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FOREWORD

In 2011, The American Society of Mechanical Engineers (ASME) established the Committee on Nonmetallic Pressure
Piping Systems (NPPS) to develop standards for the construction of nonmetallic pressure piping systems. This Commit-
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jor 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 taken from
ne’s history and illustrate the cooperative nature\of the specifications found in ASME BPVC, Section II,
ifications:

“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 Subcommitte¢ > was appointed to confer with the American Society for Testing Mate-
rials.” (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 Speci-
fications.” (1935)

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

and o

verpressure 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'oniginating
organizations are reproduced in this Standard with the permission of the respective organization. The NRPSCommiittee
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 [NM.3.2-2020 was approved by the American National Standards Institute (ANSIJ»oh October 29, 2020,

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.
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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

revigiONS O a CASE, and attending COMIMITEE MEetngs. COITESPOIUENTE SHould be addressed to:

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

or dg
publ
Th

citing the paragraph number(s), the proposed wording, and a detailed déscription of the reasons for the
inclyding any pertinent documentation.

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

Case¢

Ré
form

automatic e-mail confirming receipt.
If the Inquirer is unable to ‘use'the online form, he/she may mail the request to the Secretary of the NPPS
Compmittee at the above address. The request for an interpretation should be clear and unambiguous. It is fui

omn]

Subijgct: Cite the applicable paragraph number(s) and the topic of the inquiry in one or tw

Edit
Queg

Proposing a Case. Cases may be issued to provide alternative ruleswhen justified, to permit early implemel

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

Secretary, NPPS Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

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

ecessary

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

shed periodically.
e Committee welcomes proposals for revisions to this Standard. Such proposals should be as specific as

proved revision when the need is urgent, or to provide rules not'covered by existing provisions. Cases are

applies.

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

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

on: Cite the applicable edition of the Standard for which the interpretation is being r

tion: Phrase the question as a request for an interpretation of a specific requirement sy
general understanding and use, not as a request for an approval of a proprietary

possible,
broposal,

htation of
effective

entify the
ormat as
broposed

ent of the
he NPPS

orm. The
eceive an

tandards
ther rec-

o words.
bquested.

itable for
design or

situation. Please provide a condensed and precise question, composed in such a v

yay thata

Prop

Background Information:

“yes” or “no” reply is acceptable.

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

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
information.

names or
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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 telephonecopfer-
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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NM.1

other sta
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INTRODUCTION

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

hardened by decrease of temperature.

2 855, : s 3 85 S-COHPO Aat 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

NM.2 Glass-Fiber-Reinforced Thermosetting-Resin Piping Systems: This Standard contains requirementsfor piping and

thermosetting resin.

piping components that are produced using glass-fiber reinforcement embedded in or surrounded by ¢ured

NM.3 Npnmetallic Materials: This Standard includes specifications for nonmetallic material§{except wood, nonfibrous

Parts:

Materials (ASTM International) and other recognized national eép’international organizations.
NM.3.2, Nonmetallic Materials, Part 2 — Reinforced Thermoset Plastic Material Specifications: This Part cor

recognized national or international organizations.

stresses, mechanical properties (e.g., tensile and yield strength), and physical properties (e.g., coefficig
thermal 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 limitatigns.of the standard, jurisdictional requirements, and the applicabil

standard] may apply to different parts of the installation. The owner is also responsible for imposing requiren
supplemegntary to those of the standard\if such requirements are necessary to ensure safe piping for the prop

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

ASME B31.1, Power Piping: Fhis/code contains requirements for piping typically found in electric power gener
statior]s, industrial and jnstitutional plants, geothermal heating systems, and central and district heating and co
systengs.

ASME B3J1.3, Process\Piping: This code contains requirements for piping typically found in petroleum refineries; ons|
and offshore petroleum and natural gas production facilities; chemical, pharmaceutical, textile, paper, ore-proces
semicqnductor;.dnd cryogenic plants; food- and beverage-processing facilities; and related processing plants
termirfals.

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

NM.3.1, Nonmetallic Materials, Part 1 —Thermoplastic Material Specificatiens: This Part contains thermoplastic
material specifications identical to or similar to those published by\the American Society for Testing pnd

tains

reinforced thermoset plastic material specifications identical to or similar to those published by ASTM and pther

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

nt of

Ctors
ty of

hdards. All applicable requirements of the selected standard shall be met. For some installations, more than one

ents
osed

ving:

hting
bling

hore
sing,
and

ASME B31.4, Pipeline Transportation Systems for Liquids and Slurries: This code contains requirements for pi

ping

transporting products that are predominately liquid between plants and terminals, and within terminals and pumping,

regulating, and metering stations.

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

ASME B31.8, Gas Transmission and Distribution Piping Systems: This code contains requirements for piping transpo

for

rting

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

stations; and gas gathering pipelines.

Xii


https://asmenormdoc.com/api2/?name=ASME NM.3.2 2020.pdf

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

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

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

NFPA 99, Health Care Facilities: This standard contains requirements for medical and laboratory gas systems.

NFPR Fire Protection Standards: These standards contaln requirements for [ire protection systems using water, carbon
dipxide, halon, foam, dry chemicals, and wet chemicals.

THe ASME NPPS Standards specify engineering requirements deemed necessary for safe design and eonstijuction of
nontpetallic pressure piping. These Standards contain mandatory requirements, specific prohibitions, and ngnmanda-
toryguidance for construction activities. These Standards do not address all aspects of these activities, and thode aspects
that pre not specifically addressed should not be considered prohibited. While safety is the ové€triding 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 consequenegs’of deterioration ip service
relafed to specific service fluids or external operating environments. These Standards are not design hahdbooks.
Many decisions that must be made to produce a safe piping installation are not spetified in detail within these Standards.
Thede Standards do not serve as substitutes for sound engineering judgment by:the owner and the designer. The phrase
engipeering judgment refers to technical judgments made by knowledgeablé designers experienced in the applfcation of
these Standards. Engineering judgments must be consistent with the philésophy of these Standards, and such jydgments
musf never be used to overrule mandatory requirements or specific'prohibitions of these Standards.

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

THese Standards generally specify a simplified approach;for many of their requirements. A designer may chooge touse a
mor¢ rigorous analysis to develop design and construction requirements. When the designer decides to take this
apprjoach, he or she shall provide to the owner details and calculations demonstrating that design, fabricatign, exam-
inatipn, inspection, testing, and overpressure protection are 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 gquations of these Standards wheén-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
technical assumptions inherent in the programs they use and for the application of these programs to thejr design.

THese Standards do notfully address tolerances. When dimensions, sizes, or other parameters are not specified with
tolerances, 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 requirements of good practice are provided for the care and inspection of in-service nonmetallic[pressure
piping systemstonly as an aid to owners and their inspectors.

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

It N iutcudcd that Cditiull) Uf thC AS}\V{E I“{'PPS Staudal C‘lb llUt bC lCtl UClLtiVC. Ull}CDD a51 CClllCllt i) DpCLilciL lly made
between contracting parties to use another edition, or the regulatory body having jurisdiction imposes the use of another
edition, the latest edition issued atleast 6 months prior to the original contract date for the first phase of activity covering a
piping installation shall be the governing document for all design, materials, fabrication, erection, examination, inspec-
tion, testing, and overpressure protection for the piping until the completion of the work and initial operation. Revisions
to material specifications included in ASME NM.3.1 and ASME NM.3.2 are originated by ASTM and other recognized
national or international organizations, and are usually adopted by ASME. However, those revisions do not necessarily
indicate that materials produced to earlier editions of specifications are no longer suitable for ASME construction. Both
ASME NM.3.1 and ASME NM.3.2 include a Mandatory Appendix, “Guideline on Acceptable ASTM Editions,” that lists the
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latest edition of material specifications adopted by ASME as well as other editions considered by ASME to be identical for
ASME construction.

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

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

t : 1L retimaidtadta il ool 1 1 I 1 o1 + £ ACME 4 : PR | dl
COnS ruc IUTL. USUT IS TIITIIICU LU LITUSU TITIALUT IAdIS dITu Sl autos ql}l)l uveu U_y dAdUICASUUIIU UT LU NOIVI L CUTISTIULLIUIT StAally r S

for applifation under its requirements. Material produced to an acceptable material specification is not limjted)ps 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.
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Fo]]rvning npprn\m] by the ASME NPPS Committee and ASME _and after pnh]ir review ASMENM32-2020wasa

ASME NM.3.2-2020
SUMMARY OF CHANGES

pproved

by the American National Standards Institute on October 29, 2020.

ASME NM.3.2-2020 includes the following changes identified by a margin note, (20).
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93
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Location
SC-582
SD-578/SD-578M
SD-2517
SD-2996
SD-2997
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SD-3517
SD-3754
SD-4024
SD-4161
SD-5421
SD-5677
SD-5685
SD-6041
SF-1173
Table II-1
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Revised in its entirety
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Revised in its entirety
Revised in its entirety
Revised in its entirety
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Revised in its enticety
Revised in its entirety
Revised in its entirety
Revisedin its entirety
Revised' in its entirety
Revised in its entirety
Revised in its entirety
Revised in its entirety
Revised in its entirety
Updated
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(20)

ASME NM.3.2-2020

SPECIFCATION FOR CONTACT-MOLDED REINFORCED
THERMOSETTING PLASTIC (RTP) LAMINATES FOR
CORROSION-RESISTANT EQUIPMENT

@Z@ SC-582

(Identical with ASTM C582-09(R16) except forrevisions in paras. 2.1 and 8.1; addition of section 10 and Annex Al
through Annex A3.)
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ASME NM.3.2-2020

Specification for

Contact-Molded Reinforced Thermosetting Plastic (RTP)
Laminates for Corrosion-Resistant Equipment

1. Scope

1.1 Th
cating prqg
fiber rein
qualified
als of col
and equif
contact m

Norte 1
during fab
equipment.

Note 2

1.2 Th
as standal
conversiol
and are n

1.3 Th
test meth
standard
if any, as.
of this st
environm
regulator)

1.4 Th
dance wif
ization e
Developni
mendatio
Barriers

s specification covers composition, thickness, fabri-
cedures, and physical property requirements for glass
forced thermoset polyester, vinyl ester, or other
hermosetting resin laminates comprising the materi-
pstruction for RTP corrosion-resistant tanks, piping,
ment. This specification is limited to fabrication by
olding.

FThe laminates covered by this specification are manufactured
ication of contact-molded RTP tanks, piping, and other

-There is no known ISO equivalent to this standard.

e values stated in inch-pound units are to be regarded
d. The values given in parentheses are mathematical
hs to SI units that are provided for information only
bt considered standard.

e following safety hazards caveat pertains only to the
od portion, Section 8, of this specification: This
Hoes not purport to address all of the safety concerns,
ciated with its use. It is the responsibility of the user
ndard to establish appropriate safety, health, and,
ntal practices and determine the applicability “of
limitations prior to use.
s international standard was developed” i accor-
1 internationally recognized principles-on standard-
btablished in the Decision on Pringiples for the
ent of International Standards, Guides and Recom-
is issued by the World Trade Qrganization Technical
0 Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:

C581 Practice for Determining Chemicaly ReSistand
Thermosetting Resins Used in Glags-Fiber-Reinf
Structures Intended for Liquid Service

D638 Test Method for Tensile Propetties of Plastics

D695 Test Method for Compressive Properties of |
Plastics

D790 Test Methods for Flexutal Properties of Unreinf
and Reinforced Plastics.and Electrical Insulating M
als

D883 Terminology Relating to Plastics

D2583 Test Method for Indentation Hardness of Rigid
tics by Méans/of a Barcol Impressor

D2584 Test Method for Ignition Loss of Cured Reinf
Resins

D3039, Test Methods for Tensile Properties of Polyme]
Matrix Composite Materials

D3681 Test Method for Chemical Resistance of “Fiberg]
(Glass—Fiber—Reinforced Thermosetting-Resin) Pipeg
Deflected Condition

E84 Test Method for Surface Burning Characteristig
Building Materials

3. Definitions

3.1 Definitions used in this specification are in accord

with Terminology D883 unless otherwise indicated. Th¢

breviation for reinforced thermoset plastic is RTP.

3.2 polyester—resins produced by the polycondensati
dihydroxyderivatives and dibasic organic acids or anhydj

e of
rced

Rigid

rced
hteri-

Plas-

rced

-

llass”
in a

of

[7

ance
ab-

n of
ides,

wherein at least one component contributes ethylenic unjsatu-

ration yielding resins that can be compounded with §
monomers and reacted to give highly crosslinked thern
copolymers.

tyryl
hoset
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3.3 vinyl ester—resins characterized by reactive unsatura-
tion located predominately in terminal positions that can be
compounded with styryl monomers and reacted to give highly
crosslinked thermoset copolymers.

Note 3—These resins are handled in the same way as polyesters in
fabrication of RTP components.

3.4 contact molding—a method of fabrication wherein the
glass-fiber reinforcement is applied to the mold, in the form of

.].1 Type—In Roman numerals, shall designate the rein-
ment structure comprised of specific plies of glass fiber in
specific sequences.

4.1.1.1 Type I—A standard all-mat or chopped-roving
consfruction, or both, as shown in Table 1.

4.1.1.2 Type II—A standard mat or chopped-roving and
wov¢n-roving construction, or combination thereof, as shown
in Tgble 2.

4.]1.1.3 Other types, such as standard mat or chopped roving
with|alternating layers of nonwoven biaxial or unidirectional
reinfprcement in the structured plies. may be qualified in
accofdance with Appendix X2.

4.1.2 Class—In capital letters, shall designate the generic
resinf “P” for polyester and “V” for vinyl ester. The lettefs
“FS’] followed by parenthesis, “FS( ),” shall designate~fire
retarflancy, if specified, with maximum flame spread‘in the
pareiitheses in accordance with Test Method E84.

Nore 4—Fire retardancy by Test Method E84 /s ‘determined for

TABLE 1 Standard Laminate Composition Type I*

SC-582

0.125-in. (3.175-mm) thick, flat laminates with all-mat glass content of 25
to 30 %.

Note 5—Maximum flame spread designation by Test Method E84
relates to measurement and description of the properties of materials,
products, or systems in response to heat and flame under controlled
laboratory conditions and should not be considered or used for the
description or appraisal of the fire hazard of materials, products, or
systems under actual fire conditions. However, results of this test may be
used as elements of a fire risk assessment that takes into account all the
factors that are pertinent to an assessment of the fire hazard or a particular
end use.

4.1 rade—In Arabic numerals. shall designate the mini-

mum physical property levels of a laminate at 73.4~|3.6°F (23
* 2°0).

Note 6—The five Arabic grade numbers designate, minim
property levels of a laminate obtained front tests of re
production process samples. They are not arbitrarily selected

4.1.4 Thickness—Nominal, shall \bé designated y Arabic
number in decimal hundredths«efsan inch. (See Taple 1 and
Table 2 for standard thicknes$ses.)

m physical
resentative
values.

Note 7—Table 1 and Table\2" are for reference purposes [and do not
preclude other laminate-type.constructions, such as nonwoveh biaxial or
unidirectional fabric, which may be agreed upon between th¢ buyer and
the seller, or may beradded to this specification if they havd been fully
identified and charactefized, as shown in Appendix X2.

4.1.5 Classification Requirements for Different Laninates—
Laminate ‘designation from Table 3 shall consist of the abbre-
viatiomRTP followed by (/) type in Roman numeralg; (2) class
in capital letters followed by FS( ) if required; |[(3) grade
condisting of five Arabic numbers to designate mininfum levels
of physical properties and (4) thickness designated py Arabic
number in decimal inches (or ALL, if properties afply to all
thicknesses).

4.1.5.1 Examples:

(1) RTP I 1 ALL, designates Type I polyester|laminate,
non-fire-retardant Grade 13211, having the followjng mini-
mum physical property levels (see Table 3):

Calculated Corrosion Structural Plies® Prafting

Thickness?C Barrier® Number and Sequence of Plies 4ymbols
in- (mm) 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18
o0.18 (4.6) % M= M M M . 4M
0.43 (5.8) v M M M M M . 5M
0.47 (6.9) \V M M M M M M . 6M
0.31 (7.9) N M M M M M M M ™
0.45 (8.9) \ M M M M M M M M 8M
0.40 (10.2) \ M M M M M M M M M , 9M
0.44 (172) \4 M M M M M M M M M M , 10M
0.48 (12'2) \4 M M M M M M M M M M M , 11M
0.43 (48.5) \% M M M M M M M M M M M M , 12M
0.47 (14.5) \ M M M M M M M M M M M M M 13M
0.¢1 (15.5) \ M M M M M M M M M M M M M 14M
0.66 t+6-8) a s oA oA v v oA v v v v v v v v v i /, 15M
0.70 (17.8) \4 M M M M M M M M M M M M M M M M V, 16M
0.74 (18.8) \% M M M M M M M M M M M M M M M M M V, 17M

A Glass content, weight, % = 25 to 30, all thickness.
B Calculated thickness for design purposes is determined as follows:
V = Surfacing mat — 0.010 in./ply (0.25 mm/ply) when saturated with resin.

M =1 1% oz/ft? (459 g/m?) mat — 0.043 in./ply (1.1 mm/ply) when saturated with resin.

€ The thickness shall be not less than 90 % of the calculated thickness shown.
P Corrosion barrier (Plies 1, 2, and 3) shall gel before structural plies are added.

E Structural lay-up may be interrupted at intervals long enough to exotherm if required by the laminate manufacturing procedure and 6.3.1.
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TABLE 2 Standard Laminate Composition Type Il

Calculated Glass Corrosion Structural Plies?
Thickness*? Content Barrier® Number and Sequence of Plies Drafting
—— (weight, Symbols

in. (mm) %) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

0.22 (5.6) 28 to 33 \Y M M M R M V, 2M, MRM

0.29 (7.4) 30 to 35 \Y M M M R M R M V, 2M, 2(MR)M

0.37 (9.4) 30 to 35 \% M M M R M R M R M V, 2M, 3(MR)M

0.41 (10.4) 30 to 35 \Y M M M R M R M R M M V, 2M, 3(MR)M
M

049 (125) 34038 V M M M R M R M R M M R M V, 2M, 3(MR)M,
MRM

0.57 (14.5) 34 to 38 v M M M R M R M R M M R M R M V, 2M, 3(MR)M,
2(MRIM

0.64 (16.3) 37 to 41 \Y M M M R M R M R M M R M R M R M V,2M, 3(MR)M,
a(MR)M

0.69 (17.5) 37 to 41 \% M M M R M R M R M M R M R M R M M V,2M, 3(MR)M,
3(MRMM

0.76 (19.3) 37 to 41 v M M M R M R M R M M R M R M R M M R M V, 2M, 3(MR)M,
3(MR)M|
MRM

A Calculated| thickness for design purposes is determined as follows:
V = Surfgcing mat — 0.010 in./ply (0.25 mm/ply) when saturated with resin.
M =1 5| 0z At? (459 g/m?) mat = 0.043 in./ply (1.1 mm/ply) when saturated with resin.
R = 2414 0z/yd® (832 g/m?) 5 x 4 woven roving = 0.033 in./ply (0.84 mm/ply) when saturated with resin.
B The thicknpss shall be not less than 90 % of the calculated thickness shown.
€ Corrosion parrier (Plies 1, 2, and 3) shall gel before structural plies are added.
P gtructural fay-up may be interrupted long enough to exotherm following an “M” ply, if required by the laminate manufacturing procedure. Location of exotherm plie!
be shifted within the laminate body. No plies may be omitted. Refer to 6.3.1.

TABLE 3 Classification System for Hand Lay-up Laminates Using‘Minimum Property Values”

b may

Clgssification Order
R|TP followed by:

(1) Type | 1l 1]l \% V

2) Class P \ . . . . followed by FS (), if

Polyester Vinylester specified with flame
spread in parentheses in
accordance with Test

Method E84
Physical and Mechanical Properties
3) Grade 1 2 3 4 5 6 7 8 9 0
1st Digit: Tensile strength, 9 1 13 15 17.5 20
ultimate psi x 10°
(MPa) (62) (76) (99) (104) (121) (138) . o
2nd Digit: Tensile modulus, 0.85 0.95 1.05 1.15 1.3 1.5 1.75 2.0
tangent psi x 103
(MPa) (5 863) (6 552) (7 242) (7 932) (8 966) (10 346) (12 070) (13 794)
3rd Digit: Flexural strength, 16 A8 20 22 24 . . S
ultimate psi x 10°
(MPa) (110) (124) (138) (152) (166) .
4th Digit: Flexural modulus, 0.7 0.85 1.0 1.15 1.3 1.5
psi x 108
(MPa) (4828) (5 863) (6 897) (7 932) (8 966) (10 346) .
5th Digit: Glass content, by 25 28 30 34 37 40 44
weight, %
A Table will e completed as néw tesins and higher strength laminates become available.
Tensjle stréngth, ultimate—9000 psi (62 MPa). (2) RTP II P FS(25) 55433.30, designates Type II, goly-
Tensfle.niodulus—1 050 000 psi (7242 MPa). ester fire-retardant resin laminate with a maximum flame
Flexlua ength, ultimate—18 i 4 ) pread o ade 4 having the following minithum
Flexural modulus—700 000 psi (4828 MPa). physical property levels (see Table 3):
Glass content—25 %. Tensile strength, ultimate—17 500 psi (121 MPa).
Thickness—*“ALL” thicknesses. Tensile modulus—1 300 000 psi (8966 MPa).
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Flexural strength, ultimate—22 000 psi (152 MPa).
Flexural modulus—1 000 000 psi (6897 MPa).
Glass content—30 %.

Thickness—0.30 in. (7.62 mm).

5. Materials

5.1 Resin Matrix System:
5.1.1 The resin shall be determined to be acceptable for the
service either by test, see 8.6, or by verified case history.

5. 12—Catalyst/Promaoter. (‘\mtam’ shall be as recommended

SC-582

5.2.3 Woven Roving, shall be “E” or “ECR” type glass, 24>
oz/yd* (832 g/m?), 5 by 4 square weave fabric having a sizing
compatible with the resin.

5.2.4 Roving, used in chopper guns for spray-up application,
shall be “E” or “ECR” type glass with sizing compatible with
the resin.

5.2.5 Other Reinforcements, such as nonwoven biaxial or
unidirectional fabric. These products shall be a commercial
grade of “E” or “ECR” type glass fiber with a sizing that is
compatible with the resin.

or agproved by the resin producer.

5.1.3 Diluents, such as added styrene, fillers, dyes,
pignients, or flame retardants shall be used only when agreed
upon| between the fabricator and the buyer. When such items
are rgquired, limits for each shall be agreed upon between the
fabrifator and the buyer. A thixotropic agent may be added to
the rpsin for viscosity control.

Nore 8—The addition of fillers, dyes, pigments, flame retardants, and
thixotfopic agents may interfere with visual inspection of laminate quality.

Nofre 9—Chemical resistance can be significantly affected by the
catalyst/promoter system, diluents, dyes, fillers, flame retardants, or
thixoffopic agent used in the resin.

5.1.4 Resin Pastes, used where necessary to fill crevices
formpd by joining subassemblies before overlay shall not be
subjgct to the limitations of 5.1.3. Pastes shall be made with
thixdtropic agents.

5.1.5 Ultraviolet Absorbers, may be added to the exterior
surface for improved weather resistance when agreed upon
betwpgen the fabricator and the buyer.

5.1 Fiber Reinforcement:
5.2.1 Surfacing Mat (veil) is a thin mat of fine fibers_used
primprily to produce a smooth surface on a reinforced<plastic.
5.2.1.1 Veil shall be determined to be acceptable for the
servipe either by Test Methods C581 or D3681,-0xby a verified
case fhistory.
.2.1.2 Requirements of acceptable surfacé veils are:
(f) Resin compatibility,
(b) Uniform fiber distribution,
(f) Single filaments (not bupdled),
(f) The thickness shall beg"a*minimum of 10 mils per ply
whei) saturated with resingand
() Minimum fiber length shall be 0.5 in.

Nofre 10—The chemriedl resistance of the RTP laminate is provided by
the rgsin. In combiratiod with the cured resin, the surfacing veil helps
deterthine the thiekness of the resin-rich layer, reduces microcracking, and
providles a nonwicking chemically resistant layer.

AdditiopalNdesirable considerations in choosing a veil for a specific
applidation-include:

(a)|Drapability (surfacing veil should conform to mold shape),

5.3 Laminates:
5.3.1 Laminate construction shall be in accordarncg with the
tabulated lay-up sequence for the specifiedtype.
5.3.2 Type I, laminate structure is detdailed’in Tabje 1.
5.3.3 Type II, laminate structure is(detailed in Table 2.

6. Laminate Fabrication

6.1 Apply the catalyzed résin to a mold or mandref properly
prepared with a parting_agent or film suitable for the lay-up
resin. Next apply the_spetified surface mat, rolling so as to
draw the resin through the mat for thorough wet-out and
deaeration.

6.2 Applyresin and two plies of 1'2-0z (42.6-g) rhat. As an
alternative,) &’minimum of two passes of chopp¢d roving
(minimum ‘fiber length 1 in. (25.4 mm) and resij may be
applied»by the spray-up process equivalent in wpight and
thickness to 3 oz/ft*> (918 g/m?) of chopped mat. Ea¢h pass of
¢hopped roving or ply of chopped-strand mat shal| be thor-
oughly rolled out. This section of the laminate shall be allowed
to exotherm prior to application of subsequent plies of rein-
forcement.

6.3 Continue lay-up in the sequence of plies, tabplated for
the specified laminate type. Roll each ply for thorough wet-out
and deaeration.

6.3.1 Interruption of laminate construction for [exotherm
shall follow instructions noted on Table 1 and Tablg 2 for the
particular laminate type. The final ply of reinforcem¢nt before
interruption for exotherm shall be 1Y5-0z/ft® (459-4/m?) mat
or chopped roving equivalent. The initial ply of the [following
lamination shall be 1Y4-0z/ft> mat or chopped roving equiva-
lent.

6.4 The outer surface of the fabricated laminatg shall be
smooth and free of exposed glass fibers. The final ply shall be
mat or chopped roving equivalent. A surfacing njat is not
required unless specified. Surface resin may require| the addi-
tion of paraffin or may be sealed with overlaid film, ap required
or approved by the resin producer, to ensure prop¢r surface
cure.

(b) Dry and wet tensile strength,

(c) Binder solubility (if used),

(d) Wetability,

(e) Surfacing veil shall wet-out completely without trapping air during
laminating, and

(f) Surfacing veil should not inhibit resin cure.

5.2.2 Chopped-Strand Mat, shall be “E” or “ECR” type

glass fiber, 12 oz/ft® (459 g/m?), with sizing and binder
compatible with the resin.

6.4.T When pigmentation is specified, the pigment shall be
incorporated only in the resin used to lay-up the final laminate
ply.

6.5 All edges of reinforcement material except surfacing
mat shall be lapped 1-in. (25.4-mm) minimum. Lapped edges
of adjacent layers shall be staggered. Surfacing mat shall be
butted together or have overlaps no more than 2 in. (12.7 mm).
Gaps are not permitted.
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7. Physical and Mechanical Properties

7.1 The composition and sequence requirements for Type I
and II laminates are shown in Table 1 and Table 2.

7.2 The mechanical property requirements for Type I and II
laminates are shown in Table 4.

khall be established on flat laminates prepared under shop
onditions. In Type II laminates the woven roving is to be laid
quare, and test specimens are to be cut parallel to the warp
ovings.

7.3.1 Test specimens cut from fabricated equipment usually
re not parallel to warp rovings. Interpretation of mechanical
property data obtained from such specimens is discussed in
Appendix X1.

B. Test Methods

8.1 Tensile Strength and Tangent Modulus of Elasticity—
Test Method D638 or D3039.

8.1.1 Specimens shall be in accordance with Type III, Fig. 1
pf Test Method D638 for all laminate thicknesses.

8.2 Flexural Strength and Tangent Modulus of Elasticity—
Test Methods D790, Method I, Procedure A, and Table 1, 1/d
= 16 to 1.

8.2.1 Specimens shall be the full thickness of the laminate
hs fabricated.

8.2.2 The loading nose shall be applied to the inner face of
he laminate specimen.

8.3 Glass Content—Test Method D2584.

8.3.1 The residual, undisturbed glass-fiber plies from the
gnition shall be separated carefully and counted to confirm
btandard lay-up sequence.

8.4 Thickness shall be measured with a ball-foot microni-
Bter.

8.5 Hardness—Test Method D2583.

8.6 Chemical Resistance—Test Method C581.

8.6.1 Exposure tests under plant operating conditions shall
employ Test Method C581 standard test laminate samples.

Note 11—Thicker laminates shall not be used for such tests, as results

i 3 i h; “Eai PTUPE'"TE= U’f Eﬂti‘l t; PE a“d gTHdE U'f lﬂﬂ'ﬂ'ﬂﬁte WIII vary signi cant y compareﬂ 0 exposure ol S andard samples m Tes

Method C581.

8.7 Surface Flame-Spread Classification—Test Method,
E84.

9. Workmanship and Finish

9.1 The finished laminate shall conform to ‘Visual accep-
tance criteria of Table 5.

9.2 The surface exposed to the chemical environment (pro-
cess side) shall be smooth, resin-rich\\afnd fully cured. The
exterior surface shall also be fully cured.

9.2.1 The degree of cure shall-be measured by a Barcol
hardness test in accordance with*Test Method D2583. At least
80 % of the random readings shall exceed at least 90 % of the
resin manufacturer’s_feCommended hardness for the cured
resin.

9.2.2 Potential ‘dir-inhibited, undercured surfaces (both in-
terior secondaryNamination and exterior non-mold surfaces)
shall be tested/using an acetone sensitivity test. Four to five
drops of @eetone rubbed with a finger on the laminate surface,
free ofimold release, wax, dust, or dirt, until it evaporates, will
notyresult in surface softness or tackiness.

10. Certification

10.1 See Annex Al for certification requirements.

11. Keywords

11.1 contact molded; corrosion-resistant equipment; glass-
fiber-reinforced; laminate; reinforced thermosetting plastic
(RTP); thermoset polyester resin; thermoset vinyl ester resin

TABLE 4 Standard Laminate Properties

Calculated Thickness,”

Tensile®

Mechanical Properties, min, psi (MPa)©

in. (mm) Ultimate Stress x ~ Modulus x 10~ Flexural® Edge Compression®
Type 102 (MPa) (MPa) - -
Ultimate Stress x Modulus x 10 Ultimate Stress x 10~
102 (MPa) (MPa) 3 (MPa)
ALL | 9.0 0.85 16.0 0.7 16
(62) (5862) (110) (4828) (110)
0.22 (5.6) L} 12.0 0.9 19.0 0.8 16
(83) (6207) (131) (5518) (110)
0730 (7.6) 1] 135 1.1 20.0 0.9 18
(93) (7587) (138) (6207) (124)
0.37 (9.4) and up 1} 15.0 1.2 22.0 1.0 20
(104) (8276) (152) (6897) (138)

A The thickness shall be not less than 90 % of the calculated thickness shown.
B Test Method D638.

€ Barcol hardness should be 90 % (minimum) of cast resin hardness.

D Test Method D790.

E Test Method D695.
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TABLE 5 Visual Acceptance Criteria
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Visual Observation Surface Inspected
Process Side Nonprocess Side
Cracks None None
Crazing (fine resin-rich surface cracks)  None Maximum dimension 1 in. (25.4 mm). Maximum density
5/t (0.1 m3).A
Blisters (rounded elevations of the None Maximum V4 -in. (6.4-mm) diameter by & in. (3.2 mm)

laminate surface over bubbles)
Wrinkles and solid blisters

Pits (c

raters in the laminate surface)

Maximum deviation, 20 % of wall thickness, but
Y in. (3.2 mm).A

Maximum dimensions, s -in. (3.2-mm) diameter

) Moo L. 10462 _(40/0 4
g t -

not exceeding

by Vsz in. (0.8
2\ A

high. Maximum 2/t (2/0.1 m?).A

Maximum deviation, 20 % of wall thickness, but not

exceeding ¥s in. (4.8 mm).A

Maximum dimension s -in. (3.2-mm) diameter by V16 in.

