<0.4-0.15)
Flexural Modulus (276—<552 MPa)
Tonsi -

in thigspecificatior:

3.1.p polyethylene plastics—as defined by this specification,
plastids or resins prepared by the polymerization of no less than
85 % lethylene and no less than 95 % of total olefins with
additipnal compounding ingredients.

3.2 |Definitions of Terms Specific to This Standard:
3.2l materials—polyethylene (PE) resins with the added
compgunding ingredients.

3.2 PE compounds—has the same meaning as PE plastics
materjals, compounds, and plastics.

3.3 |Historical usage and user group conventions have re-
sulted| in inconsistent terminology used to categorize and
descripe polyethylene resins and compounds. The following
termirjology is in use in ASTM specifications pertaining to
polyethylene:

Specification D1248:
Jl.1 Type (0, I, II, III, IV) = density ranges (same,

Specification D3350:
L.1 Type (L, 11, III) = density ranges (same.as Types L II,
and I in Specification D1248 and Classes- 1, 2, and 3 in
Specification D4976).

3.3p.2 Class = a line callout system consisting of “PE”
followled by six cell numbers from Table 1 plus a letter (A, B,
C, D, [E) denoting color and UV stabilizer.

3.3.2.3 Grade = simplified\line callout system using “PE”
followled by density and.slow’crack growth cell numbers from
Table |1.

3.3.B Specification D4976:

3.3.8.1 Group(l;*2) = branched or linear polyethylene.

3.3B.2 Class’(0, 1, 2, 3, 4) = density ranges (same,
respedtively..as Type in Specification D1248).

3.3B.8»Gfade (1, 2, 3, 4, 5) = melt index ranges (same as

(21—<24 MPa (3000-<3500 psi))
Slow Crack Growth Resistance
I. ESCR D1693
Condition B, 24 h, 50% max failure
Il. PENT F1473
Average 1 h failure
Hydrostatic design basis at 23°C
(11.03 MPa (1600 psi))
Color and UV stabilizer (colored)

4.2 Materials used in pelyethylene plastic pipe gnd fittings
shall use a cell-type format for the identificafion, close
characterization, andsspecification of material properties. The
information from “the format is to be used alpne or in
combination.

Note 6—This)type format, however, is subject to possibl¢ misapplica-
tion since Gnobtainable property combinations can be select¢d if the user
is not familiar with commercially available materials. The fanufacturer
shouldnbe consulted. Additionally, the appropriate ASTM stgndard speci-
ficationt should be reviewed to assure materials utilized willl meet all the
material and piping requirements as specified in the standarfl.

4.3 Grade—A code for polyethylene pipe and fjttings ma-
terials that consists of the two letter abbreviation fpr polyeth-
ylene (PE) followed by two numbers that designate fthe density
cell (Property 1) and the slow crack growth resistance cell
(Property 5), as defined by either Test Method F1473 or Test
Method D1693, of the thermoplastic, as specified |n Table 1.
For the requirements of Property 5 (slow crafk growth
resistance), consult the materials section of the @ppropriate
ASTM standard specification for the end-use applifation.

Note 7—Grade designations were adapted from $pecification
D1248 — 84 prior to the removal of pipe material from|D1248 - 84.
Former Specification D1248 — 84 grades for PE pipe materidls were P14,
P23, P24, P33, and P34. Equivalent Specification D3350 gijade designa-
tions for these materials are PE11, PE20, PE23, PE30] and PE33,
respectively.

5. Materials and Manufacture

5.1 The molding and extrusion material shall be{ polyethyl-
ene plastic in the form of powder, granules, or pellets.

5.2 The molding and extrusion materials shall belas uniform
in composition and size and as free of contaminftion as is

L Q o 1540
Categmy TIT \SPTTIIITAION Dt SIgN

4. Classification

4.1 Polyethylene plastic pipe and fittings compounds are
classified in accordance with density, melt index, flexural
modulus, tensile strength at yield, slow crack growth
resistance, and hydrostatic strength classification in Table 1.

Note 4—It has been a long-standing practice to use the following terms
in describing polyethylene plastics:

achieved by good manufacturing practice. If necessary, the
level of contamination may be agreed upon between the
manufacturer and the purchaser.

5.3 When specified, the color and translucence of molded or
extruded pieces formed, under the conditions specified by the
manufacturer of the materials, shall be comparable within
commercial match tolerances to the color and translucence of
standard samples supplied in advance by the manufacturer of
the material.
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TABLE 1 Primary Properties” —Cell Classification Limits

Test
Property Method 0 1 2 3 4 5 6 7 8
1. Density, g/cm® D1505  Unspecified 0.925 or >0.925- >0.940- >0.947- >0.955 Specify
lower 0.940 0.947 0.955 Value
2. Melt index D1238  Unspecified >1.0 1.0 to <0.4 to <0.158 ¢ Specify
0.4 0.15 Value
3. Flexural D790 Unspecified <138 138- 276- 552- 758- >1103 Specify
modulus, MPa (psi) (<20 000) <276 <552 <758 <1103 (>160 000) Value
(20000to (40000to (80000to (110000 to
40 .000) 80.000) 110.000) 160.000)
4. Tensile strgngth D638 Unspecified <15 15-<18 18-<21 21-<24 24-<28 >28 Specify
at yield, MPal(psi) (<2200) (2200- (2600- (3000- (3500- (>4000) Val(ie
<2600) <3000) <3500) <4000)
5. Slow Cracl
Growth Resisfance
I. ESCR D1693  Unspecified
a. Test conditjon A B C C . N) . $pecify
(100% lgepall)® alue
b. Test durati¢n, h 48 24 192 600
c. Failure, mgx, % Unspecified 50 50 20 20
Il. PENT (hoyrs) F1473
Molded plaque, Unspecified 10 80, 100 500 $pecify
80°C, 2.4 MPp alue
Notch depth, Unspecified
F1473, Table[1
6. Hydrostatiq Strength
Classification
|. Hydrostatic|design D2837 NPRE 5.52 6.89 8.62 .03
basis, MPa (gsi), (23°C) (800) (1000) (1250) (1600)
Il. Minimum rgquired ISO 12162 S S . L 8 10
strength, MP4 (psi), (20°C) (1160) (1450)
ACompliance vith physical properties in accordance with Section 8 is required including requirements for cell classification, color, and ultraviolet (UV) stabilizer,|thermal
stability, brittlgness temperature, density, tensile strength at yield, and elongation at break:
BRefer to 10.1.4.1.
CRefer to 10.1.4.2.
PThere are enyvironmental concerns regarding the disposal of Nonylphenoxy poly(ethyleneoxy) ethanol (CAS 68412-54-4) for example, Igepal CO-630. Users are|advised
to consult thefr supplier or local environmental office and follow the guidelines provided for the proper disposal of this chemical.
ENPR = Not Hressure Rated.
6. Physicgl Properties 6.2.1 For PE compounds with a hydrostatic strength flassi-
6.1 Cell Classification—Test values for.$petimens of the PE  fication (1:161111 class ?1 (not pre;s;re-ratedz; the carbon| black
material prepared as specified in Section 9 and tested in content shall be in the range 0 0% to '0. %. )
accordancg with Section 10 shall corfoim to the requirements 6.2.2 For PE compounds with a hydrostatic strength flassi-
given in T4ble 1. A typical propexty_value for a PE material is ﬁca.tlon other than cell class 0, the carbon black contenf shall
to be the average value from testing numerous lots or batches be in the range of 2.0 % to 3.0 %.
and deternfines the cell nymber. When, due to manufacturing 6.3 Thermal Stability—The PE material shall contair| suffi-
tolerances jand testing bjasy individual lot or batch values fall  ¢jent antioxidant so that the minimum induction tempgrature
into the 4djoining celly"the individual value shall not be  ghall be 220°C when tested in accordance with 10.1.9.
considered| acceptablé tinless the user, or both the user and the ) .
producer, deterniing that the individual lot or batch is suitable 6.4 Brittleness Temperatur eo—The br1tt1enes§ tempgrature
for its intehdedpurpose. shgll not be warmer than —60°C when tested in accofdance
o s with Test Method D746.

62 C l g L1l ] . Tl 1 A |
. olor—ana—Ciiravioter 1ICT—— 1r1IC COTOT altar

UV stabilization shall be indicated at the end of the cell
classification by means of a letter designation in accordance
with the following code:

OV otaor

Code Letter Color and UV Stabilizer

A Natural
B Colored
C Black with a carbon black in
the range as noted in 6.2.1 and 6.2.2
D Natural with UV stabilizer
E Colored with UV stabilizer

150

6.5 Density—The density used to classify the material shall
be the density of the PE base resin (uncolored PE) determined
in accordance with 10.1.3. When the average density of any lot
or shipment falls within +0.002 g/cm”® of the nominal value, it
shall be considered as conforming to the nominal value and to
all classifications based on the nominal value.

6.5.1 For black compounds, containing carbon black, deter-
mine the density, Dp, and calculate the resin density, Dr, as
follows:
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TABLE 2 Minimum Log Average Test Times for Oxidative
Resistance Classification

90°C (194°F) Test Temperature
Test Stress 2.48 Test Stress 2.76 Test Stress 3.10

Categorization

MPa (360 psi) MPa (400 psi) MPa (450 psi)
Time (h) Time (h) Time (h)
CCo Unspecified Unspecified Unspecified
CC1 2700 1900 1200
CcCc2 7400 5100 3400
CC3 16 200 11 100 7400

SD-3350

satisfaction of the purchaser shall be required. One sample
shall be sufficient for testing each batch or lot provided that the
average values for all of the tests made on that batch or lot
comply with the specified requirements.

9. Specimen Preparation

9.1 Unless otherwise specified in Section 10, the test speci-
mens shall be molded in accordance with Procedure C of
Annex Al of Practice D4703.

02 Wlhao oioa or Oteiog toct

Dr = Dp — 0.0044C

where
C = |weight percent of carbon black.

6.5.2 For colored compounds, the nominal density of the
base rpsin shall be provided by the manufacturer, on request.

6.6 |Tensile Strength at Yield—The tensile strength at yield
used tp classify the material shall be the tensile strength at yield
of the| PE resin determined in accordance with 10.1.6. When
the avprage tensile strength at yield of any lot or shipment falls
withinl £3.45 MPa (%500 psi) of the nominal value, it shall be
considered as conforming to the nominal value and to all
classiffications based on the nominal value.

6.7 |Elongation at Break—As tested in accordance with
10.1.6, all pressure rated materials shall have a minimum
extendion at break of 400 %.

6.8 |Oxidative Resistance Classification:

6.8|l The Oxidative Resistance Classification is a classifi-
cation|of a PE compound’s resistance to the oxidative effects of:
chloripated potable water. The classification is only for RE
compgunds intended for potable water pressure piping appli-
cationp as noted in the materials requirement sectiom\of the
appropriate ASTM standard specification. In addition to the
class fpecified in 3.3.2.2, the user shall specify~an oxidative
resistgnce requirement by appending the category designation
requirpment (Table 2) to the line call out.

6.8 The oxidative resistance timesused to classify the PE
compgund shall be determined in agCordance with 10.1.11 and
be clapsified in accordance with/Table 2.

7. Sampling

7.1 | A batch or lot shall.be considered as a unit of manufac-
ture afjd shall consist.0f/one production run or as a blend of two
or mofe production‘tuns of material.

7.2 |Unless otherwise agreed upon between the manufacturer
and the purchaser, the material shall be sampled in accordance
with the pfocedure described in Sections 9 through 12 of
Practile D1898. Adequate statistical sampling prior to packag-

When—pipe-orfittns—test-speeHnens—are—tequired, they
shall be extruded or molded in accordance with‘th¢ specifica-
tions of the material manufacturer.

10. Test Methods

10.1 The properties enumerated in this specificat{on shall be
determined in accordance with the-following test methods:

10.1.1 Conditioning—UnlesS.otherwise specified in the test
methods or in this specification, for those tests where condi-
tioning is required, condition the molded test spgcimens in
accordance with Procedure A of Practice D618.

10.1.2 Test Conditions—Unless otherwise specified in the
test methods or (in " this specification, conduct t¢sts at the
standard laboratory temperature of 23 = 2°C (73.4|= 3.6°F).

10.1.3 Density—Test Method D1505 or alternatiye methods
referenced™in 2.1 (see D792, D2839, and D4883) providing
equiyalent accuracy. Make duplicate determinationd using two
separate portions of the same molding or from twq moldings.
The molded specimen thickness portions shall bgd 1.9 = 0.2
mm (0.075 = 0.008 in.). Calculate the average valfe.

10.1.4 Melt Index—Test Method D1238, using| Condition
190/2.16. Make duplicate determinations on the maferial in the
form of powder, granules, or pellets, and calculate the average;
no conditioning is required.

10.1.4.1 For materials having a melt index lesq than 0.15
(Cell 4), the manufacturer shall report a flow rate pot greater
than 20 g/10 min and not less than 4.0 g/10 min wh¢n tested in
accordance with Test Method D1238, Condition 190/21.6.

10.1.4.2 Classify materials having a melt index less than
0.15 (Cell 4) as Cell 5 only if they have a flow rate [not greater
than 4.0 g/10 min when tested in accordance with Tgst Method
D1238, Condition 190/21.6.

Note 9—For materials having a melt index less than 0.40[to 0.15 g/10
min (Cell 3), the manufacturer may report a flow rate valuel when tested
in accordance with Test Method D1238, Condition 190/21[.6. For non-
pressure applications, if agreed upon between the manufacfurer and the
purchaser, the manufacturer may report only the melt index|

Note 10—Flow rate is the general term used for all resplts obtained
with Test Method D1238. Although the flow rate of polyethylene plastics
may be measured under any of the conditions listed for it undpr 7.2 of Test
Method D1238  onlv measnrements made at Condition 19042.16 may be

ing shall be considered an acceptable alternative.

Note 8—A sample taken from finished product may not necessarily
represent the original batch or lot.

8. Number of Tests

8.1 The requirements identified by the material designation
and otherwise specified in the purchase order shall be verified
by tests made in accordance with 11.1. For routine inspection,
only those tests necessary to identify the material to the

identified as “Melt Index.”

10.1.5 Flexural Modulus—Test Methods D790, using
Method 1, Procedure B, and a 50-mm (2-in.) test span. Test five
specimens, each 3.2 by 12.7 mm (4 by "% in.) flatwise at a
crosshead speed of 12.7 mm/min (0.5 in./min) and the average
value of the secant modulus calculated at 2 % strain in the
outer fibers.

10.1.5.1 The deflection of the test specimen corresponding
to 2 % strain (0.02 mm/mm or in./in.) is calculated as follows:
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D = rL?/6d

where:

D deflection of the center of the beam test specimen at 2 %
strain, in.,

= strain in the outer fibers = 0.02 mm/mm (0.02 in./in.),

test span = 50 mm (2 in.), and

= specimen depth = 3.2 mm ("% in.).

’
L
d

10.1.5.2 The stress corresponding to 2 % strain is calculated
as follows:

ASME NM.3.1-2018

scanning calorimeter (DSC). The directions of the instrument
manufacturer regarding calibration and operation shall be
followed except when in conflict with other parts of this
section.

Note 12—This test requires accurate temperature and atmosphere
control on the DSC specimen compartment. The DSC manufacturers offer
choices in cell configuration and temperature control parameters that may
affect this required control. For example, in some power compensation
DSCs, use of the two-hole platinum specimen holder lids with a special
“flow-through” swing-away block cover is required. Therefore, the user

mav wish to consnlt qulipmenr-qpﬁr‘iﬁr‘ literature and with the eql ipment
S = 3 PL/2 bd? manufacturer to optimize the operation of individual DSCs forythiis test.
where: 10.1.9.1 Specimens—Press small pieces of the ‘pipp into
+ + i 7 o
S = stregs in the outer fiber at 2 % strain, {ilmts ?1'1127 :1 01;0136 ?Sm+(8'?250 - 0'%0355011_:)0%3:51( - puta
P = load| corresponding to 2 % strain, N (1bf), cas ree disks .59 = 1. mm (0. N~ ip.) in
L = testppan=50 mm (2 in.), diameter from the film. . .
d = spedimen depth = 3.2 mm (% in.), and 10.1.9.2 Procedure—Place the disk\‘of film in a [small
b = spedimen width = 12.7 mm (%2 in.). aluminum cup used in the DSC in-asstretched conditipn, as
L . shown in Fig. 1(a). Place a small piece of indium (njelting
The secint modulus at 2 % strain is the ratio of stress to point 156.6°C) or anisic acid-(mélting point 183.0°C)| for a
strain or S 0'0.2’ _ . temperature reference standard contained in a similar ctfp (see
'10-1~6 nsile 'Strength at Yield—The Fensﬂ@ strength at  Fig. 1(b)) in the referenceposition. Use an oxidized ¢opper
y1.e1d and efongation at break shall be detennlr}ed in accordance reference disk for blagk, filled, or dark brown test spedimens
with Test Me.thod ‘D638- The .spee.d of testing shall be 500 and an aluminum disk for natural or light pigmented polymers.
mm/min (30 1n./m1131 for materials in the density range from  Place the speciifier and reference standard cups in the {nstru-
091(? to 0.925 g/cm”) and 50 mm/pnn (2. in./ min for all others). ment which.is‘preset at approximately 150°C. The bottqms of
Spec1mens shall conform to the dlmen510ns given for Type IV the cups shall*be pressed and rubbed securely against the flat
in Test Method D638 with a thickness of 1.9 £ 0.2 mm  surface s6\as to ensure that thermal contact is made. Allow 5
(0.075 = 008 in.). Specimen shall be either die cut or  min f0f’the cups to reach thermal equilibrium. Begjn the
machined. programmed heating at approximately 150°C at a heatir)g rate
10.1.7 Jlow Crack Growth Resistance—One method shall ©£10.0°C/min in static air. Test at least three film spedimens
be used tofclassify this material property. from each sample and use the average value for the indhction
10.1.7.1| Slow Crack Growth Resistance—The material(s temperature.
resmtan(':e hall meet _the mlnlmum requ1rerpent shown for t.he Note 13—Since the indium standard may change with use, it{should
appropriatg¢ cell classification when tested in accordanée with not be used more than 30 times without confirming that no sighificant
Test Meth¢d D1693. change in melting point has occurred. This check can be mhde by
10.1.7.2| Slow Crack Growth Resistance—The ‘average fail- comparison with a fresh piece of indium.
ure time ffom two test specimens shall méet\the minimum 10.1.9.3 Results—The temperature change (A7) of heat
requiremer|t shown for the appropriate cell‘cldssification when  absorption rate (J/s) in the specimen plotted against tethpera-
tested in adcordance with Test Method F1473. Test at least four ~ ture shall produce a line with a clear rise in slopq. The
specimens [in case of a dispute. induction temperature (degradation onset) is the intersecfion of
10.1.8 Hiydrostatic Strength /€lassification—One method the extended base line and a line tangent to the leading slppe of
shall be used to classify this matefial property. the exothermic decomposition peak (see Fig. 2).
. 3 . . 10.1.10 Carbon Black Content—Test Method D1603 ¢r Test
10.1.8.1| Hydrostatic Désign Basis—Determine the hydro- . 1
. . S . Method D4218 shall be used. Make duplicate determirfations
static design basis in accordance with Test Method D2837, on L
. . . . from a sample of the material in the form of powder, grdnules,
pipe extrufled fromsthree different lots of material. Subject
. . or pellets.
specimens |[from ohe\ot for at least 10 000 h. Terminate the S . .
I 10.1.11 Oxidative Resistance Test—Test specimens| shall
tests on the twgo ddditional lots after 2000 h. The results from . . . . .
i . consist of extruded 4-in. DR11 IPS pipe meeting the dimen-
each of th¢ three lots shall be within the same or next higher . . . . .
sional requirements of Specification D3035. All spedimens

cell limits.

Note 11—For pressure application at elevated temperatures, the hy-
drostatic design basis should be determined at that temperature in
accordance with Test Method D2837. The 100 000-h intercept should be
categorized in accordance with Table 1 of Test Method D2837.

10.1.8.2 Minimum Required Strength—Determine the mini-
mum required strength in accordance with ISO 12162.

10.1.9 Thermal Stability—Test specimens taken from pipe
or fittings made from the virgin material with a differential

152

shall be from the same lot of pipe. Test a minimum of five (5)
specimens in accordance with Test Method F2263 at one of the
temperature and stress combinations of Table 2.

Note 14—If a selected temperature/stress condition results in prema-
ture failures, testing may be conducted at a lower stress as shown in Table
2.
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Aluminum pan crimped
around film edge

SD-3350

Film surface exposed to air

Aluminum pan crimped
on reference material

Pan cover used as spacer

(a) Specimen in pan.

Surface of referénce disk

O W W " W " W " W 0 W W "W Y . . ¥ |

or alternatively under pan cover (spacer).

10.1.11.1 Calculation—Calculate the log average test time
using [all failures and non-failures. All specintens' shall have
been tested at the same nominal test stress. Data’from not less
than flve specimens are required for compound classification.

10.1.11.2 Significance—Testing is ¢nly*required to be per-
formefl on representative pipe samples for the original valida-
tion of a particular compound.

11. Ixspection

11.1 Inspection of the tnaterial shall be made as agreed upon
betwepn the purchasei{ and the manufacturer as part of the
purchgse contract,

12. Rpetest and Rejection

12.] If“any failure occurs, and when specified by the
manuflacturer, the material shall be retested to establish con-

(b) Reference—Temperature standard shall be placed under reference disk in reference pan

FIG. 1 Mounting-Film Specimen in Cup

13.2 Marking—Unless otherwise agreed upon bptween the
seller and the purchaser, shipping containers shall [be marked
with the name of the material, identification in accondance with
this specification, the lot or batch number and qupntity con-
tained therein, as defined by the contract or order upder which
shipment is made, and the name of the manufacturer.

13.3 All packing, packaging, and marking prqvisions of
Practice D3892 shall apply to this specification.
14. Certification

14.1 Certification shall be as required by Anngx Al.

15. Keywords

15.1 cell classification system; pipe and fittings material;
polyethylene; recycled

formity in accordance with the agreement between the pur-
chaser and the manufacturer.

13. Packaging and Marking

13.1 Packaging—The material shall be packaged in stan-
dard commercial containers, so constructed as to ensure
acceptance by common or other carriers for safe transportation
at the lowest rate to the point of delivery, unless otherwise
specified in the contract or order.
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(Mandatory Information)

Al. CERTIFICATION

d, and inspe

the (

shall furnish a certificate of compliance stating that the material was manufactured, samhpled,

in accordance with the Specification, including year date, the Supplementary Requirementy, and
ent designated in the purchase order or contract, and that the results met the requirements qf that
ificati e Supplementary Requirements, and the other requirements. A signature or notarization is not required
he c@ate of compliance, but the document shall be dated and shall clearly identify the organization subnjitting
ei@ﬁ ate. Notwithstanding the absence of a signature or notarization, the certifying organization is responsitle for

the contents of the document.
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SPECIFICATION FOR POLYPROPYLENE INJECTION AND
EXTRUSION MATERIALS

@Z@ SD-4101

(Identical with ASTM D4101-11 except for changes.in‘section 14, additional requirements in section 15 and Annex A1,
and renumpering of sections 16, 17, and 18.)
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Specification for
Polypropylene Injection and Extrusion Materials

INTRODUCTION

1]

1

1. Scope

1.1 This spg
able for injecti
homopolymer,
without the ad
rubber, polyiso
stabilizers, lubi

1.2 This spe
pylene materid
reground, prov
specification a
modified in an
regulations or
recycled, recon|
the nature and
practically cov
of the supplier|

cification covers polypropylene materials suit-
n molding and extrusion. Polymers consist of
Copolymers, and elastomer compounded with or
lition of impact modifiers (ethylene-propylene
butylene rubber, and butyl rubber), colorants,
icants, or reinforcements.

cification allows for the use of those polypro-
Is that can be recycled, reconstituted, and
ded that: (/) the requirements as stated in this
re met, and (2) the material has not been
way to alter its conformance to food contact
similar requirements. The proportions of
stituted, and reground material used, as well as
the amount of any contaminant, cannot be
red in this specification. It is the responsibility
and the buyer of recycled, reconstitdted, and

reground matetfials to ensure compliance. (See Guide D7209.)