VEWA ) Mo o i Q2 (100
- - t

Surfa
the lal

Chips

surfage)

Dry s
Entra|
delam

e porosity, pin holes, or pores in
ninate

(small piece broken from edge or
ot (non-wetted reinforcing)

ped air (bubbles or voids or
nations in the laminate)

7 L 7
Maximum dimensions, 16 -in. (1.6-mm) diameter by "2 in. (0.8
mm) deep. Maximum number 20/ft> (20,0.1 m3) by Ve in. (1.6

mm). Must be resin-rich.*

Maximum dimensions, s -in. (3.2-mm) diameter by sz in. (0.8

mm) deep. Maximum number 1/ft2 (1/0.1 m?).A
None

Maximum diameter %6 in. (1.6 mm), 10/in.2 (10/8.5 cm?)
maximum density. Maximum diameter V& in. (3.2 mm), 2/in.2
(2/6.5 cm?) maximum density. Maximum depth of ¥4z in. (0.8

deep. Maximum number 20/ft? (20/0.1( ?)=-M
resin-rich.”

.1 m2).A

\ 7 ~
Maximum dimension 16 -in. (1.6-mm) diameter by 46 in.

ust be

Maximum dimension Y4 -in. (6.4-mim) diametef by V16 in.
2y A

(1.6 mm) deep. Maximum number 5/t (5/0.1
Maximum dimensions 2 in.2. (13lem?) per ft?
Maximum diameter V46 in. (1.8 mm). 10/in.2
maximum density. Maximum diameter ¥ in. (

m?).

(0.1 m2).A
0/6.5 cm?)
.2 mm),

2/in.2 (2/6.5 cm?) maximium density. Maximurh diameter

mm).A8 %6 in. (4.8 mm), 2/f2(2/0.1 m?). Maximum dpnsity.*Z

Expoded glass None None

Burnep areas None None

Expodure of cut edges None® None®

Scratdhes None over 0.005 in. deep and 4 in. long Maximum.length 12 in. (3.5 mm). Maximum dppth 0.010
in. (0.25 mm) 2/t (2/0.1 m?), maximum dengity.”

Foreign matter None Yasiny, (3.2-mm) diameter, maximum density 1/t (1,/0.1
m?2)! %6 -in. (4.8-mm) diameter, maximum dersity 1/ft?
(1/0.1 m?).AP

A Max|mum 5 % of total surface area affected.

B Entrhpped air or bubbles described are allowed, provided the surface cannot easily be broken, with a pointed object, such as a knife blade.

CCut ¢dges must be covered with resin.

P Fordign matter must not penetrate the surface and must not contribute to entrapped air ofothér defects not allowed.
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ANNEXES

(Mandatory Information)

Al. CERTIFICATION

Al.1 When agreed upon in writing between the purchaser and the seller, a certification shall be made on the basis
of acceptance of material.

A1.2_Certification shall consist of a copy of the manufacturer’s test report or a statement by the seller
(acconjpanied by a copy of the test results) that the material has been sampled, tested, and inspected in accordaficd
with the provisions of the specification.

Al.3 Each certification so furnished shall be signed by an authorized agent of the seller or manufacturer:

Al.4 When original identity cannot be established, certification can only be based on the sampling-~procedure
provided by the applicable specification.

A2. ALTERNATIVE TO TABLE 1

TABLE A2.1 Alternative to TABLE 1 Standard Laminate Compaosition TypeA

Minimum Number of Mat Layers in the

Calculdted Thickness Corrosion Barrier ¢ Structural Wallf
Lamingte &€ Thickness Mat Designation

in. (mm) 150z 1.00z 0.750z
0.18 (4.6) Vv M M 2 3 4
0.23 (5.8) v M M 3 5 6
0.27 (6.9) v M M 4 6 8
0.31 (7.9) Vv M M 5 8 10
035 (8.9) v M M 6 9 12
0.40 (10.2) Vv M M 7 11 14
0.44 (11.2) Vv M M 8 12 16
0.48 (12.2) \ M M 9 14 18
0.53 (13.5) \Y M M 10 15 20
0.57 (14.5) v M M 11 17 22
0.61 (15.5) V. M M 12 18 24
0.66 (16.8) v M M 13 20 26
0.70 (17.8) \% M M 14 21 28
0.74 (18.8) \% M M 15 23 30

A Glass ontent, wejght;"% = 25 to 30, all thickness.
B Calculjted thickne$sfor design purposes is determined as follows:

Symbol Description Layer Thickness
\Y Veil 0.010
M 1.5 oz CSM 0.043
M 1.0 0z CSM 0.028
M 0.75 0z CSM 0.022

C The thickness shall be not less than 90 % of the calculated thickness shown.
D corrosion barrier (Plies 1, 2, and 3) shall gel before structural plies are added.

E structural lay-up may be interrupted at intervals long enough to exotherm if required by the laminate manufacturing procedure and 6.3.1
with the caveat that the last layer before exotherm is mat and the first ply is also mat. Exotherm plies are not shown.
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A3. ALTERNATIVE TO TABLE 2
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Calculated
ThicknessA Corrosion Barrier 8¢ Minimum Number of Repeating Layers in the Structural Wall b
Laminate
Thickness Laminate Style
in. (mm) 1 2 3 4 5 6
ZZ (2.9) V WAl WAl Z Z Z Z 1 1
0129 (7.4) \% M M 4 3 3 3 2 2
0137 (9.4) \% M M 6 5 5 4 3 3
0141 (10.4) \% M M 6 5 5 5 4 4
0]49 (12.5) v M M 8 7 7 6 5 5
0157 (14.5) \% M M 10 8 8 7 6 6
0|64 (16.3) v M M 11 10 10 8 7 7
0169 (17.5) \% M M 13 11 11 9 8 7
076 (19.3) \Y M M 14 12 12 10 9 8
A dalculated thickness for design purposes is determined as follows:
Layer Minimum Number of Layers
Description Thickness required in the Corrosion Barrier
Veil thickness 0.010 1
1.5 0z CSM 0.043 2
1.0 0z CSM 0.028 3
0.75 0z CSM 0.022 4
24 0z Woven Roving 0.033 N/A
18 oz Woven Roving 0.024 N/A

B The thickness shall be not less than 90 % of the calculated thickdess shown.
€ dorrosion barrier (Plies 1, 2, and 3) shall gel before structuralplies are added.

Dg

mdt and the first ply is also mat. Exotherm plies ané'not'shown.

Skyle Repeating Laminate Layers

1 0.75 0zCSM | & | 18 oz Woyen.Roving
2 0.75 0zCSM | & | 24 oz Woven Roving
3 1.0 0z CSM & | 18,0z Woven Roving
4 1.0 oz CSM & |24,'07 Woven Roving
5 1.5 0z CSM & 1\18 oz Woven Roving
6 1.5 0z CSM & | 24 oz Woven Roving

tructural lay-up may be interrupted long enough to exotherm following an “M” ply, if required by the laminate manufacturing proce
Logation of exotherm plies may be shifted within the lafiinate body. No plies may be omitted. Refer to 6.3.1. The last layer before exot

Hure.
herm is
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APPENDIXES

(Nonmandatory Information)

X1. INTERPRETATION OF DATA FROM ANISOTROPIC LAMINATES

X1.1 General—Mechanical properties of laminates contain-
ing alternative plies of woven roving and chopped strand mat
are dependent upon relationship between the direction of the

applied load and the direction of the roving strands. For 5 by 4
square weave roving, the approximate relationship is shown in

Fig. X1.1.

X2.1 (eneral—The RTP laminate structures other than
those coviered by this specification may be characterized for

designati

n as standard type, class, and grade by means of the

following| procedure.

X2.2 Laminate Preparation:

X2.2.1

Under shop fabrication conditions, lay up 12 by

25-in. (30p by 635-mm) flat laminates of the proposed laminate

structure

n nominal thicknesses of %16, %16, 2, and % in. (4.8,

8, 12.8, ahd 19.2 mm).
X2.2.1Jl Orientation of reinforcing fibers of fabrics shall be
such as to|produce maximum properties in the 25-in. (635-mm)

direction

pf the laminate.

X2. QUALIFICATION OF LAMINATE STRUCTURE FOR TYPE, CLASS, AND GRADE DESIGNATION

X2.2.1.2 Laminates having essentially unidifectional

fiber

reinforcement shall be 25 by 25-in. (635 by“635-mm) sige to

provide sufficient laminate for testing\Jit-two directions.

X2.2.1.3 The degree of cure of the surface exposed tp the

chemical environment (processside) shall be measured

by a

Barcol hardness test in accordance with Test Method D2583.

At least 80 % of the random.readings shall exceed at least

D0 %

of the resin manufactuter’s recommended hardness fof the

cured resin.

X2.2.1.4 Cured-~laminates shall be flat within the limijts of

Ve-in./ft (3.2-mm/0/1 m?) deviation from a plane surface

X2.3 Testing:

10
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WARP
0 degrees
—
90 degrees
Standard
Deviation
Note: At 45°, Tensile strength is 69 % of 0°. 1%
Tensile modulus is 86 % of 0°. 2%
At 45°,  Flexural strength is 62 % of 0°. 14 %
Flexural modulus is 72 % of 0°. 14 %
At 45°,  Composition strength is 100 % of 0°. 1%
Composition modulus is 73 % of 02, 20 %

FIG. X1.1 Directional Properties of RTP-Alternating Mat/Woven

Roving
X2.3.1 Tests shall be performed, and results certified, by a X2.4.1 The report shall describe laminate manufa¢ture, date
recognized independent testing laboratory experienced in the of manufacture, resin used with batch number noted, identifi-
testifjg of RTP laminates. cation of reinforcements used, cure components, add{tives, and

X2.3.2 Determine mechanical and physical properties as  all pertinent cure information.
requfred by Sections 7 and 8 of this specification!

X2.3.2.1 Unidirectional laminates, as describedin X2.2.1.2,
shalllhave properties determined both parallel to, and at 90° to,
the direction of reinforcement.

X2.4.2 The report shall contain the data obtained on all
specimens, the laboratory that performed the tests, and the date
performed.

X2.4 Report:

11
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ASME NM.3.2-2020 SD-578/SD-578M

SPECIFICATION FOR GLASS FIBER STRANDS

@Z@ SD-578/SD-578M

(Identical with ASTM D578/D578M-18 except for revisions to paras. 1.3, 2.3, Note 1, paras. 26.5, 26.6.4; addition of]
section.3@>and Annex Al.)

13


https://asmenormdoc.com/api2/?name=ASME NM.3.2 2020.pdf

SD-578/SD-578M

1. Scope

Specification for
Glass Fiber Strands

ASME NM.3.2-2020

system shall be used independently of the other. Combi

ning

1.1 Thjs specification covers the requirements for continu-
ous fiber fand staple fiber glass strands, including single, plied
and multiple wound. It also covers textured glass fiber yarns.
This spegification is intended to assist ultimate users by
designatig the general nomenclature for the strand products
that age generally manufactured in the glass fiber industry.

1.2 Gljss fibers are produced having various compositions.

General
designati
glasses t
end-user
sition lim|
the glass
tions is d
as, MIL-J
in this sp
E-Glass
tions.

1.3 Gl
specific g

pplications are identified by means of a letter
n. The letter designation represents a family of
hat have provided acceptable performance to the
n the intended application. For example, the compo-
ts stated for E-Glass in this specification representing
fiber family for general and most electrical applica-
signated by the letter E. Military specifications, such
R-60346, recognize the composition limits described
cification as meeting the respective requirements for
trands used in reinforced plastic structure applica-

hss fiber strands have a variety of general uses under
onditions, such as high physical or chemical stress,

high moipture, high temperature, or electrical environments.

Property
upon bet
erty requ
printed ¢
needed s
for finish
boards,

boards af

1.4 Th
are to be
each syst

requirements under specific conditions are agreed
een the purchaser and the supplier. Electrical, prop-
rements vary with specific end-use applications.” For
rcuit board applications, other requirements may be
ich as the use of IPC Specification EG 4412 A
ed fabric woven from E-Glass fer\printed circuit
r Specification MIL-P-13949 (for “printed wiring
plicable to glass fabric base.

e values stated in either SI'upits or inch-pound units
regarded separately as.standard. The values stated in
em may not be exact.equivalents; therefore, each

values from the two systems may result in non-conform
with the standard.

1.5 This specification is one of a series to \provi
substitute for Military Specifications: MIL-Y-H40%arn, (
Sleeving, Cloth and Tape-Glass; and MIL-C=9084 Cloth, (
Finished for Resin Laminates.

1.6 Additional ASTM specifications:itr this series have
drafted and appear in current editions’ of the Annual Bo
ASTM Standards. These include\firished glass fabrics, u
ished glass fabrics, glass tapes,” glass sleevings, glass c
glass sewing threads, and \finished laminates made from|
ished glass fabrics.

1.7 This standard’does not purport to address all o
safety concerns,\if) any, associated with its use. It i
responsibility of.the user of this standard to establish ap
priate safety~Nhealth, and environmental practices and d|
mine the applicability of regulatory limitations prior to U

2. Referenced Documents

2.1 ASTM Standards:

D123 Terminology Relating to Textiles

D1423/D1423M Test Method for Twist in Yarns by Di
Counting

D1907/D1907M Test Method for Linear Density of
(Yarn Number) by the Skein Method

D2256/D2256M Test Method for Tensile Properties of Y
by the Single-Strand Method

D2258/D2258M Practice for Sampling Yarn for Testing

D2904 Practice for Interlaboratory Testing of a Textile

pnce

le a
ord,
HENS

been
k of
hfin-
rds,
fin-

the

the
pro-
brer-
se.

ect-
Yarn

arns

Test

14
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Method that Produces Normally Distributed Data (With-
drawn 2008)

D2906 Practice for Statements on Precision and Bias for
Textiles (Withdrawn 2008)

D4963/D4963M Test Method for Ignition Loss of Glass
Fiber Strands and Fabrics

D7018/D7018M Terminology Relating to Glass Fiber and

SD-578/SD-578M

4.2 “E” Glass—A family of glasses composed primarily of
the oxides of calcium, aluminum, and silicon, which has the
following certified chemical compositions.

4.2.1 The following certified chemical composition applies
to glass fiber yarn products for printed circuit boards and
aerospace.

Chemical % by Weight
Its Products
B»0s 5to 10
2.2 ASTM Adjunct: Ca0 16 tg 25
TEX-PAC Al,O4 12 to 16
2.3 ASQOC Standard: Mgé 0to5
AINSI/ASQC Z1.4 Sampling Procedures for Inspection by #‘%20 and K;0 g:g 38
Attributes Fe,0s 6.051 0.4
2.4 Military Standards and Specifications: Fluoride ) N ) gt 1.0 . )
M]L-P-13949 Specification for Plastic Sheet, Laminated, 4.2.2 The following certified chemical*compositi¢n applies
Metal-Clad For Printed Wiring Board to glass fiber products used in genetal*applications.
MIL-R-60346 Roving, Glass Fibrous (for Prepreg Tape, Chemical % by Weight
Rovings, Filament Winding, and Pultrusion Applications) 8.0 01010
MIL-G-55636B Glass Cloth, Resin Preimpreginated (B- Ca0 and MgO 16tg 30
STAGE) (For Multilayer Printed Wiring Boards) (Super- AlL,O5 12t0 16
beded by MIL-P-13949 1981) ?i?zl A ¢ 53 :0 ‘232
MIL-Y-1140 Specification for Yarn, Cord, Sleeving, Cloth, T?Oi alkall merRXbes otg 15
hnd Tape-Glass Fe;0q 0.05 to 0.
M]L-C-9084 Specification for Cloth Finished for Resin Fluorig® 0to 1.0
[_.aminates (Cancelled 1999) 4.2.3 Eléctrical applications include a wide varietly of uses.

2.1
Stan
1P

Institute for Interconnecting and Packaging Circuits
Jard:
" EG 4412 A Specification for Finished Fabric Woven
from E-Glass for Printed Circuit Boards

3. Terminology

3.1 For all terminology related to D13.18, Glass Fiber and
Its Pfoducts, see Terminology D7018/D7018M.

3.1.1 The following terms are relevant to. ‘this’ standard:
atmopphere for testing textiles, chopped strand, continuous
filamfent yarn, roving, staple glass yarn, strand, textured glass
yarn

3.2 For allother terminology r¢lated to textiles, refer to
Ternfinology D123.

4. (Jassification of Glass/Fiber

4.1 “C” Glass—A family of glasses composed primarily of
the dxides of sodium}{calcium, boron, aluminum, and silicon
with|a certified_chemiical composition which conforms to an
applicable mat€rial specification and which produces good acid
resisfance (exeluding HF).

The composition in 4.2.1 is identical to IPC EG 4412 A for
printed- circuit boards and to MIL-G-55636B. Adflitionally,
sueh fiber glass products often are specified for perospace
applications. Products covered by the composition| range in
4.2.2 are used in general applications, such as power|company
equipment, high voltage devices, residential electfic boxes,
third rail covers, high voltage standoff rods, electridal pultru-
sion products, light poles, electrical tool covers, and|electrical
tape. Other applications include roofing, flooring, |filtration,
panel rovings, gun rovings, smc rovings, choppgd strand
reinforcements, paper yarns, and industrial yarns.

4.2.4 The nomenclature “E-CR-Glass” is used fpr boron-
free modified E-Glass compositions for improved registance to
corrosion by most acids.

4.3 “S” Glass—A family of glasses composed prjmarily of
the oxides of magnesium, aluminum, and silicon with a
certified chemical composition which conforms to|an appli-
cable material specification and which produces high{mechani-
cal strength.

4.4 “R”Glass—A family of boron-free glasses ¢omposed
primarily of the oxides of silicon, aluminum, calfium and
magnesium, such glasses possessing excellent acid aind water
durability as well as specific strength and specific] modulus
levels significantly greater than E glass.

15

DESCRIPTION OF GLASS STRANDS

5. General

5.1 The construction of glass strands is described in a series
of two to four segments of alphabetical or numerical charac-
ters.

Note 1—In glass fiber strand designations, and in the conversion of
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yards per pound to tex units, the following requirements are used:
(1) less than 2.50 tex—round to nearest 0.01 tex
(2) 2.50 tex to less than 5.00 tex—round to nearest 0.05 tex
(3) 5.00 tex to less than 10.0 tex—round to nearest 0.1 tex
(4) 10.0 tex to less than 250 tex—round to nearest 1.0 tex
(5) 250 tex to less than 2000 tex—round to nearest 5.0 tex
(6) 2000 tex to less than 100 000 tex—round to nearest 100 tex

5.1.1 For strands described in inch-pound units, the approxi-
mate yards per pound of the final strand can be computed by
multiplying the yarn number designation of the single yarn or
strand by 100 to obtain yards per pound for the single yarn or

ASME NM.3.2-2020

additional cabling step. The total single yarns in the final yarn will always
be the product of all the counts in this segment. When 0 (zero) appears as
a count it is considered as 1 (one) for multiplication purposes.

6.1.4 Segment Four—The fourth segment of the description
of continuous filament yarns specifies the twist level and
direction. For yarns described in SI units, the description
consists of an S or Z to show direction of twist immediately
followed by the twist level in turns per metre (tpm) to the
nearest 1 tpm. For yarns described in inch-pound units, the
description consists of the twist level in turns per inch (tpi) to

Strand and then leldlng by the total number of Slngle yarns or LIIC TICAITST Gi lpi iuuucdiatcly fUiiUWCL‘l 'Uy AT S5-OT 210 hOW

strands iff the final yarn. Actual yardage is less because of  direction of twist.

organic cpntent and twist take-up during plying. Norte 4—Twist in turns per metre (tpm) equals twist ifjturhs pef inch
Note 2—}Letter designations for filament diameter averages are shown ~ (tpi) times 40. The exact factor 39.37 is rounded to 40-{o obtain the twist

in Table 1. [The yards per pound stated in Table 2 is an approximate yarn in turns per metre to the nearest 1 tpm when starting from turns pef inch

number. THe “As Received” yards per pound will be less than the bare
glass valugs stated. This may be contributed by twist take-up, sizing
percent, or|purchaser agreement to produce to a lower yarn number to
meet other pequirements for a further manufactured product, or both. For
example, E[C9 66 1x0 (ECG 75 1/0) stated at approximately 66 tex [7500
yd/Ib] will pctually be about 68 tex [7300 yd/Ib] in the delivered state for
use in the ¢lectrical laminate industry.”

6. Contiuous Filament Yarns

6.1 Defcriptions of Continuous Filament Yarns—The de-
scription ¢f continuous filament yarns consists of the following
four segnjents:

Segmenft 1 Segment 2 Segment 3 Segment 4
Glass fami Yarn number Construction Twist level
Fiber form Twist direction
Fiber diamgter

6.1.1 Segment One—The parts of Segment one are respec-
tively the[symbol for the glass family as directed in Section 4;
the symb¢l for fiber form, “C” for Continuous, and a symbol
for average filament diameter range as directed in Table 1°

6.1.2 Segment Two—The second segment of the description
of continyous filament yarns specifies the yarn numbéc-of the
single yar. For yarns described in SI units, the yarn.number is

to the nearest 0.1 tpi.

6.2 Examples of Descriptions of Continuous Filament
Yarns:

6.2.1 Example la, Singles Yarn/Using SI Units—Th¢ de-
scription of a singles continuous® filament yarn using SI [units
might be:

EC6 33 1 X0 Z40

where:

E = symbol for glass family used in general and jmost
electrical applications,

C = ¢synibol for continuous filament yarn,

6 =, symbol for filament diameter average range 5.p0 to
6.49 pm,

33 = nominal yarn number of single yarn, tex,

I1%0 = one single yarn twisted without plying or cabling,
and

740 = a twist level of 40 tpm in the “Z” direction.

The nominal yarn number in tex of the final yarn will be

approximately 33 since there is only one strand in the|final

yarn.

specified fin tex. For yarns described in inch-pound units, the 6.2.2 Example 1b, Singles Yarn Using Inch-Pound Units—
yarn numper is specified in hundreds of yards:per pound, that The description of a singles continuous filament yarn {ising
is yards ger pound divided by 100. inch-pound units might be:

6.1.2.1|Some manufacturing processes-are designed specifi- ECDE 150 1/0 1.0Z
cally to pfoduce yarns consisting of-hellow filaments. For these
yarns, thd suffix HF is attached-t)-the second segment of the ~ Where:
yarn descliption. For example\40/HF (125HF) represents a40  E = symbol for glass family used in general and |most
tex [125 k 100 yd/Ib] single~yarn consisting of hollow fila- electrical applications,
ments. C = symbol for continuous filament yarn,

6.1.3 Segment Threé~=The third segment of the description =~ DE = symbol for ﬁ@ament diameter average range 0.00023
of continpous filamént yarns specifies the number of single to 0~_000269 m., ) )
yarns in the coripléte yarn. For yarn described in SI units, the 150 = nominal yarn number of single yarns in hundrefls of
description .cofisists of a count of the single yarns twisted yards per pound [yd/Ib], ) .
together, h l6wer case multiplication sign or x, and a count of 10 = 222 single yarn twisted without plying or caflling,
the twisted yarns plied together to form the final yarn. For - o7 _ 5 i jovel of 1.0 tpi in the “Z” direction.
yarns described in inch-pound units, the description consists of
a count of the singles yarns twisted together, a division sign or The nominal yarn number in yards per pound of the final

“/”, and a count of the twisted yarns plied together to form the
final yarn.
Note 3—If additional stages of plying are involved, a lower case

multiplication sign for SI units or a diagonal for inch-pound units,
followed by the count of plied yarns being cabled is added for each
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yarn will be approximately 15 000 since there is only one
strand in the final yarn.

6.2.3 Example 2a, Plied Yarn Using SI Units—The descrip-
tion of a plied continuous filament yarn using SI units might
be:
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EC9 332 X2 S152

SD-578/SD-578M

description of discontinuous filament yarns specifies the num-
ber of single yarns in the complete yarn. The description
consists of the following with no intervening spaces: (1) a
count of the singles yarns twisted together, (2) a lower case
multiplication sign or x, (3) a count of the twisted yarns plied
together to form the final yarn, and (4) a symbol R when yarn
is reinforced by a single continuous filament yarn (Note 3).
7.1.1.4 Segment Four—For yarns made from discontinuous
filaments and described in SI units, the fourth segment of the
description of discontinuous filament yarns specifies the twist

where:

E = symbol for glass family used in general and most
electrical applications,

C = symbol for continuous filament yarn,

9 = symbol for filament diameter average range 8.50 to
9.49 um,

33 = nominal yarn number of single yarns, tex,

2x2 = two single yarns twisted together and two such
yarns plied together, and

S151 = a twist level of 152 tpm in the “S” direction.

THe nominal yarn number in tex of the final yarn will be

appreximately 132 or four times 33 tex.
6.2.4 Example 2b, Plied Yarn Using Inch-Pound Units—The
desctiption of a plied continuous filament yarn using inch-

pound units might be:
ECG 1502/2 3.8S

wherg:

E = symbol for glass family used in general and most
electrical applications,

C = symbol for continuous filament yarn,

G = symbol for filament diameter average range 0.00035
to 0.000399 in.,

150 | = nominal yarn number of single yarns in hundreds of
yards per pound,

2/2 | = two single yarns twisted together and two such yarns
plied together, and

3.8S| = a twist level of 3.8 tpi in the “S” direction.

THe nominal yarn number in yards per pound of the final

yarn|will be approximately 3750 or 150 hundreds of yards pér
pound divided by four.

7. Dfscontinuous or Staple Filament Yarns

7.1 Descriptions of Discontinuous or Staple Filament
Yarnf—If SI units are used, the description of yarns made from
staplp fibers contains four segments and\ the fiber form is

designated “D” for discontinuous. If inCh-pound units are used,
the description of yarns made from(staple fibers contains three

segnjents and the fiber form is designated” S” for staple.
7.1.1 The four segments in‘a'description of yarns made from
discqntinuous fibers whendusiiig SI units are:
Spgment 1 Segment\2 Segment 3 Segment 4
Glasp family Yarn Aumber Construction Twist level
Fibef form Twist direction
Fibef diameter
7.1.1.1 Segutent One—For yarns made from discontinuous

filaments _and\described in SI units, the parts of Segment one
are rgspectively the symbol for the glass family as directed in
Sectipn4: the symbol for fiber form, “D” for discontinuous:

level and direction. The description consists of an |S or Z to
show direction of twist immediately followed by the’{wist level
in turns per metre (tpm) to the nearest 1 tpm\(Note |4).

7.1.2 The three segments in a descriptiofi of ygrns made
from staple fibers when using inch-peund‘units are:

Segment 1 Segment.2 Segment 4
Glass family Yarn number ply count Twist leve
Fiber form Twist diregtion

Fiber diameter

7.1.2.1 Segment One—~For yarns made from staple| filaments
and described in inch-pound units, the parts of Segmejnt one are
respectively the symbol for the glass family as djrected in
Section 4; the symbol for fiber form, S for staple; aipd a letter
symbol for filament diameter average range as djrected in
Table 1.

7.1.2:2, Segment Two—For yarns made from staple| filaments
and described in inch-pound units, the second segment of the
deSeription of staple filament yarns specifies the fumber of
singles yarn in the complete yarn. The description consists of
the following with no intervening spaces: (1) the norpiinal yarn
number of the single yarns in hundreds of yards per ppund; that
is, yards per pound divided by 100, (2) the divisor sign or “/”
, (3) a count of the twisted yarns plied together in the final yarn,
and (4) a symbol R when yarn is reinforced by| a single
continuous filament yarn. (Note 3)

7.1.2.3 Segment Three—For yarns made from sfaple fila-
ments and described in inch-pound units, the third s¢gment of
the description of staple filament yarns specifies the fwist level
and direction. The description consists of the twist level in
turns per inch (tpi) to the nearest 0.1 tpi immediately] followed
by an S or Z to show direction of twist.

7.2 Examples of Descriptions of Staple or Discpntinuous
Filament Yarns Using SI Units:
nents Us-

scontinu-

7.2.1 Example 3a, Yarn from Discontinuous Fila
ing SI Units—The description of a yarn made from d
ous filament might be:

CD10 198 1 X2 S260

and a numeric symbol for filament diameter as directed in
Table 1.

7.1.1.2 Segment Two—For yarns made from discontinuous
filaments and described in SI units, the second segment of the
description of discontinuous filament yarns specifies the yarn
number of the single yarn in tex.

7.1.1.3 Segment Three—For yarns made from discontinuous
filaments and described in SI units, the third segment of the
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where:

C = symbol for glass family used in acid resistant
applications,

D = symbol for discontinuous filament yarn,

10 = symbol for filament diameter average range 6.50 to
7.49 um,

198 = nominal yarn number of single yarns, tex,

1x2 = two single yarns plied, and

S260 = a twist level of 260 tpm in the “S” direction.
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The nominal yarn number in tex of the final yarn will be
approximately 396 since two strands of 198 tex are combined
in the final yarn.

7.2.1.1 If the above yarn were reinforced by a single strand
of continuous filament yarn, R would be added to the second
segment of the description to give: CD10 198R 1x2 S260
(Note 4).

7.2.2 Example 3b, Yarn from Staple Filaments Using Inch-
Pound Units—The description of a staple filament yarn using
inch-pound units might be:

ASME NM.3.2-2020

8.1.2.1 Segment One—For textured yarns the parts of seg-
ment one are respectively the symbol for the glass family as
directed in Section 4; the symbol for yarn type, T for textured;
and a symbol for filament diameter as directed in Table 2.

8.1.2.2 Segment Two—The second segment of the descrip-
tion of textured yarns specifies the yarn number of the final
yarn, not necessarily of the single yarns. For yarns described in
SI units, the yarn number is specified in tex (Note 2). For yarns
described in inch-pound units, the yarn number is specified in
hundreds of yards per pound, that is, yards per pound divided

CSH 25/2 6.5S

where:

C =|[symbol for glass family used in acid resistant
applications,

S = [symbol for staple filament yarn,

H = [ symbol for filament diameter average range 0.00040
to 0.000449 in.,

25/2  =|nominal yarn number of single yarns in hundreds of
yards per pound and two such yarns plied together,
and

6.5S =|a twist level of 6.5 tpi in the “S” direction.

The nominal yarn number in yards per pound of the final
yarn will [be approximately 1250 or 25 hundreds of yards per
pound diyided by two.

7.2.2.1]1f the above yarn were reinforced by a single strand
of continfous filament yarn, R would be added to the second
segment ¢f the description to give: CSH 25/2R 6.5S (Note 4).

8. Textuged Yarns

8.1 Thg description of textured yarns consist of either three
or four sggments.
8.1.1 Three Segment Description of Textured Yarns—The

segments|in a three segment description of textured yarns. are:
Segment 1 Segment 2 Segment 3
Glass famfly Yarn number Manufacturer’s code
Yarn type
Fiber diameter
8.1.1.1| Segment One—For textured yarns/the parts of Seg-

ment one|are respectively the symbol for'the glass family as
directed ip Section 4; the symbol feryarn type, T for textured;
and a symbol for filament diameter-as directed in Table 1.
8.1.1.2| Segment Two—The ‘se€ond segment of the descrip-
tion of textured yarns speCifies the yarn number of the final
yarn, not hecessarily of the single yarns. For yarns described in
SI units, the yarn number 1s specified in tex (Note 1). For yarns
described|in inchspdund units, the yarn number is specified in
hundreds |of yards‘per pound, that is, yards per pound divided
by 100.
8.1.1.3

The third congraon tof tho daceor

Conypont Thyoo
HHEHH—HEE

by T00.

8.1.2.3 Segment Three—The third segment of the)deqcrip-
tion of textured yarns specifies the number of single ‘yarps in
the complete yarn. For yarn described in SI units,ithe deqcrip-
tion consists of a count of the singles yarnsy/’a lower|case
multiplication sign or x, and a countyof-the single yarns
fabricated together to form the final ydtn. For yarns descfibed
in inch-pound units, the description eofisists of a count df the
single yarns, a division sign or ¢#’,»and a count of the sfingle
yarns fabricated together to form the final yarn.

8.1.2.4 Segment Four—The’fourth segment of the deqdcrip-
tion of textured yarns ‘specifies the manufacturer’s product
code.

8.2 Examples<of\Descriptions of Textured Yarns:
8.2.1 Examples 5a and 5b, Textured Yarns Using SI UH
The description of a textured yarn using SI units might

134 (Manufacturer’s C
134 1

Three =segment description — (ET 9
Four — segment description — (ET 9

X 2 (Manufacturer’s Code))

Where:

E = symbol for glass family usgd in
general and most elecfrical
applications,

T = symbol for textured yarn,

9 = symbol for filament diameter pver-
age range 0.00035 to 0.000399 in.,

134 = nominal yarn number, tex,

1x2 = one singles yarn and two such yarns

fabricated together, and
further identification as necepsary
by manufacturer to define prqcess,
sizing, etc.

manufacturer’s code

The actual tex of the final yarn may vary and result/in a
higher value. This is dependent upon the yarn number df the
input yarn and the degree of texture.