1.3 The valu
standard.

Note 1—The p
to identify the co
necessary to ide]
applications. The
Section 1.

1.4 The foll
test methods p
standard does 1f

es stated in SI units are to beregarded as the

operties included in this specificafion are those required
mpositions covered. Theré may be other requirements
htify particular characteristics important to specific
e will be designated.\by using the suffixes given in

wing safety.hazards caveat pertains only to the
ortion, Section 13, of this specification: This
ot puxport to address all of the safety concerns,

Tllib prLiﬁbdliUu ib 1IOU illlClldCd fUl LllC bCleliUll Uf llldlClidlb ‘Uul. Ulll_y dd> d HICAIDS U bdll out plamiu
haterials to be used for the manufacture of parts. The selection of these materials is to be made by
ersonnel with expertise in the plastics field where the environment, inherent properties of the
haterials, performance of the part, part design, manufacturing process, and economics are considered.

if any, associated with its use. It ig the responsibility of
of this standard to establish appropriate safety and
practices and determine thegapplicability of regulatory
tions prior to use.

2.

Note 2—There is no, kriown ISO equivalent to this standard.

Referenced Documents

2.1 ASTM Standards:

C177 TéstoMethod for Steady-State Heat Flux M
mefits and Thermal Transmission Properties by M|
the Guarded-Hot-Plate Apparatus

D149 Test Method for Dielectric Breakdown Voltg
Dielectric Strength of Solid Electrical Insulating M
at Commercial Power Frequencies

D150 Test Methods for AC Loss Characteristics and
tivity (Dielectric Constant) of Solid Electrical Ins

D256 Test Methods for Determining the Izod Pe
Impact Resistance of Plastics

D257 Test Methods for DC Resistance or Conduct
Insulating Materials

D495 Test Method for High-Voltage, Low-Current, ]
Resistance of Solid Electrical Insulation

D523 Test Method for Specular Gloss

D543 Practices for Evaluating the Resistance of Pla
Chemical Reagents

D570 Test Method for Water Absorption of Plastics

D618 Practice for Conditioning Plastics for Testing

D635 Test Method for Rate of Burning and/or Ext
Time of Burning of Plastics in a Horizontal Posit

D638 Test Method for Tensile Properties of Plastics

he user
health
limita-

easure-
eans of

ge and
aterials

Permit-
ulation
hdulum

hnce of

Dry Arc

stics to

ent and
on
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D648 Test Method for Deflection Temperature of Plastics
Under Flexural Load in the Edgewise Position

D695 Test Method for Compressive Properties of Rigid
Plastics

D696 Test Method for Coefficient of Linear Thermal Expan-
sion of Plastics Between —30°C and 30°C with a Vitreous
Silica Dilatometer

D732 Test Method for Shear Strength of Plastics by Punch
Tool

D746
and

D785
Ele

D790
and
als

D792
tive|

Elastomers by Impact
Test Method for Rockwell Hardness of Plastics and
trical Insulating Materials

Test Methods for Flexural Properties of Unreinforced
Reinforced Plastics and Electrical Insulating Materi-

Test Methods for Density and Specific Gravity (Rela-

Density) of Plastics by Displacement

D883 [ferminology Relating to Plastics

D123§ Test Method for Melt Flow Rates of Thermoplastics
by Extrusion Plastometer

D1433 Practice for Outdoor Weathering of Plastics

D1503 Test Method for Density of Plastics by the Density-
Graflient Technique

D1523 Test Method for Vicat Softening Temperature of
Pladtics

D153] Test Methods for Relative Permittivity (Dielectric
Corfstant) and Dissipation Factor by Fluid Displacement
Progedures

D160() Terminology for Abbreviated Terms Relating to Plas-
tics

D1822 Test Method for Tensile-Impact Energy. to “Break
Pladtics and Electrical Insulating Materials

D189§ Practice for Sampling of Plastics (Withdrawn 1998)

D2117 Test Methods for Carbon Black—Surface Area by
Nitjogen Adsorption (Withdrawn 1999)

D224() Test Method for Rubber Property—Durometer Hard-
nes
D2563 Practice for Xenon-Arc—Exposure of Plastics In-

tended for Outdoor Applications

D2584 Test Method forJgnition Loss of Cured Reinforced
Resjns

D2863 Test Method_for Measuring the Minimum Oxygen
Corlcentration,\t0' Support Candle-Like Combustion of
Plagtics (OXygen Index)

D299() Test-Methods for Tensile, Compressive, and Flexural
Cregp\and Creep-Rupture of Plastics

SD-4101

Plastics Using Load and Displacement Sensors

D3801 Test Method for Measuring the Comparative Burning
Characteristics of Solid Plastics in a Vertical Position

D3835 Test Method for Determination of Properties of
Polymeric Materials by Means of a Capillary Rheometer

D3892 Practice for Packaging/Packing of Plastics

D4000 Classification System for Specifying Plastic Materi-
als

D4329 Practice for Fluorescent UV Exposure

DA4364 Practic a a O

of Plastics

erated Weath-

Sunlight
(Withdrawn

ering Tests of Plastics Using Concentrated
D4805 Terminology for Plastics Standardy
2002)
D4812 Test Method for Unnotched ‘Cantilever) Beam Impact
Resistance of Plastics
D5279 Test Method for Plastics:"Dynamic Me¢hanical Prop-
erties: In Torsion
D5420 Test Method fer{Jmpact Resistance ¢f Flat, Rigid
Plastic Specimen-by* Means of a Striker Impacted by a
Falling Weighti¢(Gardner Impact)
D5630 Test Method for Ash Content in Plastics
D5740 Guide for Writing Material Standards |in the Classi-
fication“Format
D5947Aest Methods for Physical Dimensions of Solid
Plastics Specimens
D6110 Test Method for Determining the Charpy Impact
Resistance of Notched Specimens of Plastis
D6290 Test Method for Color Determinatipn of Plastic
Pellets
D7209 Guide for Waste Reduction, Resource Recovery, and
Use of Recycled Polymeric Materials and Products
E29 Practice for Using Significant Digits in| Test Data to
Determine Conformance with Specificationfs
E313 Practice for Calculating Yellowness and Whiteness
Indices from Instrumentally Measured Colgr Coordinates
E831 Test Method for Linear Thermal Expagpsion of Solid
Materials by Thermomechanical Analysis

2.2 Military Standard:

MIL-STD-105 Sampling Procedure and Tab
tion by Attributes

2.3 DOT Standard:

MVSS-302 Federal Motor Vehicle Safety
Flammability of Interior Materials

2.4 UL Standard:

UL 94 Standard for Tests for Flammability of]
rials for Parts in Devices and Appliances

es for Inspec-

Standard 302

Plastic Mate-

D3012 Test Method for Thermal-Oxidative Stability of
Polypropylene Using a Specimen Rotator Within an Oven

D3418 Test Method for Transition Temperatures and En-
thalpies of Fusion and Crystallization of Polymers by
Differential Scanning Calorimetry

D3641 Practice for Injection Molding Test Specimens of
Thermoplastic Molding and Extrusion Materials

D3763 Test Method for High Speed Puncture Properties of

157

2 5—SAEStandards:
SAE J1545 Instrumental Color Difference Measurement for
Exterior Finishes, Textiles and Color Trim
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SAE J1767 Instrumental Color Difference Measurement for
Colorfastness of Automotive Interior Trim Materials

SAE J1885 Accelerated Exposure of Automotive Interior
Materials Using Controlled Irradiance Water Cooled
Xenon-Arc Apparatus

SAE J1960 Accelerated Exposure of Automotive Exterior
Materials Using Controlled Irradiance Water Cooled
Xenon-Arc Apparatus

SAE J1976 Outdoor Weathering of Exterior Materials

ASME NM.3.1-2018

two or more separate phases. The phases consist of a polypro-
pylene homopolymer (PP-H) or a polypropylene random
copolymer (PP-R) matrix containing a dispersed olefinic elas-
tomer having no other functional group, added in situ or
physically blended into the polypropylene matrix.

3.2.15 polypropylene homopolymer (PP-H)—a propylene
plastic prepared by the polymerization of propylene only.

3.2.16 polypropylene random copolymer (PP-R)—a propyl-
ene plastic containing another olefinic monomer (or mono-

3. Terminplogy

3.1 Defipitions— See Terminologies D883 and D4805 for
definitions|of terms related to this specification.

3.2 Defipitions of Terms Specific to This Standard:

3.2.1 bdck pressure, n—the constant pressure that is applied
to the end of the screw while the screw is rotating and
retracting fo prepare for the next injection.

3.2.2 bnjttle failure, n—one where the specimen test area is
broken intp two or more pieces, with sharp edges and shows
almost no plastic flow.

3.2.3 copling time, n—the time in which the material is in
the closed jmold with no pressure applied.

3.2.4 cyple time, n—the time required to complete a full
injection njolding cycle, including injection time, cooling time,
and mold ¢pen time.

3.2.5 ductile brittle transition temperature, n—the tempera-
ture at which a 80% of the specimens exhibit ductile failure

3.2.6 ductile failure, n—one where the specimen deforms
plastically pefore fracturing. One where the puncture of the test
plaque dogs not have cracks radiating more than 10 mm
beyond thq center of the impact point.

3.2.7 infection pressure, n—the constant pressure that is
applied to fhe end of the screw causing the melted mdterial to
fill the mofld. The injection pressure along with the.injection
speed detefmines the volumetric fill rate of the.meld.

3.2.8 injection speed, n—the forward velogity of the screw
during the|injection step.

3.2.8.1 Discussion—Injection speed is-a set position on the
injection rpolding machine rangigg\from slow to fast. The
injection speed along with the ipjection pressure determines the
volumetric| fill rate of the mold:

3.2.9 injection time, n~the time in which a constant speci-
fied pressupe is applied\o-the melted material.

3.2.10 melt templerature, n—the temperature of the material
as it is being injécted into the mold, measured by a pyrometer.

3.2.11 mold..open time, n—the time beginning when the

fers-havteo-tretora-erotp-other-thanthe-elefinteygroup
copolymerized with propylene. Polypropylene randof*gppoly-
mers containing more than one additional monomer ‘ard often
called “terpolymers.”

4. Classification

4.1 Unreinforced polypropylene materials are classifigd into
groups according to basic composition. These groups are
subdivided into classes and grad&ss as shown in Table PP.

Note 3—An example of this‘elassification system is as follows. The
designation PPO113 would, indicate: PP = polypropylene, as fqund in
Terminology D1600, 01 (group) = homopolymer, 1 (class) = [general
purpose, and 3 (grade),= with requirements given in Table PP.

4.1.1 To facilitate the incorporation of future or gpecial
materials not‘¢overed by Table PP, the “other/unspeg¢ified”
category for'group (00), class (0), and grade (0) is shown [on the
table with,the basic properties to be obtained from Taple A,
Table.B;/Table C, Table G, Table H, and Table T, as they|apply
(see™d:3).

4.2 Reinforced versions of the polypropylene materigls are
classified in accordance with Table PP, Table A, Table C|Table
G, and Table T. Table PP, Table B, and Table H specify the
properties of the unreinforced material, and Tables A, C] G, or
T specify the properties after the addition of reinforcefnents,
pigments, fillers, or lubricants, at the nominal level indicated
(see 4.2.1)

4.2.1 Reinforcements and Additive Materials—A slymbol
(single letter) will be used for the major reinforcemgnt or
combinations thereof, along with two numbers that indicjte the
percentage of addition by mass, with the tolerances ag tabu-
lated as follows:

Symbol Material Tolerance
G Glass reinforced—
<15 % +2 percentage points
>15 % +3 percentage points
L Lubricant (that is, graphite, to be specified
silicone, and stearates)
M Mineral-reinforced—
<15 % +2 percentage points
>15 % +3 percentage points
R Reinforced-combinations/ +3 percentage points basgd on

=i | pa M 1. 4l 1.4 1 =i
TCU AT CITUTITS ™ v T U THOTA TS5 CTUSTUT

mold is o

3.2.12 mold temperature, n—the temperature of the mold
during the molding cycle, measured in all mold cavities and on
both platens.

3.2.13 polypropylene (PP)—a propylene plastic prepared by
the polymerization of propylene or propylene with other alpha
olefins. (See also PP-B, PP-H, and PP-R.)

3.2.14 polypropylene heterophasic copolymers (PP-B,
PP+EPR, or PP+EPDM)—a propylene plastic consisting of

mixtures of reinforcements  the total reinforcement

or other fillers/reinforcements

Note 4—This part of the system uses the type and percentage of
additive to designate the modification of the base material. To facilitate
this designation, the type and percentage of additive can be shown on the
supplier’s Technical Data Sheet, unless it is proprietary in nature. If
necessary, additional requirements shall be indicated by the use of the
suffix part of the system as given in Section 5.

4.2.2 Specific requirements for reinforced, pigmented,
filled, or lubricant polypropylene materials will be shown by a
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six-character designation. The designation will consist of the

SD-4101

letter A, B, C, G, or T and the five digits comprising the cell PP0500 = copolymer or impact modified,
numbers for the property requirements in the order in which H = Table H property requirements,
they appear in Table A, Table B, Table C, Table G, or Table T. 5 = 1200-MPa flexural modulus, min,
For Table H the designation will consist of the letter H and 8 = Izod impact resistance, non-break failure mode,
three digits comprising the cell numbers for the property no value repgrted,. and .
requirements in the order in which they appear in Table H. 5 = <-30°C ductile-brittle transition temperature
4.2.2.1 Although the values listed are necessary to include
. . . - . 5. Suffixes
the range of properties available in existing materials, they
should—net—beinterpreted—as—implying that eve possible - a 3 s-are-needed—foy the mate-
combipation of the properties exists or can be obtained. rials covered in this specification that are not coVesgd in Table
4.2 When the grade of the basic materials is not known or PP, Table A, Table B, Table C, Table G, Table\H; apd Table T,
is not mportant, the use of “0” grade classification will be used ~ those requirements shall be designated through the use of
for rejnforced materials in this system. (See Note 5.) suffixes. The primary suffix list can"be found| in Suffix
Requirements, Section 7, of Classification D4000.[Other suf-
Nott 5—An example of this classification system for a reinforced-  fixes that pertain only to the matérial requiremepts in this
polyprdpylene material is as follows. The designation PPO110M20A21130 . . .
would |ndicate the following, with the material requirements from Table .spe.mﬁcatlon are lls,ted as folloRs* In general, the quffix 16,:tt,er
A indicates the requirement,‘n€eded; the first numper (digit)
indicates the test condifion, and the second nuniber (digit)
indicates the specimen requirement.
PPO11j0 = General-purpose polypropylene homopolymer
from Table PP Note 9—Suffixes(from Classification D4000 will contaip two letters
M20 = Mineral reinforced, 20 %, followed by thre€ digits while suffixes from this specificatior] will contain
: a single letter/followed by two or three numbers. An example would be
2A ; ;[‘2511_)1{/6[1;‘; It)éﬁgit};ézgsulii?ﬁems' weatlgTerabi‘lity; a design:tion. of WAS510 bwould i'ndicate that it is a
i ’ . Classificationt D4000 suffix with the following requirements
1 = 1000-MPa flexural modulus (1 % secant), min,
1 = 15-J/m Izod impact, min,
3 = 110°C Qeﬂection temperature, min, and W= Weather resistant,
0 = Unspecified. A = Practice D1435,
If ng properties are specified, the designation would be PPO110M20- 5 = Elongation properties, and
A00009. 10 = 10 % change.
4.3|Table B has been incorporated into this specification to A desvignation of WllO w01'11d indicate that it is a Specifidation D4101
facilitjte the classification of special materials where, Table pp  Suffix with the following requirements:
does ot reflect the required properties of that-ufireinforced
materfal. This table will be used in a manner simjlar to Tables W = Weatherability,
A, C|G, and T. Table H has been incorporated into this 1 = Practice D2565, Test Cycle 1, specimens ejposed in a
speciffcation to improve the callout of random copolymers and xenon-arc accelerated test apparatus,
impact copolymers. Table H has a reduced callout based on 1 = 200-h exposure, and
flexurpl modulus, Izod impact, and)the Multiaxial Impact 0 = Change in properties to be specified.
Ductile-Brittle Transition Temperature. If a full line callout is Suffixes:
requirgd, use Table B.
Notf 6—Mechanical propetties of polypropylene materials with pig- E = Electrical requirements as designated by thg following
ments $pr colorants can différ-from the mechanical properties of natural digits:
materigl, depending on(the choice and the concentration. First Digit
Nott 7—An exaniple of a special material using this classification
systeml|is as followsThe designation PPO110B67253 would indicate the 0 = To be specified by user.
followihg withithe' material requirements from Table B: 1 = Specimens preconditioned 40 h at 23°C |and 50 %
relative humidity, then 14 days in distilled yater at 23
PPO110 = homopolymer, general purpose, other, =E o
B = Table B property requirements, Second Digit
6 = 30-MPa tensile stress at yield, min, .
7 = 1500-MPa flexural modulus, min, 0 = To be specified by user. ) o
2 = 50-J/m Izod impact resistance, min, 1 = Insulation resistance, dielectric constant, and dissipa-
3 = 90°C deflection temperature, min, and tion factor meet property limits as shown below. These
3 = >1.0 to 3.0 nominal melt flow rate. are electrical limits usually applied to unreinforced

Note 8—An example of a polypropylene copolymer material using
Table H would be as follows. The designation PPO5S00HS585 would
indicate a material with the following requirements:

polypropylene when control of their electrical proper-
ties is required.

Electrical Properties:
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Dielectric constant, Test Methods D1531 or 2.30
max D150

Dissipation factor, max Test Methods D1531 0.0005

Insulation resistance, Test Methods D257 1x10'°
min, Q

Water immersion Test Methods D1531 or Shall meet the di-
stability D150 electric constant

and dissipation
factor require-

ASME NM.3.1-2018

Thus, at an irradiance level of 0.55 W/(m”.nm) at 340 nm, the multipli-
cation factor for converting light hours to kJ is 1.98 (0.55 x 3.6).
Therefore, 100 light hours is equivalent to 396 kJ/(m?.nm) at 340 nm at
this irradiance level.

Third Alphanumeric

0 = To be specified by user.

0 = To be specified.

ments 1 = The exposed specimens shall not exhibit surface
W = Weatherability requirements as designated by the following digits: changes (such as dulling and chalking) or deep-seated
First Dioit bangac (cuoh oc ochooling razioa s yuaroing nd dis_
g chanses—(such—as—cheekin A W PHAS:
coloration).

2 = The tensile strength after exposure must bewno I¢ss than

- . 50 % of the original.

1 = Specimdns exposed in a xenon arc accelerated test .
. . 3 = The tensile strength after exposure must be no I¢ss than
apparatys that conforms to Practice D2565 using Test LS

Cvele 11f teri licati 90 % of the original.

yeie 1jtor exterior appucations. 4 = American Association of Textile-Chemists and Colorists

2 = Specimgns exposed in a fluorescent UV/condensation
accelerafed test apparatus that conforms to Practice
D4329 ysing Test Cycle A for exterior applications.

3 = Specimgns exposed in a xenon-arc accelerated test
apparatys that conforms to SAE J1960 or equivalent for
exterior [applications.

4 = Specimgns exposed in a xenon-arc accelerated test
apparatys that conforms to SAE J1885 or equivalent for
interior ppplications.

5 = Specimdns exposed to concentrated natural sunlight in
accordatce with Practice D4364 without water spray.
6 = Specimgns exposed to concentrated natural sunlight in

accordapice with Practice D4364 with water spray
(Table 1}, Cycle 1).

7 = Specimgns exposed to natural sunlight in accordance
with Practice D1435 using a rack angle of 45° from the
horizontpl facing the equator , unless specified other-
wise.

8 = Specimgns exposed to natural sunlight in acdcordance
with SAE J1976 Procedure A, unless specified other-
wise.

Second Alphanumerie

(AATCC) rating 4 to 5.
5 = Colorfastness by SAE J4545, for exterior mterials,
CIELAB color differenée, 10° observer, Illuminant D65,
specular included, AE= 2.5 max.
6 = Colorfastness byi SAE J1545, for exterior mgterials,
CIELAB color difference, 10° observer, [lluminant D65,
specular ineltided, AE = 2.0 max.
7 = Colorfasthess by SAE J1545, for exterior materials,
CIELAB color difference, 10° observer, Illuminant D65,
spetular included, AE = 3.0 max.
8 = Colorfastness by SAE J1767, for interior miterials,
CIELAB color difference, 10° observer, Illuminant D65,
specular included, AE = 2.5 max.
92 = Colorfastness by SAE J1767, for interior mgterials,
CIELAB color difference, 10° observer, [lluminant D65,
specular included, AE = 3.0 max.
Z = Other special requirement characteristics (for example,
internal mold release agent) not covered by ¢xisting
call-out capabilities may be assigned. These will be
spelled out in detail and identified in sequence,|that is,
01 UV-stabilized, 02 special color, and 03, etc.

Additional suffixes will be added to this specification as test{methods
and requirements are developed or requested, or both.

shall

0 = To be spjecified by user.
1 = 200-h exposure. 6. Basic Requirements
2 = 500-h exposure. . .
3 = 1000-h ¢xposure. 6.1 Basic requirements from property or cell tables,|as they
4 = 2000-h ¢xposure. apply, are always in effect unless these requirements are
5 = 1240.8 §J/(m%.nm)<at-340 nm. superseded by specific suffix requirements in the “Linje Call-
6 = 2500 kJJ(m*nm)dr340 nm. Out.”
7 = 1000 MJ/m®satar total UV irradiation (approximately 3

years). 7. General Requirements
8 = 336-h expdsure F+—Fhe—plastie—composition—shat—be—tmiform—ar
9 = 720-h exposure conform to the requirements specified herein. The color and
A f ?OOO—hhexposure form of the material shall be specified. Note specification
g B 25(5)06()1(] /ir)ilpzor??;)e at 340 nm changes due to the effects of colorants and, when necessary,
D = 601.6 KJ/(m2nm) at 340 nm. cover them by suffixes.

Note 10—Conversion from hours to kilojoules (kJ) varies with
irradiance and the light/dark cycle. Conversion to kJ from actual light
hours (h) is based on the following relation:

kJ = Irradiance in Watts X 3.6 kJ/h X h of light

7.2 For recycled, reconstituted, and reground materials the
level of contamination by nonpolymeric materials other than
fillers and additives shall not be of a significant level that it
prevents the product from meeting the performance criteria for
which it was manufactured.

160
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8. Detail Requirements

8.1 Test specimens for the various materials shall conform
to the requirements prescribed in Table PP, Table A, Table B,
Table C, Table G, Table H, Table T and to the suffix require-
ments as they apply.