8.2.2 Examples 5c and 5d, Textured Yarns Using
Pound Units—The description of a textured yarn using
pound units might be:

Inch-
nch-

o
=Ar Y THEe—Hra—SeSHeHt—Or—ne—aeseHp

tion of textured yarns specifies the manufacturer’s product
code.

8.1.2 Four Segment Description of Textured Yarns—The
segments in a four segment description of textured yarns are:

Segment 1 Segment 2 Segment 3 Segment 4
Glass family Yarn number Construction Manufacturer's
Yarn type code

Fiber diameter

18

Three — segment description — (ETG 37 (Manufacturer’s Code))
Four — segment description

—(ETG 37 1/2 (Manufacturer’s Code))

where:

E = symbol for glass family used in
general and most electrical
applications,
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T = symbol for textured yarn,

G = symbol for filament diameter aver-
age range 0.00035 to 0.000399 in.,

37 = nominal yarn number in hundreds of
yards per pound,

172 = one singles yarn and two such yarns

fabricated together, and

further identification as necessary
by manufacturer to define process,
sizing, etc.

manufacturer’s code

SD-578/SD-578M

526HT = manufacturer’s product type,

4400 = nominal yarn number for total roving, tex,

3100 = nominal yarn number for total roving in tex,

2350 = nominal yarn number for total roving in tex,
and

1325864355 = manufacturer’s product code.

71B68820 = manufacturer’s product code

9.2.2 Examples 6e, 6f, 6g and 6h, Rovings Using Inch-
Pound Units—The description of rovings using inch-pound
units might be:

THe actual yards per pound of the final yarn may vary and
resulf in a lower value. This is dependent upon the yarn number
of the input yarn and the degree of texture.

9. Rbovings
9.

cons
9.

ina

Descriptions of Rovings—The description of rovings
sts of either two or three segments.
.1 Two Segment Description for Rovings—The segments
wo segment description of rovings are:

Segment 1
Product type

Segment 2
Yarn number

9.
desc
prod
It co

.1.1 Segment One—For rovings, the first segment of the
iption of glass rovings represents the manufacturer’s
ict type, which includes binder (sizing) and sliver (strand).
hsists of number or letter designations, or both letter and
number designations that reference the manufacturer’s code.
The [designation for the manufacturer’s code may directly
follopv the product type, or may be separated by a space.

9.1.1.2 Segment Two—For rovings, the second segment of
the description specifies the yarn number of the total roving.
For fovings described in SI units, the yarn number is specified
in tex. For such rovings described in inch-pound units, the yarn
number is specified in yards per pound.

Nore 5—Roving yield is synonymously used for yarn number of roving
products in the glass fiber industry. The term yarm~ humber is used
throughout Specification D578 to represent the more universal term.

9.1.2 Three Segment Description for \Rovings—The seg-
ments in a three segment description ©f\rovings are:

Segment 1
Product type

Segment 2,
Yarn nuffibet

Segment 3
Manufacturer's
product code

9.
threg
9.1.1
code

9.

2.1 For rovings, the"first and second segments of the
segment descriptionv'are as described in 9.1.1.1 and
.2. The third segfent references a manufacturer’s product
and may be tepiesented by letters or numbers, or both.

Examplés of Descriptions of Rovings:
9.2.1 Examples 6a, 6b, 6¢, and 6d, Rovings Using SI
Unit§—Theydescription of rovings using SI units might be:

Tiwo'™ segment description — (a) 988AB 4400/(h) 998 BA 4400

Two — segment description — (e) 988AB 113/(f) 998B4 113

Three — segment description — (g) 526HT 161 1325864355/ (h)
995AA 211 71B68820

where:

988AB = manufacturer’s produet type and |manufac-
turer’s product eode,

988BA = manufacturer’s—product type and |manufac-
turer’s praduct code,

526HT = manufacturet’s product type,

113 = nomifial,yarn number for total roving, yd/Ib,

161 = nominal yarn number for total roving, yd/lb,

1325864355 = nianufacturer’s product code, and

71B68820 = manufacturer’s product code.

9.3 It is.€ustomary for producers of glass fiber fovings to
indicate_th€ compatibility of the binder (sizing) applied to the
rovings o the matrix resins in which they can be uged.

9.3.1” The designation shall follow the form [mafrix resin]
compatible.”

9.3.2 Examples of this designation would be “epoxy com-
patible” or “polyester compatible.”

9.3.3 The resin compatibility is not part of the thref segment
description outlined in 9.1.2, but is available upon reduest from
the manufacturer of the roving.

Note 6—Discontinued MIL-R-60346 referred to the resin c
by the term “Class 1” for epoxy compatible rovings and “d
polyester compatible rovings.

mpatibility
lass 2” for

10. Chopped Strand from Continuous Filament $trands

10.1 Descriptions of Chopped Strand from Continfous Fila-
ment Strands—The description of chopped strand from con-
tinuous filament strands consists of either two, threg, or four
segments. For chopped strand used to reinforce themoplastic
and thermosetting plastic compounds, the descriptioh consists
of two segments. For dry sized glass chopped sfrand, the
description consists of three segments. For wet sized glass
chopped strand, the description consists of four segients.

10.1.1 Two Segment Description for Chopped Stiand Used
to Reinforce Thermoplastic and Thermosetting Conpounds—
The segments in a description for chopped strand used to

Three — segment description — (c¢) 526HT 3100 1325864355/ (d)

995AA 2350 71B68820
where:
988AB = manufacturer’s product type and manufac-
turer’s code,
988BA = manufacturer’s product type and manufac-

turer’s code,
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reinforce thermoplastic and thermosetting compounds are:

Segment 1
Product type

Segment 2

Strand length
10.1.1.1 Segment One—The first segment of the description
of chopped strand used to reinforce thermoplastic and thermo-
setting compounds represents the manufacturer’s product type.
It consists of numbers that are sometimes followed by letter
designations, or both, letter and number designations that
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reference the manufacturer’s code. The designation for the
manufacturer’s code will directly follow the product type.

10.1.1.2 Segment Two—The second segment of the descrip-
tion of chopped strand used to reinforce thermoplastic and
thermosetting compounds specifies the length of the chopped
strand. For chopped strands described in SI units, the nominal
chopped length is specified in millimetres. For chopped strands
described in inch-pound units the nominal chopped length is
specified in inches.

10.1.2 Three Segment Description for Dry Sized Chopped

ASME NM.3.2-2020

Note 7—Some manufacturers omit this segment when describing wet
sized chopped strand.

10.1.3.4 Segment Four—The fourth segment of the descrip-
tion of wet sized chopped strand specifies the length of the
chopped strand. For chopped strands described in SI units, the
nominal chopped length is specified in millimetres. For
chopped strands described in inch-pound units the nominal
chopped length is specified in inches.

10.2 Examples of Descriptions of Chopped Strands:
10.2.1 Example 7a, Chopped Strand Used to Reinforce

Strand—Te STTMENS 1T @ deSCIipuoIT Of dry ciopped stramd

are:

nt 1
iameter

Segm
Filament

10.1.2.
of dry siz
diameter
a number
micromet
units, thig
Table 1.

10.1.2.
tion of dr

Segment 2
Sizing or product type

Segment 3
Strand length

Segment One—The first segment of the description
ed chopped strand represents the nominal filament
Fange. When using SI units, this segment consists of
specifying the nominal filament diameter range in
ers as directed in Table 1. When using inch pound
segment consists of one or two letters as directed in

Segment Two—The second segment of the descrip-
sized chopped strand represents the manufacturer’s
sizing or [product type. It consists of numbers that are some-
times followed by letter designations, or both, letter and
number designations that reference the manufacturer’s code.
The designation for the manufacturer’s code will directly
follow th¢ sizing or product type.

10.1.2.3 Segment Three—The third segment of the descrip-
tion of dfy sized chopped strand specifies the length of the
chopped {trand. For chopped strands described in SI units, the
nominal [chopped length is specified in millimetres. For
chopped ptrands described in inch-pound units the nominal
chopped length is specified in inches.

10.1.3 |Four Segment Description for Wet Sized Chapped
Strand—The segments in a description of wet chopped strand
are:

Segment 1

Filament
diameter

10.1.3.
of wet si
diameter
a number
micromet
units, thig
Table 1.

10.1.3.
tion of wq

Segment 2
Sizing or
product type

Segment 3
Moisture
content

Segment 4
Strand
length

Segment One—The first segnient of the description
red chopped strand represents the nominal filament
fange. When using SLumits, this segment consists of
specifying the nominal filament diameter range in
es as directed ifixTable 1. When using inch-pound
segment consists of one or two letters as directed in

P Segmeint Two—The second segment of the descrip-
t sizediehopped strand represents the manufacturer’s
sizing or [proeduet type. It consists of numbers that are some-
times followed by letter designations, or both, letter and

Thermoplastic and Thermosetting Compounds Using SI
Units—The description of chopped strand used tof teinforce
thermoplastic and thermosetting compounds using) SI [units
might be:

405AB 13 mm

where:
405AB

manufacturer’s product“type and process ¢ode,
and

= length, mm.

10.2.2 Example 7b, Dry”Sized Chopped Strand UsiH
Units—The description-0f dry sized chopped strand usif
units might be:

13

g SI
g SI

9 pm 685 13 mm

where:

9 symbol for filament diameter average range 8.50 to
9.49 pm,

manufacturer’s sizing code or process code, or
and

length, mm.

10.2.3 Example 7c, Wet Sized Chopped Strand Usi
Units—The description of wet sized chopped strand usif
units might be:

685 both,

13

g SI
g SI

16 um 775 14.5 32 mm

where:

16 Sto

symbol for filament diameter average range 13
16.49 pm,

manufacturer’s sizing code or process code, or
moisture content, % (Note 7), and

length, mm.

10.2.4 Example 7d, Chopped Strand Used to Reinforce
Thermoplastic and Thermosetting Compounds Using [nch-
Pound Units—The description of chopped strand usdd to
reinforce thermoplastic and thermosetting compounds {ising
inch-pound units might be:

405AB % in.

775
14.5
32

both,

wheres:

number designations that reference the manufacturer’s code.
The designation for the manufacturer’s code will directly
follow the product type.

10.1.3.3 Segment Three—The third segment of the descrip-
tion of wet sized chopped strand specifies the nominal percent
moisture content. This segment consists of a number represent-
ing the percent moisture content in both SI units and inch
pound units.

20

405AB = manufacturer’s product type and process code,
and
% = length, in.
10.2.5 Example 7e, Dry Sized Chopped Strand Using Inch-

Pound Units—The description of dry chopped strand using
inch-pound units might be:

G685 Y in.
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where:

G = symbol for filament diameter average range 0.00035
to 0.000399 in.,

685 = manufacturer’s sizing code or process code, or both,
and

% = length, in.

10.2.6 Example 7f, Wet Sized Chopped Strand Using Inch-
Pound Units—The description of wet sized chopped strand
using inch-pound units might be:

SD-578/SD-578M

Note 8—Historically, it has been conventional practice to attenuate
glass through bushings having 204 or 408 holes to produce strands
containing those numbers of filaments. Then, rovings were made from
those strands having 1, 12, 15, 20, 30, and 60 ends. Although this practice
is still used by some suppliers, others are attenuating fiber glass through
bushings consisting of up to several thousand holes to make heavy rovings
containing only a single strand. Since the strands are not twisted, rovings
made with the larger single strands are equivalent, for most purposes, to
those made with the smaller conventional made multiple strands. Since
many older material specifications specify in accordance with the older
multiple strand designation, a purchasing activity should review and agree
upon with the supplier activity, the acceptability of the single strand

L e |

N TIS l/l‘ 11 ;“.
wherp:
M = symbol for filament diameter average range 0.00060
to 0.000649 in.
775 | = manufacturer’s sizing code or process code, or both,
14.5] = moisture content, %, and
1% | = length, in.

11. Qrdering Information

11
spec
desig
spec

1 The purchase order or other agreement shall specify:
fication conformance number, title, and year of issue;
nation of strand construction; product quantity; and any
al provisions.

REQUIREMENTS

12. Material

12}1 The fibers shall be free of any free alkali metal oxides,
such|as soda or potash, and from foreign particles, dirt, and
othel impurities. The glass classification shall be agreed upon
betwpen the purchaser and the supplier in an applicable
matefial specification or other agreement. The composition\of
the K-Glass classification of glass fiber shall be witliin the
limitp specified in 4.2.1 or 4.2.2 as agreed upon between the

purchaser and supplier.

13. Workmanship

13]1 As agreed upon between th&:-purchaser and the
supplier, the defects listed in Table 3-shall be considered cause
for r¢jection of the package in which.they occur. The allowable
quality level (AQL) shall be agréed upon between the pur-
chas¢r and the supplier.

14. Physical Properties

141 The nominalyand physical properties of glass fiber
strands shall conferm to the requirements of Tables 1, 2, 4, and
5, ag| applicabl€, The tolerances shall be subject to the toler-
ance$ as agreed upon between the purchaser and the supplier.
Howpver, the following maximum tolerances apply:

14LY Yarn Number. Tex [Yards per Pound). Individual

TovIE v g amr cqurvarc ity armr mmoeT”

n Section
are glass

(binder)
pound] in

14.1.1.1 The tex [yards per pound] as determined
23 and specified in Tables 2, 4, and 5 ar€ ‘the¢ 1
nominal. A commercial yarn normally has,a sizg
treatment which will increase tex [decrease yards per
proportion to the amount of size.

14.1.2 Breaking Strength—No.individual break shpll be less
than the specified minimum requirement in Tables 2} 4, and 5.

14.2 When required for\foving and chopped sfrand, the
nominal and physical properties shall be agreed upon between
the purchaser and the~supplier in an applicable] material
specification or othér agreement, subject to the requiements of
Table 2 and 14.1.1%

15. Ignitien\Loss (Organic Content)

vithin the
and the
cification

15.15Fhe ignition loss (organic content) shall be
tolefances as agreed upon between the purchasei
supplier, or as specified in an applicable material spq
or'other agreement.

16. Packaging

16.1 The glass fiber strand shall be put up on pacHages, and
in containers whose dimensions shall be agreed to between the
purchaser and supplier.

16.2 Each package of strand, put up as specified, shall be
further packaged to afford adequate protection againgt physical
damage during shipment from the supply source to the receiv-
ing activity. The supplier may use his standard practi¢e when it
meets this requirement.

16.3 For government procurement, the contractifig instru-
ment shall specify the put up (see 11.1) and AQL (ee 13.1).

17. Marking

17.1 Each package of strand shall be marked to
construction designation of the glass fiber strand as s
Sections 5 — 10. Each container of packages shall be
agreed upon between the purchaser and supplier.

show the
ecified in
narked as

18. Sampling, Inspection, and Number of Specin}ens

Value—Plus or minus 10 % for continuous filament yarns. Plus
or minus 20 % for discontinuous or staple yarns. Plus or minus
15 % for textured yarns. Plus or minus 8.5 % for roving
produced by either conventional or nonconventional roving
winding processes, except certain rovings produced by other
than conventional winding processes shall have a *13 %
tolerance when agreed upon between the purchaser and the
supplier.

21

18.1 Lot Size—A lot shall consist of each shipment, date
code, or consignment of a single strand designation. This may
constitute all or part of any one customer order. The lot size is
the total number of packages of strand in the incoming
shipment date code, or consignment.

Note 9—An adequate specification or other agreement between the
purchaser and the supplier requires taking into account the variability
between packages of strand and between test specimens from a package of
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strand to produce a sampling plan with meaningful producer’s risk,
consumer’s risk, acceptable quality level, and limiting quality level.

18.2 Lot Sample—As a lot sample for acceptance testing,
take at random the number of shipping units specified in
Practice D2258/D2258M. Consider shipping cases or other
shipping units to be the primary sampling units.

18.3 Laboratory Sample—As a laboratory sample for accep-
tance testing, take at random from each shipping unit in the lot

sample the number of packages or ends directed in 18.3.1 and
18.3.2. Preferably, the same number of packages should be

ASME NM.3.2-2020

23. Yarn Number

23.1 Determine the yarn number of bare glass yards per
pound as directed in Test Method D1907/D1907M, Option 1,
excluding preconditioning.

23.1.1 Prior to conditioning, place the skein in a muffle
furnace and heat to 625 * 25°C [1157 = 45°F] for 15 min.

23.2 Calculations:
23.2.1 Calculate the yards per pound from the length and
average mass of the specimens using Eq 1 or Eq 2:

taken from each shipping unit in the lot sample. If differing
numbers ¢f packages are to be taken from shipping units in the
lot samplg, determine at random which shipping units are to
have eaclf number of packages drawn.

18.3.1 |Workmanship—Take at random the number of pack-
ages or enyds of strand as directed in ANSI/ASQC Z1.4. Select
an acceptfible quality level (AQL) that is agreeable to both the
purchaser] and the supplier.

18.3.2 |Other Properties—Take at random the number of
bobbins dr packages of strand specified in Table 6.

18.4 T

18.4.1
laboratory
inspecting
inspectiof
tween the

18.4.2
laboratory
method.

st Specimens—Proceed as follows:

Workmanship—Use the packages of strand in the
sample as the specimens. Evaluate the results of
the specimens using ANSI/ASQC Z1.4, normal
, and an acceptable quality level agreed upon be-
purchaser and the supplier.

Other Properties—Take the number of specimens per

sampling unit specified in the applicable test

TEST METHODS
19. Cond

19.1 Cpndition the laboratory samples without precondi-
tioning fof a period of at least 5 h in the atmosphere for'\tésting
glass textjles, unless otherwise specified.

itioning

20. Matdrial

20.1 Upon prior agreement, accept the ‘supplier’s certifica-
tion that fhe material is of the correct family of glass fiber as
specified [in Section 4. Verify that the fiber is the specified
filament type during testing for strand construction as directed
in Sectioff 22. Determine the fggedom from undesirable impu-
rities duripg inspection forworkmanship as directed in Section
21.

21. Workmanship

21.1 Ekamine:the outer surface of each package of strand in
the labordtory-Sample by counting the defects listed in Table 3
regardlesq ofttheir proximity to one another, except where two

Y= (45306 XLJTA
Y = (7000 X L)/B

(D
(2)

where

Y = yarn number, yd/Ib,

L = specimen length, yd,

A = average mass of specimens, g, and
B = average mass of specimens, grdins.

23.2.2 Calculate the tex equiyalénts using Eq 3 and 4
Tex = A/(0:0009144L)
Tex~496055/Y

(3)
(4)

where
A = average mas§.of specimens, g,
L = specimemlength, yd, and
Y = yarnnumber, yd/lb.

23.2.3 SCalculate the yarn construction designation usinjg Eq
5:

Y
YC= 100 (5)

where:
YC = yarn number, hundreds of yd/lb, and
Y = yarn number, yd/lb.

24. Direction of Twist

24.1 Verify the direction of twist in each laboratory
pling unit as directed in Test Method D1423/D1423M.

sam-

25. Twist Level

25.1 Determine the twist level in each laboratory sampling
unit as directed in Test Method D1423/D1423M.

26. Filament Diameter

26.1 Scope—This test method covers the determinatign of
the average diameter of textile glass fibers by the microprpjec-
tor method.

26.2 Significance and Use:

26.2.1 The microprojection procedure for testing glass fi-

or more defects represent a single local condition. In such
cases, count only the most serious defect.

22. Strand Construction

22.1 Verify the number of single strands and the number of
plied or cabled strands on each package of strand in the
laboratory sample while determining the twist direction or
twist level as directed in Section 24 or 25.

22

bers is considered satisfactory for acceptance testing of com-
mercial shipments. In cases of disagreement arising from
differences in values reported by the purchaser and supplier
when using this method for acceptance testing, the statistical
bias, if any, between the laboratories of the purchaser and the
supplier shall be determined with each comparison being based
on testing specimens randomly drawn from one sample of
material of the type being evaluated.
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26.3 Apparatus:

26.3.1 Microprojector, equipped with mechanical stage,
controls, screen, and optics to provide a magnification of
1000x.

26.3.2 Scale, with divisions that can be read to fiber
diameter values of 0.254 pm [10™ in.].

26.3.3 Magnifier.

26.3.4 Scissors.

26.3.5 Pick Needles.

SD-578/SD-578M

Report the average filament diameter for each laboratory
sampling unit and for the lot.

26.6 Precision and Bias:

26.6.1 Summary—Based upon limited information from one
laboratory, the single-operator and within-laboratory compo-
nents of variation and critical differences shown in Tables 7
and 8 are approximate. These tables are constructed to illustrate
what one laboratory found when all the observations were
taken by the same well-trained operator using the same piece of
equipment and specimens randomly drawn from the sample of

26,3.6 _Glass Slides 25 by 76 mm Nl by 3 Gn] - 4 - -
2613.7 Square Cover Glasses, 22 mm [7 in.] material. For this laboratory, in comparing two avetjages, the
. . ’ o - differences should not exceed the single-operatos’ precision
26 3,'8 Mountmg Mediums, that at 25°C [77°F], one has a values shown in Table 8 for the respective number of tpsts in 95
refraftive index of.1.6(.)0 to 1.6008 for E-Glass Fiber and a out of 100 cases. Differences for other Jaboratoriey may be
secomd has a refractive index of 1.470 = 0.0002 for S-2 Glass. larger or smaller. The number of lghordtbries avdilable to
26}4 Procedure: perform the procedures in this test methed has diminighed over
2614.1 Mounting and Measuring Fibers—Place one drop of ~ the last few years. If additional laberatories are idetified to
moufting medium in the middle of a 25 by 76-mm [1 by 3-in.] perform these tests, between-laboratory precision can [be estab-

slide| Select a test specimen of about 75 fibers. Immerse the lished.

tips pf the fibers in the mounting medium and separate the 26.6.2 Single-laboratory¥Test Data—A single-Iaboratory
fiberg with pick needles or similar tool. Arrange them approxi- test was run in 1991 in-which a randomly drawn samgle of 600
mate]y parallel to each other on the glass slide. A binocular denier glass fiber stfand was selected and four slides prepared,
micrpscope or a magnifier may facilitate this separation. Place ~ two by each of, two)different operators. Two operatdrs in the
one ¢dge of the cover glass in contact with the slide and allow laboratory eachdneasured 60 specimens from each of the four
it to kettle slowly to facilitate the removal of air bubbles. prepared slides’ using the fiber diameter test method fn Speci-
26]4.1.1 For E-Glass Fiber, use a mounting medium having fication D5Y8. Thirty of the sixty fibers from each slide were
a reffactive index on 1.600 to 1.6008 and for S-2 Glass, use a ~ Measured-on one day and thirty specimens from epch slide
mougting medium having a refractive index on 1.470 = 0.0002 ~ W&ke Measured on a second day for a total of 240 measure-
at 29°C [77°F]. nients. Analysis of the data was conducted using| Practice
D2904, Practice D2906, and Adjunct TEX-PAC. Th¢ compo-
Nojre 10—If the filaments will not separate due to excessive binder, or: nents of variance for fiber diameter of glass fibef strands

type Binder, or organic compounds are affecting the measurement of thé
diamdter of the filaments, the test specimen should be burned off“as
directpd in Section 23.

26,
pare

4.2 Manipulation of the Microprojector—Insertthe pre-

slide in the mechanical stage of the anicroprojector.
Slowlly and carefully focus the fibers by adjusting the position
of the light source, moving the condenser; regulating the
aperure and field diaphragms, and manipulating the adjust-
menf to provide optimum illumination,freedom of aberrations,
and maximum resolution of the-projected image of the fiber
(edg¢s should be black lines of\minimum width—failure to do
this ill definitely impact preeiseness).

26}4.3 Measurement of \Filament Diameter—Begin at the
left ddge of the mounf,and measure the diameter of each fiber,
which is clearly defingd, as it is brought into the field of view
by trjiversing thésstage. Restrict the area of measurement to that
part pf the fibef which appears within the middle of the field.
Placq the-zero line of the scale so that it just touches the left
edge|of-the’fiber image, and observe where the extreme right

edge of'the image crosses the scale ruling. Read the diameter
(=] o

expressed as standard deviations were calculated to be the
values listed in Table 7.

26.6.3 Precision—Since tests were conducted in
laboratory, estimates of between laboratory precisio
either underestimated or overestimated to a consideral
and should be used with special caution. Before a m
statement can be made about two specific laboratgries, the
amount of statistical bias, if any, between them |must be
established, with each comparison being based on refent data
obtained on specimens taken from a lot of material of the type
being evaluated so as to be as nearly homogeneous ag possible
and then randomly assigned in equal numbers to eafh of the
laboratories. However, when agreed upon between thg contrac-
tual parties, for the approximate components of |variance
reported in Table 7, two averages of observed valuey may be
considered significantly different at the 95 % probabflity level
if the difference equals or exceeds the critical differenges listed
in Table 8, for fiber diameter of glass fiber strands.

26.6.4 Bias—The procedure in para. 26.6 for meapuring the

only one

may be
le extent
aningful

to the nearest 0.25 um [107> in.] and average for the laboratory
sampling unit and for the lot.

26.4.4 Number of Measurements—Measure a total of 50
fibers per specimen.

26.5 Report—Report that the test for fiber diameter was
made as directed in Section 26. Describe the material or product
sampled and the method of sampling.

23

fitamrent—dtameter—of slabb fitaments—has—o—btas because
the value of that property can be defined only in terms of a
test method.

27. Breaking Strength

27.1 Procedure—Determine the breaking strength of strand
as directed in Test Method D2256/D2256M, Option 1A,
excluding preconditioning. Set the distance between clamps
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(gage length) to 250 = 2 mm [10 = 0.05 in.] from nip to nip.
Test five specimens per laboratory sampling unit. Use the
preferred constant rate of extension (CRE) type tensile testing
machine operated at a speed of 250 £ 6 mm/min [10 * 0.25
in./min]. When agreed upon between the purchaser and the
supplier, a constant rate of load (CRL) type testing machine
operated at a rate of speed of loading greater than 28 mN/tex
[28 gf/den.]/min or a constant rate of traverse (CRT) type
testing machine operated at 300 = 10 mm/min [12 = 0.5
in./min] may be used. When using flat clamp faces they should

ASME NM.3.2-2020

27.2.2.6 Load the cut test specimen assembly strip in the
clamps of the tensile tester having the 250-mm [10-in.]
exposed portion between both clamps. Cut the cardboard
backing across, midway between the ends, taking care not to
damage the test specimen.

27.3 Precision and Bias—The precision and bias of the
procedure in Specification D578 for breaking strength are as
specified in Test Method D2256/D2256M.

28. Ignition Loss

be rubber —Wiemtest
specimen$ continue to slip or break in the clamps, other clamp
facings off protection of the test specimen within contact of the
clamp fades should be employed. The test specimen prepara-
tion optign described in 27.2 has been used successfully.

27.2 T¢st Specimen Preparation Option—When slippage or
breakage [occurs in the clamps, optionally prepare test speci-
mens as

27.2.1
27.2.1.] White Cardboard, sub 65 grade.
27.2.1.2 Paint Brush, 16 to 25 mm [0.625 to 1.0 in.] wide

with bris
27.2.1.
2722

es 25 mm [1.0 in.] long.
Masking Tape, 12 mm [0.5 in.] wide.
Preparation:

27.2.2.] Lay a 250 by 330-mm [10 by 13-in.] piece of white
cardboard on a flat surface. Draw two legible lines 250 = 1
mm [10 F 0.05 in.] from each other across the center section
of the capdboard in the 75-mm [10-in.] direction. Draw an
additional parallel line 25 mm [1.0 in.] outward from each
previously drawn line.

27.2.2.2 Lay six test specimens on the cardboard parallel to
the 330-npm [13-in.] direction approximately 25 mm [1.0 in.]
apart. Se¢ure the ends of the test specimen to the cardboard
outside the previously drawn lines using pieces of 12 mm [075
in.] mask|ng tape.

27.2.2.3 Uniformly apply a resin or equivalent,bonding
mixture [to ends of the test specimen between the 25-mm
[1-in.] spgced lines. Do not include the center.250 mm [10 in.]
between irawn lines.

27.2.2.4 Place a 25 1-mm [1.0 0.05-in.] strip of
cardboard over the resin impregnated area of the test specimen.
Allow to [dry a minimum of 16 h(

+

—+

Norte 11

27.2.2.
strips wit

—When a substitute mixture is used, drying time may vary.

b Cut the cardboard and specimen assembly into
hout touching(the test specimens.

28.1 Determine the ignition loss of each laboratdry:
pling unit as directed in Test Method D4963/D4963 N

sam-

29. Packaging and Marking

29.1 During the sampling and testing of the shipment, erify
the correctness of packaging and marKing:

CONFORMANCE AND, KEYWORDS

30. Conformance

30.1 The purchaser ‘and the supplier shall agree pn a
procedure to establish‘conformance, including control dharts
furnished by the~stpplier, a sequential sampling plap, or
double-sampling plan outlined in 30.2.

30.2 In theéwabsence of a control chart or sequential sampling
plan, proeged as directed in 30.2.1 — 30.2.3.
30.27, If the test results for a lot conform to the require-

ments. for all characteristics listed in Sections 12 — 17 and
Tables 1-6, the lot shall be considered acceptable.
30.2.2 If the test results for one or more characteristi¢s do

not conform to the requirements, take a new laboratory sample
from either the original lot sample or a new lot sample. Te$t the
new sample for the characteristic(s) that did not conform fo the
requirements in the first test and average the results of thg first
and second samples as if they were oner test of doublg the
original number of specimens. If the new average(s) |con-
form(s) to the specified requirements, the lot shall be copsid-
ered acceptable.

30.2.3 If the test results obtained as directed in 30.2.2 dp not
conform to the specified requirements, the lot shall be copsid-
ered unacceptable.

31. Certification

31.1 See Annex Al for certification requirements.

32. Keywords

32.1 breaking strength; certification; chopped glass stfand;
construction designation; diameter; glass fiber; glass roving;

24
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TABLE 1 Letter Designations for Glass Strand Filament

SD-578/SD-578M

Diameters
Filament Size Designation Nominal Range for Filament Diameter
Average
Inch-
Pound Sl System, in um#
System, Number ’

Letter
B 3.5 0.00013 to 0.000159 3.30to 4.05
C 4.5 0.00016 to 0.000189 4.06to 4.82
D 5 0.00019 to 0.000229 4.83to 5.83
E 7 0.00025 to 0.000299 6.35t0 7.61
F 8 0.00030 to 0.000345 7.62t0 8.88
G 9 0.00035 to 0.000399 8.89 to 10.15
H 1 0.00040 to 0.000449 10.16 to 11.42
J 12 0.00045 to 0.000499 11.43 to 12.69
K 13 0.00050 to 0.000549 12.70 to 13.96
L 14 0.00055 to 0.000599 13.97 to 15.23
M 16 0.00060 to 0.000649 15.24 to 16.50
N 17 0.00065 to 0.000699 16.51 to 17.77
P 18 0.00070 to 0.000749 17.78 to 19.04
Q 20 0.00075 to 0.000799 19.05 to 20,31
R 21 0.00080 to 0.000849 20.32 to 21,58
S 22 0.00085 to 0.000899 21.59 0, 2285
T 23 0.00090 to 0.000949 22.86 t6 24.12
u 24 0.00095 to 0.000999 24:13-to 25.40

AThe low values stated for each micrometre range are @xéact equivalents to
inches, rounded to the nearest hundredth micrometre. The high values stated for
each micrometre range are slightly higher than exact _equivalents to inches to
provide continuation between ranges. They are consistent for inch-pound and SI
filament size descriptions commonly used in the industry. In some publications, the
Sl designation for H filament size has been shown as 10.