8.2 Observed or calculated values obtained from analysis,
measurement, or test shall be rounded in accordance with
Practice E29 to the nearest unit in the last right-hand place of
figures used in expressing the specified limiting value. The

SD-4101

11.1.4 Melt Temperature—The melt temperature for mold-
ing test specimens for materials with melt flows of 1 to 30 g/10
min shall correlate with the polymer melt flow (Test Method
D1238, Condition 230/2.16) as shown in Table 1. Melt
temperatures shall be measured on cycle by taking the tem-
peratures of several successive free shots with a needle-type
pyrometer to an accuracy of *3°C. The needle should be
moved around in the plastic mass, and a sufficient number of
measurements be made to establish a reliable result. To
minimize heat loss from the plastic during measurement, the

value pbtaimedTs LUlllpdlCL‘l dilcu]_y withrtire bPCLiﬁCd limitiug
value.|Conformance or nonconformance with the specification
is bas¢d on this comparison.

9. Sampling

9.1
sampl
in Pr
consid
shall |
shipm|
runs g

Unless otherwise specified, the materials shall be
bd in accordance with the sampling procedure prescribed
ctice D1898. Adequate statistical sampling shall be
ered an acceptable alternative. A batch or lot of resin
e considered as a unit of manufacture as prepared for
ent and may consist of a blend of two or more production
f material.

10. Number of Tests

10.
the re

The number of tests conducted shall be consistent with
uirements of Section 13.

11. Specimen Preparation

11.1
testing
the fo

Nom
techniq|
than th
results,|

Nor

All test specimens other than those for heat stability
(see 11.2) shall be injection molded in accordance with
lowing specific procedures:

11—Physical and mechanical properties are dependent tpon the
ue of specimen preparation. Specimen preparation by-means other
bse described as follows can lead to significant.vatiation in test
with resultant departure from specification values!

12—Limited data have shown that, for Polypropylenes, mechani-
cal test]values can be significantly affected by the\cross sectional area of
the runfer. Specimens molded using the specified minimum runner size of
5 mm IP (~20 mm?) exhibited lower valueg of. most mechanical properties
than sppcimens molded using runners with ¢ross-sectional areas of 50 and
80 mnf>. Higher viscosity (lower MFER) materials appear to be more
sensitiye. This effect needs to.be_considered when comparing data
obtaineld from different sources,

11.
Practi
11.1
with 4
11.1
12.7 1
11.

.1 Specimen Motd~~Molds designed in compliance with
e D3641 to niold the following test specimens:

.1.1 A Test-Method D638, Type I tension test specimen
thickne$s“of 3.2 = 0.1 mm.

.1.2_Asrectangular bar, with dimensions of 127 mm by
hm. by/3.2 = 0.1 mm.

18 Platewith minimnm dimensions of 100 mm?

or

mass should be collected 1n a heated container, or 111 one made
from material of low thermal conductivity. Thé/quantity of
plastic in the free shot should be controlled-te_be eduivalent to
the weight of a complete injection-mglded shot{ To avoid
excessive thermal history the shot size *shall be[kept to a
minimum; therefore, the cushion shall-be 5 to 10 hm.

10 min, the
from 250°C
rt weight of
Expansion of
bht at 270°C,
e the proper
h melt flows

Note 13—For materials with melt-flows less than 1 g
temperature of the melt should b raised in 5°C increments|
until the part weight of the entire, shot is equivalent to the p
a 1 to 5-g/10 min material/Dueto degradation and thermal
the material do not exceed-270°C. If unable to obtain the wei
make slight adjustments in the injection pressure to achiey]
weight. The melt temperature shall be 190°C for materials wi
greater than 30 ¢/}0 min.

somewhat
meter may
ccuracy of
of at least
30:1. It is
er beam to

Since the\needle-type pyrometer technique is
tediouss.a second technique using an infrared pyro
be usedy The infrared pyrometer used must have an 4
1 % of reading or =1°F or =1°C, a response time
05”s, and a distance to target ratio of at least
recommended that the infrared pyrometer have a la
establish the position being measured on the moltgn mass of
polymer. This second technique shall only be uged after a
correlation between the needle-type pyrometer and the infrared
pyrometer has been established. This correlatiop shall be
verified at least every six months. The correlatign shall be
re-established each time either pyrometer is recalifjrated.

11.1.5 Back Pressure—The back pressure shall be set at 0.7
MPa (gage).

11.1.6 Injection Pressure and Speed—All ma
than 30-g/10 min melt flow shall be molded usir
stage pressure. For a given machine and a given|
injection pressure and the injection speed controls
to produce equal part weights, including sprue a
(=2 %) regardless of material flow rates. The inje
and injection pressure shall be set to minimize sinH
The maximum amount of flash shall not exceed 1 m
only be acceptable in the nontesting area. Once th
speed and pressure are determined for a given m
mold they shall not be varied by more than *2 %)

erials less
g a single
mold, the
hall be set
hd runners
tion speed
and flash.
m and will
e injection
hchine and

100-mm diameter with a thickness of 3.2 * 0.2 mm.

11.1.2 Mold Temperature—The temperature of the mold
shall be 60 = 3°C. Temperature measurements shall be made
in each cavity of the mold after machine conditions are at
equilibrium and shall be made with a surface-type pyrometer,
or equivalent, to an accuracy of *=2°C after equilibrium or
cycle conditions have been established.

11.1.3 Cycle—The total molding cycle time shall be 45 s,
consisting of 20-s injection, 20-s cooling, and 5-s mold open.

161

Note 14—A single stage pressure can be obtained in two different
ways: (/) Injection pressure may be set to reach a specified pressure then
allowed to shift over to a hold pressure; the hold pressure maintains the
pressure at the maximum pressure generated by the injection pressure, and
(2) The cavity may be filled using hold pressure only; the first method is
the preferred method. For materials with melt flow rates above 30 g/10
min the injection and hold pressures may be set to different pressures.
Normally the hold pressure is set lower than the injection pressure, but
must be high enough to finish filling out the molded part. For these high
melt flow rate materials the injection and hold pressure shall be specified
by the manufacturer.
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Note 15—It is recommended that screw rotation speed be set to a
minimum to allow the screw to rotate for 17 to 19 s of the 20-s cooling
time. This slower screw speed will provide greater uniformity of the melt
with respect to viscosity and temperature. It may be necessary to adjust the
screw rotation speed for the various material types in order to achieve the
17 to 19-s time frame. The rate of screw movement backwards away from
the mold is dependent on the back pressure, frictional effects, various
additive types, and melt viscosity.

11.1.7 Reporting—Report the injection molding conditions
in accordance with Practice D3641.

11.2 Preparp test cpp{‘impnc for heat stability tpcting in

ASME NM.3.1-2018

Note 18—Polypropylene properties change with time as a result of
amorphous densification and, in some cases, due to a small degree of
secondary crystallization in the rubbery phase.

12.2 Test Conditions—Natural unfilled polypropylene shall
be tested in a controlled laboratory atmosphere of 23 = 2°C.
For filled and reinforced polypropylene and polypropylene
blends, which contain a hydrophilic comonomer or modifier
the specimens shall be tested in a standard laboratory atmo-
sphere of 23 * 2°C and 50 *= 10 % relative humidity, unless
sufficient testing has been conducted that indicates that specific

accordancd with Test Method D3012.

12. Conditioning

12.1 Co

12.1.1 (
a standard
atmosphers
laboratory
stored in
envelopes,
for the lab
that specin|
or in a rac
specimens
and reinfol
contain a
shall be co|
*+ 2°C an
testing has
type’s proj
the storagg
Materials
stored in a
materials t
shall com
methods fd
report both
conditionir]

ditioning:
nce specimens are molded, they shall be moved to
laboratory atmosphere or a controlled laboratory
. For natural unfilled polypropylene the controlled
atmosphere shall be 23 * 2°C. Specimens shall be
storage medium, such as boxes, paper bags or
plastic bags, or racks, whichever is most practical
oratory storing the specimens. It is recommended
ens be allowed to cool for about 30 min on a bench
x before they are placed in any container where the
might come in contact with each other. For filled
ced polypropylene or polypropylene blends, which
hydrophilic comonomer or modifier the specimens
hditioned in a standard laboratory atmosphere of 23
1 50 = 10 % relative humidity, unless sufficient
been conducted that indicates that specific material
erties are not affected by humidity. In those cases,
medium can be the same as for unfilled materials.
hose properties are affected by humidity, must<be
cordance with Practice D618, Procedure A. For all
b be conditioned for electrical testing, conditioning
bly with the requirements of the standard test
r electrical testing. In all cases the laboratory shall
the temperature and humidity conditions during the
g period.

Note 16
the humidit
specimens sH
atmosphere.

- When the temperature in the molding area exceeds 28°C or
level exceeds 60 % (applies” only to filled materials)
all be moved as quickly a$ possible to the standard laboratory

12.1.2 Testing, except for-those tests where a test time is
specified, ghall be conducted not less than 40 h after molding.
The aging[times as/specified in this and subsequent sections
shall apply| to all festihg conducted for development of a line
callout, data fofputblication, or for cases of dispute over testing
values.

12.1.3 Specimens that are to be tested for 1zod or Charpy
impact shall be notched within 1 to 16 h after molding. Once
notched the specimens shall condition for a minimum of 40 h
before testing.

Note 17—Data have shown that, for some polypropylene impact
copolymers with higher xylene solubles or higher rubber content, 1zod
impact values can vary significantly over time.

12.1.4 Specimens that are to be tested for tensile or flexural
properties shall be tested within 40 to 96 h after molding.
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TAteTials type S propertics are not atiected by humidity. for all
materials to be tested for electrical properties, theplabgratory
shall comply with the requirements of the §tandarfl test
methods for electrical testing. In all cases the laboratory shall
report both the temperature and humidity conditions fluring
testing.

13. Test Methods

13.1 Determine the propertiés erfumerated in this spef
tion in accordance with the ASTM test methods as they
unless otherwise stated hérein.

13.1.1 Flow Rate—C€ondition 230/2.16 of Test M
D1238. Make two_determinations on the material in thq
that it is to be molded (such as powder, pellets, or gran

cifica-
apply,

lethod
form
ules).

Note 19—This{test method serves to indicate the degree of uni
of the flow rate‘of the polymer of a single manufacturer as mad
individual precess and, in this case, may be indicative of the de}
uniformify, of molded specimens, and therefore other properties. H
uniformity of flow rate among various polymers of various manuf:
as\made by various processes does not, in the absence of othg
indicate uniformity of other properties and vice versa.

formity

by an
bree of
wever,
cturers
r tests,

+—The
red to
asure-

with
lower
5 shall

13.1.2 Measurement of Test Specimen Dimensions
width and thickness of the test specimen shall be measy
an incremental discrimination of at least 0.025 mm. Mg
ments shall be made with a micrometer, preferably
ratchet, having a movable circular contact foot and a
anvil foot, both 6.35 = 0.025 mm in diameter. Specimen|
be measured in accordance with Test Methods D5947.

13.1.3 Tensile Stress—Test Type I specimens usin
Method D638. The material shall be tested at 50 mm/min
the material is one that shows a breaking strain greate
10 %, or at 5 mm/min when the material breaks at a
equal to or less than 10 %.

13.1.4 Flexural Modulus (1 % Secant)—Test Ms
D790, Method I, Procedure A, with a 50-mm span, a
0.1-mm radius support and loading nose, and a 1.3-m
testing speed using the center test region of a Test M
D638, Type I specimen. It is mandatory that the toe co
be made to correct for the slack in the test fixture and lo

r Test
when
r than
strain

thods
5.0 =
n/min
lethod

crosshead speed of 1.3 mm/min. Calculate the average value of
the flexural modulus (1 % secant) at 1 % strain in the outer
surface of the test specimen.

Note 20—If the Test Method D638 Type I specimens were molded on
a mold containing a draft angle, the specimens will be trapezoidal.
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Therefore the flexural modulus may vary slightly depending on which side
is placed away from the loading nose.

13.1.4.1 Calculate the deflection of the test specimen corre-
sponding to 1 % strain (0.01 mm/mm) as follows:

D = rL/6d (1)

where:
D

deflection of the center of the test specimen at 1 %

SD-4101

D256, studies with numerous types of polypropylene specimens has
shown that clamp lengths as short as 19 mm are acceptable, with no
change in test results. What is critical is that the length of material above
the clamp, which is specified as 31.8 = 1 mm. Failure to maintain the 31.8
* 1 mm above the clamp will result in reduced or increased Izod impact
values depending on whether the specimen length above the clamp is
longer or shorter than that specified by Test Method D256, Method A.
Note 22—With the design of each clamping system and the capacity of
the pendulum used different from instrument to instrument it is difficult to
specify a pressure will hold the specimen securely. What is important is

strain, mm that the clamp pressure be maintained constant from specimen to
r = strain in the outer surface of the test specimen = 0.01 specimen and be sufficient to prevent specimen movement during the
mm/mm, Tmpact. 100 Jow a clamp pressure may result in slightly highe Izod values
L =|test span = 50 mm, and with a wider scatter of impact valu;s within a set of spec.im ns. Too high
d =|specimen depth = 3.2 mm (nominal). a clamp pressure will 1nd.uc.e stress in the specimen resulting |n lo.wer than
expected test values. This is particularly true of pfopylene glastics when
Warning—The load measured must be a minimum of 1 % tested at sub-ambient temperatures close to their briftleness [temperature.
of thefload cell capacity. The test span shall be known to an Set up the test instrument with the Iowest capacity pendulum
accurdcy of 0.05 mm, and this value shall be used in the recognized by Test Method D256, ‘which is the 2.7 J (2 ft-lb)
calculptions in 13.1.4.1. The loading nose shall be precisely ~ pendulum. This pendulum shall\be used for all Ifod impact
centerpd between the supports. The test specimen shall be  resistance measurements where the specimen fxhibits a
alignefl perpendicular to the supports to an accuracy of 2° and complete, hinge, or parttial‘break. For specimens showing
the cefter of the specimen shall be directly below the center of non-break behavior, progressive]y increase the hammer capac-
the lojding nose. ity to move the type\@f break from non-break with the 2.7 J
13.1.4.2 Calculate the stress corresponding to 1 % strain as hammer to complete, hinge, or partial break so tha{ an impact
follows: value may be £eported. Conformance or nonconfornance with
S = 3PL/2bd 2) the specifications detailed in the Tables shall be based on a
material having a complete, hinge, or partial break

where 13.1.6>Deflection Temperature—Test Method D648 shall be
S = |stress in the outer surface of the test specimen at 1 % usedtotest a rectangular specimen 3.2 by 12.7 by 127 mm with
strain, MPa, a-Joad applied at the center to give maximum fiber|stresses of

P = |load corresponding to 1 % strain, N 455 kPa.
L = [test span = 50 mm, ) 13.1.7 Multiaxial Impact Ductile-Brittle [[ransition
d = [specimen depth = 3.2 mm (nominal), and Temperature—Test Method D3763 shall be used to| test speci-
b = |specimen width = 12.7 mm (nominal). mens equal to or greater in dimensions than 100 mym? or 100
The secant modulus at 1 % strain is the ratio of, stress to mm in diameter and 3.2 = 0.2 mm in thickness. Th¢ test speed
strain for S/0.01. shall be 2.2 m/s with the 12.7-mm diameter impagt dart and
13.1.5 Impact Resistance (Izod)—Test Method D256 (A) 76-mm support ring. The temperature at which 8 % of the
shall Be used for notched specimens tested at-23°C. Specimens specimens exhibit ductile failure shall be determined based on
shall Be cut from the center section of the Fest Method D638, the definitions listed in Section 3. This temperatufe shall be
Type | tensile test specimen. Before clittifig the test specimen determined by either a standard graphical method of through a
from the tensile bar, draw a symbol &f any design in the straight ~ probability graphical method. When using the standgrd graphic
center|section of the bar to indicdfe which is the gate end of the =~ method to determine the 80 % passing temperdture, it is
speciien. Cut out the 57.2 mim)straight center-section of the ~ necessary to repeat this procedure of testing ten spegimens at a
bar. The specimens shall be_notched in accordance with Test series of temperatures differing by uniform increments of 5°C.
Methqd D256 for tests-at-23°C. Specimens shall be notched The transition region of the curve shall be established using
such that the notch-s<off-center on the 57.2 = 1 mm long either 5°C or 10°C increments, but -5°C increments must be
specirhen. When notehed, the apex of the notch shall be 25.4 + used when testing in the transition temperature region. When
2 mm [from thedion-gated end and 31.8 = 1 mm from the gated using probability graph paper, it is not necessary tq obtain the
end off the specittien. The more critical dimension is the 31.8 =+ lowest no-failure temperatures, at which no failure is obtained,
1 mm|frofarthe gated end of the specimen, Notched specimens or the highest failure temperature. Draw a straight line through
must pe\conditioned after notching for a minimum of 40 h  a minimum of four points, two above and two beloy the 50 %

before testing. The specimen shall be inserted in the clamp with
the 25.4 £ 2 mm in the clamp and the 31.8 £ 1 mm length
above the clamp. When testing, the specimen shall be clamped
in the grips with the minimum pressure necessary to prevent
any movement of the specimen upwards or downwards during
impact. Should this pressure deform the specimen, then the
clamp pressure may be reduced.

Note 21—Although the 57.2 mm length of specimen does not comply
with the minimum specimen length of 61.5 mm specified by Test Method
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Tailure point. The temperature indicated at the intersection of
the data line with the 20 % failure line shall be reported as the
ductile-brittle temperature or 80 % passing temperature.

Norte 23—In addition to visually examining the plaques for ductile
failure, review the load versus time or load versus displacement curve for
the impact for signs of ductility.

13.1.8 Reinforcement and Additive Concentrations:

13.1.8.1 Glass Percentage— Use Test Method D2584.

13.1.8.2 All Others—Method to be specified.
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13.1.8.3 Additional testing methods and conditions, refer to
Appendix X1.

14. Inspection

ASME NM.3.1-2018

materials may be retested to establish conformity. Rejection
shall be reported to the supplier promptly and in writing. In
case of dissatisfaction with the results of the test, a claim for a
rehearing may be made.

14.1 Inspection of the material supplied uner this speci-
fication shall conform to the requirements specified herein
and in Classification D4000, Section 15.

17. Packaging and Package Marking

17.1 Provisions of Practice D3892 apply for packaging,
packing, and marking of plastic materials.
15. Certification
18. Keywords

15.1 Certifiqatiom stratt—beas Tequired by Anmex At
18.1 injection and extrusion materials; materials-Splecifica-
16. Rejection fand Rehearing tion; polypropylene; polypropylene test methods; recycled
16.1 Materigl that fails to conform to the requirements of plastics
this specificatipn may be rejected. If any failure occurs, the
TABLE PP Requirements for Unreinforced Polypropylene (Natural Color Orily)
FIexuraID z0d D¢flection
Nominal Flow Tensge Mo((1jucl/l:s Impact,& Te,mpera-
Rate,” Test Stress "at Secant), Resistance turg at 455-
e - e Method D123, gdiJest  “pog at 23°C KPa
Group Degcription Class Description Grade Description Condition MD%tggd Methods Tost Sress,®
230/2.16, min & D790, Method Test
9/10 min MPa Proceduge A, D256, min,” N/Iethczld
min, J/m Q648" ,
MPa npin, °C
01 Homopolymer 1 General purpose 1 <0.3 27.5 1050 32 81
2 >0.2.10 =1.0 275 1000 27 81
3 >A40040 =3.0 27.5 1000 25 74
4 3.0 to =10 27.5 950 20 71
5 >10 to =20 26 850 16 71
6 >20 to =40 25 800 14 64
7 >40 to =100 24 800 12 64
8 >100 to =200 23 850 12 64
9 Nad >200 21 850 8 74
0 Other
2 Nucleated 1 >1.0 to =3.0 33.5 1350 27 100
2 >1.0to =3.0 30.5 1150 27 90
3 >3.0to =10 30.5 1150 22 100
4 >3.0 to =10 30.5 1150 21 90
5 >10 to =30 30 1150 20 95
6 >10 to =30 30 1150 16 85
7 A >30 28.5 1050 16 80
0 Other
3 High-crystallinity 1 <1.0 38 2000 21 100
2 >1.0 to =5.0 36 1800 21 100
3 >5.0to =10 36 1600 21 100
4 >10 to =20 33 1400 22 95
5 >20 to =40 30 1300 24 90
6 L >40 26 1300 26 90
0 Other
0 Other 0 Other
02 Randgm Copolymers Refer to Appendix
X2
03 Copolymers.of Impact-  Refer to Appendix
Modified X2
05 Copolymers or 0 Other 0 Other Use Table H for a reduced line callout of materials where only the ratio

of stiffness to impact is important. Use Table B when a full line callout is
required.

impact modified

“ANominal flow rate is as supplied by the manufacturer of the material. Maximum allowable tolerance = +30 % per individual lot.

BTest specimens are unannealed Test Method D638, Type | tensile bars and shall be tested at 50 mm/min when the material is one that shows a breaking strain greater
than 10 %, or at 5 mm/min when the material breaks at a strain equal to or less than 10 %.

®MPa x 145 = psi.

DPTest specimens are the center of the unannealed Test Method D638,, Type | tensile bars with a nominal 3.2 by 12.7-mm cross section. Span is a nominal 50 mm. Rate
of crosshead is 1.3 mm/min using Method |. Report 1 % secant based on strain.

ETest specimens are nominal 3.2 mm in width and are at the center section of unannealed Test Method D638, Type | tensile bar.

FJ/m = ft-Ibf/in. x 53.38.

GTest specimens are nominal 3.2 by 12.7-mm cross section and shall be unannealed.

HMinimum values are based on testing the material by Test Method D648, Method A (test span 101.6 mm).
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TABLE A Detail Requirements” of Polypropylene Not Called Out by Tables B, C, G, and T

Designation or
Order No. Property 0 1 2 3 4 5 6 7 8 9

1 Tensile stress at yield,? Unspecified 20 35 50 65 80 95 110 125 Specify
Test Method D638, min, MPa® value?

2 Flexural modulus (1 % secant),® Unspecified 1000 2000 3000 4000 5000 6000 7000 8000 Specify
Test Methods D790 (A), min, MPa® value?

3 zod impact resistance” at 23°C, Unspecified 15 30 45 60 90 135 190 250 Specify
Test Method D256, min, J/m& value?

4 Deflection temperature at 455 kPa,"” Unspecified 80 95 110 130 150 170 90 210 Specify
Test Method D648, min, °C value?

5 To be determined Unspecified

Alt is rec<1gnized that detailed test values, particularly 1zod impact, may not predict nor even correlate with performance of parts molded of thesg€ n'bterials.

BTest spefimens are unannealed Test Method D638, Type | tensile bars and shall be tested at 50 mm/min when the material is one that shows'a brdaking strain greater
than 10 %4, or at 5 mm/min when the material breaks at a strain equal to or less than 10 %.

®MPa x 145 = psi or kPa x 0.145 = psi.

DIt a spedjfic value is required, it must appear on the drawing or contract, or both.

ETest spefimens are nominal 3.2 by 12.7-mm cross section and are at the center of unannealed Test Method D638, Type | tensile’bar. Span is a ngminal 50 mm. Rate
of crossheEad is 1.3 mm/min using Method I. Report 1 % secant based on strain.

FTest spefimens are nominal 3.2 mm in thickness and are at the center section of Test Method D638, Type | tensile bar.

GJ/m x (11873 x 1072) = ft - Ib/in. or J/m = ft - Ib/in. x 53.38.

MTest specimens are nominal 3.2 by 12.7-mm cross section and shall be unannealed.

TABLE B Detail Requirements” of Unfilled and Unreinforced (Polypropylene

Designatfon
or Order No| Property 0 1 2 3 4 5 6 7 8 9
1 Tensile stress at yield,? Test Method D638, Unspecified 5 10 15 20 25 30 35 40 Specify
min, MPa® value®
2 Flexural modulus (1 % secant),t Test Unspecified 100 250 500 750 1000 1250 1500 || 1750 | Specify
Methods D790, (A), min, MPa® value?
3 zod impact resistance” at 23°C, Unspecified 10 50 100 200 300 400 500 700 | Specify
Test Method D256, min, J/m® value?
4 Deflection temperature at 455 kPa,” Test Method Unspecified 50 60 70 80 90 100 110 120 | Specify
D648, min, °C value®
5 Flow rate,’ Test Method D1238, Condition Unspecified | ,=0.3 |>0.3-1.0[ >1.0-3.0 | >3.0-10 | >10-20 | >20-40 | >40-10q | >100 | Specify
230/2.16, g/10 min value?

Alt is recqgnized that detailed test values, particularly Izod impact, may not\predict nor even correlate with performance of parts molded of these materials.

BTest spefimens are unannealed Test Method D638, Type | tensile bars and'shall be tested at 50 mm/min when the material is one that shows a brdaking strain greater
than 10 %4, or at 5 mm/min when the material breaks at a strain equal to/or less than 10 %.

©®MPa x 1|45 = psi or kPa x 0.145 = psi.

DIt a spedjfic value is required, it must appear on the drawing Qr(contract, or both.

ETest spefimens are nominal 3.2 by 12.7-mm cross section-andare at the center of unannealed Test Method D638, Type | tensile bar. Span is a ngminal 50 mm. Rate
of crossheEad is 1.3 mm/min using Method I. Report 1 % seeant based on strain.

FTest spefimens are nominal 3.2 mm in thickness and, are.at the center section of Test Method D638, Type | tensile bar.

GJ/m x (11873 x 1072) = ft - Ib/in. or J/m = ft - Ib/in. %.53:38.

MTest specimens are nominal 3.2 by 12.7-mm crdss)section and shall be unannealed.

Nominal flow rate is as supplied by the manufactirér of the material. Allowable tolerance +30 % per individual lot.
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TABLE C Detail Requirements” of Calcium Carbonate Filled Polypropylene

Designation
or Order Property 0 1 2 3 4 5 6 7 8 9
Number
1 Tensile Stress at Yield® Unspecified 10 14 17 21 24 27 31 34 Specify Value?
Test Method D638, min, MPa®
2 Flexural Modulus (1 % secant)® Unspecified 800 1100 1400 1700 1900 2200 2500 2700 Specify Value”
Test Method D790 (A), min,
MPa®
3 Izocl2 gmgact resistance” at Unspecified 15 35 55 75 90 110 135 255 Specify Value®
4030
Test Method D256, min, J/m®
4 Deflection Temperature at 455  Unspecified 75 80 85 90 95 100 105 110 Specify Value?
RaH
fest Method D648, min, °C
5 To|be determined Unspecified C L L Ce L L L L Specify Vallie”
Alt is recogniged that detailed test values, particularly Izod impact, may not predict nor even correlate with performance of molded parts.
BTest specimgns are unannealed Test Method D638, Type | tensile bars and shall be tested at 50 mm/min when the material is one that shows a breaking straif greater
than 10 %, o at 5 mm/min when the material breaks at a strain equal to or less than 10 %.
©MPa x 145 ¥ psi or kPa x 0.145 = psi.
DIt a specific jvalue is required, it must appear on the drawing or contract, or both.
ETest specimgns are nominal 3.2 by 12.7-mm cross section and are at the center of unannealed Test Method D638, Type | tensile bar, Span is a nominal 50 mim. Rate
of crosshead fis 1.3 mm/min using Method I. Report 1 % secant modulus based on strain.
FTest specimgns are a nominal 3.2 mm in thickness and are cut from the center of a Test Method D638, Type | tensile bar.
GJ/m x (1.873 x 102) = ft- Ib/in. or J/m = ft-Ib/in. x 53.38.
MTest specimpns are nominal 3.2 by 12.7-mm cross section and shall be unannealed.
TABLE G Detail Requirements” of Glass Reinforced Polypropylene
Designation
or Order Property 0 1 2 3 4 5 6 7 8 9
Number
1 Tensile Stress at Yield® Unspecified 24 32 40 48 57 65 74 82 Specify Valfie?
Test Method D638, min, MPa®
2 Flexural Modulus (1 % secant)® Unspecified 1000 1900 2800 @700 4600 5500 6400 7300  Specify Valfie?
Test Method D790 (A), min,
MPa®
3 izod impact resistance” at +23°C  Unspecified 15 35 55 80 100 130 150 170 Specify Valfie?
Test Method D256, min, J/m@
4 Deflection Temperature at 455 Unspecified 80 90 100 110 120 130 140 150 Specify Valfie?
kPa
Test Method D648, min, °C
5 [To be determined Unspecified S - - S L. . . S S Specify Vallie?
Alt is recognized that detailed test values, particularly 1zod impact, may not predict nor even correlate with performance of molded parts.

BTest specimgns are unannealed Test Method D638, Type | tensile bars-and-shall be tested at 50 mm/min when the material is one that shows a breaking straif greater
than 10 %, orfat 5 mm/min when the material breaks at a strain equaNo-or less than 10 %.
©MPa x 145 & psi or kPa x 0.145 = psi.
DIt a specific jvalue is required, it must appear on the drawing or contract, or both.
ETest specimgns are nominal 3.2 by 12.7-mm cross section‘and are at the center of unannealed Test Method D638 Type | tensile bar. Span is a nominal 50 mim. Rate
of crosshead fis 1.3 mm/min using Method |. Report 1 %-secant modulus based on strain.
FTest specimgns are a nominal 3.2 mm in thickness,and_are cut from center section of Test Method D638, Type | tensile bar.
GJ/m x (1.87$ x 102) = ft- Ib/in. or J/m = ft-Ib/in. x 53.38.
HTest specimgns are a nominal 3.2 by 12.7 mncress section and shall be unannealed.
TABLE H {Detfail Requirements” of Unfilled and Unreinforced Polypropylene Copolymers
Designation
or Order Property, 0 1 2 3 4 5 6 7 8 9
Number
1 Flexural Modulus\(1"% secant)? Unspecified 100 300 600 900 1200 1500 1800 2100  Specify Valfie?
Test Method B790 (A), min,
MPa®
2 lzod impact resistancef at 23°C  Unspecified 20 40 70 120 180 260 400 Non Specify Valfie?
Teét-Method D256, min, J/m” Break®
3 Multiaxial Impact Ductile-Brittle Unspecified <10 <0 <10 <20 <-30 <-40 <-50 <60  Specify Valfie?

Transition-Temperature—2CH
P g

Alt is recognized that detailed test values, particularly I1zod impact, may not predict nor even correlate with performance of parts molded of these materials.
BTest specimens are nominal 3.2 by 12.7-mm cross section and are at the center of unannealed Test Method D638, Type | tensile bar. Span is a nominal 50 mm. Rate

of crosshead

is 1.3 mm/min using Method |. Report 1 % secant modulus based on strain.

°MPa x 145 = psi or kPa x 0.145 = psi.

DIt a specific value is required, it must appear on the drawing or contract, or both.

ETest specimens are nominal 3.2 mm in thickness and are cut from center section of unannealed Test Method D638, Type | tensile bar.
FJ/m x (1.873 x 1072 ) = ft  Ib/in. or J/m = ft * Ib/in. x 53.38.

Clzod impact

resistance, non-break failure mode, no value reported

Hplate with thickness 3.2 + 0.2 mm.
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TABLE T Detail Requirements” of Talc Filled Polypropylene
Designation
or Order Property 0 1 2 3 4 5 6 7 8 9
Number
1 Tensile stress at Yield® Unspecified 12 16 20 24 28 32 36 40 Specify
Test Method D638, min, MPa® Value®?
2 Flexural Modulus (1 % secant)® Unspecified 650 1000 1350 1700 2050 2400 2750 3100 Specify
Test Method D790 (A), min, MPa® Value?
3 Izod impact resistance” at +23°C Unspecified 15 35 55 75 95 115 135 155 Specify
Test Method D256, min, J/m& Value®
4 Deflection Temperature at 455 kPa' Unspecified 70 80 90 100 110 120 130 140 Specify
Test Method D648, min, °C Value?
5 To be determined Lnspecified Specify
Value®?
Alt is re¢ognized that detailed test values, particularly Izod impact, may not predict nor even correlate with performance of molded parts.

BTest sgjecimens are unannealed Test Method D638, Type | tensile bars and shall be tested at 50 mm/min when the material is one that shows-a breaking

than 10
°MPa x|
Pif a sp
ETest sg
of cross|

6, or at 5 mm/min when the material breaks at a strain equal to or less than 10 %.

145 = psi or kPa x 0.145 = psi.

cific value is required, it must appear on the drawing or contract, or both.

lecimens are nominal 3.2 by 12.7 mm cross section and are at the center of unannealed Test Method D638, Type | tensile bar, Span is a nomina
head is 1.3 mm/min using Method |. Report 1 % secant modulus based on strain.

strain greater

50 mm. Rate

FTest sgecimens are a nominal 3.2 mm in thickness and are at the center of a Test Method D638, Type | tensile bar.

GJ/m x {1.873 x 102) = ft- Ib/in. or J/m = ft-Ib/in. x 53.38.

HTest sgecimens are nominal 3.2 by 12.7 mm cross section and shall be unannealed.

TABLE 1 Melt Temperature Requirements for Molding
Flow Rate, g/10 min Melt Temperature, °C
1.0-1.5 250
1.6-2.5 240
2.6-4.0 230
4.1-6.5 220
6.6-10.5 210
10.6-17.5 200
17.6-30.0 190

agreed upon between the user and’the supplier.

S1. Approval

S1.]1 Material submitted by.a_new supplier must be ap-
proved by the user. Material ertest specimens submitted by the
supplipr and intended for ®yvaluation shall be accompanied by
the supplier’s laboratory t€st report.

S2. New Sources

S2.]1 The user’may elect to temporarily accept shipment on
the supplier™s-eertification.

S3. Infrared Spectrophotometry or Thermal Analysis, or

SUPPLEMENTARY REQUIREMENTS

The following supplementary items may become part of this specification, when applicable, as

S3.2 In the event such tests are to be designated fas require-
ments to be tested by the supplier, this must appear on the part
drawing or purchase contract, or both.

S4. Quality Assurance Provisions for Government/Military
Procurement

S4.1 Selection of Acceptable Quality Level (AQL) and of
Inspection Level (IL) shall be made with consideration of the
specific use requirements. This is discussed in Sections 7 and
8 of Practice D1898, with reference to MIL-STD-]05. In the
absence of contrary requirements, the following vplues shall

Both

S3.1 At the option of the user, infrared or thermal analysis,
or both, may be conducted on material/parts supplied to this
specification. The curves established for initial approval shall
constitute the reference standard and shall be kept on file at the
user’s laboratory. All samples shall produce curves that corre-
spond to the reference standard within agreed upon tolerances
when tested under the same conditions as those specified on the
master set of curves.

apply:
Testing (Polymer, Unfabricated) IL
S-14

AQL

ASamples shall be drawn from the required number of units and pooled for
preparation of molded samples for property evaluation.

S5. Government/Military Packaging

S5.1 (Text of this section will be the same as presently being
balloted by Subcommittee D20.94.)
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ANNEX

(Mandatory Information)

Al. CERTIFICATION

The producer or supplier shall furnish a certificate of compliance stating that the material was manufactured, sampled,
tested, and inspected in accordance with the Specification, including year date, the Supplementary Requirements, and
any other requirement designated in the purchase order or contract, and that the results met the requlrements of that

Specification-the-Supplementary Requirements-and-the-other requirements—A-sishatire-of rotarizationisnetrequed
on the dertificate of compliance, but the document shall be dated and shall clearly identify the organization submitting
the certjficate. Notwithstanding the absence of a signature or notarization, the certifying organization is responsible [for
the confents of the document.
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APPENDIXES

(Nonmandatory Information)

X1. ADDITIONAL TEST METHODS AND CONDITIONS

X1.1 Table XI1.1 specifies the other test methods and
conditions, other than the five standard test methods, that can
be used to characterize polypropylene.

SD-4101

TABLE X1.1 Test Methods and Conditions”

Standard Test . . Suffix from Test Gondfitions
N P Tt Specimen Type Processing Unit D4000 or and\Suppleentary
umber roperty ) . nits .
Method Dimensions, mm Method D41_O1, Instructipns
Section 5
1. Rheological properties
1.1 Melt flow rate D1238 Granules or powder g/10 min VC2 Test temperature 430°C, 2.16
kg load
1.2 Melt rheology D3835 Granules or powder Pa-s Test temperatures [190, 210, and
230°C
2. Mechanical properties
2.1 Tensile stress at yield D638 Type |, thickness = 3.2 Injection MPa KY Test at 50 mm/min| when the
material is one that shows a
breaking strain dreater than
10 %, or at 5 mm/min when
the material bregks at a strain
equal to or less fhan 10 %
2.2 Tensile elongation at yield % LY
2.3 Tensile modulus MPa Speed of 5 mm/mih with Class
B-2 or better extensometer
2.4 Tensile creep modulus D2990 Type |, thickness = 3.2 Injection MPa At room temperature and at
least two elevatqd tempera-
tures for 1000 hlat three
stress levels
2.5 Flexural modulus D790 Center of Type | bar\63.5 Injection MPa uc 1 % secant, 50 mrp span, 1.3
by 12.7 by-3:2 mm/min speed § + 0.1 mm
radius support r¢ds and load-
ing nose at yield if yield oc-
curs at less thar] 5 % strain,
otherwise report|value at 5 %
2.6 Flexural strength MPa NA
2.7 Flexural creep modulus D2990 Center of Type | bar, 63.5 Injection MPa At room temperatyre and at
by 12.7 by 3.2 least two elevatqd tempera-
tures for 1000 hlat three
stress levels
2.8 Compressive strength D695 12.7 by 12.7 by 25.4 prism Injection MPa QA Speed 1.3 mm/mir| (strain rate
or 12.7 mm diameter by 0.05 mm/mm/mip)
25.4 mm long right
cylinder
2.9 Compressive modulus. 12.7 by 12.7 by 50.8 prism MPa Slenderness ratio |1 to 16 to 1,
or 12.7 mm diameter by speed 1.3 mm/njin (strain rate
50.8 mm long right 0.025 mm/mm/n}in)
cylinder
2.10 CompressiVe creep D2990 12.7 by 12.7 prism or 12.7 Injection At room temperatyre and at
modulus mm diameter length least two elevatqd tempera-
(must be sufficient to tures for 100 h 4t three stress
meet slenderness ratio levels
or 11 to 15)
2.1 Shear strength D732 50 disk or 50 by 50 by 50 square  Injection MPa Speed 1.3 mm/mir]
with thickness of 3.2
212 Shear modulus D5279 76 by 13 by 3.2 Injection Pa -150°C to Tg+20°¢ or
Tm+10°C @ 1 Hz
Pa SM
213 1zod impact resistance D256 Center of Type | bar, 57.2 by 12.7  Injection J/m PA Use a 2.7 J pendulum for all
by 3.2 materials, unless at 2.7 J non-
break behavior is observed.
2.14 Charpy impact D6110 127 by 12.7 by 3.2 Injection J/m PB
resistance
2.15 Cantilever beam impact D4812 Center of Type | bar, 63.5 by 12.7 J/m
by 3.2
2.16 Tensile impact D1822 Type S, thickness = 3.2 Injection kd/m?

resistance
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TABLE X1.1 Continued
Standard Test . . Suffix from Test Conditions
N Specimen Type Processing . D4000 or and Supplementary
umber Property DI . Method Units D4101 Instruction
Method imensions, mm etho 01, structions
Section 5
217 Gardner D5420 Minimum 50 by 50 by 3.2 Injection J PG3 Geometry GC at +23°C, or
impact square or 50 diameter —30°C, or both
by 3.2 disk®
218 Puncture D3763 Minimum 100 Injection J Test speed 2.2 m/s. Report en-
properties by 100 by 3.2 ergy at peak load and total
square or 100 energy at 50 % of the peak
diameter by 3.2 load. Primary test temperature
+23°C_If the temperature at
which the material trar]sitions
from ductile to byittle_failure is
required, recommended test
temperaturés, for'initiall evalua-
tion are 4-0°Cy’-15°C, 30°C
and -40°C»
2.19 Rockwell D785 Minimum 25 by 25 square Injection HRR Rockwell)R scale (thicknpss of
hardness by 6 or 25 diameter disk compression specimen may be achfeved
by 6 thick kY plying specimens of thin-
her specimens may bq used if
hardness is shown nof to be
changed)
2.20 Shore A or D hardness D2240 Minimum 25 by 25 square Injection Shore A Shore A or D scale (thichness of
by 6 or 25 diameter disk com- orD specimen may be achfeved
by 6 thick pression by plying specimens of thin-
ner specimens may bg used if
hardness is shown nof to be
changed). Values at 1]s.
3. Thermal properties
3.1 Melting temperature D2117 Any material form °C CE Fisher-Johns
D3418 CD DSC/DTA
3.2 Heat deflection temperature D648 127 by 13 by 3.2 Injection °C YA Unannealed specimen, 1820
kPa stress.
YD Unannealed specimen, 455 kPa
stress.
3.3 Vicat softening temperature D1525 Minimum 12 by 12 by 3 square or  Injection °C CB Rate A, 50°C/h
12 diameter disk
3.4 Coefficient of linear thermal D696 Between 50 and 120 length, other  Injection pm/(m-°C) Dilatometer, between —-3p° and
expansion dimensions depend, on test ap- +30°C (use E228 for tempera-
paratus tures other than -30 apd
+30°C)
E831 Between 2 and’/10 length and less  Injection pm/(m-°C) Report over ranges from|-30 to
than 10 lateral dimension 0°C, 0 to +30°C, and 430 to
+60°C
3.5 Thermal conductivity C177 Depends on test apparatus Injection cal/s/
cm?/°C/em
3.6 Brittleness temperature D746 Length minimum 20 + minimum 5  Injection °C PL Procedure A
in clamp by 6.35 by 1.91
3.7 Flammability D635 127 by 12.7 by 3.2 Injection mm/min FA
D2863 127 by 6.5 by 3.2 Injection % FB
D3801 127 by 12.7 by 3.2 Injection s FC Generate rating based op burn-
ing time and glow tim{
MVSS-302 355 by 102 by 1.25 Injection mm/min
4. Electrical properties
4.1 Volume resistivity D257 100 by 100 by 3.2 square or ~ Compression Ohm-cm EG Electrification for 60 s with ap-
100 diameter disk by 3.2 plied voltage of 500 V
4.2 Dielectriéistrength D149 100 by 100 by 3.2 square or  Compression  kV/mm EA Method A—short time
100 diameter disk by 3.2
ED Method B—step by step
4.3 Dielectric constant D150 100 by 100 by 3.2 square or ~ Compression ED Test at 1 MHz
100 diameter disk by 3.2
4.4 Dissipation factor EE
4.5 Arc resistance D495 Dependent on test apparatus, Compression s EF
thickness 3.2
5. Optical
5.1 Yellowness index” E313 Minimum 63.5 by 63.5 by 3.2 or Injection Yl Reflectance with specular light
minimum 63.5 diameter disk by included
3.2
5.2 Yellowness index D6290 Pellets Yl Reflectance, specular light
excluded, llluminant C, 2° ob-
server calculate YI with E313
equation
5.3 Gloss D523 150 by 75 by 3.2 Injection At 45 and 60°
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TABLE X1.1 Continued
Standard Test Suffix from Test Conditions
Specimen Type Processing . D4000 or and Supplementary
Number Property ; h Units .
Dimensions, mm Method D4101, Instructions
Method ;
Section 5
6.
6.1 Natural weathering D1435  Type | tensile bar for physical test-  Injection W7 Angle of exposure 45°, report
ing and minimum 65.5 by 63.5 exposure time, % retention of
square or 63.5 diameter disk by physical properties and total
3.2 for color change. solar radiant energy. See
Third Alphanumeric Suffixes
for evaluatjons of exposure
and failure|criteria.©
SAE J1976 Type | tensile bar for physical test-  Injection w8 Angle-of ‘exppsure 5°, report
ing and minimum 65.5 by 63.5 expasure time, % retention of
square or 63.5 diameter disk by physical prpperties and total
3.2 for color change. solar radiaft energy. See
Third Alphgnumeric Suffixes
for evaluatfons and failure cri-
teria.©
6.2 Accelerated weathering D2565 same as for 6.1 Injection Wi Xenon-arc tept as described in
First Digit 1. Exposure for 720
h.P See THird Digit Alphanu-
meric for epaluations of expo-
sure and fgilure criteria.©
D4329 same as for 6.1 Injection w2 Fluorescent WV/condensation
test as degcribed in First Digit
2.0 See THird Alphanumeric
Suffixes fof evaluations of ex-
posure and failure criteria.
SAE J1885 same as for 6.1 Injection W4 Xenon-arc tept as described in
First Digit 4. Radiant expo-
sure of 1240.8 kJ/(m2.nm) at
340 nm.P $ee Third Alphanu-
meric Suffikes for evaluations
of exposurg and failure crite-
ria.©
SAE J1960 same as for'6:1 Injection W3 Xenon-arc tept as described in
First Digit $. Radiant expo-
sure of 25¢0 kJ/(m2.nm) at
340 nm.P $ee Third Alphanu-
meric Suffikes for evaluations
of exposurg and failure crite-
ria.©
D4364 same as for 6.1 Injection W5, UV radiant exposure below 385
w6 nm of 100Q MJ/m?
(approximdtely 3 years).”
Specify whether First Digit is
5 or 6. Seq Third Alphanu-
meric Suffikes for evaluations
of exposurg and failure crite-
ria.©
6.3 Oven aging D3012 50 by 10 by 1.0 Compression Days SA Test temperature = 150°C
or Injection
7. Other
71 Water absorption D570 50.8 by 3.2 disk Injection % 24 h immersipn at ambient tem-
perature
7.2 Water @bsorption D570 50.8 by 3.2 disk Injection % Long-term immersion to satura-
tion
7.3 Chémical resistance D543 50.8 by 3.2 thick disk or Type | Injection % Disk for weight and dimensional
bar, 3.2 thickness changes
Injection % Type | for mgchanical properties
retention, 1 day immersion
7.4 Density D792 37 by 12.7 by 3.2 Injection kg/m? GC
D1505 Peffetor sectiormof mofded or ex- RO GD
truded sample
7.5 Ash D5630 Granules or pellets %

AThe measurement of yellowness index of molded flat specimens for comparison between other laboratories is not as reproducible as with pellets due to the difference
in molding techniques to make the specimen; the additional heat history applied to the material; differences in design of the colorant measurement systems; the level of
specimen transparence, translucence, or opaqueness; and the color of the background backing up the specimen.
BThe Gardner impact resistance of a material is dependent on the size and shape of the specimen, gating of the mold, and the material flow pattern in the mold during
injection molding. When the impact failure mode is ductile the specimen dimensions do not make a significant difference, but when the impact failure mode is brittle, larger
specimens of the same thickness will yield higher impact results. In cases of non-agreement, customer and supplier shall agree on specimen and dimensions used.