25
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TABLE 2 Physical Properties of Continuous Filament Yarns

Yarn Designation” Nominal Twist Approximate Yarn Number Breaking Strength,
wz ug» (Bare Glass)? Individual Minimum
S(It;(';lt Inchl-J};ic;und tpm tpi tpm tpi tex yd/lb N Ibf
EC5 2.75 ECD 1800 20 to 40 0.5t0 1.0 2.75 180 000 11 0.25
1x0 1/0
EC5 2.75 ECD 1800 152 to 176 3.8t04.4 5.5 90 000
1x2 1/2
EC55.5 ECD 900 20 to 40 0.5t 1.0 5.5 90 000 2.2 0.5
1x0 1/0
EC5 5.5 ECD 900 160 to 200 4.0 to 5.0 55 90 000 2.2 0.5
1x0 70
EC5 5. ECD 900 120 to 160 3.0t0 4.0 55 90 000 2.2 0.
1x0 1/0
ECS5 5. ECD 900 400 10.0 5.5 90 000 2.2 0.5
1x0 1/0
EC6 8.2b ECDE 600 20 to 40 0.5t0 1.0 8.25 60 000 8.3 0.15
1/0
ECS5 5. ECD 900 160 to 200 4.0 to 5.0 152 to 176 3.8t04.4 1 45 000 4.9 1.
1x2 1/2
ECS5 5. ECD 900 340 8.5 " 45 000 4.9 1.
1x2 1/2
EC5 11 ECD 450 20 to 40 0.5t0 1.0 1 457000 4.9 1.
1x0 1/0
EC5 11 ECD 450 40 to 80 1.0t0 2.0 1 45 000 4.9 1.
1x0 1/0
EC5 11 ECD 450 80 to 120 2.0t0 3.0 1 45 000 4.9 1.
1x0 1/0
EC5 11 ECD 450 160 to 200 4.0 to 5.0 11 45 000 4.9 1.
1x0 1/0
EC5 11 ECD 450 400 10 1 45 000
1x0 1/0
EC6 16 ECDE 300 20 to 40 0.5t0 1.0 16 30 000 8.0 1.9
1x0 1/0
EC5 5. ECD 900 152 to 176 3.8t0 4.4 16.5 30 000 8.0 1.8
1x3 1/3
ECS5 5. ECD 900 340 8.5 16.5 30 000 8.0 1.8
1x3 1/3
EC5 11 ECD 450 160 to 200 4.0t0 5.0 22 22 500 9.8 2.p
2x0 2/0
EC5 11 ECD 450 60 15 22 22 500 9.8 2.2
1x2 1/2
EC5 11 ECD 450 160 to 200 4.0 to 5.0 152.t0 176 3.8t04.4 22 22 500 9.8 2.2
1x2 1/2
EC5 11 ECD 450 340 8.5 22 22 500 9.8 2.p
1x2 1/2
EC5 23 ECD 225 40 to 80 1.0 t0,2.0 22 22 500 10.7 2.4
1x0 1/0
EC5 23 ECD 225 20 to 40 0540 1.0 22 22 500 10.7 2.4
1x0 1/0
EC5 29 ECD 225 160 to 200 4.0t0 5.0 22 22 500 10.7 2.4
1x0 1/0
EC7 23 ECE 225 20 to 40 0.5t0 1.0 22 22 500 9.8 2.2
1x0 1/0
EC7 23 ECE 225 160 10200 4.0 to 5.0 22 22 500 9.8 2.2
1x0 1/0
EC7 23 ECE 225 400 10.0 22 22 500 9.8 2.2
1x0 1/0
EC5 11 ECD 450 160 to 200 4.0 to 5.0 33 15 000 17.3 3.9
3x0 3/0
EC5 11 ECD 450 160 to 200 4.0t0 5.0 152 to 176 3.8t0 4.4 33 15 000 17.3 3.9
1x3 173
EC5 11 ECD 450 340 8.5 33 15 000 17.3 3.9
1x3 1/3
EC3.5 3B ECB 150 20 to 40 0.5t0 1.0 33 15 000 17.8 4.
1x0 170
EC3.5 33 ECB 150 120 to 160 3.0t0 4.0 33 15 000 17.8 4.0
1x0 1/0
EC4.5 33 ECC 150 20 to 40 0.5t0 1.0 33 15 000 15.6 3.5
1x0 1/0
EC4.5 33 ECC 150 120 to 160 3.0t0 4.0 33 15 000 15.6 3.5
1x0 1/0
EC6 33 ECDE 150 20 to 40 0.5t0 1.0 33 15 000 15.6 3.5
1x0 1/0
EC6 33 ECDE 150 90 2.25 33 15 000 15.6 35

26
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TABLE 2 Continued

SD-578/SD-578M

Yarn Designation”

Nominal Twist

Approximate Yarn Number

Breaking Strength,

wz ug” (Bare Glass)? Individual Minimum
S(It;:;'t Inchl-Jl:‘(iytund tpm tpi tpm tpi tex yd/lb N Ibf
1x0 1/0
EC6 33 ECDE 150 120 to 160 3.0 to 4.0 33 15 000 15.6 3.5
1x0 1/0
EC9 33 ECG 150 20 to 40 0.5t0 1.0 33 15 000 13.3 3.0
1x0 1/0
EC9 33 ECG 150 40 to 80 1.0t0 2.0 33 15 000 13.3 3.0
1x0 1/0
co33 ECET50 52 3 33 5000 33 3.0
1x0 1/0
HC9 33 ECG 150 120 to 160 3.0t0 4.0 33 15 000 13.3 3.0
1x0 1/0
HC9 33 ECG 150 224 5.6 33 15 000 18,3 3.0
1x0 1/0
HC9 33 ECG 150 280 7.0 33 15 000, 13.3 3.0
1x0 1/0
ECJI3 40HF ECK 125 HF 20 to 40 0.5t0 1.0 40 12:.500 14.2 3.2
1x0 1/0
HC5 11 ECD 450 160 to 200 40t0 5.0 44 ™ 250 19.6 4.4
4x0 4/0
HC5 11 ECD 450 160 to 200 4.0t0 5.0 152 to 176 3.8t0 4.4 44 11 250 19.6 4.4
2x2 2/2
HC5 22 ECD 225 160 to 200 4.0t0 5.0 44 11 250 21.4 4.8
2x0 2/0
HC5 22 ECD 225 160 to 200 4.0t0 5.0 152 to 176 3.8t0 4.4 44 11 250 21.4 4.8
1x2 12
HC5 22 ECD 225 340 8.5 44 11 250 21.4 4.8
1x2 1/2
HC7 22 ECE 225 160 to 200 4.0t0 5.0 44 11 250 19.6 4.4
2x0 2/0
HC7 22 ECE 225 160 to 200 40t0 5.0 152 to 176 3.8)t0 4.4 44 11 250 19.6 4.4
1x2 1/2
HC7 22 ECE 225 340 8.5 44 11 250 19.6 4.4
1x2 1/2
EL11 45 ECH 110 20 to 40 0.5t0 1.0 45 11 000 18.2 3.9
1x0 1/0
HC6 50 ECDE 100 20 to 40 0.5t0 1.0 50 10 000 17.8 4.0
1x0 1/0
HC6 50 ECDE 100 28 0.7 50 10 000 17.8 4.0
1x0 1/0
HC6 50 ECDE 100 80 2.0 50 10 000 17.8 4.0
1x0 1/0
HC9 50 ECG 100 20 to 40 056 t01.0 50 10 000
1x0 1/0
HC8 55 ECF 90 40 1.0 55 9 000 27 6.0
1x0 1/0
HC5 11 ECD 450 160 to 200 4.0t0 5.0 152 to 176 3.8t04.4 66 7 500 29.4 6.6
3x2 3/2
HC5 22 ECD 225 160.to 200 4.0t0 5.0 66 7 500 32.0 7.2
3x0 3/0
HC5 22 ECD 225 160 to 200 4.0t0 5.0 152 to 176 3.8t0 4.4 66 7 500 32.0 7.2
1x3 1/3
HC7 22 ECE 225 120 to 160 3.0 to 4.0 66 7 500 29.4 6.6
3x0 3/0
HC7 22 ECE 225 160 to 200 4.0t0 5.0 66 7 500 29.4 6.6
3x0 3/0
HC7 22 ECE 225 160 to 200 4.0 t0 5.0 152 to 176 3.8t0 4.4 66 7 500 29.4 6.6
1x3 1/3
E€3.5 33 ECB 150 80 to 120 2.0t0 3.0 66 7 500 35.6 8.0
2x0 2/0
E€3.5 33 ECB 150 120 to 160 3.0 to 4.0 66 7 500 35.6 8.0
2x0 2/0
EC3533 ECB 150 210 152 281038 519 7500
1x2 1/2
EC6 33 ECDE 150 120 to 160 3.0 to 4.0 66 7 500 31.1 7.0
2x0 2/0
EC6 33 ECDE 150 112 to 152 2.8103.8 66 7 500
1x2 1/2
EC4.5 33 ECC 150 40 to 80 1.0t0 2.0 66 7 500 47.2 10.6
2x0 2/0
EC4.5 33 ECC 150 120 to 160 3.0 to 4.0 66 7 500 33.4 7.5
2x0 2/0
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TABLE 2 Continued

Yarn Designation”

Nominal Twist

Approximate Yarn Number

Breaking Strength,

wz ug” (Bare Glass)? Individual Minimum
S(It;:;'t Inchl-Jl:‘(iytund tpm tpi tpm tpi tex yd/lb N Ibf
EC9 33 ECG 150 120 to 160 3.0t0 4.0 66 7 500 28.5 6.4
2x0 2/0
EC9 33 ECG 150 160 to 200 4.0t0 5.0 66 7 500 285 6.4
2x0 2/0
EC9 33 ECG 150 224 5.6 66 7 500 28.5 6.4
2x0 2/0
EC9 33 ECG 150 320 8.0 66 7 500 28.5 6.4
2x0 270
EC9 39 ECG 150 120 to 160 3.0t0 4.0 112 to 152 2.8103.8 66 7 500 26.5 6{0
1x2 1/2
EC6 64 ECDE 75 20 to 40 0.5t 1.0 66 7 500 254 5(7
1x0 1/0
EC6 64 ECDE 75 28 0.7 66 7 500 254 517
1x0 1/0
EC6 64 ECDE 75 40 to 80 1.0t0 2.0 66 7 500 25.4 5(7
1x0 1/0
EC6 64 ECDE 75 120 to 160 3.0t0 4.0 66 7 500 254 5(7
1x0 1/0
EC4.5 6p ECC 75 20 to 40 0.5t0 1.0 66 7500 25.4 517
1x0 1/0
EC4.5 6p ECC 75 40 to 80 1.0t0 2.0 66 7 500 25.4 5(7
1x0 1/0
EC4.5 6p ECC 75 80 to 120 2.0t0 3.0 66! 7 500 254 5(7
1x0 1/0
EC4.5 6p ECC 75 120 to 160 3.0t0 4.0 66 7 500 25.4 517
1x0 1/0
EC9 64 ECG 75 20 to 40 0.5t0 1.0 66 7 500 25.4 5(7
1x0 1/0
EC9 64 ECG 75 78 0.7 66 7 500 254 5(7
1x0 1/0
EC9 64 ECG 75 40 to 80 1.0t0 2.0 66 7 500 25.4 517
1x0 1/0
EC9 64 ECG 75 120 to 160 3.0t0 4.0 66 7 500 254 5{7
1x0 1/0
EC9 64 ECG 75 280 7.0 66 7 500 254 5(7
1x0 1/0
EC9 64 ECG 75 320 8.0 66 7 500 25.4 517
1x0 1/0
EC13 6l ECK 75 20 to 40 0.5t 1.0 66 7 500 25.4 5{7
1x0 1/0
EC13 6 ECK 75 80 to 120 2.0 to 3.0 66 7 500 25.4 517
1x0 1/0
EC13 6 ECK 75 120 to 160 3.0 t0,4.0 66 7 500 25.4 517
1x0 1/0
EC5 23 ECD 225 120 to 160 8.0.t0 4.0 88 5 625 46.3 1044
4x0 4/0
EC7 23 ECD 225 160 to 200 4.0t0 5.0 152 to 176 3.8t04.4 88 5 625 42.7 916
2x2 2/2
EC7 23 ECE 225 160 to_200 4.0t0 5.0 152 to 176 3.8t04.4 88 5 625 39.1 88
2x2 2/2
EC11 9 ECH 55 20040 0.5t 1.0 90 5 500 42.3 95
1x0 1/0
EC13 9 ECK 55 20 to 40 0.5t0 1.0 90 5 500 42.3 915
1x0 1/0
EC9 10 ECG 50 20 to 40 0.5t 1.0 99 5 000 44.0 10J0
1x0 10,
EC5 11 ECD 450 160 to 200 4.010 5.0 152 to 176 3.8t0 4.4 99 5 000 44.0 99
3x3 3/3
EC6 39 ECDE 150 120 to 160 3.0t0 4.0 99 5 000
3x0 3/0
EC6 39 ECDE 150 112 to 152 2.8103.8 99 5 000 46.7 105
1x3 73
EC4.5 33 ECC 150 40 to 80 1.0t0 2.0 99 5 000 48.9 11.0
3x0 3/0
EC4.5 33 ECC 150 120 to 160 3.0t0 4.0 99 5 000 48.9 11.0
3x0 3/0
EC9 33 ECG 150 120 to 160 3.0t0 4.0 99 5 000 42.7 9.6
3x0 3/0
EC9 33 ECG 150 160 to 200 4.0t0 5.0 99 5 000 42.7 9.6
3x0 3/0
EC9 33 ECG 150 120 to 160 3.0t0 4.0 112 to 152 2.810 3.8 99 5 000 40.0 9.0
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Yarn Designation”

Nominal Twist

Approximate Yarn Number

Breaking Strength,

wz ug” (Bare Glass)? Individual Minimum
S(It;:;'t Inchl-Jl:‘(iytund tpm tpi tpm tpi tex yd/lb N Ibf
1x3 1/3
EC5 11 ECD 450 152 to 176 3.8t0 4.4 132 3 750 58.7 13.2
3x4 3/4
EC5 11 ECD 450 160 to 200 4.0t0 5.0 152 to 176 3.8t0 4.4 132 3 750 58.7 13.2
4x3 4/3
EC5 22 ECD 225 160 to 200 4.0t0 5.0 152 to 176 3.8t04.4 132 3 750 64.0 14.4
3x2 3/2
\“Za4 CULC 220 TOU 10 ZUU 4.U'10 0.U 19210 170 0.0 10 4.9 LS4 o /9oU 0.7 13.2
3x2 3/2
EE3.5 33 ECB 150 40 to 80 1.0t0 2.0 132 3 750 71.2 16.0
4x0 4/0
HC6 33 ECDE 150 120 to 160 3.0 to 4.0 132 3 750 TBD
4x0 4/0
HC6 33 ECDE 150 112 to 152 2.8103.8 132 3 750 TBD
2x2 2/2
HC6 33 ECDE 150 112 to 152 2.8103.8 132 34750 TBD
1x4 1/4
E€4.5 33 ECC 150 40 to 80 1.0t0 2.0 132 8 750 62.3 14.0
4x0 4/0
EC4.5 33 ECC 150 120 to 160 3.0to 4.0 132 3 750 62.3 14.0
1x0 4/0
HC9 33 ECG 150 120 to 160 3.0 to 4.0 182 3 750 56.9 12.8
4x0 4/0
HC9 33 ECG 150 160 to 200 4.0t0 5.0 132 3 750 56.9 12.8
4x0 4/0
HC9 33 ECG 150 120 to 160 3.0t0 4.0 112 to 152 2.8103.8 132 3 750 53.4 12.0
2x2 2/2
EC4.5 66 ECC 75 80 to 120 2.0to0 3.0 132 3 750 50.7 1.4
2x0 2/0
E€4.5 66 ECC 75 120 to 160 3.0 to 4.0 132 3 750 50.7 1.4
2x0 2/0
HC6 66 ECDE 75 120 to 160 3.0t0 4.0 132 3 750 50.7 1.4
2x0 2/0
HC9 66 ECG 75 120 to 160 3.0 to 4.0 132 3 750 50.7 1.4
2x0 2/0
HC9 66 ECG 75 280 7.0 132 3 750 50.7 1.4
2x0 2/0
HC9 66 ECG 75 320 8.0 132 3 750 50.7 1.4
2x0 2/0
HC9 66 ECG 75 120 to 160 3.0 to 4.0 112 to 152 2.8103.8 132 3 750 50.7 1.4
1x2 12
E[F13 66 ECK 75 120 to 160 301t04.0 132 3 750 50.7 1.4
2x0 2/0
EF6 134 ECDE 37 20 to 40 0:5to 1.0 134 3 700 49.8 11.2
1x0 1/0
E[6 134 ECDE 37 80 to 120 2.0t0 3.0 134 3 700 49.8 1.2
1x0 1/0
E[6 134 ECDE 37 120.to 160 3.0 to 4.0 134 3 700 49.8 1.2
1x0 1/0
EF9 134 ECG 37 20 to 40 0.5t0 1.0 134 3 700 49.8 11.2
1x0 1/0
EF9 134 ECG 37 40 to 80 1.0t0 2.0 134 3 700 49.8 1.2
1x0 1/0
E[9 134 ECG\37 120 to 160 3.0 to 4.0 134 3 700 49.8 1.2
1x0 1/0
E¢13 134 ECK 37 20 to 40 0.5t0 1.0 134 3 700 49.8 11.2
1x0 1/0
HC5 11 ECD 450 160 to 200 4.0t0 5.0 152 to 176 3.8t04.4 165 3 000 70.3 15.8
3x5 3/5
HC5 11 ECD 450 160 to 200 4.0t0 5.0 152 to 176 3.8t0 4.4 176 2 813 78.3 17.6
4x4 4/4
T 33 ECG 150 2010 160 301040 210 152 2810338 98 2 500 80T 18.0
2x3 2/3
EC9 33 ECG 150 120 to 160 3.0 to 4.0 112 to 152 2.8103.8 198 2 500 80.1 18.0
3x2 3/2
EC9 66 ECG 75 120 to 160 3.0 to 4.0 198 2 500 76.1 171
3x0 3/0
EC9 66 ECG 75 120 to 160 3.0 to 4.0 112 to 152 2810 3.8 198 2 500 76.1 171
1x3 1/3
EC9 100 ECG 50 120 to 160 3.0 to 4.0 198 2 500
1x2 12
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TABLE 2 Continued

Yarn Designation”

Nominal Twist

Approximate Yarn Number

Breaking Strength,

Wz ug” (Bare Glass)? Individual Minimum
S(IteLi';'t Inchl-JI;ic;und tpm tpi tpm tpi tex yd/lb N Ibf
EC11 198 ECH 25 20 to 40 0.5t0 1.0 198 2 500 75.6 17.0
1x0 11
EC5 11 ECD 450 160 to 200 4.010 5.0 15210 176 3.8t04.4 220 2 250 100 22.6
4x5 4/5
EC5 22 ECD 225 15210 176 3.8t04.4 220 2 250 107 24
2x5 2/5
EC7 22 ECE 225 160 to 200 4.0105.0 152 to 176 3.8t04.4 220 2 250 107 24
2x5 215
EC13 40IHF ECK 125 HF 80 to 140 2.01t03.5 7.6 t0 136 1.91t03.4 238 2080 85.4 192
2/3 2/3
EC13 40IHF ECK 125 HF 80 to 140 2.01t03.5 7.6t0 136 1910 3.4 238 2080 85.4 19f2
1x6 1/6
EC5 23 ECD 225 160 to 200 4.0105.0 152 to 176 3.8t04.4 265 1875 128 2818
4x3 4/3
EC7 23 ECE 225 160 to 200 4.010 5.0 15210 176 3.8t04.4 265 1875 n7 264
4x3 4/3
EC9 33 ECG 150 112 t0 152 2.8103.8 265 1 875
1x2 12
EC9 33 ECG 150 120 to 160 3.0t0 4.0 11210 152 2.8103.8 265 1875 107 2410
4x2 4/2
EC9 64 ECG 75 120 to 160 3.0t0 4.0 265 1875 101 2218
4x0 4/0
EC9 66 ECG 75 120 to 160 3.0t0 4.0 11210 152 2.8103.8 265 1875 101 2218
2x2 2/2
EC9 13¢ ECG 37 120 to 160 3.0t0 4.0 265 1875 101 2218
2x0 2/0
EC13 6 ECK 75 120 to 160 3.0t0 4.0 112 to 152 2.8103.8 265 1875 101 2218
2x2 2/2
EC9 13¢ ECG 37 120 to 160 3.0t0 4.0 112t0 152 2.8t0 338 270 1 850 101 22i8
1x2 12
EC13 275 ECK 18 20 to 40 0.5t0 1.0 275 1 800 102 23j0
1x0 1/0
EC9 33 ECG 150 120 to 160 3.0t0 4.0 112 to 152 2.8103.8 300 1 665 120 2710
3x3 3/3
EC9 33 ECG 150 120 to 160 3.0t0 4.0 11210 152 2.81t03.8 395 1 250 160 36/0
3x4 3/4
EC9 33 ECG 150 120 to 160 3.0t0 4.0 112 t0*152 2.81t03.8 395 1 250 160 36/0
4x3 4/3
EC9 64 ECG 75 120 to 160 3.0t0 4.0 112.t0 152 2.8103.8 395 1 250 152 3412
2x3 2/3
EC9 13¢ ECG 37 120 to 160 3.0t0 4.0 112 t0 152 2810 3.8 405 1230 152 3412
1x3 1/3
EC9 33 ECG 150 120 to 160 3.0 t0,4.0 100 to 140 251035 530 938 213 4810
4x4 4/4
EC9 64 ECG 75 112 to 152 2.8103.8 530 938 203 4516
2x4 2/4
EC9 33 ECG 150 100 to 140 25t 3.5 660 750 285 64
4x5 4/5
EC9 33 ECG 150 100 to 140 251035 795 625 342 7618
4x6 4/6
EC9 39 ECG 150 100 to 140 251t 3.5 925 536 399 8916
4x7 47
EC4 2.1 ECBC 2250 20 to 40 0.5t0 1.0 2.20 225.000 0.9 0.0
1x0 1x0
EC4 3.3t ECBC 1500Q 20 to 40 0.5t0 1.0 3.31 150.000 1.3 0.30
1x0 1%0
EC4.54.13 | ECC{200 20 to 40 0.5t0 1.0 4.13 120.000 1.65 0.3f5
1x0 10
4 For engin ering(infgfmation only, and may be made by substituting other yamn equivalents providing fiber diameter and other properties are not affected. For expmple,
hay be

contributed by twrsttake up, srzrng percent or purchaser agreement to produce to a lower yarn number to meet other requrrements fora further manufactured product,
or combination thereof. For example, EC9 66 1 x 0 (ECG 75 1/0) stated at approximately 66 tex [7500 yd/Ib] will actually be about 68 tex [7300 yd/Ib] in the delivered state
for use in the electrical laminate industry.
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TABLE 3 Visual Examination of Yarn

Visual Characteristic Defect
Appearance and Any cut, chaf, damage, or excessive filamentation, affecting serviceability
Workmanship
Finish other than specified
Spot or stain”
Embedded foreign matter?
Put-up Any defect or package abnormality affecting the free unhampered unwinding of yarn or
(Package/Bobbin Build) affecting the secure holding of yarn winds on the bobbin or package

Not put up on bobbin or package as specified

A Clearly visible at normal inspection distance of approximately 1 m [3 ft].
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TABLE 4 Physical Properties of Typical (Discontinuous) Staple Filament Glass Yarns

Varn Designation” Nominal Twist Approximate Yarn Number Breaking Strength,
“z’ “g” (Bare Glass)™® Individual Minimum

S| Unit (tex) Inch-Pound Unit tpm tpi tpm tpi tex yd/lb N Ibf
ED7 71R 1x0 ESE 70/1R 340 8.5 71 7000 7.6 1.7
ED7 99R 1x0 ESE 50/1R 340 8.5 99 5000 125 2.8
CD9 198R 1x0 CSG 25/1R 340 8.5 198 2500 20.9 4.7
CD9 198 1x0 CSG 251 340 8.5 198 2500 20.9 4.7
ED7 198 1x0 ESE 25/1 340 8.5 198 2500 20.9 4.7
CD9 260R 1x0 CSG 19/1R 280 7.0 260 1900
CD9 260 1x0 CSG 191 160 4.0 260 1900
CD9 395R 1x0 CSG 12.5/1R 160 4.0 385 1285 40.0 9.0
ED7 395 1x[ ESE 12,571 160 20 385 1285 20.0 9]0
CD9 395 1xp CSG 12.5/1 160 4.0 385 1285 40.0 9|0
CD9 415 1xp CSG 12/1 160 4.0 415 1200
CD9 495 1P CSG 10/ 160 4.0 510 975 46.7 10[5
CD9 550 1xP CSG 9 160 4.0 570 870
CD9 590 1xp CSG 8.4/1 160 4.0 590 840
CD9 620 1xp CSG 8/1 160 4.0 636 780
CD9 800 1xP CSG 6.2/1 160 4.0 795 624
CD9 825 1xp CSG 6/1 160 4.0 855 580
CD9 990 1xp CSG 51 80 2.0 980 505
CD9 1240 1KO CSG 41 80 2.0 1235 402
CD9 1415 1K0 CSG 3.5/1 80 2.0 1480 335.
CD10 1415 [Ix0 CSH 3.5/1 80 2.0 1480 335 93.4 21|0
CD9 1770 1KO CSG 2.8/1 80 2.0 1850 268 122 2715
CD9 1985 1K0 CSG 2.51 168 4.2 2000 247
CD9 2900 1KO CSG 1.711 80 2.0 3000 167
CD10 2900 [ix0 CSH 1.71 80 2.0 3000, 167 187 42{0
CD9 3300 1KO0 CSG 1.5/1 80 2.0 3500 140
CD9 3500 1KO CSG 1.4/ 80 2.0 3900 128 227 51(0
ED7 71R 142 ESE 70/2R 340 8.5 260 6.5 142 3500 19.0 413
ED7 99R 142 ESE 50/2R 340 8.5 260 6.5 198 2500 24.9 5/6
ED7 124R 1x2 ESE 40/2R 340 8.5 260 6.5 248 2000 32.0 712
ED7 160R 1jx2 ESE 31/2 340 8.5 260 6(5 320 1550 38.2 8|6
ED7 198R 1jx2 ESE 25/2 340 8.5 260 6.5 385 1285 40.9 9|2
CD9 198R 1x2 CSG 25/2R 340 8.5 260 6.5 385 1285
CD9 198 1@ CSG 25/2 340 8.5 260 6.5 385 1285
CD9 198R 1x4 CSG 25/4R 140 3.5 770 644
CD9 198 1x¢ CSG 25/4 140 3.5 770 644
CD9 260R 1x2 CSG 19/2R 220 5.5 505 978
CD9 260 1@ CSG 19/2 220 5.5 505 978
CD9 395R 1x2 CSG 12.5/2R 140 3.5 775 642
ED7 395 1xp ESE 12.5/2 160 4.0 140 3.5 775 642 80.0 18J0
CD9 395 1@ CSG 12.5/2 160 4.0 140 3.5 775 642
CD9 395 2x¢4 CSG 12.5/2/4 120 3.0 3100 160
CD9 395 2x¢x6 CSG 12.5/2/4/6 80 2.0 9200 54
CD9 415 1 CSG 12/2 140 3.5 805 618
ED7 472 1xp ESE 10.5/2 160 4.0 140 3.5 945 525 93.4 21{0
CD9 495 1@ CSG 10/2 140 3.5 965 515
CD9 550 1@ CSG 9/2 140 3.5 1070 463
ED7 590 1xp ESE 8.4/2 160 4.0 140 3.5 1180 420 109 2416
CD9 590 1@ CSG 8.4/2 160 4.0 140 3.5 1180 420
CD9 620 1@ CSG 8/2 140 3.5 1205 412 116 26(0
CD9 620 1xb CSG 8/5 80 2.0 3000 165
ED7 800 1xp ESE 6.2/2 160 4.0 140 3.5 1555 319 164 37{0
CD9 800 1 CSG 6.2/2 160 4.0 140 3.5 1555 319
CD9 825 1 CSG 6/2 160 4.0 140 3.5 1605 309
CD9 990 1 CSG 5/2 80 2.0 1930 257
CD9 1770 1K2 CSG 28/2 80 2.0 3800 130
CD9 1985 1K2 CSG.2:572 80 2.0 4100 120
CD9 2100 1K4 CS8G2.4/4 40 1.0 8300 60 511 1
CD10 2100 [ix4 €SH2.4/4 40 1.0 8300 60
CD9 2100 1Kk8 CSG 2.4/8 40 1.0 16000 31
CD9 2900 1K3 CSG 1.7/3 48 1.2 8900 56 560 12
CD9 3300 1K2 CSG 1.5/2 48 1.2 6500 76
CD9 3300 1%4 SSC—-54 48 +2 +3+66 38
CD9 3500 1x2 CSG 1.4/2 80 2.0 6900 72
CD9 3500 1x3 CSG 1.4/3 48 1.2 10300 48
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TABLE 5 Physical Properties of Typical Textured Glass Yarns TABLE 6 Sample Size Determination

Approximate Yarn Breaking Strength Sample Size, Number of

Yarn Designation Lot Size, Packages per Lot

Number Minimum, avg Packages
Sl Unit . 15 or less 2
(tex) Inch-Pound Unit tex yd/lb N Ibf 16 10 40 3
ET633  ETDE 150 35 14300 5.6 1.2 4110 110 5
ET650  ETDE 100 53 9400 6.7 15 111 to 300 7
ET4.566 ETC 75 70 7100 11.1 25 301 to 500 10
ET6 66 ETDE 75 70 7100 6.7 15 501 or mare 15
ET6 99 ETDE 50 106 4700 13.3 3.0
ET9 134 ETG 37 139 3500 17.8 4.0
15;2‘-5 ETC 37 i 3500 222 5.0 TABLE 7 Fiber Diameter inches x 10-5
ET6 |34 ETDE 37 143 3500 222 5.0 Components of Variance Expressed as Standard Deviationg™
ET4. ETC 25.0 198 2500 ; ithin-
198 Material AC\-/‘;?;‘de SlngF;,I;ae Sgi;ator Ldboratory
ET6 J|98 ETDE 25.0 198 2500 27 6.0 9 Hrecision
ET4. ETC 18.0 275 1800 600 Denier Glass Fiber Strand 43.0 2:80 0
275 A ; f &
The square roots of the components of variance~are being reportedl to express
ET6 p75 ETDE 18 282 1800 356 8.0 the variability in the appropriate units of measure rather than as thg squares of
ET9$75 ETG 18.0 282 1800 35.6 8.0 those Units of measure.
ET4. ETC 11.8 420 1180
420
ET6 §25 ETDE 11.6 430 1160 52 15.0
ET9 #30 ETG 11.6 430 1160 89 20.0 TABLE 8 Fiber Diameter inches x 10~°
ET6 $50 ETDE 9.0 550 900 66.7 15.0
ETo k50 ETG 9.0 550 900 133 30.0 Critical Differénces for the Conditions Noted”
ET6 825 ETDE 6.0 825 600 89 20.0 Number of Single- Within-
ET9 $25 ETG 6.0 825 600 89 20.0 Material Observations in  Operator  laboratory
ET9 $90 ETG 5.0 990 505 89 20.0 each Average  Precision Precision
ET6 100 ETDE 4.5 1100 b 178 40.0 600 Denier Glass'Eiber Strand 30 1.42 1.42
ET9 J100 ETG 4.5 1100 450 M 25.0 50 110 110
ET6 |415 ETDE 3.5 1415 350 267 60.0 100 078 078
ET9 J415 ETG 3.5 1415 350 133 30.0 200 055 055
ET6 |804 ETDE 2.75 1804 275
ETO |804 ETG 2.75 1804 275 A The'eritical differences were calculated using t = 1.960, which is bas¢d on infinite
ET9 |835 ETG 2.70 1835 271 160 36.0 degreesof freedom.
ET6 205 ETDE 2.25 2205 225
ET9 205 ETG 2.25 2205 225
ET9 p610 ETG 1.9 2610 190 267 60.0
ET6 800 ETDE 1.75 2800 175 267 60.0
ET9 p800 ETG 1.75 2800 175 267 60.0
ET9 8545 ETG 1.4 3545 140 267 60.0
ET9 #510 ETG 1.1 4510 110 267 60.0
ET9g614 ETG 0.75 6614 75 289 65.0
ANNEX
(Mandatory Information)
Al. CERTIFICATION

Al.1 Whenvagreed upon in writing between the purchaser and the seller, a certification shall be made on thq basis of
acceptanCe.material.