CFailure shall be when the material loses tensile strength or Izod impact properties. If color change is critical, AE cannot exceed 3.0.

PThe minimum exposure time shall be that necessary to produce a statistically significant change in the property measured, that is, tensile strength, impact resistance or

color, in the least stable material being evaluated.
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X2. TABLE PP REQUIREMENTS FOR UNREINFORCED POLYPROPYLENE GROUPS 02 AND 03 (NATURAL COLOR
ONLY)

X2.1 Table X2.1 is the former Table PP for the line call out  previously classified with these groupings may continue to be
of random copolymers (Group 2) and copolymers and impact used. All new materials shall be called out with the Group 5
modified materials (Group 03). Groups 02 and 03 have been classification.
replaced by Group 05 in the main document. A material

TABLE X2.1 PP Requirements for Unreinforced Polypropylene (Natural Color Only)

Flexural Deflection
Nominal Flow Tensie o (‘1‘ ol/ = | I7ndt = rempera-
Rate,” Test 'Il?ensl\lllty’ k:nadx \s(itéﬁjss.?eg} Secanot), Réns?sa;gﬁce o] a;:SS_
Group Description  Class Description Grade Description Meg(‘)%%i?igﬁs& eSt1 5(;3; gr N MD(-%t’ggd M;%sgds atheSS(;C’ Stfess,®
230/2.16, D792, kg/m®  min ¢ D790, Method - test
g/10 min ' Procedure A, D256, min,” Mgthod
min,© J/m D§48"
MPa mjn, °C
02 Rqndom 1 General purpose 1 910 24 1000 30 78
cgpolymer 2 910 24 800 30 67
3 910 22 %00 30 67
4 910 20 600 40 62
5 910 17 500 45 62
6 910 16 400 50 60
7 - 910 15 350 50 60
0 Other
2 Nucleated 1 915 26 975 35 87
2 918 24 675 40 77
3 915 22 575 40 73
4 Co 915 21 375 50 67
0 Other
0  Other 0 Other
03 Copolymers 1 Low impact 1 905 26 1000 10 80
or|limpact 2 905 21 850 10 65
medified 3 905 23 850 30 70
4 905 18 650 30 65
5 905 17 450 30 60
6 905 24 800 50 75
7 905 22 750 50 70
8 905 20 750 50 70
9 s 905 18 650 50 65
0 Qther
2 Moderate impact 1 AN 905 27 1000 60 85
2 905 25 850 70 80
3 905 23 850 70 75
4 905 21 750 70 70
5 905 19 550 70 70
(<) 905 19 550 70 60
7 905 22 700 90 75
8 905 17 650 90 65
9 L 905 15 550 90 60
0 Other
3  Medium.mpact 1 905 25 1000 100 75
2 905 23 900 120 70
3 905 19 700 120 65
4 905 17 500 120 60
5 905 17 600 150 65
6 905 25 850 200 70
7 905 20 850 200 70
8 905 20 700 200 70
9 L 905 16 500 200 60
0 Other
4 High impact 1 905 24 800 300 80
2 965 24 866 366 75
3 905 21 550 300 70
4 905 17 500 300 65
5 905 15 450 300 60
6 905 16 500 400 65
7 905 24 750 600 70
8 905 20 700 600 65
9 L 905 19 500 600 60
0 Other
5  Nucleated 1 905 29 1000 10 77
2 905 27 1300 30 95
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TABLE X2.1 Continued
FIexuraID | Deflection
: Tensile Modulus Z0 Tempera-
Nominal Flow ) B (1% Impact, & ;
Rate,” Test 'Il?ert]sl\l;lty’tr:nzx \S(itt;IedSSTeii Secant),  Resistance tureKa;:SS
ot - - Method D1238, !est Methods y Test at 23°C,
Group Description  Class Description Grade Description Condition D1505 or I\/IDeésgd Methods Test Stress, @
230/2.16, D792, kg/m®  min € D790, Method Test
g/10 min MPa  Procedure A, D256, min,” Method
a min, J/m D648,
MPa min, °C
3 905 23 950 30 90
4 905 21 850 30 85
=4 Q05 22 10L0. 0 85
6 905 19 800 b0 85
7 905 26 1150 BO 85
8 905 22 850 80 80
9 c 905 19 550 00 80
0 Other
0 Other 0 Other
“Nominal| flow rate is as supplied by the manufacturer of the material. Maximum allowable tolerance = +30 % per individual lot.

BTest specimens are unannealed Test Method D638, Type | tensile bars and shall be tested at 50 mm/min when the material‘is*one that shows a bre

than 10 %, or at 5 mm/min when the material breaks at a strain equal to or less than 10 %.
°MPa x 145 = psi.

PTest spIimens are the center of the unannealed Test Method D638,, Type | tensile bars with a nominal 3.2 by 12#-mm cross section. Span is a n

of crosshgad is 1.3 mm/min using Method |. Report 1 % secant based on strain.
ETest specimens are nominal 3.2 mm in width and are at the center section of unannealed Test Method D6385 Fype | tensile bar.
FJ/m = ft-|bf/in. x 53.38.

GTest spdcimens are nominal 3.2 by 12.7-mm cross section and shall be unannealed.
HMinimurp values are based on testing the material by Test Method D648, Method A (test span 101.8.mm).

173

aking strain greater

minal 50 mm. Rate


https://asmenormdoc.com/api2/?name=ASME NM.3.1 2018.pdf

INTENTIONALLY- EEFT BLANK



https://asmenormdoc.com/api2/?name=ASME NM.3.1 2018.pdf

ASME NM.3.1-2018 SD-4894

SPECIFICATION FOR POLYTETRAFLUOROETHYLENE
(PTFE) GRANULAR MOLDING AND RAM EXTRUSION
MATERIALS

@Z@ SD-4894

(Identical with ASTM D4894-07(R12) except, for-Tevisions in para. 7.1 and section 11, and additional requirements if
section 12 and Anhex Al, and renumbering of sections 13 and 14.)
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Specification for

ASME NM.3.1-2018

Polytetrafluoroethylene (PTFE) Granular Molding and Ram

Extrusion Materials

1. Scope

1.1 This spegification covers granular resins and test meth-
ods for polytetrafluoroethylene (PTFE) that have never been
preformed or npolded and are normally processed by methods
similar to thosg¢ used in powder metallurgy or ceramics, or by
special extrusign processes. These PTFE resins are homopoly-
oroethylene, or, in some cases, modified ho-
taining not more than one percent by weight of
other fluoromopomers. The usual methods of processing ther-
moplastics gejerally are not applicable to these materials
because of theif viscoelastic properties at processing tempera-
tures. The matdrials included herein do not include mixtures of
PTFE resin with additives such as colorants, fillers or plasti-
cizers; nor do they include reprocessed or reground resin or any
fabricated artidles. The methods and properties included are
those required [to identify the various types of resins. Addi-
tional procedufes are provided in the Appendix for further
characterizatiof of the resins.

1.2 The valyes stated in SI units as detailed in IEEE/ASTM
SI-10 are to bq regarded as the standard, and the practices of
IEEE/ASTM S[-10 are incorporated herein.

1.3 The follpwing precautionary caveat pertains only to the
Specimen Prephration section, Section 9, and the Test Methods
section, Sectiop 10, of this specification: This. Specification
does not purpdrt to address all of the safety conterns, if any,
associated witl its use. It is the responsibility of the user of this
standard to establish appropriate safety. and health practices
and determine the applicability of regulatory limitations prior
to use. See Nofes 3 and 9 for spegific cautionary statements.

Note 1—Inforfnation in this specification is technically equivalent to
related informatign in ISO 12086-1/and ISO 12086-2.

2.

Referenced Documents

2.1 ASTM Standards:

D618 Practice for Conditioning Plastics for Tésting

D638 Test Method for Tensile Properties of Plastics

D792 Test Methods for Density and Specific Gravity
tive Density) of Plastics by Displacement

D883 Terminology Relating to’Plastics

D1895 Test Methods for Apparent Density, Bulk Fac
Pourability of Plastic Materials

(Rela-

tor, and

D3295 Specification for¢PTFE Tubing, Miniature Beading

and Spiral Cut Tubing
D3892 Practice fof Packaging/Packing of Plastics
D4441 Specification for Aqueous Dispersions of Pd
fluoroethylene

lytetra-

D4591 Test” Method for Determining Temperau;ﬂzs and

Heats of Transitions of Fluoropolymers by Di
Secanning Calorimetry

D4745 Specification for Filled Compounds of Polytd
roethylene (PTFE) Molding and Extrusion Materi

D4895 Specification for Polytetrafluoroethylene
Resin Produced From Dispersion

E11 Specification for Woven Wire Test Sieve Cloth 4
Sieves

E177 Practice for Use of the Terms Precision and
ASTM Test Methods

IEEE/ASTM SI-10 Standard for Use of the Interi
System of Units (SI): The Modern Metric Systen]

2.2 ISO Standards:

ISO 12086-1 Plastics—Fluoropolymer Dispersio
Moulding and Extrusion Materials—Part 1: Desi
System and Basis for Specification

ISO 12086-2 Test Methods for Fluoropolymers

rential
trafluo-
als
PTFE)
nd Test
Bias in

national

ns and
gnation
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TABLE 1 Detail Requirements for Tests on Resins”

Type Grade Bulk Density, g/L Particle Size, Average Diameter, pm Water Content, max, % Melting Peak Temperature
Initial °C Second °C

| 1 700 = 100 500 + 150 0.04 A 327 £ 10

2 675 + 50 375+75 0.04 A 327+ 10

I <100 0.04 A 327 10

m 1 400 + 125 <100 0.04 A 327 £ 10

2 850 + 100 500 + 150 0.04 A 327 £ 10

I\ 1 650 + 150 550 + 225 0.04 A 327 £ 10

2 >800 o 0.04 A 327 +10

3 580 + 80 200 + 75 0.04 A 327 +10

\ N 635 + 100 500 + 250 0.04 327 £ 10 327 £ 10

\ii L. 650 + 150 800 + 250 0.04 A 327 £ 10

A >5°C pbove the second melting peak temperature.

3. Terminology

3.1|Definitions:

3.1fl The terminology given in Terminology D883 is appli-
cable fo this specification.

3.2|Descriptions of Terms Specific to This Standard:

3.2l bulk density—the mass (in grams) per litre of resin
measyred under the conditions of the test.

3.2R extended specific gravity (ESG)—the specific gravity
of a specimen of PTFE material molded as described in this
specifcation and sintered (g.v.) for an extended period of time,
compdred to the sintering time for the measurement of standard
speciffc gravity (SSG), using the appropriate sintering schedule
given [in this specification.

3.2B lot, n—one production run or a uniform blend of two
or mofe production runs.

3.2 preforming—compacting powdered PTFE matetial
under|pressure in a mold to produce a solid object, called a
preforpm, that is capable of being handled. Molding” and
compgction are terms used interchangeably with preforming
for PTFE.

3.2 reground resin—that produced by grinding PTFE
materfal that has been preformed but has.never been sintered.

3.2 reprocessed resin—that produced by grinding PTFE
materfal that has been both preformed and sintered.

3.2J7 sintering—as it applies\to/PTFE, a thermal treatment
during which the PTFE is melted and recrystallized by cooling
with doalescence occurring\dtiring the treatment.

3.2 skiving—a maehining operation during which a con-
tinuoys film of PTEE material is peeled from the lateral surface
of a clindricalssintéred molding.

3.2P standard specific gravity (SSG)—the specific gravity
of a specimen of PTFE material molded as described in this
specifﬁ:ation and sintered using the appropriate sintering

4.1.1 Type I—Resin used for general-purpose molding and
ram extrusion.
4.1.2 Type II—Finely dividedwesin with an averdge particle
size less than 100 micrometres.
4.1.3 Type III—Modifiedr€sins, either finely divided or
free-flowing, typically used'in applications requiring improved
resistance to creep afig-stress-relaxation in end-use
4.1.4 Type IV—Free-flowing resins. Generally| made by
treatment of finely divided resin to produce fiee-flowing
agglomerates:
4.1.5 Type” V—Presintered. Resin that has bden treated
thermally, at or above the melting point of the resin at
atmoéspheric pressure without having been previously pre-
fotmed.
4.1.6 Type VI—Resin, not presintered, but for rarh extrusion
only.
Note 2—See Tables 1 and 2 for division of Types by|Grades, and
footnotes to Tables 1 and 2 (and Table X2.1 in Appendix X3.) for former
classifications.
4.2 A line callout system is used to specify matefials in this
standard. The system uses predefined cells to refer|to specific
aspects of this specification, illustrated as follows:

Specification
Standard Number | Type Grade Class . Special notes
Block
Example: ASTM m 2

D4894 — 04

For this example, the line callout would pe ASTM
D4894 — 04, 1112, and would specify a granular polytetrafluo-
roethylene that has all of the properties listed for thgt Type and
Grade in the appropriate specified properties, Tabl¢s, or both,
in this specification. In this case there is no Class {tem so the

cell position for class is left blank. A comma is ysed as the
cnpqrqfnr between Standard Number and T‘_; pe Qn; arators are

schedule given in this specification.

3.2.10 thermal instability index (TII)—a measure of the
decrease in molecular weight of PTFE material which has been
heated for a prolonged period of time.

4. Classification

4.1 This specification covers the following six types of
PTFE generally used for compression molding or ram
extrusion, or both:

177

not needed between Type, Grade, and Class. Provision for
Special Notes is included so that other information will be
provided when required. An example would be in Specification
D3295 where dimensions and tolerances are specified for each
AWG size within Type and Class. When Special Notes are
used, they shall be preceded by a comma.
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TABLE 2 Detail Requirements for Tests on Molded Specimens
Type Grade Thermal Instability Index, max Standard Specific Gravity Tensile Strength, min Elongation at break min %
min max MPa psi
| 1 50 213 2.18 13.8 2000 140
2 50 2.13 2.18 17.2 2500 200
1l . 50 2.13 2.19 27.6 4000 300
1] 1 50 2.14 2.22 28.0 4060 450
2 50 2.14 2.18 20.7 3000 300
v 1 50 213 2.19 255 3700 275
2 50 213 2.19 27.6 4000 300
3 50 2.15 2.18 27.6 4000 200
\ S NAA NAA NAA NAA NAA NAA
VI o NAA NAA NAA NAA NAA NAA

“'NA: Not AppTicable by molding techniques mcluded i This specrication.
B Extrusions pf this resin show different degrees of clarity from the others.

5. Mechanical Properties

5.1 Thq resins covered by this specification shall conform to
the requirgments prescribed in Tables 1 and 2 when tested by
the procedures specified herein. Table 1 lists tests to be carried
out on resyns. Table 2 lists tests requiring specimens molded as
described [in Section 9.

6. Other [Requirements

6.1 Thd resin shall be uniform and shall contain no additives
or foreign| material.

6.2 Thq color of the material as shipped by the seller shall
be white.

7. Sampling

7.1 Sarppling shall be statistically adequate to satisfy the
requiremepts of Annex Al.

8. Numbg¢r of Tests

8.1 Loy inspection shall include tests for bulk density,
particle sige and standard specific gravity. Periodic tests shall
consist of |all the tests specified in Tables 1 and 2 and-shall be
made at Igast one per year.

8.2 Thq tests listed in Tables 1 and 2, &s they apply, are
sufficient fo establish conformity of a mdtemal to this specifi-
cation. Orje set of tests specimens as(prescribed in Section 7
shall be ¢onsidered sufficient for(testing each sample. The
average of the results for the spe€imens tested shall conform to
the requirgments of this specification.

9. Specinjen Preparation

9.1 Tes| Disks:

9.1.1 Use the_die‘shown in Fig. 1 for the molding of test
disks. The| testTesin shall be near ambient temperature prior to
molding (Néte-S). Warning—PTFE can evolve small quanti-

9.1.2 Screen 14.5 g (for tensile properties) or 7.25 g (fo
electrical properties discussed in Appendix\X1.7) of PTFH
resin through a No. 10 hand sieve into thedie. Adjust the lowe
plug height to allow the resin in thie’die can be leveled by
drawing a straightedge in contact with the top of the die acros
the top of the die cavity. Insert‘the ‘die in a suitable hydrauli
press and apply pressure gradually (Note 3) until a total of 34.]
MPa (5000 psi) is attaineds Hold this pressure for 3 min|
Remove the disk identification on the disk at this time.

Note 3—As a guide, increasing the pressure at a rate of 3.45 MPa (50
psi)/min is suggested<until the desired maximum pressure is attained.

9.1.3 Sinter'the preforms in accordance with Table 3 (Not
4).

9.1.3(\Use Procedure B for Types I, II and IV and Proce
dureCfor Type III

Note 4—Although the rate of heating application is not critical, th
cooling cycle is most important and the conditions cited in thes
procedures must be followed very closely. If they are not followed, th
crystallinity of the disks and the resulting physical properties will b
markedly changed. Therefore, the use of a programmed oven is recom
mended for the most precise sintering cycle control so that the hoo
window will be left down during the entire sintering procedure, the latte}
being an important safety consideration.

9.2 Test Specimens for Standard Specific Gravity (SSG) and
Extended Specific Gravity (ESG):

9.2.1 A cylindrical preforming die, 28.6 mm (1% in.
internal diameter by at least 76.2 mm (3 in.) deep, is used t
prepare the preforms. End plug clearances shall be sufficient t
ensure escape of air during pressing. The test resin shall be nea
ambient temperature prior to molding (Note 5).

Note 5—For maximum precision, the weighing and preforming operal
tions shall be carried out at 23 * 2°C (73.4 = 3.6°F) (the “near ambient’
temperature referred to herein). These operations shall not be preformed af
temperatures below 21°C (70°F) due to the crystalline transition thal
occurs in PTFE in this temperature region which leads to possible crack
in sintered specimens and differences in specimen density (as well a
changes in other physical properties). Problems caused by the effects o

ties of gascous plUL‘lublb wire teated—above204°C—=409F)-
Some of these gases are harmful. Consequently, exhaust
ventilation must be used whenever the resins are heated above
this temperature, as they are during the sintering operations
that are a part of this specification. Since the temperature of
burning tobacco exceeds 204°C (400°F), those working with
PTFE resins should ensure that tobacco is not contaminated.

temperature on the specific gravity or density of PTFE will be minimize
when the measurement is made using immersion procedures if a sensitive
thermometer (for example, one reading +0.1°C) is used in the liquid and
the temperature is adjusted to be at least 22°C.

9.2.2 Weigh out 12.0 = 0.1 g of resin and place it in the die.
Screen non-free-flowing resins through a No. 10 sieve. Break
up compacted resins by hand-shaking cold resin in a half-filled

178


https://asmenormdoc.com/api2/?name=ASME NM.3.1 2018.pdf

ASME NM.3.1-2018

}—— 89mm(3—[2~")—~{

SD-4894

T0mm (2— )x 20 Thd's, per in.
{Internal)

FSlmm’}
(2"

E- T _s*_ E =
80 &8 B
~ ~ O -~ ®©
g8 5 g S : 8 J
o, o 3 ™
-+ | Vezza
40m§1_‘
B. Steel (129 C. Steel
38mm (11)
] 25 (I:) 5('2"‘)'" 3" 127 mm (5") ——
L25mm . 70mm(23 )x20 [ l27Tm A
J 25mny Thd's. per in. "‘ 102 mm (4") —>!
i // B
s, £ N Y/
2388 5388 £ 74 c
- Fral 3740 3% 0 |
5838 e 89m
g3 28 2.3 7 Nf 549
AA ~7 3 =}
4+ ~l~32mm (1/8") AN |
N
A. Steel D. Steel Assembly
FIG.1 Assembly and Details of Die for Molding Test Specimens
TABLE 3 Sintering Procedures
B C E F G H [
Initial t§mperature, °C (°F) 290 (554) 290 (554) 238 (460) 238 (460) 290 (554) 238 (460) 238 (460) 238 (460)
Rate of|heating, °C/h (°F/h) 120 £ 10 120 £ 10 605 60 5 120 + 10 60x5 60x5 60 x5
(216 £18) (216 = 18) (108 + 9) (108'x9) (216 + 18) (108 £ 9) (108 + 9) (108 + 9)
Hold tefnperature, °C (°F) 380+ 6 357+8 371:6 360+ 6 380+ 6 357+8 380 =6 371+6
(716 £10) (675 15)  (700+10) ¢(685'+10) (716 x 10) (675 £ 5) (716 £10) | (700 = 10)
Hold tifpe, min 30+2,-0 30+2,-0 240+ 15 240+ 15 360+5 240 + 15 960 = 15 120+ 5
Cooling| rate, °C/h (°F/h) 605 60 +5 605 60 +5 60 +5 60+5 605 605
(108 = 9) (108 = 9) (108 £99) (108 = 9) (108 = 9) (108 £ 9) (108 = 9) (108 = 9)
Final orf second hold temperature, °C (°F) 294 +6 294 +6 238+ 6 238 + 6 294 +6 238 + 6 238+ 6 238+ 6
(561+10)  (561=10) _ (460%10)  (460=10)  (561+10)  (460x10) (460 +10) | (460 = 10)
Second] hold time, min 24+05,-0 24+05,-0 NAA NAA 24+ 0.5, -0 NAA NAA NAA
Period {o room temperature, min, h 1) 2] 6 ) 6 6 6
ANA, Npt applicable.
r- 3" (13.6 m)__]
. .. . . 5
sealed glass container. Condition the resin in the sealed glass 8
contaiper in a freezer or dry-ice chest. After breaking up resin - —
lumps}, allow the sealed container to equilibrate to near ambient ol E
tempeyature. Then screen and weigh the 12.0 = 0.1-g sample. _4 9
Insert|the die in a suitable hydraulic press and apply pressure A
graduglly (Note 3) until a pressure of 34.5 MPa (5000 psi) is U ine (6.3 w) 1 "
. . . in. «3 mm 1am
attaingd. Hold this pressuge, for 2 min. Remove the preform b Sides Required \* * 5
. . . . . . oI
from the die. Write the-sample identification number using an olE oy
appropriate marker~thiat will not effect the PTFE during &
. 4 . . = >
sintering on the preform at this time. wiPE & 3
9.2 Sinterdhe preforms in accordance with Table 3 (Note LG
4. wPE| ©
9.2 .1 "For SSG specimens use Procedure B for Types I, 1I 8
and 1Y and Procedure C for Type III. g E
- o
9.2.3.2 For ESG specimens use Procedure F for Types I, II U / o
nd IV and Pr re G for Type IIL 12y )
and IV and Procedure G for Type 4-7/8"D, TYPE 3003- Hi4 J
L 20 GA. ALUMINUM —
Note 6—Improved precision in SSG and ESG test results has been 5 REQUIRED

obtained with the use of an upright, cylindrical oven and an aluminum
sintering rack. The cylindrical oven has an inside diameter of 140 mm (5.5
in.) and an inside depth of 203 mm (8 in.) plus additional depth to
accommodate a 50.8-mm (2-in.) thick cover, and is equipped with suitable
heaters and controllers to sinter specimens in accordance with the
Procedures in Table 3. The rack, as shown in Fig. 2, allows preforms to be
placed symmetrically in the center region of the oven. Place six preforms

NOTE: ALUMINUM PLATES
TACK WELDED TO RODS

FIG.2 SSG Samples Sintering Rack

on each of the middle oven rack shelves (if six or fewer preforms are to
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I I i SECT. I ] ¥ Approx. 1.6 mm (116 1)
FACE A
RAM
H FACE B
1 H STEEL
PUSHER SECT.I
\ - \ FACE C
\ R \ __FACED
\ <——STEEL MOLD
- : Approx. 57 mm (2.25in.) .D.
305 mm (12 in mm (15 1 SECT.IX
\ loasg'm (12in.) to 380 (15in.) Approx. 38 mm {1.5in.)
FACE E
\ H FACE F
PUSHER AN
" r SECTI® — JON7F approx. 1.6 am (1/160n)
VAV 77 VA FIG. 4 Sectioned PTFE Test Billet

FIG. 3 Preforming of PTFE Test Billet

be sintered, place them on the middle rack, filling in with “dummies” as
needed). Plage “dummies” on the top and bottom shelves. Specimens must
be spaced evpnly in a circle on each shelf, with none of them touching. An
oven load mpust be no less than 18 pieces including “dummies.” “Dum-
mies” are d¢fined as normal 12-g specimens that have previously been
through the| sintering cycle. “Dummies” must only be used for an
additional to or three thermal cycles, due to eventual loss of thermal
stability and|physical form.