A .2 »Certification shall consist of a copy of the manufacturer’s test report or a statement by the seller (accompanied py a copy

of theTest results) that the material has been sampied, tested, and inspected i accordance with the provisions ot the specification.
A1.3 Each certification so furnished shall be signed by an authorized agent of the seller or manufacturer.
Al.4 When original identity cannot be established, certification can only be based on the sampling procedure provided by the
applicable specification.
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ASME NM.3.2-2020 SD-1763

SPECIFCATION FOR EPOXY RESINS

@Z@ SD-1763

(Identical with ASTM D1763-00(R13) except for revisions.to Note 1, para. 2.2, editorial changes, and addition of sectiof
9. and Annex Al.)
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1. Scope

ASME NM.3.2-2020

Specification for
Epoxy Resins

D883 Terminology Relating to Plastics

1.1 TH
supplied
coatings,
tions. TH
causes th
propertie
various f}
tropic ag
as stabil
combined

1.2 1t
engineeri
material
in Table
under thi
inspectio

1.3 T
safety c
responsi
priate sq

is specification covers totally reactive epoxy resins
hs liquids or solids which can be used for castings,
tooling, potting, adhesives, or reinforced applica-
e addition of hardeners in the proper proportions
bse resins to polymerize into infusible products. The
of these products can be modified by the addition of
llers, reinforcements, extenders, plasticizers, thixo-
nts, etc. The epoxy resins described also can be used
zers and cross-linking agents; and they can be
with other reactive products.

is not the function of this specification to provide
hg data or to guide the purchaser in the selection of a
or a specific end use. Ordinarily the properties listed

and Table 2 are sufficient to characterize a material
k5 specification, and it is recommended that routine
h be limited to testing for such properties.

is standard does not purport to address all of the
ncerns, if any, associated with its use. It is the
ility of the user of this standard to establish appro-
ety and health practices and determine the applica-

bility of fegulatory limitations prior to use.

1.4 Th
standard.

Note 14
cation. Pro|

2. Refer!

2.1 A§
D445 7]
and

ity)

e values stated in SI units are to be regarded as

-1SO 3673-1 is similar but not equivalent to this\specifi-
Huct classification and characterization are not thé same.

bnced Documents

TM Standards:
[est Method for Kinematic Viscosity of Transparent
Dpaque Liquids (and Calculation of Dynamic Viscos-

D1209 Test Method tor Color of Clear Liquids (Platiy
Cobalt Scale)

D1544 Test Method for Color of Transparent Liduids (C
ner Color Scale)

D1652 Test Method for Epoxy Content of Epoxy Resi

D3104 Test Method for Softening Point of Pitches (M
Softening Point Method)

D3892 Practice for Packaging/Packing of Plastics

2.2 ISO Standard:

pum-

rard-

s
bttler

ISO 3673-1 Plastics—Epoxy~Resins—Part 1: Designatjon

3. Terminology

3.1 Definitions:
3.1.1 General&—Definitions of terms used in this spec
tion are in accerdance with Terminology D883.

4. Classification

4:The resins covered contain no hardeners. Resin f{
coyered are divided into specific groups by their cher
nature:

4.1.1 Type I—Bisphenol A and epichlorohydrin.

4.1.2 Type II—Reaction product of phenol and form
hyde (novolac resin) and epichlorohydrin.

4.1.3 Type III—Cycloaliphatic and peracid epoxies.

4.1.4 Type IV—Glycidyl esters.

4.1.5 Type V—Reaction product of epichlorohydrin
p-aminophenol.

4.1.6 Type VI—Reaction product of epichlorohydrin
glyoxal tetraphenol.

4.2 These types may be further subdivided by grades:

4.2.1 Grade 1—Resins containing no diluent.

4.2.2 Grade 2—Resins modified with a reactive dil
Each class of Grade 2 resin can be made from any cla
Grade 1 resin.

4.2.3 Each grade may include as many classes as are sH
in the tables.

fica-

lypes
hical

hlde-

and

and

ent.
s of

own
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TABLE 1 Requirements for Type I, Grade 1, Epoxy Resin
Epoxy Content . ) Color?
Class Viscosity, cP at 25°C Mettler SO?gnlng Point, Gﬁ:ﬂg? -
Equivalents/100 g WPE?® max.
AC 0.500 to 0.588 170 to 200 3000 to 20 000 3
B 0.443 to 0.527 190 to 226 15 000 to 40 000 5
C 0.357 to0 0.443 226 to 280 — semi-solid — 5
D 0.125 to 0.357 280 to 800 40 to 90 5
E 0.067 to 0.125 800 to 1500 90 to 110 5
F 0.040 to 0.067 1500 to 2500 110 to 140 5
G 0.017 to 0.040 2500 to 6000 134 t0 180 6
H 0.010 to 0.020 5000 to 10 000 160 to 200 7
ATest Method D1209 with a maximum color of 100 defines low color Type | resins.
B WPH = weight per epoxy equivalent.
€ Canlexist as a supercooled liquid.
TABLE 2 Requirements for Type I, Grade 2, Epoxy Resin 7.1.1 Viscosity—Test Method D445.
Class Epoxy Content Viscosity, cP at 25°C 7.1.2 Weight per Epoxy Equivalent==(WPE)—Te4t Method
A A 100 to 500 D1652.
g : 9500(;7:0500000 7.1.3 Color—Test Method D1544, except for (Jlasses IV
D A 4000 t: 10 000 through VII, where a 40 %,solids solution in butyl carbitol
A The WPE of these diluted resins shall be agreed upon between the purchaser shall be used. . .
and thk seller. 7.1.4 Color—Test Method D1209 is used to charagterize the
low color Type I and{Bype III resins.
5. Rlequirements 7.1.5 Softening Pqint—Test Method D3104.
5.] The resin shall be of uniform quality and as free of 8. Packaging‘and Package Marking
conty 'mination as can be achieved by good manufacturing 8.1 Packdging—The material shall be packaged fn a stan-
practice. dard commercial container so constructed as to pfotect the
5.1 The resin shall conform to the requirements prescribed ~ productfrom contamination and ensure acceptance by common
in Thbles 1-7 for the type, grade, and class of material orother carriers for safe transportation at the lowest fate to the
spectfied. point of delivery, unless otherwise specified in the cpntract or
order.
6. Spmpling 8.2 Package Marking—Shipping containers shall e marked
6.] Take a representative sample sufficient for the “test ~ with the name of the product and its manufacturer, it$ type and
specified either from a well-blended bulk lot prior to packdging ~ grade, lot or control number, and the quantity corjtained as
or by withdrawing samples with a thief from no leSs-than 5 % defined by the contract or order under which shipmerjt is made.
of the containers comprising the lot or shipmerit; 8.3 All packing, packaging, and marking proyisions of
6.1 Unless the samples taken from the. containers show  Practice D3892 shall apply to this specification.
evidgnce of Vvarlablhty, blend them }nto a single composite 9. Certification
sampjle on which to conduct the specified tests. Instead of the o )
foredoing, adequate statistical safplig acceptable to the 9.1 See Annex Al for certification requirements.
purchaser and the seller may be~substituted.
10. Keywords
7. Test Methods 10.1 epoxy; resins
7.1 Determine compliance with the requirements specified
in Tgble 1 in accordanCe with the following methods:
TABLE 3 Requirements for Type Il, Grade 1, Epoxy Novolac Resins
Epoxy Content . Color*,
Class Viscosity, cP at 25°C Men:je rir?tofsgnlng Gﬁ’d,gte "
Equivalents/100 g WPE® ot nfax’
A U.OUU 10 U.O0GG 7010 ZUU o0 UUU 10 TUU UUU
B 0.537 to 0.575 174 to 186 12 000 to 19 000 7
c 0.476 to 0.555 180 to 210 16 to 30°
D 0.455 to 0.525 190 to 220 4000 to 10 000 at 55°C 48 to 60 4
E 0.333 to 0.370 270 to 300 70 to 80 9
F 0.294 to 0.345 290 to 340 B-D* 90 to 100 104

ATest Method D1209 with a maximum color of 300 defines low color Type Il resins.

B Fifty

percent solution in acetone.

€ Forty percent in diethylene glycol mono n-buty! ether.
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TABLE 4 Requirements for Type lll, Grade 1, Cycloaliphatic Resins

Epoxy Content

Class - Viscosity, cP at 25°C Color, Gardner-
Equivalents/100 g WPE Holdt, max
A 1.35t0 1.43 70 to 74 13 max 1
B 1.250 to 1.350 74 to 80 7 1
C 0.98 to 1.09 91 to 102 <100 at 45°C 2
D 0.625 to 1.000 100 to 160 80 to 500 3
E 0.833 to 0.909 110 to 120 80 to 150
F 0.699 to 0.763 131 to 143 350 to 450 1
G 0.649 to 0.751 133 to 154 7000 to 17 000 at 38°C 2
H 0.465 to 0.488 205 to 216 500 to 1500 2
| 0.462 to 0.487 210 to 221 500 to 1000 1
5-238-t0-0-276 SF0-t0—426 504
0.233 to 0.256 309 to 430 300 to 600 at 40°C 2B
! 0.232 to 0.256 390 to 430 450 at 40°C 2
A Forty percént solution in acetone.
B At 40°C.
TABLE 5 Requirements for Type IV, Grade 1, Glycidyl Esters
Epoxy Content -
Clags - poxy Viscosity, cP at 252C Color, Gardngr
Equivalents/100 g WPE Holdt, max
A1 0.790 to 0.835 120 to 130 300 to 500 6
B 0.625 to 0.668 150 to 160 200 tol400 3
CH 0.625 to 0.668 150 to 160 1000'to~1300 5
DY 0.391 to 0.438 244 to 256 51010 1
A Cycloaliphftic.
B Aromatic.
CSaturated honocarboxylic acid.
TABLE 6 Requirements for Type V, Grade 1, Reaction Product of<Epichlorohydrin and of p-Aminophenol
Epoxy Content . . o Color, Gardndr-
Clags Equivalents/ 100 g WPE Viscosity, cP at 25°C Holdt, max
A 0.990 to 1.03 95 to 107 550 to 850
B 0.869 to 0.952 105 to 115 1500 to 5000

TABLE 7 Requirements for Type VI, Grade 1, Reaction Product of Epichlorohydrin and Glyoxal Tetraphenol

Epoxy Content ] . o Color, Gardng
Clasp Equivalents/100 g WPE Viscosity, cP at 25°C Holdt, max

A 0.416 to 0.526 190 to 240 104

A Fifty perceht solution in acetone.

ANNEX

(Mandatory Information)
Al. CERTIFICATION

A1.1 Whemagreed upon in writing between the purchaser and the seller, a certification shall be made on the basis
offacceptance/of material.

A 1.2~ Certification shall consist of a copy of the manufacturer’s test report or a statement by the seller

(agcompanied by a copy of the test results) that the material has been sampled, tested, and inspected in accordance
with the provisions of the specification.

A1.3 Each certification so furnished shall be signed by an authorized agent of the seller or manufacturer.

Al.4 When original identity cannot be established, certification can only be based on the sampling procedure
provided by the applicable specification.
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SPECIFICATION FOR REINFORCED EPOXY RESIN GAS
PRESSURE PIPE AND FITTINGS

@Z@ SD-2517

(Identical with ASTM D2517-18 except for revisions'to paras. 2.1, 4.2; addition of paras. 2.2, 2.3, section 10, and Annex
A1; deletion of Notes 4 and 5yrevisions to paras. X1.1.1, X1.2.1, and X2.1.1.)
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1. Scope

ASME NM.3.2-2020

Specification for

Reinforced Epoxy Resin Gas Pressure Pipe and Fittings

2. Referenced Docnments

1.1 Th
test for m|
strength,
propertieq
in gas
applicatig
are intend

s specification covers requirements and methods of
hiterials, dimensions and tolerances, hydrostatic-burst
chemical resistance, and longitudinal tensile
, for reinforced epoxy resin pipe and fittings for use
lains and services for direct burial and insertion
ns. The pipe and fittings covered by this specification
ed for use in the distribution of natural gas, petro-

leum fuelp (propane—air and propane—butane vapor mixtures),

manufact
permeatid
deteriorat|
Methods

discussed|

1.2 Th

1.3 Th
test meth
standard
if any, as§
of this st
environm
regulator]

NotEe 1

1.4 A
given in

hred and mixed gases where resistance to gas
n, toughness, resistance to corrosion, aging, and
on from water, gas, and gas additives are required.
f marking are also given. Design considerations are
in Appendix X1.

e values in SI units are to be regarded as the standard.

b following safety hazards caveat pertains only to the
d portion, Section 8, of this specification: This

oes not purport to address all of the safety concerns,

ociated with its use. It is the responsibility of the user
ndard to establish appropriate safety, health, and

ntal practices and determine the applicability of
limitations prior to use.

-There is no known ISO equivalent to this standard.

recommended inplant quality control program is
Appendix X2.

2.1 ASTM Standards:

D396 Specification for Fuel Oils

D543 Practices for Evaluating the Resistance of Plastic
Chemical Reagents

D618 Practice for Conditioning Plastics for)Testing

D883 Terminology Relating to Plasties

D1598 Test Method for Time-to<Failure of Plastic |
Under Constant Internal Pressure

D1599 Test Method for Resistance to Short-Time Hydra
Pressure of Plastic Pipe,(Fubing, and Fittings

D1898 Practice for Sampling of Plastics (Withdrawn 19

D2105 Test Method ferLongitudinal Tensile Propertie

ipe
ulic

)
of

“Fiberglass” (Glass-Fiber-Reinforced Thermosetting-

Resin) Pipe dnd Tube

D2143 Test “Method for Cyclic Pressure Strength
Reinfor¢ed, Thermosetting Plastic Pipe

D2290 Test Method for Apparent Hoop Tensile Strengt]
Plastic or Reinforced Plastic Pipe

D2412 Test Method for Determination of External Loag
Characteristics of Plastic Pipe by Parallel-Plate Load

D2924 Test Method for External Pressure Resistance

of

h of

ing
ng
of

“Fiberglass” (Glass-Fiber-Reinforced Thermosetting-

Resin) Pipe
D2992 Practice for Obtaining Hydrostatic or Pressure

De-

sign Basis for “Fiberglass” (Glass-Fiber-Reinforced

Thermosetting-Resin) Pipe and Fittings
D2996 Specification for Filament-Wound “Fibergld
(Glass-Fiber-Reinforced Thermosetting-Resin) Pipe
D3039 Test Method for Tensile Properties of Pol

Matrix Composite Materials
D3567 Practice for Determining Dimensions of “Fibergl
(Glass-Fiber-Reinforced Thermosetting Resin) Pipe
Fittings
D3839 Guide for Underground Installation of “Fibergl
(Glass-Fiber Reinforced Thermosetting-Resin) Pipe
D3892 Practice for Packaging/Packing of Plastics
D5685 Specification for “Fiberglass” (Glass-Fi
Reinforced Thermosetting-Resin) Pressure Pipe Fittir
F412 Terminology Relating to Plastic Piping Systems

”

SS

mer

2

land
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2.2 ASME Codes and Standards:

ASME B31.8 Code, Gas Transmission and Distribution Piping
System
ASME NM.3.2, SD-2996 Specification for Filament-Wound

“Fiberglass” (Glass-Fiber-Reinforced Thermosetting-Resin) RTRP Type 1; Grade 1; Classes A, C, F, and H; and Hydrostatic

Pi

pe

ASME NM.3.2, SD-5685 Specification for “Fiberglass”
(Glass-Fiber-Reinforced Thermosetting-Resin) Pressure Pipe

5. Materials

5.1 The resins and reinforcements used to make pipe shall
be as specified in 5.1.1.

5.1.1 This specification covers glass fiber reinforced epoxy
resin pipe and fittings as defined in Specification D2996 as

Design Basis U, W, X, Y, and Z —Example: RTRP 11 HZ and
fittings as defined in specification D5685-RTRF Types 1, 2, 3,
4, and 5; Grade 1; Class A, C, F, and H; Category 1, 2, 3, 4, and

Fittings 5; and Pressure Rating Category D, E, F, G, H, I, and
J—Example: RTRF 21A2D.
23 S', Department of Transportation (DOT) Office of Note 2—The particular reinforced thermosetting resin,influded ini-
Plpleline Safety (OPS): tially in this specification for gas pressure piping wag-selected ¢n the basis
49 (FR 192—Title 49 of The Code of Federal Regulations Part ~ of engineering test studies made by Battelle Memorial Instityte, experi-
192 — Transportation of Natural Gas and Other Gas by mental use in field instz}]]ations, Vand technical | data sgppl ed by. the
Pibeline: Minimum Federal Safety Standards manufacturers of the plastics materials used to‘make the pipe gnd fittings.
P ’ y It is the intent of ASTM Committee D-20, en Plastics to cpnsider for
. inclusion other resins and reinforcemenfS in this specificdtion when
3. Terminology evidence is presented to show that they are suitable for fjas service.
31 D iti . Minimum requirements are an ASTM pipe specification and long-term
. efinitions: . . . . strength determined in accordance with Test Method D2992, Pjocedure B,
3.1.1 General—Definitions are in accordance with Termi- in addition to the requireménts,of this specification.
nology D883 or F412. Abbreviations are in accordance with
Ternpinology D1600, unless otherwise indicated. The abbrevia- 6. Requirements
tion |for ﬁbe.rglasis pipe is RTRP and the abbreviation for 6.1 Workmafiship—The pipe and fittings shall bp free of
ﬁbgrglgsfn?ttmgs.lstTRFt- ol din feati visible cracKs;) holes, foreign inclusions, blisters, gnd other
-1 ¢ gas 1ndustry technology used 1n this speciiication injurious defects. The pipe and fittings shall be as upiform as
is injaccordance with definitions given in The Department of  commeércially practicable in color, opacity, density, pnd other
;"r;;n sposrttatl(;)n (;)f Natural and Other Gas by Pipeline Minimum physical properties.
afefy Standards. . . .
. . L. 2 Pipe D Tt :
3.1.3 Standards Reinforced Thermosetting Resin Pipe Ma- ¢ ipe LUMensions and .olerqnces .
. . . . . . . 6.2.1 Diameters—The outside diameter of the pip¢ shall be
terials Designation Code—The pipe material designation code . . . .
. . in accordance with Table 1 when measured in accordfince with
shall| consist of the abbreviation RTRP followed by type and 341
radp in arabic numerals, class by a capital letter and the ten s . . .
£ yacap ; s 6.2.2 Wall Thickness—The wall thickness of the pipe shall
term| steady pressure strength by a second capital lettér) The . . . .
. . . . . - meet the requirements given in Table 1 when mepsured in
fittinlgs material designation shall consist of the abbreviation .
RTRIF followed by type (method of manufdeture), grade accordance with 8.4.1.
(gengral type of resin), class (configuration of{joinin s’ stem) 6.2.3 Lengths—The pipe shall be in lengths as spgcified on
a‘i d ;resszfe rating ’ & 1 £y ’ the purchase order when measured in accordance with 8.4.1.
. . Note 3—Fither threaded adaptors or bonded joints are pcceptable.
4. (lassification Jointers of up to 5 % of the shipment are acceptable to mee] the length
. . . . . Lo requirements. No section less than 1.5 m (5 ft) long can be uspd to make
4.1 Pipe—The pipe covered in this/specification is made by a joint and only one jointer can be used in a length.
the fijlament winding process and js described in Specification 63 Fiti Di ) d Tol The fikt di
D2996. Requirements of this pipe are based on short-term tests . ltll?lgil 1m§ils1(;1ns an ode%an.ces— be . t.tmis 1(;
defirjed in this specificatien, ntllerlllsg)ns sha eg% et eé)lpe an‘th tguzgzs to be jgined an
shall be measured in accordance with 8.4.2.
4.2 Fittings—This¢speeification covers a) reinforced epoxy Note 4—DELETED
resir| fittings described"in specification D5685 and made of the
£s ¢ P . . 6.4 Short-Term Rupture Strength (Burst Pressire)—The
type|of materials-eovered in Section 5, and b) metal fittings L . .
. . . . minimum hoop stress at burst for pipe covered by this
whidh have be€n designed and tested in accordance with the specification shall be as listed in Table 2 when lested in
provjsions @f49 CFR 192, which are capable of being joinedto P . o .
the hine Gadl will provide a suitable eas distribution svstem accordance with 8.5. The minimum burst requirerpents for
s p & y ’ fittings covered by this specification shall be 4.82 MPa (700
TABLE 1 Pipe Dimensions, mm (in.)
Nominal Outside Diameter Tolerance Minimum Wall Thickness
2 60.325 (2.375) +1.524, ~0.457 (+0.060, —0.018) 1.524 (0.060)
3 88.900 (3.500) +1.524, ~0.457 (+0.060, —0.018) 1.524 (0.060)
4 114.300 (4.500) +1.524, ~0.457 (+0.060, —0.018) 1.780 (0.070)
6 168.275 (6.625) +1.678, -0.711 (+0.066, —0.028) 2.540 (0.100)
8 219.075 (8.625) +2.184, —1.016 (+0.086, —0.040) 3.227 (0.125)
10 273.050 (10.750) +2.743, -1.219 (+0.108, -0.048) 3.830 (0.150)
12 323.850 (12.750) +3.251, -1.422 (+0.128, —0.056) 4.215 (0.175)
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TABLE 2 Minimum Physical Property Requirements for Pipe

65.6°C
Test 23°C (150°F)
Physical Property Method (78.4°F)

Short-term rupture strength (burst) D1599 40 000 35 000
min, hoop stress, psi
Static hydrostatic hoop stress 10° h D2992 15 000 14 000
(estimated), min, psi
Hydrostatic collapse min, psig D2924 147 11.0
Longitudinal tensile strength, min, psi D2105 8 900 8 300
Parallel plate crush strength, min D2412 45 41

Pipe stiffness at 5% deflection, psi

ASME NM.3.2-2020

8.2 Conditioning—Unless otherwise specified, condition the
specimens prior to test at 23 * 2°C (73.4 = 3.6°F) and 50 =
5 % relative humidity for not less than 48 h, in accordance with
Procedure A of Practice D618 for those tests where condition-
ing is required and in all cases of disagreement.

8.3 Test Conditions—Conduct the tests in the Standard
Laboratory Atmosphere of 23 = 2°C (73.4 *= 3.6°F), unless

atherwise snecified
T

psi) interpal pressure or 27.5 MPa (4000 psi) hoop tensile
stress, whiichever is greater, when tested in accordance with 8.5
at tempetfatures of 23°C (73.4°F) and 65.6°C (150°F), and
calculated using the equation listed in Test Method D1599 for
hoop streps. The calculations shall use the fittings wall thick-
ness and fiameter at a point where the wall thickness is at a
minimum|and which is also in the section of the fittings which
is not reipforced by the pipe.

6.5 Criyish Strength—The minimum stiffness at 5 % deflec-
tion of the pipe shall be as shown in Table 2 when tested in
accordande with Test Method D2412.

6.6 Chpmical Resistance—The pipe shall not change more

than *+174 % in apparent tensile strength when measured in
accordande with 8.7.

Note 54DELETED

6.7 Lopgitudinal (Tensile Strength)—The minimum longi-

tudinal tepsile strength for pipe covered by this specification
shall be ag listed in Table 2 when tested in accordance with Test
Method I§2105.

6.8 Hyrostatic Collapse—The minimum factor for pipe
covered bly this specification shall be as listed in Table 2'When
tested in ficcordance with Test Method D2924.

7. Adhesfive Requirements

8.4 Dimensions and Tolerances:
8.4.1 Wall Thickness and Diameter—Determinexin afcor-
dance with Practice D3567.
8.4.2 Liner Thickness—When the test specifens conthin a
liner, determine the average liner thickness ifh accordance|with
Practice D3567.

8.5 Short-Term Hydrostatic Failuré Strength (Minjmum
Hoop Stress)—Determine in agogrdance with Test Mgthod
D1599. Fittings shall be testedWyith pipe nipples bonded i the
sockets.

8.6 Apparent Tensilé\ Properties—The apparent tensile
strength shall be determined in accordance with Procedure| B of
Test Method D2290:

8.7 Chemical Resistance—Determine the resistance tp the
following chemicals in accordance with Procedure II of| Test
Method D543, except use ring specimens cut from pipe fof this
purposé:

Chemical Concentratior|, %
Euel Oil No. 1 (Specification D396) 100
tbutyl mercaptan 5 in fuel o
Antifreeze agents (at least one shall be used):
Methanol 100
Isopropanol 100
Ethylene glycol 100

Cut specimens from the pipe in accordance with 8.6; tesf five
specimens with each reagent. Coat specimen edges [with
adhesive prior to immersion. Completely immerse the speci-

. L L mens in the chemicals for 72 h. Upon removal fron} the
7.1 Adhesives used to join reinforced epoxy-resin pipe shall . . . . .
. . . . chemicals, wipe the specimens with a clean dry cloth, cpndi-
be suitable for use with the pipe and(fitfings and meet the . - .
. . . tion in the testing room for a period not to exceed 2 h, and|then
requiremgnts listed in 7.2 and 7.3. . N .
test in tension in accordance with 8.6.
Note 6t is recommended that the working (pot) }1fe of the adhesive 8.8 Adhesive Test—The ultimate shear strength for gdhe-
be agreed ypon between the purchaser and the manufacturer. . . .
) \ ] ) sives used to bond pipe and fittings together shall be deter-
) 7.2 Adhpesive Te;t.—All adheswes covered by this specifica-  mined in accordance with the following procedure; [it is
tion shall. have a mmlmu.m ultimate shearh strength of 10.3 MPa applicable to all adhesives covered by this specification.
(1500 psip when testedvin”accordance with 8.8. 8.8.1 Principle—Laboratory shear specimens are made by
7.3 Pafkagings—Each adhesive kit shall contain the neces- bonding together two 3 by 13 by 75-mm ('3 by "2 by 3tin.),
sary components;and instruction sheets, which shall include  reinforced thermosetting plastic laminates using the supplied
cure timep and-pot life. adhesive kits. This specimen is then cured in accordance|with
instrictions Qllppli?d with the adhesive After mlring the

8. Test Methods

8.1 Sampling—Take a sample of the pipe and fittings
sufficient to determine conformance with this specification.
About 15 m (50 ft) of pipe or tubing are required to make the
tests prescribed. The number of fittings required varies, de-
pending upon the size and type of fitting. It is suggested that a
sampling plan be agreed upon by the purchaser and the
manufacturer (see Practice D1898).
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specimen is pulled apart in a universal testing machine.

8.8.2 Test Specimen—The test specimen shall be made using
longitudinally reinforced epoxy resin laminates that are made
of the same materials as the pipe with dimensions of 5 by 13
by 75 mm (% by 2 by 3 in.). Each specimen shall have a
bonding surface on one end made by milling off 5 mils of the
surface for a length of 2 mm (% in.). Test a minimum of five
test specimens.
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8.8.3 Procedure:

8.8.3.1 Clean the milled surfaces of two 75-mm (3-in.) long
laminates using solvent supplied with adhesive.

8.8.3.2 Mix the adhesive components in accordance with
instructions supplied with the adhesives.

8.8.3.3 Wet the cleaned surface of the laminates with the

mixe

d adhesive.

8.8.3.4 Press the adhesive-coated areas of the laminates
together, maintaining alignment of edges and clamp so that the
specimen is held together using uniform pressure. Pressure

used|
thic

8.

8.
the g

8.
rem
gripy
gripy
0.25
ing |

8.
the 4
signi

Fq
valu
“ave
and

A

nesses that do not exceed 0.9 mm (Y52 in.).

.3.5 Note the time when assembly is completed.

.3.6 Check the temperature in the room and determine
ure time from instructions supplied with the adhesive.
.3.7 When the required amount of time has elapsed,
ve the specimen from the clamping fixture, and place it in
of the universal testing machine. Good alignment in the
is essential. Set speed control at 5.1 to 6.4 mm (0.20 to
in.)/min and start the testing machine. Record the break-
pad.

4 Calculation—Calculate the ultimate shear strength of
dhesive using the following equation and report to three
ficant figures:

6 =P/A (1)

e:
ultimate shear stress, MPa (or psi),

ultimate load, N (or 1bf), and
bond area, mm? (or in.%).

r each series of tests, calculate the arithmetic mean of all
bs obtained to three significant figures and report as_the
Fage value.” Calculate the standard deviation as fellows
eport to two significant figures:

5= [(EXZ —nX? )/(n = 1)]

1
2

(2)

ANNEX

(Mandatory Information)

Al. CERTIFICATION

.5>When agreed upon in writing between the purchaser and the seller, a certification shall be made on thd

estimated standard deviation,
value of a single observation,
number of observations, and

9. Packaging and Marking

SD-2517

arithmetical average of the set of observations.

9.1 Pipe—All required marking shall be legible and so
applied without indentation as to remain legible under normal
handling and installation practices. These markings shall con-

size, and the standard reinforced plastic pipe identif]
each end of the pipe. In addition to the abovethe |
bear an appropriate code number which will ensure i
tion of the pipe as to the month and year of/productio
materials used in the production of said pipe. The mar
shall maintain such additional records as are nec
confirm identification of all coded-pipe. Marking sha
the designation ASTM D251«

9.2 Fittings—All fittings-shall be marked on the
hub. The marking shall censist at least of the manu
name or trademarks, ot both, and the symbol for th|
material and size. Marking shall include the designati
D2517.

9.3 Adhekives—All adhesive containers shall be nf
the container. The marking shall consist of the manu
namé ertrademark, or both, manufacturing date, shel
storage requirements.

9.4 All packing, packaging, and marking prov|
Practice D3892 shall apply to this specification.
10. Certification

10.1 See Annex Al for certification requirements,

11. Keywords

11.1 filament wound; compression molded; config
joining system; rupture srength; crush strength;
resistance; apparent tensile properties; adhesive

ninal pipe
cation at
ipe shall
dentifica-
h and raw
ufacturer
essary to
Il include

body or
facturer’s
e type of
n ASTM

arked on
facturer’s
I life, and

isions of

iration of
chemical

basis of

acc

tance Tateriat;

Al.2 Certification shall consist of a copy of the manufacturer’s test report or a statement by the seller (accompanied by a copy
of the test results) that the material has been sampled, tested, and inspected in accordance with the provisions of the specification.
A1.3 Each certification so furnished shall be signed by an authorized agent of the seller or manufacturer.
Al.4 When original identity cannot be established, certification can only be based on the sampling procedure provided by the
applicable specification.
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APPENDIXES

(Nonmandatory Information)

X1. DESIGN

X1.1 General

X1.3 External Loads

X1.1.1 Thedesigmrof @ plastc pipimg SyStenT for Zas TSt X3+ttt recognized-thatcertarmmmmmumrrequirements
include donsideration of the effect of the environment while exist for the support of earth loads from backfill and)pther
under stfess, as well as internal and external loads. The external forces. Proper installation techniques can esused|with
combined effects of time, stress, and environment must be  flexible conduit (as defined by Marston and Spangler] to
investigafed as an overall basis for selecting a specific kind and ~ support relatively large earth loads without excessive deflec-
size of plastic pipe. The selection of design stresses for RTRP  tion by mobilizing lateral passive soil forces) Proper insfalla-
is the pre¢rogative of the DOT/OPS. The AGA Plastic Pipe  tion technique ensures that the necessary. passive soil pregsure
Committ¢e and members of Committee D-20 are cooperating  at the sides of the pipe will be developed and maintained.|It is
with DJT to provide assistance in selecting safe design  also recognized that the internal pressures may be valuable in
stress levels for the various kinds of plastic pipe. minimizing the deflection caused\by earth loads. Howevet, the

magnitude of this latter effect is somewhat subjective,|and
X1.2 Intprnal Pressure therefore installation procedures defined in Test Method D$839
X1.2.1| The design stresses for natural gas are based on the are recommended insteaghof more specific information.
100 000-h hydrostatic strength of the pipe of 75°F obtained in
accordanfe with Procedure B of Practice D2992. The
100 000-h strengths of the plastics included in the applicable
ASTM splecifications are as follows:
Long-Term (100 000-h)
Plastic Pipe Material Designation Strength at 23°C (73°F)
RTRP (glaps fiber reinforced epoxy resin pipe) 15 000 psi

Strengths for other RTRP materials will be added when these
materials|are included in the applicable ASTM specifications.
The design stresses are obtained by multiplying the 100 000:h
strength Hy design factors or service factors in accordance,with
the class jof location as described in Chapter IV of the(ASME
B31.8 Cdde and 49 CFR 192.
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X2. RECOMMENDED IN-PLANT QUALITY CONTROL PROGRAM FOR REINFORCED EPOXY RESIN PIPE INTENDED
FOR USE IN NATURAL GAS SERVICE

X2.1 Introduction TABLE X2.1 Pipe Tests

X2.1.1 The following in-plant quality control program cov- Property Test Method Test Frequency
ering material, performance requirements, and marking shall Visual al
be used in manufacture to provide reasonable assurance that Dimensions:
the RTRP pipe and fittings for use with the type of RTRP Diameter D3567 900 m (3000 ft) or once/3h
supplied under this specification meets the requirements of Wall thickness D3567 1500 m (5000 ) or once/lot

. . . Mechanical properties:

the gppheablestandard—Fhe—pipe-and-fittnes—p 2 pressuTe DT599 SO0 T
mainfain records on all aspects of this program and supply Short-term static (20 D1598 (D2143) 24 i

thesq to the purchaser, if requested. h) or cyclic®

A Whichever is most frequent.
X2.2 Material B A cyclic pressure test made in accordance with the-procedure in Test Method

. . D2143 may be substituted for the static test requirements if it has jeen demon-
X1.2.1 The pipe and fittings manufacturer shall use only strated that the results of the two methods are e§uivatent.

thosg raw materials that are allowed by the applicable standard
and ghall so certify.

X2.3 Pipe Tests

X2.3.1 Product Quality Control (See Note X2.1)—The tests X2.5 Records
in Tgble X2.1 shall be made per size per processing unit at the

denofed frequencies and the test results recorded and filed for X2.5.1 A code number shall be included in the mjarking on
inspgction, upon request. the pipe. If required, on the directional fittings, [the code

. . . . number may-be used to identify in the records the following:
Ngre X2.1—When the pipe fails to meet the specification (or standard)

requifement in any test, additional tests shall be made on the pipe X2.5.2<Fhé compound,
produced back to the previous acceptable results to select the pipe
produced in the interim that does pass the requirement. Pipe that does not X2:5%3 The date of manufacture,

meet fhe requirement shall be rejected.

X2.4 Test Methods

X2.4.1 The test methods may be those generally used by the.
manyfacturer, but in case of question, those given in the
applicable ASTM standard shall be used. X2.5.6 The manufacturer.

X2.5.4 The shift,

X2.5.5 The test results required in this in-plant quality
control program, and
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ASME NM.3.2-2020

SPECIFICATION FOR FILAMENT-WOUND "FIBERGLASS'
(GLASS-FIBER-REINFORCED THERMOSETTING-RESIN)
PIPE

@Z@ SD-2996

(Identical with ASTM D2996-17 except for reyisions to paras. 2.1, 8.7, section 9, para. X1.1.1; addition of Annex A1l; an
editorial corrections.)
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1. Scope

ASME NM.3.2-2020

Specification for

Filament-Wound “Fiberglass” (Glass-Fiber-Reinforced

Thermosetting-Resin) Pipe

o]

ReferencedDeocuments
R

1.1 Th
mosetting
filament Y

s specification covers machine-made reinforced ther-
resin pressure pipe (RTRP) manufactured by the
inding process up to 60 in. nominal size. Included

are a clapsification system and requirements for materials,

mechanic
test, and

1.2 Th
as standa
informati

1.3 Th
test meth
standard
if any, ass
of this st
environm
regulator)

Note 1
specificatiol
and reinfo
only reinfo|

Note 2
outside dia

Nore 3

Note 4
natural pol

1 properties, dimensions, performance, methods of
marking.

p values stated in inch-pound units are to be regarded
d. The values given in parentheses are provided for
n purposes only.

e following safety hazards caveat pertains only to the
od portion, Section 8, of this specification: This
oes not purport to address all of the safety concerns,
ociated with its use. It is the responsibility of the user
ndard to establish appropriate safety, health, and
ntal practices and determine the applicability of

limitations prior to use.

- The term “fiberglass pipe” as described in Section 3 of this
h applies to both reinforced thermosetting resin pipe (RTRP)
fed polymer mortar pipe (RPMP). This specification covers
ced thermosetting resin pipe (RTRP).

-This specification is applicable to RTRP where the ratio of
eter to wall thickness is 10:1 or more.

FThere is no known ISO equivalent to this standard.

-For the purposes of this standard, polymer does not-include
mers.

=

2.1 ASTM Standards:

D618 Practice for Conditioning Plastics for Testing

D638 Test Method for Tensile Properties of Plastics

D883 Terminology Relating to Plastics

D1598 Test Method for Time-to-Failure) of Plastic
Under Constant Internal Pressure,

Pipe

D1599 Test Method for Resistancéto*Short-Time Hydraulic

Pressure of Plastic Pipe, Tubinig, and Fittings

D1600 Terminology for Abbteviated Terms Relating to
tics

D2105 Test Method for Longitudinal Tensile Properti
“Fiberglass” (Glass-Fiber-Reinforced Thermoset
Resin) Pipe arid’ Tube

D2143 Test -Method for Cyclic Pressure Strengt
Reinforced;, Thermosetting Plastic Pipe

D2310 Classification for Machine-Made “Fiberg
(Glass-Fiber-Reinforced Thermosetting-Resin)
(Withdrawn 2017)

D2412 Test Method for Determination of External Lod
Characteristics of Plastic Pipe by Parallel-Plate Loa

D2992 Practice for Obtaining Hydrostatic or Pressure
sign Basis for “Fiberglass” (Glass-Fiber-Reinf
Thermosetting-Resin) Pipe and Fittings

Plas-

Es of
fing-
h of

ass”
Pipe

ding
ling
De-

rced

D3039 Standard Test Method for Tensile Propertigs of

Polymer Matrix Composite Materials

D3567 Practice for Determining Dimensions of “Fiberg
(Glass-Fiber-Reinforced Thermosetting Resin) Pipe
Fittings

F412 Terminology Relating to Plastic Piping Systems

3. Terminology

3.1 Definitions:
3.1.1 General—Definitions are in accordance with T
nologies D883 and F412 and abbreviations are in accord

lass”
and

rmi-
ance
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with Terminology D1600, unless otherwise indicated. The
abbreviation for reinforced thermosetting resin pipe is RTRP.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 coating—a resin layer, with or without filler or
reinforcement, or both, applied to the exterior surface of the
pipe structural wall.

3.2.2 fiberglass pipe—a tubular product containing glass-

fiber reinforcements embedded in or surrounded by cured
thermosetting resin; the composite structure may contain

SD-2996

designations as shown in Table 1. Appendix X1 explains how
these design basis categories are to be used.

4.1.4.1 For pipe subjected to axial or end loads, the effect of
these loads shall be represented in the HDB testing. In the
designation code, the numeral 1 shall immediately follow the
HDB letter class if free-end type closures were used and the
numeral 2 shall immediately follow the HDB letter class if
restrained-end type closures were used to establish the HDB.

4.1.5 Mechanical Properties—Table 2 presents a cell clas-
sification system for identifying the mechanical properties of

aggregate gmnnlﬂr or plmP]Pr fillers thixnfrnpir‘ agents
pigments, or dyes; thermoplastic or thermosetting liners or
coatihgs may be included.

3.2.3 filament winding—a process used to manufacture tu-
bulay goods by winding continuous fibrous glass strand roving,
or rqving tape, saturated with liquid resin or preimpregnated
with Jpartially cured resin (subsequent heating may be required
to pdlymerize the resin system) onto the outside of a mandrel
in a predetermined pattern under controlled tension; the inside
diameter (ID) of the pipe is fixed by the mandrel outside
diamgter and the outside diameter (OD) of the pipe is deter-
mined by the amount of material that is wound on the mandrel.

3.2.4 liner—the inner portion of the wall at least 0.005 in.
(0.13 mm) in thickness, as determined in 8.3.2, which does not
contyfibute to the strength in the determination of the hydro-

statid design basis.

3.2.5 reinforced polymer mortar pipe (RPMP)—a fiberglass
pipe [with aggregate.

3.2.6 reinforced thermosetting resin pipe (RTRP)—a fiber-
glasq pipe without aggregate.

3.2.7 reinforced wall thickness—the total wall thicknes$
minys the liner or exterior coating thickness, or both.

4. (Qassification

4.
type,
with
tion
pipe;
cated

4.

General—Pipe meeting this specification-is ¢lassified by
grade, class, and hydrostatic design basis-in accordance
Classification D2310 and by a secondary cell classifica-
ystem that defines the basic mechanical properties of the
These types, grades, classes;~hydrostatic design basis
ories, and cell classification-designations are as follows:
1 Types:—Type 1
Filament wound.

4.1.2 Grades:—Grade\I

Glpss fiber reinfore€d epoxy resin pipe.

Gijade 2—Glass(fiber reinforced polyester resin pipe.
Giade 7—Glassxfiber reinforced furan resin pipe.

pipe covered by UIiS Speciiication.

resins shall
t with the
he specific

Note 5—For the purposes of this classification, polyester
include vinylester resins, but the purchaser should, ¢onsu
manufacturer to determine which resin is applicable for
conditions in which the pipe will be used.

Note 6—All possible combinations coveréd-by the above classification
system may not be commercially available:

4.1.6 Designation Code—The-pipe designation dode shall
consist of the abbreviation RTRP, followed by the|type and
grade in Arabic numerals,.the”class and static or cyclic HDB
level in capital letters, the,type of end closure used) and four
Arabic numbers identifying, respectively, the cell clagsification
designations of the short-term rupture strength, lopgitudinal
tensile strengthl, longitudinal tensile modulus, and pipe stift-
ness.

Examplez RTRP-11FA1-1334. Such a designati
describe.a filament-wound, glass-fiber reinforced, e
havifig~a reinforced epoxy liner; a cyclic pressurg
exeeeding 2500 psi (17.2 MPa) using free-end c
short-term rupture strength exceeding 10 000 psi (6
a longitudinal tensile strength exceeding 25 000
MPa); a longitudinal tensile modulus exceeding 3
(20.7 x 10°MPa); and a pipe stiffness exceeding 36
kPa).

n would
boxy pipe
strength
osures; a
8.9 MPa);
psi (172
b 10° psi
psi (248

5. Materials and Manufacture

5.1 General—The resins, reinforcements, colorarts, fillers,
and other materials, when combined as a composite|structure,
shall produce a pipe that shall meet the performancp require-
ments of this specification.

6. Physical Requirements

6.1 Workmanship—The pipe shall be free of ajl defects
including indentations, delaminations, bubbles, pinfjoles, for-
eign inclusions, and resin-starved areas which, dug to their

TABLE 1 Hydrostatic Design Basis Categorieq

4.1.3 Classes;~Class A
Nd¢ liner’ Cyclic Test Method Static Test Method
Clpss. B="Polyester resin liner (nonreinforced). Dosianat Hoop '\Snt,;essy psi Desianat Hoop ’\SA‘;eSS' psi
Cluss{ C—FEpoxy resin liner (nonreinforced) esignation (MPa) esignation 3)
Class E—Polyester resin liner (reinforced). A 2 500 (17.2) Q 5 000 (34.5)
Class F—Epoxy resin liner (reinforced). B 3 150 (21.7) R 6 300 (43.4)
Class H—Thermoplastic resin liner (specify). c 4 000 (27.6) s 8 000 (55.2)
Class I—F in liner (reinforced) D 5 000 (34.5) T 10 000 (68.9)
ass I—Furan resin liner (reinforced). . E 6 300 (43.4) U 12 500 (86.2)
4.1.4 Hydrostatic Design Basis—Two methods of classify- F 8 000 (55.2) w 16 000 (110)
ing the hydrostatic design basis of the pipe are provided. Pipe G 10 000 (68.9) X 20 000 (138)
. . . . . . . H 12 500 (86.2) Y 25 000 (172)
meeting this specification shall be classified using either the z 31 500 (217)

cyclic test method or the static test method, or both, and the
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TABLE 2 Physical Property Requirements

Designation Cell Limits
Order Number Mechanical Property 0 1 2 3 4 5 6
1 Short-term rupture strength hoop 10 000 30 000 40 000 50 000 60 000 70 000
tensile stress, min, psi
(MPa) (68.9) (207) (276) (345) (414) (483)
2 Longitudinal tensile strength min, 8000 15 000 25000 35 000 45 000 55 000
psi
(MPa) . (55.2) (103) (172) (241) (310) (379)
3 Longitudinal tensile modulus, - 1 2 3 4 5 6
min, psi x 108
(I\IID > — (SC!\A> (10 f\f\f\) (ﬁl\ ‘h’\f\) (ﬁ'l cnn) (0/1 Ef\f\) (/11 40 )
4 Pipe stiffness at 5 % deflection, . 5 9 18 36 72 144
min, psi
(kPa) (34) (62) (124) (248) (496) (993
TABLE 4 Dimensions and Tolerances for Irside Diameter (ID)
nature, ddgree, or extent, detrimentally affect the strength and Series Pipe
serviceab]lity of the pipe. The pipe shall be as uniform as Nominal Pipe Size, in. in. mm
commercfally practicable in color, opacity, and other physical
propertie§. The pipe shall be round and straight and the bore of 1.00 +0.06 254+ 1.52
. . . 112 1.500%-0.06 38.1 + 1.52
the pipe s hall be smooth apd umform.. All pipe ends shall be cut 2.8t 0.06 508+ 152
at right angles to the axis of the pipe and any sharp edges o1 5500 + 0.06 63.5 + 1.52
removed. 3 3/000 + 0.12 76.2 + 3.05
) ) 4 4.000 + 0.12 101.6 + 3.05
6.2 Difensions and Tolerances: 6 6.000 + 0.25 152.4 + 6.35
6.2.1 Ijside and Outside Diameter—The inside and outside 8 8.000 + 0.25 2032 + 6.35
& ‘ 4 tol £ oi tine th fcati 10 10.000 + 0.25 254.0 + 6.35
iameter pnd tolerances of pipe meeting these specifications 12 12.000 = 0.25 304.8 + 6.35
shall conform to the requirements in one of the Tables 3-6, 14 14.000 = 0.25 355.6 + 6.35
when det¢rmined in accordance with 8.3.1. . o002 oo
. o . . . . + 0. 4 £ 0.
6.2.2 Wall Thzcllcness—'The minimum wall thlckne.ss of pipe 18 18.000 = 0.25 457.2 + 6.35
furnished|under this specification shall not at any point be less 20 20.000 + 0.25 508.0 + 6.35
than 87.3|% of the nominal wall thickness published in the 2% 24.000 £ 0.25 609.6 + 6.35
A . 30 30.000 + 0.30 762.0 + 7.62
manufact irer’s literature cgrrent at the time of purchase when 36 36.000 + 0.36 0144 + 914
measured|in accordance with 8.3.1. 42 42.000 + 0.42 1066.8 + 10.6
48 48.000 + 0.48 1219.2 £ 12.1
54 54.000 + 0.54 1371.6 + 13.74
60 60.000 + 0.60 1524.0 + 15.24

TABLE 3

Dimensions and Tolerances for Outside Diameter/(OD)

Seri¢s Pipe with Steel-Pipe-Equivalent (Iron Pipe Size)
Nominal Pipp Size, in. in. (mm)
1 1.315 + 0.060 33.40 + 1.52
-0.016 -0.41 6.3 Performance—Pipe meeting this specification shqll be
1 1.900 + %Og? s 48.26 + 165421 o categorized by a long-term static or cyclic hydrostatic dgsign
> 2375 + 00060 60.32 + 152 basis as shown in Table 1 when tested in accordance with 8.4
-0.018 -0.46 or 8.5. Additionally, the pipe shall meet the applicable cellflimit
20 2 ?3)(6)(1)8 73.02+ 165‘216 requirements for short-term rupture strength, longitudinal ten-
3 3(500 + 0.060 88.90 + 1.52 sile strength, longitudinal tensile modulus, and apparent |stiff-
-0.018 -0.46 ness factor as described in Table 2 when tested in accordance
4 4.500 + 0.060 114.30 + 1.52 .
20.018 20.46 with 8.6 through 8.8.
6 6.625 + 0.066 168.28 + 1.68 6.3.1 Any significant changes in the original pipe cajego-
8 8.625 + 6%‘328 219.08 + ;)1'24 rized in 6.3, with respect to materials or manufactpring
-0.040 -1.02 process, will require recategorizing according to 6.3. These
10 10.750 + 2'01 gﬁs 273.05 + 3'17‘2‘2 changes include, but are not limited to: a change in reinforce-
12 12.750 + 0.128 323.85 + 3.25 ment type, composition, or binder; a change in resin type,
-0.056 -1.42 composition, or cure; or change in linear composition,
14 14.000 + ?.01.324 355.60 + ie'gs thickness, or cure.
16 16.000 + 0.165 406.40 + 4.19
_0.074 _1.88 Note 7—The purchaser should consult the manufacturer for the proper

A Qutside diameters other than listed in Tables 3 to 6 shall be permitted by
agreement between the manufacturer and the purchaser.
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TABLE 5 Dimensions for Outside Diameter (OD) Series Pipe with
Cast-Iron-Pipe-Equivalent

SD-2996

8. Test Methods

8.1 Conditioning—Condition the test specimens at 23 =

in accor-

Ermine in

Nominal Pipe Size, in. in. mm . L
2°C (73.4 = 3.6°F) and 50 = 10 % relative humidity for not
2 250 + 0.05 63.50 + 1.3 less than 48 h prior to test, in accordance with Procedure A of
3 3.96 + 0.06 100.58 + 1.5 Methods D618, for those tests where conditioning is required,
4 4.80+ 0.06 121.92 1.5 and in all cases of disagreement
6 6.90 + 0.06 175.26 = 1.5 :
180 1%'(’150*1%%% gg?‘gz : ]2 8.2 Test Conditions—Conduct the tests in the Standard
12 13.20 + 0.06 33508 + 1.5 Laboratory Atmosphere of 23 + 2°C (73.4 * 3.6°F) and 50 =
14 15.30 + 0.05 388.62+ 1.3 10 % relative humidity, unless otherwise specified in the test
=008 =20 2 2 - P - -
16 17.40 + 0.05 441.96 + 1.3 HICUIOW O I tIIS - SPCCIICAUOII.
-0.08 -2.0 : ; o
18 19.50 + 0.05 1953 + 13 8.3 Dlmensmn.s and Toleranc'es. ’
-0.08 -2.0 8.3.1 Wall Thickness and Diameter—Detgrmine
20 21.60 + 06028 548.6 + 1-3 o dance with Practice D3567.
24 25.80 + 0.05 655.3 + 1.3 8.3.2 Liner Thickness—If the test specimens contdin a liner,
-0.08 -2.0 determine the average liner thickness in accordgnce with
30 32.00 + 0.08 655.3 + 2.0 :
006 s Practice D3567.
36 38.30 + ?bog 5 972.8 + 1_'? 5 8.4 Long-Term Cyclic Hydfostatic Strength—Detprmine in
42 44.50 + 0.08 1130.3 + 2.0 accordance with Procedure:A'of Method D2992, follgwing Test
-0.06 -15 Method D2143.
48 50.80 + 0.08 1290.3 + 2.0
-0.06 -15 8.5 Long-Term Static Hydrostatic Strength—Det
54 57.56 + ?6086 1462.0 + 5'105 accordance with Precedure B of Method D2992, follgwing Test
60 61.61 +0.08 1564.9 + 2.0 Method D159
-0.06 -15

TABLE 6 Dimensions for Inside Diameter (ID) Series Pipe with
Iron Pipe Size Equivalent

Nomirfal Pipe Size, in. in. mm
2 2.25 + 0.05 57.15 + 1.27
-0.05 -1.27
3 3.34 + 0.06 84.84 + .62
—-0.06 -1752
4 4.37 + 0.06 111.00 % 1.52
-0.06 -1.52
6 6.43 + 0.06 1638.32 + 1.52
-0.06 -1.52
8 8.39 + 0.06 213.11 + 1.52
—-0.06 -1.52
10 10.43 + 0.06 264.92 + 1.52
-0.06 -1.52
12 12.38 +70.06 314.45 + 1.52
=0.06 -1.52
14 13,60 +/0.05 345.44 +1.27
—-0.08 -2.03
16 15140 + 0.05 391.16 + 1.27
-0.08 -2.03
7. Sampling

7.1 Afdeast one sample of pipe, to determine conformance
of the maaterial to the short-term hoop tensile rupture require-

8.6 Short-Term Hydrostatic Failure Strength—Defermine in

accordance with Test Method D1599.

87 Longitudinal Tensile Properties—Determine [in accor-

dance with Test Methods D2105, D638, or D3039.

8.8 Pipe Stiffness—Determine in accordance yvith Test
Method D2412. The reported stiffness shall be basgqd on 5 %
deflection.

9. Certification

9.1 See Annex Al for certification requirements.

10. Product Marking

10.1 Each piece of pipe shall be marked at least once per
section. Each piece of pipe shall be marked with the [following
information in such a manner that it remains legiple under
normal handling and installation practices:

10.1.1 Nominal pipe size (for example, 2 in.).

10.1.2 Identification of reinforced thermosetting
in accordance with the designation code given in Sq

10.1.3 ASTM D2996 with which the pipe compl

10.1.4 Manufacturer’s name (or trademark).

fesin pipe
ction 4.
es.

ments as shown in Table 2, shall be taken at random on a
weekly basis or on each production run, whichever is the most
frequent. The rate of sampling for the other tests listed shall be
in accordance with accepted statistical practice or as agreed
upon between the purchaser and the seller.

7.2 For individual orders, only those additional tests and
number of tests specifically agreed upon between the purchaser
and the seller need to be conducted.
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ANNEX

(Mandatory Information)

Al. CERTIFICATION

Al.1 When agreed upon in writing between the purchaser and the seller, a certification shall be made on the basis of
acceptance material.
Al1.2 Certification shall consist of a copy of the manufacturer’s test report or a statement by the seller (accompanied by a copy
of the test results) that the material has been sampled, tested, and inspected in accordance with the provisions of the specification.

Al3
Al4
applicabl

X1.1 Hy

X1.1.1
setting 1}
strength
In Test M
accordan
data obtal
to determ
strength
stress dug
when ext}
or to 10(
dure B).

X1.2 Hy

X1.2.1
from Tab

X1.3 Sey

X1.3.1
or less W
degree o
pressure
on the b
group ¢
(specificd
manufact
evaluatio
considerd
environn]
desired, 4

Each cert

ification so furnished shall be signed by an authorized agent of the seller or manufacturer.

21N3 den annot be estab hed 1t 3 an on De based on the Sampling proced the
b specification.
APPENDIX
(Nonmandatory Information)
X1. HYDROSTATIC DESIGN BASIS, CATEGORIES, SERVICE FACTORS, AND PRESSURE, RATINGS
drostatic Design Basis TABLE X1.2 Hydrostatic Design Basis Categories by
. . . . Procedure /B
The hydrostatic design basis for reinforced thermo- - - -
| . ; . . . Hydrostatic Design Basis Category, Range of Calculated Values,
psin pipe is the estimated long-term hydrostatic g (vpa) psi (MPa)
pbtained in accordance with Test Method D2992.
ethod D2992 either Procedure A, using data obtained in 5 000 (34.5) 4 800 to 5 900 (33.1 to 40.7)
be with Test Method D2143, or Procedure B, using g ggg Egg‘z‘; g ggg Ig; ggg E‘S‘;-j Eg 2; ;
ned in accordance with Test Method D1598, is used 10 000 (689) 9 600 to 11 900 (662 to 82 )
ine the estimated long-term hydrostatic strength. This 12 500 (86.2) 12 000 to 15 200 (82.9 to 10§)
n the wall of the pipe is equal to the circumferential ;g ggg 21132)) 12 ggg Ig ;g ggg E]g‘:’ Ig ]g ;
to internal hydrostatic pressure that will fail the pipe 25 000 (173) 24000 to 29 000 (165 to 20()
Fapolated to 150 x 10° pressure cycles (Procedure A) 31 500 (217) 30 000 to 38 000 (207 to 263)
000 h under continuously applied pressure (Proce-
drostatic Design Basis Categories
! 2 ! gort Note X1.1—It is not the intent of this standard to give service (depign)
The hydrostatic design basis category is obtainéd factors. The service (design) factor should be selected by the d¢sign
le X1.1 or Table X1.2 using the estimated long4term enginee.r aftefr fﬁlly eval.lfjiating the servipi con:‘iitions ap(;i thg engi}ge bring
properties of the specific pipe material under consideration. Refom-
hydrostatic strength as the calculated value. mended service (design) factors will not be developed or issued by AYTM.
vice (Design) Factor . .
( ] gn) ) ) X1.4 Hydrostatic Design Stress
The service (design) factor is a number equal to 1.00 . . i . .
hich takes into consideration afl the variables and X1.4.1 The hydrostatic design stress is the estimated njaxi-
safety involved in a reinforcédthermosetting resin mum tensile stress in the wall of the pipe in the circumfereptial
biping installation and is sélected for the application orientation due to internal hydrostatic pressure that caj be
hsis of two general grolp$ of conditions. The first applied continuously with a high degree of certainty that faflure
nsiders the manufabturing and testing variables will not occur. It is obtained by multiplying the hydrosfatic
Ily, normal variatidns in the material design basis as determined by Procedure A or Procedure B by
re, dimensions; good handling techniques, and in the the service (design) factor.
h procedures.'of this method). The second grou .
P S ) . . group X1.5 Pressure Rating
the application or use (specifically, installation,
ent, tempefature hazard involved, life expectancy X1.5.1 The pressure rating is the estimated maximum pres-
nd (he,degree of reliability selected). sure that the medium in the pipe can exert continuously wjth a
high degree of certainty that failure of the pipe will not o¢cur.

TA

BLE X1.1 Hydrostatic Design Basis Categories by
Procedure A

Hydrostatic
psi (MPa)

Design Basis Category, Range of Calculated Values,

NOoOOO U WN
w
o
o

RN

psi (MPa)
2) 2 400 to 3 010 (16.5 to 20.8)
7) 3 020 to 3 020 (20.8 to 26.3)
.6) 3 830 to 4 790 (26.4 to 33.0)
5) 4 800 to 5 900 (33.1 to 40.7)
4) 6 000 to 7 500 (41.4 to 51.7)
.2) 7 600 to 9 500 (52.4 to 65.5)
.9) 9 600 to 11 900 (66.2 to 82.0)
.2) 12 000 to 15 200 (82.7 to 105)

X1.5.2 The pressure rating for each diameter and wall
thickness of pipe and fitting is calculated from hydrostatic
design stress for the specific pipe by means of the following

formula:

S=P(D—1)2t
where:
S = hydrostatic design stress, psi (MPa),

= pressure rating, psi (MPa),
average outside diameter, in. (mm), and
minimum reinforced wall thickness, in. (mm).

P
D
t


https://asmenormdoc.com/api2/?name=ASME NM.3.2 2020.pdf

(20)

ASME NM.3.2-2020 SD-2997

SPECIFICATION FOR CENTRIFUGALLY CAST
"FIBERGLASS" (GLASS-FIBER-REINFORCED
THERMOSETTING-RESIN) PIPE

@Z@ SD-2997
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1. Scope

ASME NM.3.2-2020

Specification for

Centrifugally Cast “Fiberglass” (Glass-Fiber-Reinforced

Thermosetting-Resin) Pipe

1.1 Th
reinforce
the centr
system af
dimensio

Norte 1
both reinfa
mortar pips

NortE 2
conveying

NotE 3
natural pol

1.2 Th
only.

NoTtE 4+

1.3 Th|
test meth
standard
if any, as{
of this st
environm
regulato

2. Refers

2.1 AS
€33 Sp
D618 B

s specification covers machine-made glass-fiber-
| thermosetting-resin pressure pipe manufactured by
fugal casting process. Included are a classification
d requirements for materials, mechanical properties,
is, performance, test methods, and marking.

- The term “fiberglass pipe” as described in Section 3 applies to
ced thermosetting resin pipe (RTRP) and reinforced polymer
(RPMP).

-Pipe covered by this specification has been found suitable for
bases, petroleum products, or corrosive fluids.

-For the purposes of this standard, polymer does not include
mers.

b

values given in parentheses are for information

-There is no known ISO equivalent to this standard.

e following precautionary caveat pertains only to the
od portion, Section 7, of this specification: This
oes not purport to address all of the safety concerns,
ociated with its use. It is the responsibility of the user
ndard to establish appropriate safety, health, and
ntal practices and determine the applicability of

limitations prior to use.

nced Documents

I'M Standards:
ecification for Concrete Aggregates
ractice for Conditioning Plastics for Testing

D883 Terminology Relating to Plastics

D1598
Undgd
D1599
Press
D1600
tics
D2105
“Fib
Resi

Test Method for Time-to-Failure” of Plastic Pipe
r Constant Internal Pressure

Test Method for ResistanCe,to Short-Time Hydraulic
ure of Plastic Pipe, Tubing, and Fittings
[Terminology for Abbreviated Terms Relating to Plas-

Test Method, for) Longitudinal Tensile Properties of
erglass” (Glass-Fiber-Reinforced Thermosetting-
1) Pipe and, Tube

D2143 Test Method for Cyclic Pressure Stremgt
Reinforced, Thermosetting Plastic Pipe

D2412 Test Method for Determination of Extetnal Lo
Characteristics of Plastic Pipe by ParallelsPlate Loa

D2992 Practice for Obtaining Hydrostaticor Pressure
sign Basis for “Fiberglass” (Glass-Fiber-Reinfo
Thermosetting-Resin) Pipe and Fittings

D3039 Test Method for Tensile Properties of Poly
Matrix Composite Materials

D3567 Practice for Determininng Dimensions of “Fiberg
(Glass-Fiber-Reinforced. Fhermosetting Resin) Pipe
Fittings

F412 Terminology Relating to Plastic Piping Systems

3. Terminology

3.1 Definitions—Definitions are in accordance with Tg
nologies D883 and F412 and abbreviations with Terminoj
D1600,-unless otherwise indicated.

3%2\Definitions of Terms Specific to This Standard:

3.2.1 aggregate, n—a siliceous sand conforming to|
tequirements of Specification C33, except that the req
ments for gradation shall not apply.

3.2.2 centrifugal casting, n—a manufacturing process
to produce tubular goods by applying resin and reinforce}
to the inside of a mold that is rotated and heated, subsequ
polymerizing the resin system. The outside diameter (O
the finished pipe is fixed by the inside diameter (ID) o
mold tube. The inside diameter of the pipe is determined b
amount of material introduced into the mold.

3.2.3 fiberglass pipe, n—a tubular product containing g|
fiber reinforcements embedded in or surrounded by d

h of
ding
ling

De-
rced

mer

29

ass
and

rmi-
logy

the
hire-

lsed
ment
ntly
) of
the
the

ass-
ured

thermosetting resin; the composite structure may coftain

aggregate, granular or platelet fillers, thixotropic ag

Ents,
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pigments, or dyes; thermoplastic or thermosetting liners or
coatings may be included.

3.2.4 liner, n—the inner portion of the wall at least 0.005 in.
(0.13 mm) in thickness, as determined in 7.4 which does not
contribute to the strength in the determination of the hydro-
static design basis.

3.2.5 reinforced polymer mortar pipe (RPMP), n—a fiber-
glass pipe with aggregate.

3.2.6 reinforced thermosetting resin pipe (RTRP), n—a fi-

SD-2997

TABLE 1 Hydrostatic Design Basis Categories
Cyclic Test Method Static Test Method

Hoop Stress, Hoop Stress,

3.2.7 reinforced wall thickness, n—the total wall thickness
minys the liner or exterior surface resin layer thickness, or
both

bergauw ptpe—withoutageregate:

4. (Qassification

4.
type,
seco
mech
hydr

General—Pipe meeting this specification is classified by
grade, class, and hydrostatic design basis, and by a
hdary cell classification system that defines the basic
anical properties of the pipe. These types, grades, classes,
static design basis categories, and cell classification
designations are as follows:
4.1.1 Types:—Type 11
Cdntrifugally cast pipe.
4.1.2 Grades:—Grade 1
Glpss-fiber-reinforced epoxy-resin pipe.
Gijade 2—Glass-fiber-reinforced polyester-resin pipe.
Giade 3—Glass-fiber reinforced polydicyclopentadiene-
resin| pipe.

Grlade 8—Glass-fiber-reinforced polyester-resin mortar
pipe,
Gijade 9—Glass fiber reinforced epoxy resin mortar pipe:

4.1.3 Classes:—Class A

Ng liner.

Clluiss B—Polyester-resin liner, nonreinforced.

Class C—Epoxy-resin liner, nonreinforced.

Cluass D—Polydicyclopentadiene-resin liner, honreinforced.