9.2.4 R¢move all flash from each specimen so that no air
bubbles will cling to the edges when the specimen is immersed
in the solutiion for weighing during the standard specific gravity
and thermdl instability index tests. It is recommended,_ for this
section andl during testing that cotton gloves be worn while
handling t¢st specimens.

9.3 Test|Billets:

9.3.1 Uge test specimens cut or skived-from billets may be
used as alt¢grnatives to the test disks described in 9.1 and 9.2 for
Types L, II} IIT and IV resins.

9.3.2 Mpld test billets in a mold\similar to Fig. 3, having an
inside diampeter of 57 mm (2.25.n’) and of sufficient height to
contain thg resin sample. Plug.clearance shall be sufficient to
ensure escqipe of air duriig,pressing. A 254-mm (10-in.) mold
cavity fill dlepth will produce a billet approximately 76 mm (3
in.) long ffom a r€sity charge of 400 = 50 g. Vary the billet
length in afcorddnee with the testing to be done. The test resin
shall be ndar.ambient temperature prior to molding (Note 4).

932.1 Adjnqr the lower plng pnqitinn lming a_suppaort ring

preforming step. Thefinal pressure attained, if not recom-
mended by the mantfacturer of the particular material, shall be
34.5 MPa (5000 psi) for Type I and 17.2 MPa (2500 ppi) for
Types I, IIand IV. Hold under maximum pressure for|2 to 5
min. Reléase the pressure by gradually “cracking” the pressure
releasepyalve without an apparent movement of the| press
platens: Remove the top pusher and force the preform| verti-
cally out of the mold shell using a continuous, smooth
movement.

Note 7—Remove the mold in a careful smooth movement from|the die
to prevent cracking.

9.3.3 Sinter the preform in accordance with Table 3|(Note
4).

9.3.3.1 Use Procedure D for Types I, II and 1Y and
Procedure E for Type III—except for ESG specimens.

9.3.3.2 For ESG specimens use Procedure H for Typds I, I,
and IV and Procedure I for Type III.

9.3.4 Divide the test billet into sections by making |trans-
verse cuts by machining, or by a suitable alternate prodedure,
in accordance with Fig. 4. Use a saw for the rough cuts
between Sections I and II and between sections III and 1V, but
Faces C and D must be prepared by machining. Prepafe five
test specimens for the determination of tensile propertief from
0.8-mm (*/32-in.) thick slices machined from Section II, Hace C,
and machine a slice of suitable thickness for standard specific
gravity measurements as described in 10.5. Care shall bg taken
to avoid wedge-shaped cuts. Use the remainder of Sectign II to

to position the mold shell so that the resin level will not come
within 13 mm (0.5 in.) of the top of the mold cavity. Add the
resin to the mold, insert the top plug, and apply hand pressure.
Remove the support ring, and place the mold in a hydraulic
press.

9.3.2.2 Apply an initial pressure of 3.45 MPa (500 psi)
*10 % and hold for 1 to 2 min. Increase the pressure smoothly
to the final preforming pressure in 3 to 5 min. Do not allow the
mold shell to contact either press platen at any time during this

prepare tape specimens by skiving 0.13 mm (5 mils) thick.
Discard the initial five revolutions of skived tape before taking
the test sample. Use the tape for the determination of tensile
properties, as an alternative to machined disks. If electrical
properties, discussed in the Appendix, are to be determined on
tape, Sections II and III must be left together in order that a
tape of sufficient width is obtained to allow the cutting of a
50.8-mm (2-in.) diameter electrical test specimen.

9.4 Conditioning Test Specimens:
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melted before the test. The second melting peak temperature
occurs at about 327°C (621°F). Usually the difference between
the initial and second melting peak temperatures is greater than
5°C (9°F), as seen in Table 1. If peak temperatures are difficult
to discern from the curves, that is, if the peaks are rounded
rather than pointed, straight lines shall be drawn tangent to the
sides of the peak. Where these lines intersect beyond the peak
shall be taken as the peak temperature. Where more than one
peak occurs during the initial melting test, the presence of any
peak corresponding to the second melting peak temperature

SECOND AND SUBSEQUENT

MELTING PEAKS ——_’V

INITIAL MELTING
PEAK 4

TEMPERATURE

FIG. 5 Melting Characteristics by Thermal Analysis

9.4l For tests of tensile properties and all tests requiring the
measyrement of specific gravity condition the test specimens in
generdl accordance with Procedure A of Practice D618, with
the following deviations therefrom: a) the aging period shall be
a mifimum of 4 h immediately prior to testing, b) the
laborafory temperature shall be 23 = 2°C (73.4 = 3.6°F), and
c) thetle shall be no requirement respecting humidity. The other
tests rpquire no conditioning of the molded test specimens.

9.5 |Test Conditions:

9.5l Tests shall be conducted at the standard laboratory
tempefature of 23 * 2°C (73.4 = 3.6°F). See Note S5-for
additipnal details. Since these resins do not absorb waten, the
maint¢nance of constant humidity during testing«is_mot re-
quired.

10. Test Methods

10.1 Melting Characteristics by Therinal Analysis:

10.1.1 Significance and Use—Most\of the PTFE resins that
fall wfithin the scope of this specification have never been
melted (the only exception is Type/V resin). These resins have
highel] melting peak temperatures on initial melting than on
secondl or subsequent meltings. Since PTFE resins that have
been nelted prior to Alsevbehave differently from those that
have fot, the meltigg characteristics of resins provide impor-
tant distinctions, anieng them. Melting peak temperatures (see
Fig. §) are uged to make these distinctions, and determine
confofmance-of a resin to the melting peak temperature
requirgments given in Table 1 of this specification. A resin that
has been_melted is not onmpntih]r—\ with thig Qperiﬁr‘ntinn

indicates the presence of some previously melted thaterial.

10.2 Bulk Density:
10.2.1 Significance and Use—Bulk denSity-givels some in-
dication of how a resin will perform during féeding pf molding
and ram extrusion equipment. PTFE fesins have a tgndency to
compact during shipment and storage, and even fhough the
material is broken up by screéning or some otlier means,
original “as produced” resulfs are not guaranteed. Because of
this tendency to pack undetsmall amounts of compression or
shear, Test Method D1895,ts not applicable to these [resins. The
procedure given in the™following paragraphs must|be used to
measure this property.
10.2.2 Appdratus:
10.2.2.1_#unnel—A funnel arrangement as showh in Fig. 6.
10.2.2.2{ Feeder —A feeder with a No. 8 wire scfeen placed
over approximately the top two-thirds of the trough. [The funnel
shall*be mounted permanently in the feeder outlet.
10.2.2.3 Controller
10.2.2.4 Volumetric Cup and Cup Stand (Fig. 7)—The
volumetric cup shall be calibrated initially to 250 m[ by filling
it with distilled water, placing a planar glass pldte on top,
drying the outside of the cup, and weighing. The [net weight
shall be 250 = 0.5 g. The top and bottom fages of the
volumetric cup and the cup stand shall be machined plane and
parallel.
10.2.2.5 Leveling Device—The leveler (Fig. §) shall be
affixed permanently to the table and adjusted sp that the
sawtooth edge of the leveler blade passes within 0)8 mm (/42
in.) of the top of the volumetric cup.
10.2.2.6 Work Surface—The work surface for Holding the
volumetric cup and leveler shall be essentially |free from
vibration. The feeder, therefore, must be mounted on an
adjoining table or wall bracket.
10.2.2.7 Balance—The balance having an extepded beam
shall have a capacity of 500 g and a sensitivity ¢f 0.1 g or
equivalent.
10.2.3 Procedure:
10.2.3.1 Place the clean, dry volumetric cup on the extended
beam of the balance and adjust the tare to zero. Sglect about

except for Type V.

10.1.2 Apparatus—Use apparatus described in Test Method
D4591.

10.1.3 Procedure:

10.1.3.1 Measure melting peak temperatures in accordance
with the procedures given in Method D4591. An initial melting
peak temperature above the melting peak temperature obtained
on the second and subsequent melting (defined as the second
melting peak temperature) indicates that the resin was not

500 mL of the resin to be tested, place it on the feeder screen
and vibrate all of the resin through the screen and back into the
sample container twice to break up any lumps. Put the cup in
the cup stand and place the assembly such that the distance of
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Seamiess Tubing

free polymer fall fronithe feeder outlet to the top rim of the cup
shall be 3§4.1 = 3.2 fom (12 = ¥4 in.). Increased fall causes
packing in| the~cup* and higher Bulk Density values. Set the
controller Jotthatthe cup is filled in 20 to 30 s. Pour the sample
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FIG. 6 Details of Funnel for Bulk Density Test

Diom
61.92mm(2438") e g —
o1 88mm(2436" Nofes: 102 mm (4"} Diam
Digm I Top and bottom must be flat and Diam
27-'3"1"‘?2-249”) paraliel within 0.05mm (0.002"). 6195 mm(2.439"_| /7
7. 17Tmm{2.251") 2 Inside bottom corner mushbe 61.97 mm (2.440")
I square as shown. {
[ 3 Start with Stainless Steel,Tubing T T
63mm {2+ )0.D. x 50:80 mm (2.000"} A
or 53.98 mm {2.125") 1.D. square up
e~ ! and machine 6. finished dimensions 90° Simm
ey aotter welding. +15' (2"
= @ |
2 ol )/'
€ ele
E g -
8 ols ' /
23S Notes: IZ?T'"
o[ 90° i, Top and bottom must be flat and (5%
*15 parallel within 0.05 mm (0.002").
B 2 Remove all external sharp corners.
— 3 Bottom of hole must be square
L with centertine and with top
Weld all gfound.and surface of stand.
qrind, Smooth

FIG.7 Volumetric Cap and Cap Stand for Bulk Density Test

CUP STAND
Mat'l: 17 S-T Aluminum (or equiv.)

this test method has no bias because the value of bulk density
is defined only in terms of a test method.

10.3 Particle Size:
10.3.1 Significance and Use—The fabrication of PTHE res-

on the vibratirg—sereen-andfi-the-eup-so-that-therestaforms
a mound and overflows. Let the resin settle for about 15 s and
then gently push the cup and its stand beneath the leveler.
Exercise care to avoid agitation of the resin and cup before
leveling. Weigh the resin to the nearest 0.1 g.

10.2.4 Calculation—Calculate the bulk density as follows:

Grams of resin X 4 = bulk density (grams per litre)

10.2.5 Precision and Bias—A precision statement for use
with this procedure is under development. The procedure in

ins either by molding or extrusion is affected significantly by
particle (or agglomerate) size and size distribution. (See
Appendix X1. for further details on particle characteristics.)
The average particle size of PTFE resins is determined by
fractionation of the material with a series of sieves. Fraction-
ation is facilitated by spraying with perchloroethylene which
breaks up lumps and prevents clogging of the sieve openings.
(Warning—Perchloroethylene is under investigation by gov-
ernment agencies and industry for its carcinogenic effects.
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by phantom lines.)

tive nitrile or butyl gloves shall be worn to prevent skin
t and adequate ventilation provided to remove the
)
.2 Apparatus:

.2.1 Balance—capable of weighing to +0.1 g.

2.2 Sieves—U.S. Standard Sieve Series, 203-mm (8-
hmeter conforming to Specification E11. Sieve Numbers
e selected from Table 4.

.2.3 Ventilated Hood.

2.4 Beakers—Six tared, 150-mL beakers.

8—As an alternative, sieves are tared, dried, and, weighed on a
to avoid transferring of fractionated samples t¢ the*tared beakers.
2.5 Apparatus for Sieving and Spraying—A suggested
ement of an apparatus for recirculating perchloroethyl-
shown in Fig. 9 (a). This must-be Jocated in a ventilated
br adequately ventilated area.

.3 Reagents—Perchlorgethylene, 20 L (5 gal). The use
er liquids, their applicability and hazards associated with
se must be thoroughly/investigated.

4 Procedure:

4.1 Select the appropriate sample size and combination
es from Table 4 for the type of resin under test. Adjust
w rate of«the perchloroethylene to 6 = 0.5 L/min.

4.2 Place the weighed resin on the top sieve and spray
W perchiloroethylene for 1 = 0.2 min. The shower-head

shall 1

e abont level with the top of the sieve and be moved in

[ 1
254 mm (10") —-—I ]-—— 254 mm (10") —v‘

Height of saw blade must allow
0.8mm (1/32") or less clearance
between blade and assembled
cup and cup stand {as indicated

FIG. 8 Leveler Stand for Bulk Density Test

Welded construction where ‘indicated

LEVELER STAND
Mat'l: as Noted

shown in Fig."9"(b). Pour each fraction into a tared
weigh to“£0.1 g (See Note 8).

10.3.4.5 Record the weight of resin on each siey

10:374.6 Clean the sieve by inverting it over filte
spraying with perchloroethylene. Take care to preve]
from getting into the perchloroethylene.

10.3.5 Calculation—Calculate the net percentag
on each sieve as follows:

Net percentage on sieve Y’
= F X weight of resin in grams on sieve Y.

where:

F = 2 for 50-g sample, and
F = 10 for 10-g sample.

10.3.5.1 Calculate the cumulative percentage d
each sieve as follows:

Cumulative percentage on sieve Y = sum of net percentage
and sieves having numbers smaller than Y.

Note 9—Example—Cumulative percentage on 500 pm (}
for a Type V resin =net percentage on 1.00 mm (No.
percentage on 710 um (No. 25) plus net percentage on 500
sieves.

10.3.5.2 Plot the cumulative percentage versus

beaker and
e.
[ paper and

ht the resin

re of resin

f resin on

on sieve Y

No. 35) sieve
18) plus net
um (No. 35)

the sieve

opening size (or sieve number) on log-probabilit

paper as

a circular fashion. Take care to break up all of the lumps and
to wash the material from the sides of the sieve.
10.3.4.3 Remove the top sieve and place it in the hood to

dry.

10.3.4.4 Repeat the procedure specified in 10.3.4.2 and
10.3.4.3 until all the sieves have been sprayed. Air-dry the

sieves

in the hood for 30 min or longer, or oven-dry at 90°C

(194°F) for 15 min and then cool to room temperature. Remove
the resin from each sieve by tapping on a piece of paper as

shown in the sample plot (Fig. 10). The sieve numbers and

sieve opening sizes in micrometres are indicated

below the

figure. Draw the best straight line through the points and read
the Particle Size at the 50 % cumulative percentage point (ds).
10.3.5.3 Calculate the Particle Size, Average Diameter,

d as follows:
d = ds, (micrometres)

10.3.6 Precision and Bias:
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TABLE 4 Sieving Requirements”

Sieve Number Type
(opening) I 113 TR v Vi
14 (1.40 mm) X X X X
18 (1.00 mm) X X X X X
25 (710 pm) X X X X X X X
35 (500 pm) X X X X X
45 (355 pm) X X X X X
60 (250 pm) X X X X
80 (180 um) X X X X X
120 (125 pm) X
170 (90 pm) X X
200 (75 pym) X X
230 (63 pum) X X
270 (53 pm) X X
325 (45 um) X X
400 (38 pm) X X X
Sample size, g
10+ 0.1 X X
50 % 0.1 X X X X X
Alt is suggested that the sieves and sample size checked in a “Type Grade”
column be used when performing the sieve analysis on that particular type grade.
B A discussion of the particular characteristics of finely divided resins is found in
Appendix X1.
46¢cm {18") Diam ——w
Por'oblghﬁl‘l’;u.r_osa Sieve 1000 8
Paper 900 PO
ké; é 800
Gratin gt:s: 700 ) °
9 600
' . Table Top - 500 . 3 zg 5
_$ §[#400 Siewe g_ Hir L L 400 P~ g
=< = 229wn 2 950 o ¢
/ _7(551;, (9% lamp 1 s 300 per cent ™ il g
Support g Adjust Flow ] ;g
13m (3") Orain Il Pigstic Tubing ate 200 Lo
mm (") 10 Centrifugal Pump dloo
Capoble of Delivering 150
6 Liters per min ot 120
Shower Mead 100 |
2 5 0 15 20 30 40 S0 60 70 80 85 90 95 9¢ (Per cent)
“ [ tati P t
Pefchloroethylene —§ g";:‘(’l.ru)l::q gmulative Fercentose
20% (8gal) Carboy Sieve Sieve Opening, pm Sieve Sieve Opening, pm
a No. No.
. . 14 1400
FIG. 9 Apparatus for Particle Size Test 18 1000 80 180
25 710 120 125
35 500 170 90
45 355 200 75
. . 60 250 230 63
10.3.6.1| Because the resin particles haye complex shapes, 270 53
and becauge on each sieve there is @ distribution of particle 325 45
sizes, the Values for particle size and’ particle size distribution 400 8
obtained wWill be only relative numibers. The 95 % confidence
limits basqd on a limited series of tests are =2.8 % for the FIG. 10 Sample Plot of Cumulative Percent Versus Sieve (Open-
average pirticle size. Sin¢e there is no accepted reference ing Size for Determination of Particle Size
material sgitable for determination of the bias for this test
pr(i%eglu;e,[ Illo stat;ment Olil Bla; 18 belgglmafle. ilabl 10.4.1 Significance and Use—The presence of an exdessive
Lich S i tc.irna}tlve met O/Z‘ 2r l;))artlc € SIZIe are avatlable. amount of water in PTFE resin has a significant adverse| effect
ight ScattringInstruments/Light Defraction Instruments (see 504 the processing characteristics of the resin and the quality
ISO 1208642.X8.6.4) and Electron Zone Sensing Instruments, of vroducts—made—usinethe—resin—Asamble—of PTEE +dsin of

which is a resistance-variation tester, (see ISO 12086-2, 8.6.3)
are used as long as there is a direct correlation to the Particle
Size Analysis in 10.3 of this specification.

10.3.7.1 This alternative method is very dependent on
particle shape and is only recommended for processes that are
stable and that have regular spherical type shape particles.
Also, it is recommended that each manufacturing processor do
an analysis to determine their own correlation.

10.4 Water Content:

184

ot ettt s —weTeSH——5aHhpr

known weight is dried in a vacuum oven in a tared aluminum
weighing dish. When the resin is dry, it is removed from the
oven, placed in a desiccator, allowed to cool, and then
reweighed. Water content is calculated from the weight lost
during drying.

10.4.2 Apparatus:

10.4.2.1 Balance, capable of weighing to the nearest 0.0001

g.
10.4.2.2 Vacuum Oven.
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10.4.2.3 Aluminum Weighing Dishes, with lids.

10.4.3 Procedure (Note 10):

10.4.3.1 Wash the aluminum weighing dishes with water
and rinse with acetone. When the acetone has evaporated from
the dishes, dry them thoroughly in an oven at 50 to 80°C (122
to 176°F), then store in a desiccator until ready for use. Obtain
the tare weight, B, of an aluminum weighing dish, plus lid, to
the nearest 0.0001 g. Place 35 to 40 g of PTFE resin in the tared
aluminum weighing dish and record the weight (including lid),
A, to the nearest 0.0001 g (Note 10). Dry to constant weight in

SD-4894

10.5.2.4 Make specific gravity determinations in accordance
with the procedures described in Test Methods D792, Method
A-1. Add two drops of a wetting agent to the water in order to
reduce the surface tension and ensure complete wetting of the
specimen.

10.6 Thermal Instability Index (TII):

10.6.1 Significance and Use—This test method compares

the SSG of a resin (determined in 10.5) to its Extended Specific
Gravity (ESG) (determined here). Specimens used to deter-

a vacjum oven (635 mm (25 in.) Hg) at 150°C (302°F), with
the digh lid removed. Remove the dish from the oven, replace
the lid on the weighing dish, and allow to cool in the desiccator
for at|least 30 min. Reweigh the dish (plus the resin and lid),
C, an{ calculate the weight loss.

Nor
duplic
duplic
over.

Nor

10—Select one sample from each group of samples and run
T: water content determinations on it. If the difference between the
e results exceeds 0.01 %, the entire group of samples must be run

11—When a group of samples is run at the same time, it is good
practic¢ to place the lids from the weighing dishes directly under their
corresponding dishes while the samples are drying in the oven. This
elimingtes the possibility of introducing errors in the tare weights. Also,
overnight drying in a circulating air oven is used if the data are shown to
be equjvalent to those obtained with the above procedure.

10.4
10.4

4 Calculation:
4.1 Calculate the water content as follows:

water content, % = (A — C)/(A — B) X 100

where]

A
B
C

weight of resin, dish, and lid, g, before drying
weight of dish and lid, g and,
weight of resin, dish, and lid after drying, g.

10.4
10.4
limits
detern|
is beil
10.1
10.1
article]
partic
There
an arti

resin
of PT

.5 Precision and Bias:

.5.1 The precision of this test is =0.0063 % (two sigma
. Since there is no accepted reference material for
hining the bias in this test procedur€yno statement on bias
g made.

Standard Specific Gravity (SSG):
.1 Significance and Use+The specific gravity of an

made from a PTEE )resin is affected both by the
lar resin used an@-by the way the resin is processed.
ore, a test method that measures the specific gravity of
cle preparedin-@/precisely defined way provides valuable
haracterization data. The specific gravity of a specimen
FE resin\prepared in accordance with all of the require-
ments| of ©:2:3.1 or 9.3.3.1 defines the SSG for that resin
specirhen’

mine ESG are identical to those used to determine SSG, except
for the differences in thermal history described)ir] 9.2.3 and
9.3.3. The specific gravity of a specimen preparedl in accor-
dance with all of the requirements of 9.2.3¢2or 9.3 3.2 defines
the ESG for that resin specimen.