Nojre 5—For the purposes of this classification;-polyester resin includes
vinylgster resins, but the purchaser should consult with the manufacturer
to detprmine which resin is applicable for{the specific conditions in which
the pipe will be used.

4.1.4 Hydrostatic Design Basis—Two methods of classify-
ing the hydrostatic design‘bagis of the pipe are provided. Pipe
meetjng this specificationyshall be classified using either the
cyclifp test method er¢he static test method, or both, and the

to u

Designation psi (MPa) Designation psi (MPa)

A 2500 (17.2) Q 5000 (34.5)
B 3150 (21.7) R 6300 (43.4)
C 4000 (27.6) S 8000 (55.2)
D 5000 (34.5) T 10 000 (68.9)
E 6300 (43.4) U 12 500 (86.2)
F 8000 (55.2) W 16 000 (110)
G 10 000 (68.9) X 20 000 (138)
H +2-500-(86-2 ¥ 25-869 (172)

4 31500 (217)

strength, tensile modulus, and pipe stiffness. Thus, afcomplete
pipe designation code shall consist of four letfers, two
numerals, two letters, and four fiumerals.

4.1.6.1 Example—RTRP-2¥CA-1334. Such a d¢signation
would describe a centrifugally cast, glass-fiber-rginforced,
epoxy pipe having a_nonreinforced epoxy liner; a Jong-term
cyclic pressure strength level exceeding 2500 psi (1.2 MPa);
a short-term ruptut@)strength exceeding 4000 psi (27.p MPa); a
longitudinal tensile strength exceeding 16 000 psi (110 MPa);
a longitudinal fensile modulus exceeding 1.5 x 10° pfi (10 300
MPa); and<a pipe stiffness of 72 psi (496 kPa).

Né1t J—Although the Form and Style for ASTM Standd|
requires that the type classification be roman numerals, it is
that-few companies have stencil-cutting equipment for this st
aiid it is therefore acceptable to mark the product type in arab)

ds manual
recognized
le of type,
¢ numbers.

5. Materials

5.1 General—The resins, reinforcements, colorarts, fillers,
and other materials, when combined as a composite|structure,
shall produce a pipe that shall be classified in accdrdance to
this specification based on performance.

6. Requirements

6.1 Workmanship—The pipe shall be free from afl defects,
including indentations, delaminations, bubbles, pinfjoles, for-
eign inclusions, and resin-starved areas which, as g result of
their nature, degree, or extent, detrimentally affect the strength
and serviceability of the pipe. The pipe shall be as uniform as
commercially practicable in color, opacity, density, jand other

physical properties. The pipe shall be round and strjight, and

designations are shown in Tabk'a L. Appen(.iix X1 explains how the bore of the pipe shall be smooth and uniform. All|pipe ends
the desigmbasis categories shown in Table 1. shall be cut at right angles to the axis of the pipe, and fany sharp
4.1.5 Mechanical Properties—Table 2 presents a cell clas- edges removed.
sificdtionCsystem for identifying the mechanical properties of 6.2 Dimensions and Tolerances:
pipe coyered by this spe01ﬁcat10n. 621 Outside Diameter-_The ontside diameter and toler-

Note 6—All possible combinations covered by the preceding classifi-
cation system may not be commercially available.

4.1.6 Designation Code—The pipe designation code shall
consist of the abbreviation RTRP or RPMP, followed by the
type and grade in Arabic numerals, the class and static or cyclic
hydrostatic design basis level in capital letters, and four Arabic
numbers identifying, respectively, the cell classification desig-
nations of the short-term rupture strength, longitudinal tensile

55

ances of pipe meeting this specification shall conform to the
requirements in Table 3, when determined in accordance with
7.4.

6.2.2 Wall Thickness—The minimum wall thickness of pipe
furnished under this specification shall not at any point be less
than 87.5 % of the nominal wall thickness published in the
manufacturer’s literature, current at the time of purchase, when
measured in accordance with 7.4.
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TABLE 2 Physical Property Requirements

Designation Cell Limits
Order Mechanical Property
Number 04 1 2 3 4 5 6
1 Short time rupture strength hoop tensile stress, min, psi — 4000 12 000 22 000 30 000 40 000 50 000
(MPa) (27.6) (82.7) (152) (207) (276) (345)
2 Longitudinal tensile strength, min, psi — 2000 8000 16 000 22 000 30 000 40 000
(MPa) (13.8) (55.2) (110) (152) (207) (276)
3 Longitudinal tensile modulus, min, psi x 10° — 0.6 1.3 1.5 1.9 25 3.0
(MPa) (4100) (9000) (10 300) (13 100) (17 200) (20 700)
4 Pipe stiffness at 5 % deflection, psi — 9 18 36 72 144 288
_(kPa) (62) (124) (248) (496) (993) (1986)
40 = Unspefified.
TABLE 3 Outside Dimensions and Tolerances Note 8—For individual orders, only those additional tests and ngmber
Nominkl Pipe ] of tests specifically agreed upon between the purchaser and the sellef need
Sizd, in. in. (mm) be conducted.
7.4 Dimensions and Tolerances—D8termine in accordance
1.315 + 0.009 (33.401 + 0.229) ; :
% 1.900 = 0.009 (48.260 = 0.229) with Practice D3567.
P 2.375 x 0.012 (60.325 =+ 0.305) 7.5 Long-Term Cyclic Pressute Strength—Determine ij ac-
b1/> 2.875 + 0.012 (73.025 + 0.305) d ith Procedure A of Practice D2992
5 2.500 £ 0.012 (88.900 + 0.305) cordance with Procedure A of-Practice .
; g'ggg : 8'822 8 :sg ggg : 822;; 7.6 Long-Term Static, PréSsure Strength—Determine i ac-
s 8.625 + 0.025 (219.075 + 0.635) cordance with Procedure’B of Practice D2992.
1 g 12:328 ; 8:822 Eg;g ggg N 8222; 7.7 Short-Term-Répture Strength—Determine in accordance
1h 14.000 = 0.035 (355.600 + 0.889) with Test Method\»1599.
7.8 Longitudinal Tensile Properties—Determine in afcor-
) ) . dance with.Jest Method D2105.
6.2.3 Liner Thickness—Except for Class A unlined products, . ) . . .
all other flasses shall have a minimum liner thickness of 0.005 7.9-Pipe Stzﬁfness—Determm.e in accordance with | Test
in. (5 mi), when measured in accordance with 7.4. g/lzthotq D2412. The reported stiffness shall be based on| 5 %
eflection.
6.3 Pdrformance—Pipe meeting this specification shall be
categorizpd by a long-term static or cyclic hydrostatic design 8. Certification
basis sho v in Table 1, yvhen tested in accordar_lce with 7.5 .an.d 8.1 See Annex Al for certification requirements.
7.6. Additionally, the pipe shall meet the applicable cell[limit
requirempnts for short-term rupture strength, longitudinal ten- 9. Marking
sile strenfgth, tensile modulus, and pipe stiffness described in )
Table 2, fvhen tested in accordance with 7.7, 7.8,.and 7.9. 9.1 Each piece shall be marked at least once and at lefgths
of at least every 15 ft. Each piece of pipe shall be marked|with
7. Test Yethods the following information in such a manner that it remains
7.1 Cdnditioning—Condition the te$t_&pecimens at 23 + legible under normal handling and installation practices:
2°C (73.4 = 3.6°F) and 50 = 10 % relative humidity for not ~ 9-1.1 Nominal pipe size (for example, 2 in.), ,
less than[48 h prior to test, in accordance with Procedure A of 9.1.2 Identification of fiberglass pipes in accordance |with
Practice P618, for those testsswhere conditioning is required, ~ the designation code given in Section 5, ) )
and in al] cases of disagreefhent. 9.1.3 This designation, D2997, with which the [pipe
Jiti h . dard complies, and
7.2 Tept Conditions&—Conduct the tests in the Standar 9.1.4 Manufacturer’s name (or trademark).
Laboratofy Atmospheresof 23 * 2°C (73.4 = 3.6°F) and 50 =
10 % reljtive humidity, unless otherwise specified in the test
specification.
7.3 Sampling—Samples of pipe to determine conformance

of the mdterrattobeshort=termr rupture Tequirenents showm
Table 2 shall be taken at random on a weekly basis or on each
production run, whichever is the most frequent. The rate of

sampling
the accep

for the other tests listed shall be in accordance with
ted statistical practice and as agreed upon between the

purchaser and the seller.
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ANNEX

(Mandatory Information)

Al. CERTIFICATION

SD-2997

Al.l1 When agreed upon in writing between the purchaser and the seller, a certification shall be made on the basis of
acceptance material.
Al1.2 Certification shall consist of a copy of the manufacturer’s test report or a statement by the seller (accompanied by a copy
of the test results) that the material has been sampled, tested, and inspected in accordance with the provisions of the specification.
A1.3 Each certification so furnished shall be signed by an authorized agent of the seller or manufacturer.
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APPENDIX
(Nonmandatory Information)
X1. HYDROSTATIC DESIGN BASIS, CATEGORIES, SERVICE FACTORS, AND PRESSURE RATINGS

| Hydrostatic Design Basis

1.1.1 The hydrostatic design basis is the estimated long-
hydrostatic strength on which service factors (1.0 or less)
pplied to obtain a hydrostatic design stress. The long-term
ostatic strength is obtained by Practice D2992. In Practice
92, either Procedure A using data obtained in accordance
Test Method D2143 or Procedure B using data obtained in
rdance with Test Method D1598 is used to determine the
-term hydrostatic strength extrapolated at 50 years.

1.1.2 The long-term hydrostatic strength is the estimated
le stress in the wall of the pipe in the hoop orientation due
ternal hydrostatic pressure that will cause failure after 50
s (657 x 10° pressure cycles by Procedure A or 438 000 h
atic pressure by Procedure B).

P Hydrostatic Design Basis Categories

1.2.1 The hydrostatic design basis is obtained\by catego-
g the long-term strength in accordance with\Table X1.1 or
e X1.2.

B Service (Design) Factor

1.3.1 The service (design) facter is.a number equal to 1.00
ss that takes into consideration‘all the variables and degree
hfety involved in a fibergldss/pressure piping installation,
is selected for the application on the basis of two general
ps of conditions.

1.3.2 The first ¢gronp considers the manufacturing and
ng variables, specifically normal variations in the material,
ufacture, dimensions, good handling techniques, and in the
uation progedures of this method. The second group
iders- ‘the application or use, specifically installation,

eqories by
=4 Y

d by the

TABLE X1.2 Hydrostatic Désign Basis Categories by

Procedure B

Hydrostatic Design

Basis Category, Range of Calculated Values,)

psi (MPa) psi (MPa)

5000 (34.5) 4800 to 5900 (33.1 to 40.7

6300 (434) 6000 to 7500 (41.4 to 51.7

8000 (852) 7600 to 9500 (52.4 to 65.5
10 0007(6849) 9600 to 11 900 (66.2 to 82.0)

(
12.5004(86.2) 12 000 to 15 200 (82.7 to 104

16\000 (110) 15 300 to 18 900 (106 to 130
20000 (138) 19 000 to 23 000 (131 to 159
25 000 (172) 24 000 to 29 000 (166 to 200
31 500 (217) 30 000 to 38 000 (207 to 262

environment, temperature, hazard involved, life e
desired, and the degree of reliability selected.

Note X1.1—It is not the intent of this specification to g
(design) factors. The service (design) factor should be seled
design engineer after evaluating fully the service conditio
engineering properties of the specific pipe material under cof
Recommended service (design) factors will not be developed
ASTM.

X1.4 Hydrostatic Design Stress

X1.4.1 The hydrostatic design stress is the
maximum tensile stress in the wall of the pipe in th
ferential orientation as a result of internal hydrostatid
that can be applied continuously with a high degree of
that failure will not occur. It is obtained by multip
hydrostatic design basis as determined by Proced|
Procedure B by the service (design) factor.

X1.5 Pressure Rating

X1.5.1 The pressure rating is the estimated maxin
sure that the medium in the pipe can exert continuou

(pectance

ve service
ted by the
hs and the
ksideration.
r issued by

bstimated
b circum-
pressure
certainty
lying the
ure A or

um pres-
ly with a

Procedure A

Hydrostatic Design

Basis Category, Range of Calculated Values,

psi (MPa) psi (MPa)
2500 (17.2) 2400 to 3010 (16.5 to 20.8)
3150 (21.7) 3020 to 3820 (20.8 to 26.3)
4000 (27.6) 3830 to 4790 (26.4 to 33.0)
5000 (34.5) 4800 to 5900 (33.1 to 40.7)
6300 (43.4) 6000 to 7500 (41.4 to 51.7)
8000 (55.2) 7600 to 9500 (52.4 to 65.5)
10 000 (68.9) 9600 to 11 900 (66.2 to 82.0)
12 500 (86.2) 12 000 to 15 200 (82.7 to 105)

57

high degree of certainty that failure of the pipe will not occur.

X1.5.2 The pressure rating for each diameter

and wall

thickness of pipe and fitting is calculated from the hydrostatic
design stress for the specific pipe by means of the ISO formula:

S=P(D—1)2t

where

S = hoop stress,

P = internal pressure,

D = average outside diameter, and

t = minimum reinforced wall thickness.
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SPECIFICATION FOR JOINTS FOR PLASTIC PRESSURE
PIPES USING FLEXIBLE ELASTOMERIC/SEALS

@Z@ SD-3139

(Identical with ASTM D3139-19 except for revisions to'para. 4.1, addition of paras. 2.4, 10.2 and Annex A1, and editorial
changes.)
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SD-3139 ASME NM.3.2-2020
Specification for
Joints for Plastic Pressure Pipes Using Flexible Elastomeric
Seals
1. Scope 3. Terminology
1.1 Thys specification covers the types of joints required for 3.1 Definitions:
plastic pipe pressure systems with a wall thickness equal to or 3.1.1 This specification covers two types of| mechanical
greater thpn that of SDR 64 and intended for use in supply and  joints based on effecting water tightness through comprepsion
distributign lines for water, using flexible elastomeric seals. of an elastomeric seal or ring:
This spedification covers the test requirements, test method, 3.1.2 mechanical joint—a joint in_which a positive s¢al is
and matefials. The test methods described are not intended to  achieved when a gasket is compressed-by means of a mechani-
be routing quality control tests but are to evaluate the perfor- cal device.
mance chpracteristics of the joint. 3.1.3 push-on-joint—a joinfiin“which a continuous elasto-
1.2 Th text of this specification references notes, footnotes, meric ring gasket is compressed into an annular space fofmed
and appepdixes which provide explanatory material. These by the pipe or fitting soeket and the spigot end of the pip¢ and
notes and[footnotes (excluding those in tables and figures) shall forms a positive seal after being assembled. Details of thefjoint
not be copsidered as requirements of the specification. design and assembly shall be in accordance with the manpfac-
1.3 Th following safety hazards caveat pertains to the test ~ LUrer’s instructions,
method pprtion, Section 6, of this specification: This standard 4. Materialo-and Manufact
does not purport to address all of the safety concerns, if any, - Mateggyran anufacture
associatedl with its use. It is the responsibility of the user of this 4.1 The materials used in elastomeric seals shall meqt the
standard Yo establish appropriate safety, health, and environ-  requit€éments of Specification F477 (ASME SF-477).
mental pipctices and determine the applicability of regulatory 4.2 Lubricant—The lubricant shall be nontoxic and [shall
limitation prior to use. Have no deteriorating effects on the gasket and pipe matefrials.
It shall not impart taste or odor to water in a pipe that has|been
2. Refergnced Documents flushed in accordance with AWWA C651. When used|in a
2.1 ASI'M Standards: potable water system, the lubricant shall meet the requirerhents
D618 Hractice for Conditioning Plastics for Testing of ANSI/NSF Standard No. 61. The lubricant container shjill be
D2837 [Test Method for Obtaining Hydrostatic Design Basis  labeled with the manufacturer’s trademark or the pipe njanu-

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

F477 Specification for Elastomeric Seals.(Gaskets) for Join-
ing Hlastic Pipe

‘A Standard:

AWWA[ C651 Standard for Disinfecting Water Mains

2.3 NS Standard:

ANSI/INSF Standard Ne~61 for Drinking Water System
Components-Health Bffects

2.4 ASME Standayd.

ASME NM.3,2\SF-477 Specification for Elastomeric Seals
(Gaskets) for Joining Plastic Pipe

facturer’s name.
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5. Performance Requirements

5.1 The joint shall be designed to provide a permanent seal
and shall be qualified in accordance with Section 8.

5.1.1 All surfaces of the joint upon or against which the
gasket may bear shall be free of imperfections that could
adversely affect the performance of the joint.

5.2 Pressure Rating—Designs not meeting the requirements
of 6.2 shall be tested to verify that the hydrostatic design basis
category for ]omt assembhes shall not be lower than the

hme procedure The hydrostatlc de51gn basrs for this joint
ign shall be established on a representative size at a
minifnuim test level of 10 points and 2000 h with data analysis
in agcordance with Test Method D2837, except that the ends
shall| be restrained. Test pressure levels (and calculated
stresges) for establishing hydrostatic design basis shall be
calcylated on pipe minimum wall dimensions after dimension-
ing Hoth the bell and spigot pipe ends.

5.2.1 Joint designs shall require retesting under this section
only [if the joint design is changed or if the pipe compound is
alter¢d in any manner that produces a lower hydrostatic design
basiq category when compared with the compound used in the
previous validation testing of the joint design.

5.3 Mechanical Joint—The mechanical joint shall provide a
presqure rating equal to or greater than that of the correspond-
ing fipe.

5.3.1 Internal Stiffener—The pipe spigot shall have a wall
thickiness sufficient to withstand, without deformation or
collapse, the compressive force exerted when the fitting is
tightened. If the wall is not sufficient to withstand the coms
presdive force, then a rigid tubular internal stiffener shall\be
used|in conjunction with compressive-type mechanicalyjoint
fittings. A stiffener specified by the manufacturey for this
purppse shall be used.

5.4 Joint Deflection—The joint shall provide aseal when the
pipe [spigot is deflected axially in the socket to the maximum
unstiessed limit permitted by dimensjonab clearance between
the spigot and bell.

SD-3139

6. Dimensions, Mass, and Permissible Variations

6.1 Joint Dimensions and Tolerances—The dimensions of
the bell, socket, and plain end shall be in accordance with the
manufacturer’s standard design dimensions of the joint.

6.2 Push-On Joint—The minimum wall thickness of the bell
at any point between the ring groove (annular gasket space)
and the pipe barrel, shall conform to the dimension ratio
requirements for the pipe barrel. The minimum wall thickness
in the sealmg poruon of the rmg groove and bell entry sections
Fuirements

of the pipe barrel (see Fig. 1 or Flg 2)

6.3 Gasket Dimensions—Gasket dimensionsshhll be in
accordance with the manufacturer’s standard: design dimen-
sions and tolerances. The gasket shall be ofl such size pnd shape
as to provide an adequate compressive force against fhe spigot
and socket after assembly to effeet\a positive seal [under all
combinations of permitted joifit~and gasket tolerapices. The
gasket shall be the sole elemént depended upon to |make the
joint flexible and water tight,"The gasket shall be a cpntinuous
elastomeric ring.

7. Workmanship; Finish, and Appearance

7.1 The manufacturer of these joints shall prod
meeting the requirements of this specification. Components of
the joints ‘shall be homogenous throughout and free from
visible ‘eracks, holes, foreign inclusions, or injurious defects.
The components of the joints shall be as uniform as| commer-
¢ially practicable in color, opacity, density, and othe} physical
properties.

ice joints

8. Test Methods

8.1 The assembled joints shall pass the following Jaboratory
qualifying tests. (For referee testing, standard laborgtory con-
ditions of 23 °C and 50 % relative humidity in accordance with
Practice D618, Procedure A will apply.)

8.1.1 Internal Pressure Testing—Laboratory hjydrostatic
pressure tests on joints shall be made on an assemily of two
sections of pipe properly connected in accordance| with the

] €, & € €. 1 ;D £]

— et — — — —— s —— s —

€. = centerline P, = pressure rating shall be

Dy = average outside diameter - pipe determined as follows:

D, = average outside diameter - socket

D3 = average outside diameter - annular gasket space Sw = Py(D - e)/2e (Method D 2837)

Dy = average outside diameter - entry lip & = Dl[fZSWJPw] +1]

ey = minimum wall thickness - pipe ey = Dy/l(25,/Py) + 1]

ey = minimum wall thickness - sacket &3 2 g

ey = minimum wall thickness - sealing portion eg 2 g
of the annular gasket space [(254/Pyy) + 1] = SDR

€4 = minimum wall thickness - entry lip

Sy = hydrostatic design stress

FIG. 1 Relationship of Dimensions in 6.2
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Note 1—Times greater than 70 s may be needed to bring larger-sized
specimens to the short-term rupture (quickburst) pressure. The test is more
difficult to pass using greater pressurizing times.

8.1.2 Vacuum Test—The assembled joint shall withstand a
E3 minimum vacuum of 75.0 kPa gauge (22.1 in. Hg) for 1 h
while in the auxiliary deflected position in accordance with
bz b3 D¥ 8.1.1. A vacuum greater than 75.0 kPa gauge (22.1 in. Hg) up
— - — — - — ¢ to a maximum of 77.0 kPa gauge (22.7 in. Hg) shall be applied
. i 5, = hydrositic design stress to the sample and shall not decline below 75.0 kPa gauge (22.1
= center ing = " I 1 It . . .
DLl = average cutside diameter - pipe Py = pressure rating shall be in. Hg) during the 1 h test period. The order of the Internal
Dy = @ keidadi 2o ingd ac followe: .
D = overde outside dlameter -sealng poroon of the S, = Py(D - €/2¢ (Method D 2837) L 1COSUIC 16SUNZ ANQ VACUUTT TEST 15 Ot Criticat ot prescrt ed;
annupr gasket space ) ) e = Dil(25,/Py,) + 1] the tests can be performed in any order.
D3’ = averdge outside diameter - locking portion of the e3 = Dy/l(25,/P,) + 1]
annufar gasket spece ) e;l z e
o3 2 o wal tuckress pipe T - 9. Rejection and Rehearing
ey = minifum wall thickness - socket .
€3 = miirfum wallthickness - sealing portion 9.1 If the results of any test(s) do not meetthe requirempnts
ey = b wall Bhickness - focking portcn of this specification, the test(s) shall be denducted again ¢nly
e - of f;”;‘l:[f,:zﬁ:f_“:m by agreement between the purchaser ard the seller. Under Juch
lip agreement, minimum requirements shall not be lowered,|nor
FIG. 2 Relationship of Dimensions in 6.2 tests omitted, substituted, changed! or modified, nor ghall
specification limits be changed.\f upon retest, failure ocdurs,
joint desjgn and deflected to the limit defined in 5.4. No  the quantity of product represented by the test(s) does not rheet
coatings, | fillings, or packings, other than lubricants recom- the requirements of this $pecification.
mended in 4.2, shall be placed prior to water tightness tests.
After the| pipe sections are fitted together with the gasket or 10. Certification
gaskets ip place, the assembly shall be subjected to separate / .
: 10.1 When specified in the purchase order or contract, the
internal gressure tests, first at 50 % of rated pressure for 60 . . . .
. e . purchaser, shall be furnished certification by affidavit [that
min, ther] at 22 times the rated pressure for 60 min without . . l
. . . samples_representing each lot of production have been either
leakage gt either pressure for the duration of either test. The . . . . . .
. . . tested~0¥ inspected as directed in this specification and| the
pressure $hall then be continuously increased to the minimum < ) .
. . . . requirements have been met. When specified in the purchase
short-terth rupture requirement of the applicable pipe without . .
. | . order or contract, a report of the test or inspection results ghall
leakage. [The pressure increase from 2'2 times rated to e furnished
minimun] short-term rupture requirement shall occur over a 60 el(l)lrznlg © A Al for additional ficati .
to 70-s pgriod. Test times longer than 70 s are allowed because -£ See Annex or additional certification requirenjents.
successfull achievement of the minimum short-term rupture 11, Keywords
strength gt times greater than 70 s represents a more s¢vere test . L. .
condition 11.1 compression-type; elastometric; joints; push-on joint;
rigid; seals
ANNEX
(Mandatory Information)
Al. CERTIFICATION
Al.l1 |When agreed upon in writing between the purchaser and the seller, a certification shall be made on the bas{s of
acceptanpe material.
Al1.2 |[Certification shall con51st of a copy of the manufacturer s test report or a statement by the seller (accompamed by a ¢opy
of the tes ation.

Al3 Each certlﬁcatlon so furnlshed shall be srgned by an authorlzed agent of the seller or manufacturer

Al.4 When original identity cannot be established, certification can only be based on the sampling procedure provided by the

applicable specification.
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SPECIFICATION FOR "FIBERGLASS" (GLASS-
FIBER-REINFORCED THERMOSETTING=RESIN)
PRESSURE PIPE

@Z@ SD-3517

(Identical with ASTM D3517-19 except for reyisions to Note 6, paras. 6.4.1, 8.4; addition of para. 2.4, section 10, Annex
A2; and editorial changes.)
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1. Scope

ASME NM.3.2-2020

Specification for

“Fiberglass” (Glass-Fiber-Reinforced Thermosetting-Resin)

Pressure Pipe

2—Referenced-Documnents

1.1 Th|
8 in. (200
water co
pressures
reinforceq
reinforce
The stang
buried ap
applicabld
jacking, t
pipelines.|

Note 1
natural pol

1.2 Th|
as the staj
for inforn

NoTE 2

1.3 Th|
test meth
standard
if any, as.
of this st
environm
regulator]

1.4 Th
dance wi
ization e
Developn|
mendatio.
Barriers

s specification covers machine-made fiberglass pipe,
mm) through 156 in. (4000 mm), intended for use in
hveyance systems which operate at internal gage
of 450 psi (3103 kPa) or less. Both glass-fiber-
thermosetting-resin pipe (RTRP) and glass-fiber-
polymer mortar pipe (RPMP) are fiberglass pipes.
ard is suited primarily for pipes to be installed in
plications, although it may be used to the extent
for other installations such as, but not limited to,
hinnel lining and slip-lining rehabilitation of existing

-For the purposes of this standard, polymer does not include
mers.
e values stated in inch-pound units are to be regarded
hdard. The values given in parentheses are provided
lation purposes only.
FThere is no known ISO equivalent to this standard.
b following safety hazards caveat pertains only to the
ods portion, Section 8, of this specification: This
Hoes not purport to address all of the safety concerns,
ciated with its use. It is the responsibility of the user
ndard to establish appropriate safety, health, and.
ntal practices and determine the applicability “of
limitations prior to use.
s international standard was developed™ip."accor-
1 internationally recognized principles.on standard-
tablished in the Decision on Prineiples for the
ent of International Standards, Guides and Recom-
is issued by the World Trade Qrganization Technical
0 Trade (TBT) Committee.

2.1 ASTM Standards:

C33/C33M Specification for Concrete Aggregates

D638 Test Method for Tensile Properties of+Plastics

D695 Test Method for Compressive Properties of |
Plastics

D790 Test Methods for Flexural Propetties of Unreinf
and Reinforced Plastics and Eleetrical Insulating M
als

D883 Terminology Relating €0 Plastics

D1600 Terminology for Abbreviated Terms Relating to
tics

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

D2412 TestMethod for Determination of External Lo
Characteristics of Plastic Pipe by Parallel-Plate Loa

D2584¢Test Method for Ignition Loss of Cured Reinf
Resins

D2992 Practice for Obtaining Hydrostatic or Pressure
sign Basis for “Fiberglass” (Glass-Fiber-Reinf
Thermosetting-Resin) Pipe and Fittings

D3567 Practice for Determining Dimensions of “Fiberg
(Glass-Fiber-Reinforced Thermosetting Resin) Pipg
Fittings

D3892 Practice for Packaging/Packing of Plastics

D4161 Specification for “Fiberglass” (Glass-H
Reinforced Thermosetting-Resin) Pipe Joints Using
ible Elastomeric Seals

F412 Terminology Relating to Plastic Piping Systems

F477 Specification for Elastomeric Seals (Gaskets) for
ing Plastic Pipe

2.2 ISO Standard:

ISO 1172 Textile Glass Reinforced Plastics—Determin
of Loss on Ignition

2.3 NSF Standard:

Standard No. 61 Drinking Water System Components

Rigid
rced
hteri-
Plas-
ith of
ding
ling

rced

De-
rced

lass”

and

iber-
Flex-

Join-

ation
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2.4 ASME Standards:

ASME NM.2, Glass-Fiber-Reinforced Thermosetting Resin
Piping Systems

ASME NM.3.2, SF-477 Specification for Elastomeric Seals
(Gaskets) for Joining Plastic Pipe

ASME NM.3.2, SD-4161 Specification for “Fiberglass”
(Glass-Fiber-Reinforced Thermosetting-Resin) Pipe Joints
Using Flexible Elastomeric Seals

3. Terminology

SD-3517

stiffness by a capital letter. Table 1 presents a summary of the
designation requirements. Thus, a complete material code shall
consist of ASTM D3517. .. three numerals, C ... and two or
three numerals, and a capital letter.

Note 4—Examples of the designation are as follows: (/) ASTM
D3517-1-1-3-C50-A for glass-fiber reinforced aggregate and polyester
resin mortar pipe with a reinforced thermoset liner and an unreinforced
polyester resin and sand surface layer, for operation at 50 psi (345 kPa),
and having a minimum pipe stiffness of 9 psi (62 kPa), (2) ASTM
D3517-4-2-6-C200-C for glass-fiber reinforced epoxy resin pipe with a
non-reinforced thermoset liner, no surface layer, for operation at 200 psi

3.
3.

Definitions:

.1 General—Definitions are in accordance with Termi-
nology D883 and Terminology F412 and abbreviations are in
accofdance with Terminology D1600, unless otherwise indi-
cated.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 fiberglass pipe—a tubular product containing glass-
fiber| reinforcements embedded in or surrounded by cured
therrhosetting resin. The composite structure may contain
aggr¢gate, granular, or platelet fillers, thixotropic agents,
pignjents, or dyes. Thermoplastic or thermosetting liners or

coatings may be included.
3.]
ment
3.2.3 liner—a resin layer, with or without filler, or
reinfprcement, or both, forming the interior surface of the pipe.

3.]
desig

3.]

.2 flexible joint —a joint that is capable of axial displace-
or angular rotation, or both.

A4 qualification test—one or more tests used to prove the
n of a product. Not a routine quality control test.

.5 reinforced polymer mortar pipe (RPMP)—a fiberglass

pipe |with aggregate.

3.2.6 reinforced thermosetting resin pipe (RTRP)—a_fiber-
glasq pipe without aggregate.

3.2.7 rigid joint —a joint that is not capableof axial

displacement or angular rotation.

3.2.8 surface layer—a resin layer, with or without filler, or
reinfprcements, or both, applied to the exterior surface of the
pipe [structural wall.

4. (Jlassification

4.
pipe
liner]
and {
and

General—This specificatjon covers fiberglass pressure
defined by raw materials in the structural wall (type) and
surface layer matétial (grade), operating pressure (class),
ipe stiffness. Table1 lists the types, liners, grades, classes,
tiffnesses thatsare covered.

N
stiffn
grade
avail.

e 3—AlLp@ssible combinations of types, liners, grades, classes, and
sses miay\fnot be commercially available. Additional types, liners,
, and~stiffnesses may be added as they become commercially
ble_sFhe purchaser should determine for himself or consult with the

(1380 kPa), and having a minimum pipe stiffness of 36 psi (248 kPa).

Note 5—Although the “Form and Style for ASTM Standands” manual
requires that the type classification be roman numeralsy, it/is fecognized
that companies have stencil cutting equipment for thisstyle of type, and
it is therefore acceptable to mark the product type, in‘drabic nhmbers.

5. Materials and Manufacture

5.1 General—The thermosetfing resins, glaps fiber
reinforcements, fillers, and other‘materials, when conpbined as
a composite structure, shall produce piping products fhat meet
the performance requiremeits of this specification.

5.2 Wall Composition—The basic structural wall
tion shall consist\of thermosetting resin, gla
reinforcement, And;-if used, an aggregate filler.

5.2.1 ResifiyA thermosetting polyester or epoxy rq
or without fillér.

5.2.25Reinforcement—A commercial grade of glg
compdtible with the resin used.

§522.3 Aggregate—A siliceous sand conforming t¢ the re-
quirements of Specification C33/C33M, except that the re-
quirements for gradation shall not apply.