10.6.2 Procedure:

10.6.2.1 Determine, in accordanee- with 10.5.2.
cific gravity of specimens prepared in 9.2.3.2 or 9.

10.6.2.2 If specimens from,9.2.3.2 are to be teste:
as is.

10.6.2.3 If specimers-tom 9.3.3.2 are to be test
center portion of the bitlet (Section III of Fig. 4).

10.6.3 Calculation—Calculate the thermal instal
(TI) as

i, the spe-
3.3.2.
1, use them

ed, use the
ility index
TII = (ESG - SSG) X 1000

10.9 YTensile Properties:

10.7.1 Procedure:

10.7.1.1 Cut five tensile specimens from a disk |
accordance with all of the requirements of 9.1.3.1
billet prepared in accordance with all of the requi
9.3.3.1 and cut or skived as in 9.3.4), with the micr:
described in Fig. 11. Determine the tensile strengt
dance with the procedures described in Test Met
except that the initial jaw separation shall be 22.2 ]
(0.875 = 0.005 in.), and the speed of testing shall b
in.)/min. Clamp the specimen with essentially equal lengths in
each jaw. Determine elongation at break from [the chart,
expressed as a percentage of the initial jaw separafion.

10.7.2 Precision and Bias:

10.7.2.1 A precision and bias statement for us¢ with this
procedure is under development and will be included when it
has been approved by the balloting process.

brepared in
(or from a
rements of
tensile die
h in accor-
hod D638,
F 0.13 mm
50 mm (2

11. Inspection

reference
he require-

11.1 Inspection of the material supplied with
to this specification shall be for conformance to tl
ments specified herein.

11.2 Lot-acceptance inspection shall be the basi on which

10.5.2 Procedure:

10.5.2.1 Determine, in accordance with 10.5.2.4, the spe-
cific gravity of specimens prepared in 9.2.3.1 or 9.3.3.1.

10.5.2.2 If specimens from 9.2.3.1 are to be tested, use them
as is.

10.5.2.3 If specimens from 9.3.3.1 are to be tested, use the
center portion of the sintered billet (Section II of Fig. 4). From
it, cut an approximately cubical shape which weighs at least 10
g (for example, a cube about 17 mm (0.67 in.) on a side).

185

acceptance or rejection of the Iot 1s made. The lot-acceptance
inspection shall consist of the following:

11.2.1 Bulk density,

11.2.2 Particle size,

11.2.3 Water content, and

11.2.4 Standard Specific Gravity.
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0.125 = 0.03

11.3 Periodic check inspection with reference to a specifi-
cation shall consist of the tests for all requirements of the
material under the specification. Inspection frequency shall be
adequate to ensure the material is certifiable in accordance
with Annex Al.

11.4 A report of test results shall be furnished. The re-
port shall consist of results of the lot-acceptance inspection for

186

the shipment and the results of the most recent periodic-
check inspection.

12. Certification
12.1 Certification shall be as required by Annex Al.
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13. Packaging and Package Marking 13.3 All packing, packaging, and marking provisions of

13.1 Packaging—The resin shall be packaged in standard ~ Practice D3892 shall apply to this specification.

commercial containers so constructed as to ensure acceptance

by common or other carriers for safe transportation to the point ~ 14. Keywords

of delivery, unless otherwise specified in the contract or order. 14.1 fluoropolymers; granular polytetrafluoroethylene;
13.2 Package Marking—Shipping containers shall be  polytetrafluoroethylene; PTFE

marked with the name of the resin, type, and quantity contained
therein.

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchasér in the
contract or order.

S1. Qrdering Information—The purchase order shall state
this ASTM designation and year of issue, and which type and
grade ip desired.

ANNEX

(Mandatory Ihformation)

Al.. /CERTIFICATION

The producer or supplier shall furnish a certificate of compliance stating that the material was manufacturdd, sampled,
tested, and inspected in accordance with the Specification, including year date, the Supplementary Requir¢ments, and
any other requirement designated in the.purchase order or contract, and that the results met the requiremgents of that
Specification, the Supplementary Requirements, and the other requirements. A signature or notarization is ot required
on the certificate of compliance, but the document shall be dated and shall clearly identify the organization| submitting
the certificate. Notwithstanding-the' absence of a signature or notarization, the certifying organization is responsible for
the contents of the document:

187
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X1.1 Scope

ASME NM.3.1-2018

APPENDIX

(Nonmandatory Information)

X1. ADDITIONAL USEFUL TESTS

X1.1.1 In addition to their use for specification purposes,

the tests descri
terizing PTFE
measured by a(
purpose of this
determine thes
marized in Tal

X1.2 Refereng

X1.2.1 AST}
X1.2.1.1 Th|
addition to tho
D150 Test N
mittivity (Diel
Materials
D2990 Test
Creep and Cre
D3293 Speq
D3294 Speq
D3308 Speq
D3369 Speq
Film

X1.3 Dimensi
and Gro

X1.3.1 Mea
(0.0001 in.) of
9.3. Measure t
piece has beei
measure the dj

X1.3.2 Calg
X1.3.2.1 Pe
piece/ID) — 1]

bed in this specification have utility for charac-
resins. Other useful properties of PTFE can be
ding a few details to the specification tests. The
Appendix is to provide the details needed to
b additional characteristics. The scope is sum-
le X1.1.

ed Documents

[ Standards:

b following standards are referenced herein, in
e already listed in Section 1.1 of the Standard:
lethods for A-C Loss Characteristics and Per-
petric Constant) of Solid Electrical Insulating

Methods for Tensile, Compressive, and Flexural
ep-Rupture of Plastics

ification for PTFE Resin Molded Sheet
ification for PTFE Resin Molded Basic Shapes
ification for PTFE Resin Skived Tape

ification for TFE-Fluorocarbon Resin Cast

bnal Changes During Molding (Shrinkage
wth)

ure the inside diameter (ID) to <£0:00254 mm
the die used to make the prefotm/in 9.1, 9.2, or
e diameter and height at the-pteform. After the
1 sintered and cooled tol\ambient temperature,
ameter and height of-the’sintered piece.

ulation:
fcent mold shtifikage = [(diameter of sintered
x 100

TABLE X1.1
Specification  Specification Additional
Test Property Measured Information
Reference Available
10.5 Standard Specific Dimensional,chahge
Gravity during molding
(shrinkagenand growth)
10.1 Melting Heats"offusion
Characteristics and orystallization
by Thermal Analysis
10.3 Particle Size (a) Average Particle Size
for resins smaller than those
covered by the standard
specification
(b) Percent coarse particles
(percent >63 pm) in small pgrticle
size
resins
10.7 Jensile Yield stress and
Properties tangent modulus

at rupture
Electrical Properties:
Dielectric constant
Dissipation factor
Dielectric breakdown
voltage
Dielectric strength
Tensile creep strain

188
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X1.3.2.2 Percent preform shrinkage = [(diameter of sintered
piece/diameter of preform) — 1] x 100

X1.3.2.3 Percent growth = [(height of sintered piece/height
of preform) — 1] x 100

X1.3.2.4 Positive values reflect an increase in the dimension
during sintering. Negative values reflect a decrease in the
dimension during sintering.

X1.4 Size and Distribution of Size of Particles or Ag-
glomerates in PTFE Resins

SD-4894

X1.4.3.1 Procedure—Using the graph plotted in accordance
with 10.3.5.2 or 10.3.5.3, draw the best smooth curve through
the data points and read the values for the sizes at cumulative
percentages of 16 and 84. These values, identified as d16 and
d84, are, respectively, the size of the resin at the average
diameter (d ) plus 1 sigma and (d ) minus 1 sigma. Calculate a
distribution factor (DF) and skewness (SKEW) as follows:

DF = d16/d50

SKREW = DEAdoUrass)
X1.p.1 Average Size of Fine-Particle Size PTFE—Wet-
sieve [analysis, while having disadvantages, can be used to . . J .
measyre the average size of Type II and Type III PTFE resins. X14.32 Precision and Bias—Becauser{he esin partlgles
The pfocedure of 10.3 shall be followed using the set of sieves have complex shapes, and because on each’ sieve there is a
p g o . . . .
listed in Table 4 and a sample size of 10.0 g. dlStI:lbutl(?n of. pa'rtlclle sizes, 'the val'ues for partic e size and
particle size distribution obtained will”be only relptive num-
X1.p.2 Material Retained on 63-um (No. 230) Sieve: bers. The 95 % confidence limits based on a limitdd series of
X1.4.2.1 Scope—A wet sieving is performed with the ap-  tests are +2.8 % for the average'particle size and +p % for the
paratus used for the determination of particle size, except that  particle size distribution fariction. Since there is np accepted
only three sieves are employed. This method is applicable to reference material suitablefor determination of the bias for this
ultrafipe resins such as Type II resins. The resin is sieved on a test procedure, no statement on bias is being made
63 unp (No. 230) sieve by spraying with perchloroethylene
which| breaks up agglomerates and prevents clogging of the ~ X1.5 Yield Behavior and Tangent Modulus at Rupture
sieve ppenings (See Note 7). X1.5.1 Mostof the PTFE resins covered in this dtandard do
X1.4.2.2 Apparatus—Same as in 10.3.2, except that the  not show@yi€ld stress as defined in Test Method D$38. Rather
followling sieves are used: U.S. Standard Sieves, 850 um (No. than the\stress-strain curve having a zero slope, the rate of
20), 6B um (No. 230), and 45 pm (No. 325). increase of stress with strain decreases and ther increases
X1.p.2.3 Procedure: again. An approximate yield stress shall be repofted as the
X1.4.2.4 Weigh 10 = 0.01 g of resin. Assemble the sieves stress at the intersection of the two lines that best represent the
as shgwn in Fig. 10 (a). Adjust the flow rate of the perchloro- &\ initial “linear” part of the stress strain curve and fhe second
ethylepe to 6 = 0.5 L/min. “linear” part of the curve.

) X1.p.2.5 Place.the weighed sample on the 850 um (NO' ,20) X1.5.2 Tangent Modulus at Rupture—The shapep of tensile
sieve qind spray with perchloroethylene for exactly 1 mid¥sing  gyeqq_girain curves for PTFE resins are highly dependent on
a timgr. This step assists in breaking up agglomerates. Move o ¢rygeallinity of the test specimen. Values for tens|le strength
the shower-head in a circular fashion, taklpg GANND brﬁ:a_k up and elongation at break do not reflect these shapes dlearly. The
all th.e agglomerates and to wash the material from the sides of (.11 of the tangent to the recorded stress-strain ¢urve mea-
the sigve. \ sured as the best straight line from the point of rupture back

X1.4.2.6 Remo\{e the 850 um (No. 2()) Sieve anfi spray the along the curve is a convenient measure of the relative
63 pnt (No. 230) sieve for exactly G jir, using a timer. Wash v qeallinity of the test specimen. High values for fhe tangent
the miterial to the s@e of the sieve durlng t}'le last minute. modulus at rupture (>7.6 MPa (1200 psi)) indicatg relatively

X1.#.2.7 Dry the sieve andfefained resin in an oven for 20 1oy crystalline contents. As the crystallinity incfeases, the
min of longer at 80 to 120°C(I76 to 248°F). The No. 20 sieve  angent modulus at rupture decreases until it approaghes zero at
does ot require drying. high levels of crystallinity.

X1.4.2.8 Remove_thé-material from the 63 pm (No. 230)
sieve by inverting on_a piece of filter paper and tapping to free ~ X1.6 Heats of Fusion and Crystallization
dry pdlymer. Use a stiff brush to help free all the material from X1.6.1 If the melting characteristics of the PTHE resin, as
the si¢ve. Pourthie dried resin into a tared weighing dish and  §etermined by Section 10.1, are determined by (ifferential
weighlto £0,01 g. Alternatively, determined the tare weight of  gcanning calorimetry (DSC) rather than in DTA njode, addi-
the regin\retained on the sieve from the difference between the  (jona] quantitative information will be obtained on tHe nature of
gross Weight after Sieving and the tare weighnt of e SIEVe  the resin.

before sieving. A balance with a sensitivity of about 0.01 g is
required for good precision.

X1.4.2.9 Calculation—the percentage of resin retained on
the No. 230 sieve is calculated as follows:

Amount retained, % = (weight retained/sample weight) X 100

X1.4.3 Distribution of Particle or Agglomerate Sizes in
PTFE Resin:

189

X1.6.2 Following the procedures given in Test Method
D4591 for determining heats of fusion (delta Hf) and heat of
crystallization (delta Hc), measure and report delta Hf for the
initial and second endotherms and delta Hc for the exotherm
that is observed during controlled cooling between the two
heating steps. These heats of transition, especially delta Hc,
provide additional characterization of crystalline content and
relative molecular weight of PTFE resins.
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TABLE X1.2 Typical Electrical Properties from Tests on Molded

Specimens
Type Il Type Il
Dielectric constant, max, 1 kHz 2.1 2.1
Dissipation factor, max, 1 kHz 0.0003 0.0003

X1.7 Electrical Properties

X1.7.1 Determine dielectric constant and dissipation factor
in accordance with Test Method D150. Determine dielectric

ASME NM.3.1-2018

from the sheets produced in X1.8.2. Make measurements in
accordance with Test Method D2990. Conditions of test shall
be 5.52 MPa (800 psi) stress at the Standard Laboratory
Temperature of 23 = 2°C (73.4 = 3°F) for a test duration of a
minimum of 100 h. Typical values for moldings of Type III
resins would be a maximum of 4.0 % tensile creep strain after
100 h.

X1.8.2 Mold test sheets for Type III resins for tensile creep

measurements in a pi(‘tnrp frame mold hﬂving inside dimen-

breakdown volfage and diciectric SWengur I accordance Wit
Test Method D150. Typical property values for dielectric
constant and {issipation factor are listed in Table X1.2.
Standards for dielectric strength of sheet, basic shapes, skived
tape, and film pre described in Specifications D3293, D3294,
D3308, and D3369, respectively.

X1.8 Tensile Creep

X1.8.1 Detefmine the tensile creep of Type III materials on
Test Method I}638 Type II tensile bars die cut or machined

sions of 203 mm (8.0 in.) square and of sufficient)h¢ight to
contain the sample. A frame 102 mm (4 in.) in height hias been
found adequate when using 25-mm (1-in.) thick pushgr plugs
to produce a sheet approximately 3 mm ('&%n.) in thickness
from a resin charge of 300 g. Take care to level the resirn charge
in the mold. The molded sheet thickness'shall be 3 mm |5 in.).

X1.8.3 Sinter the preform in<ccordance with proc¢dure E
of Table 3.

190


https://asmenormdoc.com/api2/?name=ASME NM.3.1 2018.pdf

ASME NM.3.1-2018 SD-4895

SPECIFICATION FOR POLYTETRAFLUOROETHYLENE
(PTFE) RESIN PRODUCED FROM DISPERSION

@Z@ SD-4895

(Identical with ASTM D4895-10 except for revisions inrsection 11, additional requirements in section 12 and Annex A1,
and renumbering of sections 13 and 14.)
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Specification for
Polytetrafluoroethylene (PTFE) Resin Produced From

Dispersion
1. Scope associated with its use. It is the responsibility of thé usey of this
1.1 This spefification covers dry-powder resins of polytet- standard to establish appropriate safety and health ptactices
rafluoroethylenf (PTFE) that have been prepared from disper- and determine the qpplwabzlq‘y of regulatory. llmlt'atlor s prior
sions of PTFE by manufacturing techniques that involve to use. See Warning note in 9.1.1 forq. specific hazards
controlled coafulation of the dispersion. These resins are  Statement.
generally knoyn as “fine-powder” resins or “coagulated- Note |—Information in this specifieation is technically equijalent to

dispersion pow
finished produ
extrusion,” and
as calendering.
during these fj
quently remov
These PTFE rg
or, in some casq
than 1% by
methods of prg
cable to these n
The materials @
with additives s
include reproce
because the prd
changed when
and properties
various resins.
appendix for fu

1.2 The valy
SI-10 are to b
parentheses ard

1.3 The foll
Specimen Prep
Section, Sectiol
not purport td

der” resins. The conversion of these resins to
ts normally involves a process called “paste
sometimes involves formative processes such
A volatile liquid is present as a processing aid
rmative stages of conversion, and is subse-
bd during the finishing stages of conversion.
sins are homopolymers of tetrafluoroethylene,
s, modified homopolymers containing not more
weight of other fluoromonomers. The usual
cessing thermoplastics generally are not appli-
aterials because of their viscoelastic properties.
overed herein do not include mixtures of PTFE
uch as colors, fillers, or plasticizers; nor do they
ssed or reground resin or any fabricated articles
perties of such materials have been irreversibly
they were fibrillated or sintered. The methods
included are those required to idefitify the
An additional procedure is proyided in the
rther characterization of the resins.

es stated in SI units as detailed ih IEEE/ASTM
e regarded as standard./The values given in
for information only.

wing safety hazards edveat pertains only to the
hration Section,Seetion 9, and the Test Methods
h 10, of this(specification: This standard does
address,alb of the safety concerns, if any,

related information in ISO 12086-1 and ISO 12086-2.

2. Referenced Documents

2.1 ASTM Standards:

D618 Practice for¢Conditioning Plastics for Testing

D638 Test Method for Tensile Properties of Plastics

D792 Test:Meéthods for Density and Specific Gravity
tive Density) of Plastics by Displacement

D883 Jerminology Relating to Plastics

D1895 Test Methods for Apparent Density, Bulk Fac|
Pourability of Plastic Materials

D3892 Practice for Packaging/Packing of Plastics

D4052 Test Method for Density, Relative Density, 4
Gravity of Liquids by Digital Density Meter

D4441 Specification for Aqueous Dispersions of Pg
fluoroethylene

(Rela-

for, and

nd API

lytetra-

D4591 Test Method for Determining Temperatures and

Heats of Transitions of Fluoropolymers by Diff
Scanning Calorimetry

D4894 Specification for Polytetrafluoroethylene
Granular Molding and Ram Extrusion Materials

E11 Specification for Woven Wire Test Sieve Cloth 4
Sieves

E29 Practice for Using Significant Digits in Test
Determine Conformance with Specifications

E177 Practice for Use of the Terms Precision and
ASTM Test Methods

IEEE/ASTM SI-10 Use of the International System
(SI): The Modern Metric System

erential
PTFE)
nd Test
Data to
Bias in

f Units

192


https://asmenormdoc.com/api2/?name=ASME NM.3.1 2018.pdf

ASME NM.3.1-2018

2.2 ISO Standards:

ISO 12086-1 Plastics Fluoropolymer Dispersions and Mold-
ing and Extrusion Materials—Part 1: Designation and
Specification

ISO 12086-2 Plastics Fluoropolymer Dispersions and
Molding and Extrusion Materials—Part 2: Preparation of
Test Specimens and Determination of Properties

3. Terminology

3.1 Definitions—The definitions given in Terminology

SD-4895

3.2.10 stretching void index (SVI), n—a measure of the
change in specific gravity of PTFE material which has been
subjected to tensile strain as described in this specification.

3.2.11 thermal instability index (TII), n—a measure of the
decrease in molecular weight of PTFE material which has been
heated for a prolonged period of time.

3.2.12 unstrained specific gravity (USG), n—the specific
gravity, prior to straining, of a specimen of PTFE material used
in the Stretching Void Index Test (see 10.9) of this specifica-

ion.

D883 lare applicable to this specification.

3.2 |Definitions of Terms Specific to This Standard:
3.2l bulk density, n—the mass in grams per litre of resin
measyred under the conditions of the test.

3.2 extended specific gravity (ESG), n—the specific grav-
ity of h specimen of PTFE material molded as described in this
speciffcation and sintered (see 3.2.7) for an extended period of
time, fompared to the sintering time for the measurement of
SSG (pee 3.2.8), using the appropriate sintering schedule given
in thiq specification.

3.2B lot, n—one production run or a uniform blend of two
or mofe production runs.

3.2 preforming, vb—compacting powdered PTFE material
under |pressure in a mold to produce a solid object, called a
preform, that is capable of being handled. Molding and
compdction are terms used interchangeably with preforming
for PTFE.

3.2.b reground resin, n—resin produced by grinding PTFE
materfal that has been preformed but has never been sintered:

3.2.p reprocessed resin, n—resin produced by grinding
PTFE|material that has been preformed and sintered.

3.2 sintering, n—as it applies to PTFE, a thernial treat-
ment fluring which the PTFE is melted and rectystallized by
coolinlg with coalescence occurring during the treatment.

3.2.8 standard specific gravity (SSG)su<>~the specific grav-
ity of h specimen of PTFE material mdldéd as described in this
specification and sintered using ‘thé appropriate sintering
schedylle given in this specification.

3.2 strained specific gravity/(strained SG), n—the specific
gravity of a specimen of RTEE material molded, sintered, and
straingd as described imthis specification.

4. Classification

4.1 This specification covers the following type§ of PTFE:

4.1.1 Type I and Type II—Resin produced from|dispersion
and normally used with a volatile processing aid. Each type of
resin has the same requirements<for‘bulk density, p4rticle size,
water content, melting peak temperature, tensile, and elonga-
tion. Each type of resin isydiyided into grades in ficcordance
with standard specific grayity (SSG), Thermal Stalfility Index
(TID), and Stretching Moid'Index (SVI). Grades are divided into
classes according te extrusion pressure.

Note 2—SeedTables 1 and 2 for details about grades and] classes.

4.2 Aline callout system is used to specify matefials in this
specification. The system uses predefined cells {o refer to
specific aspects of this specification, as illustrated fis follows:

Specification
Standard Number Type Grade Class Special Notes
Block
| | | |
Example: Specification | 2 C
D4895 - XX

For this example, the line callout would be Specification
D4895 - XX, 12C, and would specify a coagulated|dispersion
form of polytetrafluoroethylene that has all of the| properties
listed for that type, grade, and class in the appropriafe specified
properties or tables, or both, in the specification identified. A
comma is used as the separator between the standgrd number
and the type. Separators are not needed between the type,
grade, and class.

TABLE 1 Detail Requirements for all Types,” Grades and Classes

i i Melting Peak
Bulk Density, Particle Size Water Content, T gt °c Tensile Strength, Elongation at Break,
Type Average o emperature, ) o
g/L . max, % — min, MPa min, %
Diameter, ym Initial Second
| 550 + 150 500 + 200 0.04 B 327 £ 10 19 200
1l 550 + 150 1050 + 350 0.04 B 327 £ 10 19 200

A The types, grades, and classes are not the same as those in previous editions of Specification D4895.
B Greater than 5.0°C above the second melting peak temperature.
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TABLE 2 Detail Requirements for All Types,” Grades and Classes

Standard Specific Gravity

Thermal Instability Index,  Stretching Void Index,

Type Grade Class - Extrusion Pressure, MPa

min max max max
| 1 A 2.14 2.18 5to <15° 50 NAC
B 2.14 2.18 15 to <557 50 NAC
(o] 2.14 2.18 15 to <755 50 NAC
2 A 2.17 2.25 5to <15° 50 NAC
B 217 2.25 15 to <55° 50 NAC
C 217 2.25 15 to <755 50 NAC

3 C 2.15 2.19 15 to <755 15 200

D 2.15 2.19 15 to <655 15 100

E 2.15 2.19 15 to <655 50 200

4 B z. 14 Z.10 19 10 <39 Lks) oU
Il 1 A 2.14 2.25 5to <15° 50 NAC

A The types, drades, and classes are not the same as those in previous editions of Specification D4895.
B Tested at a feduction ratio of 100:1 (reduction ratio is the ratio of the cross-sectional area of the preform to the cross-sectional area of the die).

€ Not applicafjle.
D Tested at a feduction ratio of 400:1.
E Tested at a feduction ratio of 1600:1.

5. Mechanical Properties

5.1 The| resins covered by this specification shall be in
accordancd with the requirements prescribed in Tables 1 and 2,
when testefl by the procedures specified herein.

6. Other Requirements

6.1 Thelresin shall be uniform and shall contain no additives

6.3 For Jpurposes of determining conformance, all specified
limits for |this classification system are absolute limits, as
defined in [Practice E29.

6.3.1 th the absolute method, an observed valuelis' not
rounded, bfit is to be compared directly with the limiting value.
Example: In Table 2 Type I, Grade 4, Class B, under Specific
Gravity, 2.4 shall be considered as 2.140000«and 2.16 shall be
considered| 2.160000.

7. Samplihg

7.1 Sanjpling shall be statistically adequate to satisfy the
requiremerfts in Section 11.

8. Numbef of Tests

8.1 Lot|inspectipn “shall include tests for bulk density,
particle sizp, and eXtrusion pressure. Periodic tests shall consist
of all the t¢sts §peeified in Tables 1 and 2 and shall be made at
least once jperryear.

9.1.1 Use the die shown(in\Fig. 1 for the molding pf test
disks (see Note 2). Place \ftat aluminum disks, 0.1 to 04 mm
(0.004 in. to 0.016 in.)thick and 76 mm (3 in.) in diame}er, on
both sides of the gésin: The test resin shall be near afpbient
temperature priof to*molding (see Note 3). Warning— |PTFE
resins can evOlve small quantities of gaseous products| when
heated above:204°C (400°F). Some of these gases are harmful.
Consequently, exhaust ventilation must be used wh¢never
these .fesins are heated above this temperature, as th¢y are
during the sintering operations that are a part of this specifi-
cation. Since the temperature of burning tobacco efceeds
204°C (400°F), those working with PTFE resins shall ¢nsure
that tobacco is not contaminated.

Note 3—For maximum precision, these weighing and preforming
operations shall be carried out at 23 = 2°C (73.4 = 3.6°F) (th¢ “near
ambient” temperature referred to herein). These operations shallf not be
performed at temperatures below 21°C (70°F) due to the cryftalline
transition that occurs in PTFE in this temperature region which leads to
possible cracks in sintered specimens and differences in specimen [density
(as well as changes in other physical properties). Problems caused by the
effect of temperature on the specific gravity or density of PTFE ¢hall be
minimized when the measurement is made using immersion proceflures if
a sensitive thermometer (for example, one reading * 0.1°C) is usefl in the
liquid and the temperature is adjusted to be at least 22°C.

9.1.2 Screen 14.5 g of PTFE resin through a No. 1( sieve
into the die. Adjust the lower plug height to allow the r¢sin in
the die can be leveled by drawing a straightedge in contag¢t with
the top of the die across the top of the die cavity. Insert the die
in a suitable hydraulic press and apply pressure gradually (see
Note 4) until a pressure of 14 MPa (2030 psi) is attained} Hold
this pressure for 3 min. Remove the disk from the die. Wiite the

8.2 The tests listed in Tables 1 and 2, as they apply, are
sufficient to establish conformity of a material to this specifi-
cation. One set of test specimens as prescribed in Section 9
shall be considered sufficient for testing each sample. The
average of the results for the specimens tested shall conform to
the requirements of this specification.

9. Specimen Preparation

9.1 Test Disks for Tensile Properties:

SAMpie Tdentication TUIber O the preformT using T appro-
priate marker that will not effect the PTFE during sintering.

Note 4—As a guide, increasing the pressure at a rate of 3.5 MPa (500
psi)/min is suggested until the desired maximum pressure is attained.

9.1.3 Place the sintering oven in a laboratory hood (or equip
it with an adequate exhaust system) and sinter the preforms in
accordance with Table 3, Procedure A (see Note 5).

Note 5—Although the rate of heat application is not critical, the
cooling cycle is most important and the conditions cited in this procedure
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TABLE 3 Sintering Procedures

A B
Initial tefmperature, °C (°F) 290 (554) 290 (554)
Rate of |heating, °C/h (°F/h) 120 £ 10 120 £ 10
(216 + 18) (216%-18)
Hold tefnperature, °C (°F) 380+6 380.+6
(716 £ 10) (746 = 10)
Hold timpe, min 30+2,-0 360 £ 5
Cooling|rate, °C/h (°F/h) 60+5 60+5
(108 + 9) (108 + 9)
Second|hold temperature, °C (°F) 294 +6 294 +6
5617+ 10) (561 + 10)
Second|hold time, min 24 +0:5, -0 24+0.5, -0
Period o room temperature, min =30 =30

must b¢ followed veryclosely. If they are not followed, the crystallinity of
the disks and the gesulting physical properties will be markedly changed.
Therefgre, the use‘of a programmed oven is recommended for the most
precise| sintering~cycle control and the hood window shall be left down
during fthe.entire sintering procedure, the latter being an important safety
considgration.

Note 1—All dimensions are in”millimetres.
FIG. 1 Mold Assembly for the Preparation of Specimens/for the Determination of Tensile Properties
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9.2.2 Weigh out 12.0 = 0.1 g of resin and place if in the die.
Screen non-freeflowing resins through a No. 10 sjeve. Com-
pacted resins shall be broken up by hand-shaking c¢ld resin in
a half-filled sealed glass container. Condition the fesin in the
sealed glass container in a freezer or dry-ice chest. After
breaking up resin lumps, allow the sealed containejr to equili-
brate to near ambient temperature. Then screen and weigh the
12.0 = 0.1-g sample. Insert the die in a suitable hydfaulic press
and apply pressure gradually (see Note 4) until a prefssure of 14
MPa (2030 psi) is attained. Hold this pressure for 2 min.
Remove the preform from the die. Write the sample identifi-
cation number on the preform using an appropriate marker that
will not effect the PTFE during sintering.

9.2.3 Sinter the preforms in accordance with Table 3 (see
Note 5).

9.2.3.1 For SSG specimens use Procedure A.

9.2.3.2 For ESG specimens use Procedure B.

Note 6—Improved precision in SSG and ESG test resylts has been

obtained with the use of an upright, cylindrical oven and gn aluminum
sintering rack, The cylindrical oven has an inside diameter of|140 mm (5.5

9.2 Test Specimens for Standard Specific Gravity and Ther-
mal Instability Index:

9.2.1 A cylindrical preforming mold, 29-mm (1.14-in.) in-
ternal diameter by at least 76 mm (3 in.) deep, is used to
prepare the preforms. Clearance shall be sufficient to ensure
escape of air during pressing. Place flat aluminum foil disks,
normally 0.13 mm (0.005 in.) thick and 29 mm (1.14 in.) in
diameter on both sides of the resin. The test resin shall be near
ambient temperature prior to molding (see Note 3).

195

in.) and an inside depth of 203 mm (8 in.) plus additional depth to
accommodate a 51-mm (2-in.) thick cover, and is equipped with suitable
heaters and controllers to sinter specimens in accordance with the
procedures in Table 3. The rack, as shown in Fig. 2, allows preforms to be
placed symmetrically in the center region of the oven. Place six preforms
on each of the middle oven rack shelves (if six or fewer preforms are to
be sintered, place them on the middle rack, filling in with “dummies” as
needed). Place “dummies” on the top and bottom shelves. Specimens must
be spaced evenly in a circle on each shelf, with none of them touching. An
oven load must be no less than 18 pieces including “dummies.” “Dum-
mies” are defined as normal 12-g specimens that have previously been
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9.4 Conditioning Test Specimens:

9.4.1 For tests of tensile properties and all tests requiring the
measurement of specific gravities, condition the test specimens
in general accordance with Procedure A of Practice D618, with
the following deviations therefrom: (/) the aging period shall
be a minimum of 4 h immediately prior to testing, (2) the
laboratory temperature shall be 23 = 2°C (73.4 * 3.6°F), and
(3) there shall be no requirement respecting humidity. The
other tests require no conditioning of the molded test speci-
mens.

192

g 124 mm Type 3003 - H14 20 GA Aluminum.
5 Required

Note 1—RAluminum plates tack welded to rods.
Note 2—All dimensions are in millimetres.
FIG. 2 Sintering Rack for SSG Specimens

through the| sintering cycle. “Dummies” must only be used for an
additional two or three thermal cycles, due to eventual loss of thermal
stability and|physical form.

9.2.4 R¢move all flash from each specimen so that no air
bubbles will cling to the edges when the specimen is imfersed
in the solution for weighing during the standard spe¢ific:gravity
and thermdl instability index tests. It is recommendeéd for this
section angl during testing that cotton gloves be worn while
handling t¢st specimens.

9.3 Test| Disks for Stretching Void Index' (SVI):

9.3.1 Id the disk as in 9.1.1.

9.3.2 Sdreen 29 g of PTFE resin-through a 2.00-mm (No.
10) sieve ipto the die. Adjust theNower plug to allow the resin
to be levelgd by drawing astraightedge in contact with the top
of the die pcross the top 0f‘the die cavity. Insert the die in a
raulic press-and apply pressure gradually (see Note
4) until a pressure,0f 7 MPa (1015 psi) is attained. Hold this
pressure fgr 2 minthen increase the pressure to 14 MPa (2030
psi) and hold:for.an additional 2 min. Remove the disk from the
die. Writelthe sample identification number on the preform

9.5 Test Conditions:

9.5.1 Tests shall be conducted at the standard'labdratory
temperature of 23 = 2°C (73.4 £ 3.6°F), unfless’ otherwise
specified in the test methods or in this specification| This
deviation from the standard laboratory t€mperature is| made
because of the necessity for maintaining test tempefatures
above approximately 21°C (70°F)..Se¢* Note 3 for addjtional
details. Since these resins do not absorb water, the maintg¢nance
of constant humidity during testintg is not required.

10. Test Methods

10.1 Melting Charqcteristics by Thermal Analysis:

10.1.1 Significaice and Use—For PTFE resins tha{ have
been melted priér to use, the melting peak temperaturd char-
acteristics of adresin provide important information abdut the
thermal history of the material. Melting peak temperaturgs (see
Fig. 3) are used to determine conformance of a resin fto the
melting“peak temperature requirements in Table 1 qf this
specification.

10.1.2 Apparatus—Use apparatus described in Test Method
D4591.

10.1.3 Procedure—Measure melting peak temperatyres in
accordance with procedures given in Test Method D4591. An
initial melting peak temperature above the melting] peak
temperature obtained on the second and subsequent npelting
(defined as the second melting peak temperature) indicatps that
the resin was not melted before the test. The second npelting
peak temperature occurs at about 327°C (621°F). The {differ-
ence between the initial and second melting peak tempegatures

using an appropriate marker that will not effect the PTFE
during sintering.

9.3.3 Sinter the preforms in accordance with Table 3,
Procedure A (see Note 5).

9.3.4 Remove all flash from those portions of these speci-
mens that will be used for determination of specific gravities so
that no air bubbles will cling to their edges when the specimens
are immersed in liquid during these tests. It is recommended
that cotton gloves be worn while handling test specimens.

SECOND AND SUBSEQUENT
MELTING PEAKS ——

PEAK

INITIAL MELTING J

TEMPERATURE

FIG. 3 Melting Characteristics by Thermal Analysis
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is greater than 5°C (9°F). If peak temperatures are difficult to
discern from the curves (that is, because the peaks are rounded
rather than pointed) straight lines should be drawn tangent to
the sides of the peak. These lines intersect at the peak
temperature. Where more than one peak occurs during the
initial melting test, the presence of any peak corresponding to
the second melting peak temperature indicates the presence of
some previously melted material.

10.2 Bulk Density:

10.2.1_Significance and Use—Bulk densitv eives an indica-

SD-4895

it with distilled water, placing a planar glass plate on top,
drying the outside of the cup, and weighing. The net weight
shall be 250 = 0.5 g. The top and bottom faces of the
volumetric cup and the cup stand shall be machined plane and
parallel.

10.2.2.5 Leveling Device—The leveler (see Fig. 6) shall be
affixed permanently to the table and adjusted so that the
sawtooth edge of the leveler blade passes within 0.8 mm (0.031
in.) of the top of the volumetric cup.

10.2.2.6 Work Surface—The work surface for holding the

tion of how a resin performs during the filling of processing
equipipent. PTFE resins tend to compact during shipment and
storagp. Because of this tendency to pack under small amounts
of compression or shear, Test Method D1895 is not applicable
to thege resins. The procedure given in 10.2.2 through 10.2.5
must e used to measure this property.

10.3.2 Apparatus:

10.2.2.1 Funnel—A funnel arrangement as shown in Fig. 4.

10.3.2.2 Feeder =~ —A feeder with a No. 8 wire screen
placed over approximately the top two thirds of the trough. The
funne] shall be mounted permanently in the feeder outlet.

10.2.2.3 Controller.

10.2.2.4 Volumetric Cup and Cup Stand (see Fig. 5)—The
volumetric cup shall be calibrated initially to 250 mL by filling

79 »

1
i
\

o
o
2
LA >
VRS
/ \
! \
\ I /]
N \:/-<
(19
< 79 >
™ 97

__Bena

| It Support Gussets

|- Stralghtening Vanes
Locale 2 Partitions
as shown.

volumetric cup and leveler shall be essentially |free from
vibration. The feeder, therefore, must be mounted on an
adjoining table or wall bracket.
10.2.2.7 Balance—Balance, having an exténded peam, with
a capacity of 500 g and a sensitivity ef 0.1 g, or efjuivalent.
10.2.3 Procedure—Place the clean,~dry volumefric cup on
the extended beam of the balaneevand adjust the tgre to zero.
Select about 500 mL of the resin‘to be tested and plafe it on the
feeder screen. Put the cup the cup stand and| place the
assembly such that thedistance of free-polymer fa]l from the
feeder outlet to the tep-fim of the cup shall be 39 = 3 mm

Depih of Partitions \

|€¢—— @ 38 —»

Locate 2 support
gussets in position
shown approx.
13x 13 x 1.6 thick

Note 1—Funnel Material: type 304 Stainless Steel 16 Gage (1.6-mm thickness).

Note 2—All dimensions are in millimetres.

FIG. 4 Details of the Funnel Used for the Determination of Bulk Density
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. 061.92 .
261.88 © 102 >
857.13 »
. ©61.95
« 8 57.17 2 61.97
Note:
1. Top and bottom must be flat and
- parallel within 0.05 mm.
3
2. Inside bottom corner imust be r/
square as shown.
3. Start with Stainless Steel tubing
63 mm O.D. x 50.80 mm or 53.98 mm 1.D.
square up and machine to finished
dimensions afler waiding. o
gge *t
o 0g Note: / / / |
- ¥ 1. Top and bottom must be flat and , =
paralief within 0.05 mun. .
2. Remove all extemal sharp corners. / &
P
3. Bottom of hole must be square with
centerline and with top surface
/ of stand.
g0 1'%
£ LLLLLL
Waeid all around and grind smooth
VOLUMETRIC CupP
Maferial: Type 304 Stainiess Seamless Tubing
CUP STAND
Material: 17 S-T Aluminum {or equi )
Note 1—All d|mensions are in millimetres.
FIG. 5 Volumetric Cup and Cup Stand for the Detérmination of Bulk Density
210 x 53x 6 mm
210 Type’304 Stainiess Steel piate re—— 53
o strap welded across top for 2.4 mm gap left between angles
L w3 / rgidity. -—.1 for mounting saw blade
A o
7 Use shimstock or washers to
take up clearance in 2.4 mm
wide gap between angle and
saw blade
6 mm Diam. x 19 mm long bijass
rivet {2 Req'd}
Leveler blade {Atkins Saw Blade * / 2.4 mm Diam. x 19 mm long prass
| — No. 614 - P) saw tooth edge, 6 1 cotter pin. (2 Req'd} tor mouing
_@ teeth per 25 mm 1.6 mm deep. -l saw blade firmly in position.
e Hraa=x = T === -x
l : Note: Orill hole through angi¢ and
Volumetric l blade t0 0.12 mm clearance pith dia
Cup | of cotter pin.
|
<3 § e g ANV l‘ —_— 25 x 25 x 3 mm Type 304 Stainless
IS | / Steel angles {4 Req'd - 2 cadh end)
i -
H L]
z ] 2E
S
z
Cup Stand 51 x 51 x 3 mm Stainiess Stdel
up Stan / gussets. (4 Req'd - 2 each efpd)
E Typa 304 '
|- Stainiess Steel piate
JL * Y [ (SVIVEITIEITEITID TTETEIRTIINIvIN) ]
v
| 254 > I 254 '!

Norte 1—Base plate must be flat and parallel. Saw blade, when mounted, must be square to and parallel with base plate within 0.13 mm from end to
end. Height of saw blade must have 0.8 mm or less clearance between blade and assembled cup and cup stand (as indicated by phantom lines). Welded

construction where indicated. Material: as noted.
Note 2—All dimensions are in millimetres.

FIG. 6 Leveler Stand for the Determination of Bulk Density
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(1.5 = 0.012 in.). Increased fall causes packing in the cup and
higher bulk density values. Set the controller so that the cup is
filled in 20 to 30 s. Pour the sample on the vibrating screen and
fill the cup so that the resin forms a mound and overflows. Let
the resin settle for about 15 s and then gently push the cup and
its stand beneath the leveler. Exercise care to avoid agitation of
the resin and cup before leveling. Weigh the resin to the nearest
0.1 g.

10.2.4 Calculation—Calculate the bulk density as follows:

grams of resin X 4 = bulk density(grams per litre)

SD-4895

10.3.2.4 Freezer—Any commercial ice freezer. (A dry-ice
chest may be used.)

10.3.3 Procedure:

10.3.3.1 Place 50 = 0.1 g of the sample in an aluminum
pan, and cool the pan and contents to less than 10°C (50°F).

10.3.3.2 Measure the tare weight of each of the sieves listed
in 10.3.2.2. Place the conditioned sample on the top sieve of
the assembly and shake in the sieve shaker for 10 = 0.5 min.
The dewpoint temperature of the sieving room must be less
than the temperature of the conditioned sample so that water

10.]
with
this te]
shall §

10.]

10.]
ins is
and si
is detg
sieves
the m

.5 Precision and Bias—A precision statement for use
his procedure is under development. The procedure in
Kt method has no bias because the value of bulk density
e defined only in terms of a test method.

Particle Size:
.1 Significance and Use—The fabrication of PTFE res-
affected significantly by particle (or agglomerate) size
ve distribution. The average particle size of PTFE resins
rmined by fractionation of the material with a series of
Fractionation is accomplished by mechanically shaking
iterial in the assembly of sieves for a specified period.

will not condense on the sample during this test. Befermine the
weight of resin retained on each sieve.

10.3.4 Calculation:

10.3.4.1 Calculate the net percentage lef résin on
as follows:

each sieve

net percentage on sieve Y = 2 X weight\of resin in grams ¢n sieve Y.

10.3.4.2 Calculate the cumulative percentage df resin on

each sieve as follows:

cumulative percentag€ on sieve Y = sum of net perce
oOn sieve Y and sieves
having numbers smaller than Y.

tages

10.3.2 Apparatus: Note 7—Cuniulative percentage on 500-um (No. 35) [sieve = net
10.3.2.1 Balance, capable of weighing to +0.1 g. percentage od h40-mm (No. 14) + net percentage on 1.)0-mm (No.
10.3.2.2 Sieves, U.S. Standard Sieve Series, 203-mm (8-in.) 18) + net pereentage on 710-um (No. 25) + net percentagd on 500-um
diamefer conforming to Specification E11. It is suggested that ~ (No- 35)sieves.
the following sieve numbers (openings) be used: 1.40 mm (14), 10:3:4.3 Plot the cumulative percentage versug the sieve
1.00 npm (18), 710 pm (25), 500 pm (35), 355 um (45), 250 um opening size (or sieve number) on log-probability paper as
(60), gnd 180 pm (80). However, other configurations of sieves shown in the sample plot (see Fig. 7). The sieve nymbers and
may He used to give equivalent results. sieve opening sizes in micrometres are indicated|below the
10.3.2.3 Sieve Shaker—A mechanical sieve shaking devicé figure. Draw the best straight line through the poinfs and read
capable of imparting uniform rotary and tapping action, the particle size at the 50 % cumulative percentage goint (Ds).
1500 14
1000 — 18
700 25
600
S
500 - 3s
g 400 - 40 3
5 < a5 §
53, d50% ;
- 60 |
200 70 3
- 80
150 100
120
1002 5 10 15 20 30 40 S50 60 70 80 85 90 95 98

Cumulative Percentage, %
{Cumulative percentage retention value)

Sieve No.

Sieve Opening, um

1400
1000

710
500
355
250
180

FIG. 7 Log Probability Plot for Sieve Analysis
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10.3.4.4 Calculate the particle size, average diameter, ds,, as
follows:

d = d,(micrometres)

10.3.5 Precision and Bias—The test precision is *=3.2 %
(two sigma limits) for the combination of 710 + 500 + 355-pym
(25 + 35 + 45) sieve fractions for a resin where this combina-
tion of sieves retains, on the average, 78 % of the sample. Since
there is no accepted reference material suitable for determining

ASME NM.3.1-2018

Note 10—When a group of samples is run at the same time, it is good
practice to place the lids from the weighing dishes directly under their
corresponding dishes while the samples are drying in the oven. This
eliminates the possibility of introducing errors in the tare weights. Also,
overnight drying in a circulating air oven may be used if the data can be
shown to be equivalent to those obtained with the above procedure.

10.4.4 Calculation—Calculate the water content as follows:
water content, % = (A — C)/(A — B) X 100

the bias for thig test procedure, no statement on bias is being

made.

10.3.6 Alterpative methods for particle size are available.
Light Scattering Instruments/Light Defraction Instruments (see

ISO 12086-2,

.6.4) and Electron Zone Sensing Instruments,

which is a residtance-variation tester, (see ISO 12086-2, 8.6.3)

are used as lo
Size Analysis i
10.3.6.1 Thi

as there is a direct correlation to the Particle
10.3 of this specification.
5 alternative method is very dependent on

particle shape 4nd is only recommended for processes that are

stable and thal

have regular spherical type shape particles.

Also, it is recoqnmended that each manufacturing processor do

an analysis to

10.4 Water
10.4.1 Signi

letermine their own correlation.

Content:
ficance and Use—The presence of an excessive

amount of watgr in PTFE resin has a significant adverse effect

upon the proce

sing characteristics of the resin and the quality

of products made using the resin. A sample of PTFE resin of

known weight
weighing dish.
oven, placed

s dried in a vacuum oven in a tared aluminum
When the resin is dry, it is removed from the
n a desiccator, allowed to cool, and then

reweighed. Water content is calculated from the weight lost

during drying.
Note 8—If vol|

method described|

10.4.2 Appa
10.4.2.1 Bal

g

10.4.2.3 Al

10.4.2.2 Ovdn

ptiles other than water are suspected, use the @lternative
in 10.4.6.

ratus:
nce, capable of weighing tothe-nearest 0.0001

Ininum Weighing Dishes, with lids.

10.4.3 Procqdure (see Note §)=<Wash the aluminum weigh-

ing dishes with
has evaporated

water and rinse with acetone. When the acetone
from the_dishes, dry them thoroughly in an

oven at 50 to §0°C (122,to 176°F), then store in a desiccator

until ready for
weighing dish,

ise. Qbtaih the tare weight, B, of an aluminum
plus-id, to the nearest 0.0001 g. Place 35 to 40

g of PTFE redin\in the tared aluminum weighing dish and

where:

A= welght of resin, dish, and 1id, g

B = weight of dish and lid, g, and

C = weight of resin, dish, and lid after drying,\g.

10.4.5 Precision and Bias—The precision of this|test is
*0.0063 percentage points (two sigma limits). Since fhere is
no accepted reference material s