Composi-
ss fiber

sin, with

ss fibers

Note 6—Fiberglass pipe intended for use in the transport
water should be evaluated and certified as safe for this purpose §y a testing
agency acceptable to the local health authority. The evaluation| should be
in accordance with requirements for chemical extraction, tastd, and odor
that are no less restrictive than those included in NSF/ANSI Standard
No. 61. The seal or mark of the laboratory making the evaludtion should
be included on the fiberglass pipe.

of potable

5.3 Liner and Surface Layers—Liner or surface
both, when incorporated into or onto the pipe, shall
structural requirements of this specification.

layer, or
meet the

5.4 Joints—The pipe shall have a joining system fhat shall
provide for fluid tightness for the intended service corfdition. A
particular type of joint may be restrained or unrestrdined and
flexible or rigid depending on the specific configurgtion and
design conditions.

5.4.1 Unrestrained—Pipe joints capable of witljstanding
internal pressure but not longitudinal tensile loads.

5.4.1.1 Coupling or Bell-and-Spigot Gasket Joint|
groove either on the spigot or in the bell to fetain an
elastomeric gasket that shall be the sole element of the joint to

, with a

Imanukretrerfomteproperehsstrpetererrde st o pipe
to be used under the installation and operating conditions that will exist for
the project in which the pipe is to be used.

4.2 Designation Requirements—The pipe materials designa-
tion code shall consist of the standard designation, ASTM
D3517, followed by type, liner, and grade in Arabic numerals,
class by the letter C and two or three Arabic numerals, and pipe

65

provide watertightness. For typical joint details see Fig. 1.
5.4.1.2 Mechanical Coupling Joint, with elastomeric seals.
5.4.1.3 Butt Joint, with laminated overlay.
5.4.1.4 Flanged Joint, both integral and loose ring.

5.4.2 Restrained—Pipe joints capable of withstanding inter-
nal pressure and longitudinal tensile loads..

5.4.2.1 Joints similar to those in 5.4.1.1 with supplemental
restraining elements.
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FIG. 1 Typical Joints

Load (P/2)

Load (P/2) )
6" (152 mm) wide x 120° full

radius saddle with %" (6 mm)
stiff rubber pad (typical)

r———

%: Saddle |

| Saddle —b%

| L/3 I L/3

5.4
5.4
5.4

2.2 Butt Joint, with laminated overlay.
2.3 Bell-and-Spigot, with laminated overlay.
2.4 Bell-and-Spigot, adhesive-bonded joint: Three types
of adhesive-bonded joints are permitted by this standard as
follops:
({) Tapered bell-and-spigot, an adhesive joint that is manu-
factured with a tapered socket for use in conjunction with a
taperfed spigot and a suitable adhesive.
(R) Straight bell-and-spigot, an adhesive joint that is manu-
factufred with an untapered socket for use in conjunction with
an umtapered spigot and a suitable adhesive.
(P) Tapered bell and straight spigot, an adhesive joint that
is mfnufactured with a tapered socket for use with anunta-
pered spigot and a suitable adhesive.

5.4.2.5 Flanged Joint, both integral and logse\ring

5.4.2.6 Mechanical Coupling, an elastomeriC sealed cou-
pling with a supplemental restraining elefents.

5.4.2.7 Threaded Joints.

Nojre 7—Other types of joints may be ‘added as they become commer-
cially|available.

Nofre 8—Restrained joints typi¢allyincrease service loads on the pipe
to grefater than those experienced with unrestrained joints. The purchaser
is cafitioned to take into_consideration all conditions that may be
encoyntered in the anticipated® service and to consult the manufacturer
regarding the suitability~0f a particular type and class of pipe for service
with festrained jointssystems.

FIG. 2 Beam Strength—Test Setup

|
| L/3 -

6.1.2 The inside surface of each pipe shall be free pf bulges,
dents, ridges, and ether defects that result in a variation of
inside diametef.of more than 5 in. (3.2 mm) from thaf obtained
on adjacent‘unaffected portions of the surface. No glass fiber
reinforcemént shall penetrate the interior surface of the pipe
wall,

6.1:3" Joint sealing surfaces shall be free of dent
and/other surface irregularities that will affect the ir
the joints.

, gouges,
tegrity of

6.2 Dimensions:

6.2.1 Pipe Diameters—Pipe shall be supplied in thg nominal
diameters shown in Table 2 or Table 3. The pipe| diameter
tolerances shall be as shown in Table 2 or Tablel 3, when
measured in accordance with 8.1.1.

6.2.2 Lengths—Pipe shall be supplied in nominal |engths of
10, 20, 30, 40, and 60 ft. (3.05, 6.10, 9.15, 12.19, and|18.29 m).
The actual laying length shall be the nominal length =2 in.
(%51 mm), when measured in accordance with 8.1.2. At least
90 % of the total footage of any one size and class, pxcluding
special order lengths, shall be furnished in the nominjal lengths
specified by the purchaser. Random lengths, if furnighed, shall
not vary from the nominal lengths by more than 5 f{ (1.53 m)
or 25 %, whichever is less.

6.2.3 Wall Thickness—The average wall thickndss of the
pipe shall not be less than the nominal wall thickness jpublished

5.3 Gaskets“~Elastomeric gaskets when used with this pipe  in the manufacturer’s literature current at the time of purchase,
shall{conform™t6 the requirements of Specification F477. and the minimum wall thickness at any point shall fot be less
than 87.5 % of the nominal wall thickness when mgasured in

6. Requirements accordance with 8.1.3.
6.2.4 Squareness of Pipe Ends—AlIl points around each end

6.1 Workmanship:

6.1.1 Each pipe shall be free from all defects including
indentations, delaminations, bubbles, pinholes, cracks, pits,
blisters, foreign inclusions, and resin-starved areas that due to
their nature, degree, or extent, detrimentally affect the strength
and serviceability of the pipe. The pipe shall be as uniform as
commercially practicable in color, opacity, density, and other
physical properties.

67

of a pipe unit shall fall within =V4 in. (6.4 mm) or =0.5 %
of the nominal diameter of the pipe, whichever is greater, to a
plane perpendicular to the longitudinal axis of the pipe, when
measured in accordance with 8.1.4.

6.3 Soundness—Unless otherwise agreed upon between pur-
chaser and supplier, test each length of pipe up to 96 in. (2400
mm) diameter hydrostatically without leakage or cracking, at
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TABLE 2 Nominal Inside Diameters (ID) and Tolerances Inside Diameter Control Pipe

Inch-Pound Units Sl Units
Nominal ) Nominal Metric ID Range®, mm Tolerance® on
. A Tolerance, in. X B — " Declared ID,
Diameter” , in. Diameter® , mm Minimum Maximum mm
8 +0.25 200 196 204 +1.5
10 +0.25 250 246 255 +1.5
12 +0.25 300 296 306 +1.8
14 +0.25 400 396 408 +2.4
15 +0.25 500 496 510 +3.0
16 +0.25 600 595 612 +3.6
18 +0.25 700 695 714 +4.2
20 +0.25 800 795 816 +4.2
21 +0.25 900 895 918 +4.2
24 +0.25 1000 995 1020 +5.0
27 +0.27 1200 1195 1220 +5,0
30 +0.30 1400 1395 1420 +5,0
33 +0.33 1600 1595 1620 5.0
36 +0.36 1800 1795 1820 +5.0
39 +0.39 2000 1995 2020 +5.0
42 +0.42 (2200) 2195 2220 +6.0
45 +0.45 2400 2395 2420 +6.0
48 +0.48 (2600) 2595 2620 +6.0
51 +0.51 2800 2795 2820 +6.0
54 +0.54 (3000) 2995 3020 +6.0
60 +0.60 3200 3195 3220 +7.0
66 +0.66 (3400) 3395 3420 +7.0
72 +0.72 3600 3595 3620 +7.0
78 +0.78 (3800) 3795 3820 +7.0
84 +0.84 4000 3995 4020 +7.0
90 +0.90
96 +0.96
102 +1.00
108 +1.00
114 +1.00
120 +1.00
132 +1.00
144 +1.00
156 +1.00

Alnside diarfeters other than those shown shall be permitted by agreement betweén ‘gurchaser and supplier.
Bvalues are [taken from International Standards Organization documents. Parentheses indicate non-preferred diameters.

the interpal hydrostatic proof pressures specified <for the
applicablg class in Table 4, when tested in accordarnice with 8.2.
For sizes jover 96 in. (2400 mm), the frequency 6f hydrostatic
leak tests|shall be as agreed upon by purchaset ‘and supplier.

6.4 Hydrostatic Design Basis:

6.4.1 Long-Term Hydrostatic Pressire—The pressure
classes sHall be based on long-term hydrostatic pressure data
obtained {n accordance with 8.3-anid-Categorized in accordance
with Tabje 5. Pressure clasSes”are based on extrapolated
strengths jat 50 years. For¢pipe subjected to longitudinal loads
or circumferential bendingy the effect of these conditions on the
hydrostat{c design pressure, classification of the pipe shall be
considerefl.

6.4.2 (ontralNRequirements—Test pipe specimens periodi-
cally in afcerdance with Practice D2992.

Level A and Level B deflections (Table 7) may be comput]
Note 9— ydrostatic esign as1s -eXxtrapolate value a

years) determined in accordance with Procedure A of Practice D2992, may
be substituted for the Procedure B evaluation required by 8.3. It is
generally accepted that the Procedure A HDB value times 3 is equivalent
to the Procedure B HDB value.

6.5 Stiffness—Each length of pipe shall have sufficient
strength to exhibit the minimum pipe stiffness (F/Ay) specified
in Table 6, when tested in accordance with 8.4. At deflection
level A per Table 7, there shall be no visible damage in the test
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specimen evidenced by surface cracks. At deflection ley
per Table 7, there shall be no indication of structural damaj
evidenced by interlaminar separation, separation of the lir]
surface layer (if incorporated) from the structural wall, te
failure of the glass fiber reinforcement, and fracture or
ling of the pipe wall.

Note 10—This is a visual observation (made with the unaided ey
quality control purposes only and should not be considered a sim
service test. Table 7 values are based on an in-use long-term defl
limit of 5 % and provide an appropriate uniform safety margin for a
stiffnesses. Since the pipe stiffness values (F/Ay) shown in Table §
the percent deflection of the pipe under a given set of insta
conditions will not be constant for all pipes. To avoid po|
misapplication, take care to analyze all conditions which might
performance of the installed pipe.

6.5.1 For other pipe stiffness levels, appropriate valug

el B
oe as
er or
nsile
uck-

e) for
hlated
pction
| pipe

vary,
lation
ksible
affect

s for
ed as

follows:

72 0.33
Level A atnew PS = <m> (9)

Level B at new PS = new Level A+~0.6

(D

6.5.2 Since products may have use limits of other than 5 %
long-term deflection, Level A and Level B deflections (Table 7)
may be proportionally adjusted to maintain equivalent in-use
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TABLE 3 Nominal Outside Diameters (OD) and Tolerances

Note 1—The external diameter of the pipe at the spigots shall be within the tolerances given in the table, and the manufacturer shall declare his
allowable maximum and minimum spigot diameters. Some pipes are manufactured such that the entire pipe meets the OD tolerances while other pipes
meet the tolerances at the spigots, in which case, if such pipes are cut (shortened) the ends may need to be calibrated to meet the tolerances.

Nominal Steel Pipe Tolerance, Cast Iron Pipe Tolerance,
Pipe Size, in. Equivalent (IPS) in. Equivalent in.
0D’ in. 0D’ in.
8 8.625 +0.086 9.05
—-0.040
10 10.750 +0.108 11.10
B-645 +0-06
12 12.750 +0.128 13.20 J
-0.056
14 14.000 +0.140 15.30
-0.062 3
16 16.000 +0.160 17.40
-0.070 +0.05
18 19.50 -0.08
20 21.60
24 25.80
30 32.00 A
36 38.30
42 44.50 +0.08
48 50.80 -0.06
54 57.56
60 61.61
Metric Ductile Iron Pipe Tolerance Upper, Tolerance Lower, Intérnational O.D., Tolerance Upper, Toleran¢e Lower,
Plpe Size, mm Equivalent, mm mm mm mm mm npm
200 220.0 +1.0 0.0
250 271.8 +1.0 -0.2 o o -
300 323.8 +1.0 -0.8 310 +1.0 -1.0
350 375.7 +1.0 -0,3 361 +1.0 -1.2
400 426.6 +1.0 08 412 +1.0 -14
450 477.6 +1.0 0.4 463 +1.0 -1.6
500 529.5 +1.0 -0.4 514 +1.0 -1.8
600 632.5 +1.0 -0.5 616 +1.0 -2.0
700 718 +1.0 3.2
800 820 +1.0 b4
900 924 +1.0 36
1000 1026 +2.0 -2.6
1200 1229 +2.0 26
1400 1434 +2.0 -2.8
1600 1638 +2.0 3.8
1800 1842 +2.0 -$.0
2000 2046 +2.0 -3.0
2200 2250 +2.0 -3.2
2400 2453 +2.0 3.4
2600 2658 +2.0 -3.6
2800 2861 +2.0 -$.8
3000 3066 +2.0 -4.0
3200 3270 +2.0 -4.2
3400 3474 +2.0 4.4
3600 3678 +2.0 -4.6
3800 3882 +2.0 -4.8
4000 4086 +2.0 -5.0
safety maargins. For example, a 4 % long-term limiting deflec- 6.5.3 For high stiffness pipes, 5 % deflection will likely be

tion would result in a 20 % reduction of Level A and Level B
deflections, while a 6 % limiting deflection would result in a
20 % increase in Level A and Level B deflection values.
However, minimum values for Level A and Level B deflections
shall be equivalent to strains of 0.6 and 1.0 % respectively (as
computed by Eq X1.4 in Appendix X1 of Specification
D3262).
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above the use limit and the adjusted level A test deflection. For
very high stiffness pipes, 5 % deflection may also be greater
than the adjusted level B test deflection. In such cases, the
pipes may be damaged or fail prior to determining the pipe
stiffness at 5 % deflection. Therefore, it is permitted to set the
pipe stiffness test deflection equal to the adjusted level A


https://asmenormdoc.com/api2/?name=ASME NM.3.2 2020.pdf

SD-3517

TABLE 4 Hydrostatic-Pressure Test

Hydrostatic Proof Pressure

ASME NM.3.2-2020

6.6.1 Alternative Requirements—When agreed upon be-
tween the purchaser and the supplier, the minimum hoop-
tensile strength shall be as determined in accordance with
8.5.1.

6.7 Joint Tightness—All joints shall meet the laboratory
performance requirements, of Specification D4161. Unre-
strained joints shall be tested with a fixed end closure condition
and restrained joints shall be tested with a free end closure
condition. Rigid joints shall be exempt from angular deflection
requirements of D4161. Rigid joints typically include butt

Pressure Pipe Diameters Pipe Diameters
Class up to and >54 in. up to and
Including 54 in. Including 96 in.

(psi) psi (kPa) psi (kPa)
C50 100 (689) 75 (517)
C100 200 (1379) 150 (1034)
C150 300 (2068) 225 (1551)
C200 400 (2757) 300 (2068)
C250 500 (3447) 375 (2585)
C300 600 (4136) 450 (3102)
C350 700 (4826) 525 (3619)
C4po BOU (55 15) BUU (4136
C4p0 900 (6205) 675 (4654)

TABLE 5 Long-Term Hydrostatic Pressure Categories

Minimum Calculated Values of

Class Long-Term Hydrostatic
Pressure gage, psi (kPa)
C50 90 (621)
C100 180 (1241)
C150 270 (1862)
C200 360 (2482)
C250 450 (3103)
€300 540 (3722)
€350 630 (4343)
C400 720 (4963)
C450 810 (5584)

TABLE 6 Minimum Stiffness at 5 % Deflection
Pipe Stiffness, psi (kPa)

Nomingl
Diametér, Designation

in. A B C D

8 . . 36 (248) 72 (496)

10 o 18 (124) 36 (248) 72 (496)

12 and gré¢ater 9 (62) 18 (124) 36 (248) 72 (496)

TABLE 7|Ring Deflection Without Damage or Structural Failure
Nominal Pipe
Stiffness, psi
9 18 36, 72

Level A 18 % 15 % 12% 9%

Level B 30 % 25 % 20 % 15 %
deflection|, but not greaterdhan 5 %. See Note 11 for additional
informatipn and further{clarification.

Note 11f—Dependifig’ upon the product modulus and allowable ring
bending strjin, this.will Tikely begin affecting pipes with stiffness between
200 and 400 psi__Eor example, a pipe with pipe stiffness of PS360 may
have a use [irfiit.0of 4.3 %, an adjusted level A deflection of 4.5 % and an

adjusted le

el B deflection of 7.5 % Therefore the new pipp stiffness test

joints with laminated overlay, bell-and-spigot joints with Jami-
nated overlay, flanged, bell-and-spigot adhesive bended and
threaded.

6.8 Longitudinal Strength:

6.8.1 Beam Strength—For pipe sizes upto-27 in. the
shall withstand, without failure, the beam-loads specifi
Table 9, when tested in accordance with 8.6.1. For pipe
larger than 27 in., and alternatively,for smaller sizes, ade
beam strength is demonstrated \by” tension and comprefpsion
tests conducted in accorfdance with 8.6.2 and §.6.3,
respectively, for pipe wall\8pecimens oriented in the longitu-
dinal direction, using the minimum tensile and comprefsive
strength specified in,Tdble 9.

6.8.2 Longitudingl Tensile Strength—All pipe manufacfured
under this spécification shall have a minimum axial tgnsile
elongation atMailure of 0.25% and meet or exceed the 1pngi-
tudinal teénsile strength shown for each size and class in Table
10, wheén tested in accordance with 8.6.2.

pipe
td in
sizes
juate

Nore 12—The values listed in Table 10 are the minimum critetfia for
products made to this standard. The values may not be indicative pf the
akial strength of some products, or of the axial strength required by|some
installation conditions and joint configurations.

6.8.3 Conformance to the requirements of 6.8.1 shall s{
the requirements of 6.8.2 for those pipe sizes and classes where
the minimum longitudinal tensile strength values of Table D are
equal to the values of Table 10. Conformance to the require-
ments of 6.8.2 shall satisfy the longitudinal tensile str¢ngth
requirements of 6.8.1.

tisfy

7. Sampling

7.1 Lot—Unless otherwise agreed upon between the| pur-
chaser and the supplier, one lot shall consist of 100 lengths of
each type, grade, and size of pipe produced.

7.2 Production Tests—Select one pipe at random from[each
lot and take one specimen from the pipe barrel to deterine
conformance of the material to the workmanship, dimensipnal,
and stiffness, and strength requirements of 6.1, 6.2, 6.5 and
6.6, respectively. Unless otherwise agreed upon between| pur-
chaser and supplier, all pipes (up to 96-in. (2400-mm) diam-

deflection would be 4.5 %. Another possible product with a pipe stiffness
of PS900 may have a use limit of 2.8 %, an adjusted level A deflection of
2.7 % and an adjusted level B deflection of 4.5%. Therefore, the new pipe
stiffness test deflection would be 2.7 %.

6.6 Hoop-Tensile Strength—All pipe manufactured under
this specification shall meet or exceed the hoop-tensile strength
shown for each size and class in Table 8, when tested in
accordance with 8.5.
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eter) shall meet the soundness requirements of 6.3.

7.3 Qualification Tests—Sampling for qualification tests
(see section 3.2.4) is not required unless otherwise agreed upon
between the purchaser and the supplier. Qualification tests, for
which a certification and test report shall be furnished when
requested by the purchaser include the following:

7.3.1 Long-Term Hydrostatic Pressure Test.

7.3.2 Joint-Tightness Test (See 6.7).
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TABLE 8 Minimum Hoop Tensile Strength of Pipe Wall
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Inch-Pound Units

Hoop Tensile Strength, Ibf/in. Width

Nominal
Diameter Pressure Class
(in) C50 C100 C150 €200 €250 €300 €350 C400 C450
: (psi) (psi) (psi) (psi) (psi) (psi) (psi) (psi) (psi)
8 800 1600 2400 3200 4000 4800 5600 6400 7200
10 1000 2000 3000 4000 5000 6000 7000 8000 9000
12 1200 2400 3600 4800 6000 7200 8400 9600 10 800
14 1400 2800 4200 5600 7000 8400 9800 11 200 12 600
15 1500 3000 4500 6000 7500 9000 10 500 12 000 13 500
+6 +666 5266 4866 6466 8666 666 ++266 +2-666 14 400
18 1800 3600 5400 7200 9000 10 800 12 600 14 400 16 200
20 2000 4000 6000 8000 10 000 12 000 14000 16 000 18 000
21 2100 4200 6300 8400 10 500 12 600 14 700 16 800 18 900
24 2400 4800 7200 9600 12 000 14 400 16 800 19 200 21 600
27 2700 5400 8100 10 800 13 500 16 200 18 900 21 600 24 300
30 3000 6000 9000 12 000 15 000 18 000 21 000 24000 27 000
33 3300 6600 9900 13 200 16 500 19 800 23100 26 400 29 700
36 3600 7200 10 800 14 400 18 000 21 600 25 200 28 800 32 400
39 3900 7800 11700 15 600 19 500 23 400 27 300 31200 35 100
42 4200 8400 12 600 16 800 21000 25 200 29 400 33 600 37 800
45 4500 9000 13 500 18 000 22 500 27 000 31/500 36 000 40 500
48 4800 9600 14 400 19 200 24 000 28 800 33'600 38 400 43 200
51 5100 10 200 15 300 20 400 25 500 30 600 35 700 40 800 45 900
54 5400 10 800 16 200 21 600 27 000 32 400 37 800 43200 48 600
60 6000 12 000 18 000 24000 30 000 36 000 42 000 48 000 54 000
66 6600 13 200 19 800 26 400 33 000 39 60Q 46 200 52 800 59 400
72 7200 14 400 21 600 28 800 36 000 43 200 50 400 57 600 64 800
78 7800 15 600 23 400 31200 39 000 46 800 54 600 62 400 70 200
84 8400 16 800 25 200 33 600 42 000 50 400 58 800 67 200 75 600
90 9000 18 000 27 000 36 000 45000 54 000 63 000 72 000 81000
96 9600 19 200 28 800 38 400 48 000 57 600 67 200 76 800 86 400
102 10 200 20 400 30 600 40 800 51 000 61200 71 400 81 600 91 800
108 10 800 21 600 32 400 43 200 54 000 64 800 75 600 86 400 97 200
114 11 400 22 800 34 200 45 600 57,000 68 400 79 800 91 200 10 2600
120 12 000 24 000 36 000 48 000 80 000 72 000 84 000 96 000 108 000
132 13 200 26 400 39 600 52 800 66 000 79 200 92 400 105 600 118 800
144 14 400 28 800 43200 57 600 72 000 86 400 100 800 115 200 129 600
156 15 600 31200 46 800 62 400 78 000 93 600 109 200 124 800 140 400
S| Units
Hoop Tensile Strength N/mm Width
P f;ssus’e c50 C100 C150 €200 C250 ©300 €350 C400 C450
E’;‘ ngﬂr 345 689 1034 1379 1724 2069 2414 2759 3103
mm) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa)
200 138 276 414 552 690 828 966 1104 1241
250 173 345 517 690 862 1035 1207 1380 1552
300 207 413 620 827 1034 1241 1448 1655 1862
350 242 482 724 965 1207 1448 1690 1931 2172
375 259 517 776 1034 1293 1552 1811 2069 2327
400 276 551 827 1103 1379 1655 1931 2207 2482
450 311 620 931 1241 1552 1862 2173 2483 2793
500 345 689 1034 1379 1724 2069 2414 2759 3103
550 380 758 1137 1517 1896 2276 2655 3035 3413
600 414 827 1241 1655 2069 2483 2897 3311 3724
700 483 965 1448 1931 2414 2897 3380 3863 4344
750 518 1034 1551 2069 2586 3104 3621 4139 4655
850 587 171 1758 2344 2931 3517 4104 4690 5275
900 621 1240 1861 2482 3103 3724 4345 4966 5585
1000 690 1378 2068 2758 3448 4138 4828 5518 6206
1100 759 1516 2275 3034 3793 4552 5311 6070 6827
1150 794 1585 2378 3172 3965 4759 5552 6346 7137
1200 828 1654 2482 3310 4138 4966 5794 6622 7447
4306 897 4794 2686 3585 4480 5379 6276 473 8068
1400 966 1929 2895 3861 4827 5793 6759 7725 8688
1500 1035 2067 3102 4137 5172 6207 7242 8277 9309
1700 1173 2343 3516 4689 5862 7035 8208 9381 10 550
1800 1242 2480 3722 4964 6206 7448 8690 9932 11171
2000 1380 2756 4136 5516 6896 8276 9656 11 036 12 412
2200 1518 3032 4550 6068 7586 9104 10 622 12140 13 653
2300 1587 3169 4756 6343 7930 9517 11 104 12 691 14274
2400 1656 3307 4963 6619 8275 9931 11587 13243 14 894
2600 1794 3583 5377 7171 8965 10759 12553 14 347 16 136

71


https://asmenormdoc.com/api2/?name=ASME NM.3.2 2020.pdf

SD-3517

ASME NM.3.2-2020

2800 1932 3858 5790 7722 9654 11 586 13518 15 450 17 377
2900 2001 3996 5997 7998 9999 12 000 14001 16 002 17 997
3000 2070 4134 6204 8274 10 344 12414 14 484 16 554 18618
3400 2346 4685 7031 9377 11723 14 069 16 415 18 761 21100
3600 2484 4961 7445 9929 12413 14 897 17 381 19 865 22342
4000 2760 5512 8272 11032 13792 16 552 19312 22072 24 824
TABLE 9 Beam-Strength Test Loads 8. Test Methods
- Minimum . . .
LMln}mulrn Longitudinal 8.1 Dimensions:
. ongitudinal . .
Nominal Beam Load Tensile Strength Compressive 8.1.1 Diameters:
D'a'igeter ) per Unit of pbe[rr%nrﬁtnc’)f 8.1.1.1 Inside Diameter—Take inside diameter meabure-
' Circumference Circumference ments at a point approximately 6 in. (152 mm) from theepd of
Ibf (kN) Ibf/in. (kN/m)  Ibffin.  (kN/m) the pipe section using a steel tape or an inside mietometer|with
8 800 (3.6) 580 (102) 580 (102) graduations of Y16 in. (1 mm) or less. Make two 90° opp¢sing
10 1200 (5:3) 580 (102) 580 (102) measurements at each point of measurement afd averagp the
12 1600 (7.1) 580  (102) 580  (102) di
14 2200 (9.8) 580 (102) 580 (102) readings.
15 2600 (11.6) 580 (102) 580 (102) 8.1.1.2 Outside Diameter—Determine in accordance |with
16 3000  (13.3) 580  (102) 580  (102)
18 4000  (17.8) 580  (102) 580  (102) Test Method D3567. . 4
20 4400  (19.6) 580 (102) 580 (102) 8.1.2 Length—Measure with\a \steel tape or gage hgving
21 5000 (22.2) 580 (102) 580 (102) graduations of Vis in. (I mm).qr less. Lay the tape or gage on
24 6400  (28.5) 580  (102) 580  (102) inside the bi q h 1l lavine leneth df th
o7 8000  (35.06) 580  (102) 580 (102) or inside the pipe and measus€ the overall laying length df the
30 .. 580  (102) 580  (102) pipe.
g‘g %g ((11;12)) %g ((11;12)) 8.1.3 Wall Thickness—Determine in accordance with|Test
39 780  (137) 780  (137) Method D3567.
42 800 (140) 800 (140) 8.1.4 Squareness of Pipe Ends—Rotate the pipe on a mnan-
45 860  (150) 860  (150) : . .
48 920 (161) 920 (161) drel or trunnions and measure the runout of the ends with 4 dial
51 980 (171) 980 171) indicator.“The total indicated reading is equal to twic¢ the
54 1040 (182) 1040 (182) distance’from a plane perpendicular to the longitudinal ajis of
60 1140 (200) 1140 (200) ! . . -
66 1260 (220) 1260 (220) the pipe. Alternatively, when squareness of pipe ends is rigidly
72 1360 (238) 1360 (238) fixed by tooling, the tooling may be verified and reinspected at
78 1480 (260) 1480  (260) frequent enough intervals to ensure that the squareness df the
84 1600 (280) 1600 (280) . . L o
90 1720 (301) 1720 (301) pipe ends is maintained within tolerance.
184 22 184 23 . .
182 1348 5240; 1248 840; 8.2 Soundness—Determine soundness by a hydrogtatic
108 2060 (360) 2060 (360) proof test procedure. Place the pipe in a hydrostatic prepsure
14 2180 (382) 2180~ \*(382) testing machine that seals the ends and exerts no end loady. Fill
120 2280  (400) 2280~/  (400) he bi ith line all ai d apply i )
132 2520 (440) 2500 (440) the pipe wit wgter, expelling all air, and apply interna wate?r
144 2740 (480) 2740 (480) pressure at a uniform rate not to exceed 50 psi (345 kPa)/s|until
156 2964 (51 )M 2964  (519) the Table 4 test pressure specified in accordance with §.3 is
reached. Maintain this pressure for a minimum of 30 s] The
pipe shall show no visual signs of weeping, leakage, or fracture
of the structural wall.

7.3.3 Hongitudinal-Strength\#st, including: 8.3 Long-Te;fm Hydrostatic Pressure—Determine the ong-

term hydrostatic pressure at 50 years in accordance |with

7.3.3.1|Beam strength and . . . .

7332 | Loneitudinal 1 h Procedure B of Practice D2992, with the following excepjtions

.3.3.2| Longitudinal tensile strength. permitted:

7.4 Coptrol Tests—The following test is considered a con- 8.3.1 Test at ambient temperatures between 50 and 1j10°F
trol requjrement;and shall be performed as agreed upon (10 and 43.5°C) and report the temperature range experignced
between the-purchaser and the supplier: during the tests.

7.4.1 Seunndress—Fest—HO02-—(2600-ma—diameter—pipe

and larger.

7.4.2 Perform the sampling and testing for the control
requirements for hydrostatic design basis at least once every
two years.

7.5 For individual orders conduct only those additional tests
and numbers of tests specifically agreed upon between the
purchaser and the supplier.

72

Note 13—Tests indicate no significant effects on long-term hydrostatic
pressure within the ambient temperature range specified.

8.3.2 Determine the hydrostatic design basis for the glass
fiber reinforcement in accordance with the method in Annex
Al.

8.3.3 Calculate the long-term hydrostatic pressure and cat-
egorize by class in accordance with Table 5. A1.6 explains how
to calculate the long-term hydrostatic pressure.
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Inch-Pound Units

Longitudinal Tensile Strength Ibf/in. of Circumference

Nominal
Diameter Pressure Class
(in.) C50 C100 C150 C200 C250 C300 C350 C400 C450
. (psi) (psi) (psi) (psi) (psi) (psi) (psi) (psi) (psi)
8 580 580 580 580 580 624 700 800 900
10 580 580 580 580 650 780 875 1000 1125
12 580 580 580 624 780 936 1050 1200 1350
14 580 580 609 728 910 1092 1225 1400 1575
15 580 580 653 780 975 1170 1313 1500 1688
16 580 580 696 832 1040 1248 1400 1600 1800
18 580 580 783 936 1170 1404 1575 1800 2025
20 580 580 870 TOZ0 T300 T560 T750 2000 2250
21 580 609 914 1092 1365 1638 1838 2100 2363
24 580 696 1044 1248 1560 1800 2100 2400 2700
27 580 783 1175 1404 1688 2025 2363 2700 3038
30 580 870 1305 1560 1875 2250 2625 3000 3375
33 627 957 1436 1716 2063 2475 2888 3300 3713
36 684 1044 1566 1800 2250 2700 3150 3600 4050
39 741 1131 1697 1872 2340 2808 3276 3744 4212
42 798 1218 1827 2016 2520 3024 3528 4032 4536
45 855 1305 1958 2160 2700 3240 3780, 4320 4860
48 912 1392 2088 2304 2880 3456 4032 4608 5184
51 969 1479 2219 2448 3060 3672 4284 4896 5508
54 1026 1566 2349 2592 3240 3726 4347 4968 5589
60 1140 1740 2520 2880 3600 4140 4830 5520 6210
66 1254 1914 2673 3036 3795 4554 5313 5808 6534
72 1368 2088 2916 3312 4140 4968 5796 6336 7128
78 1482 2106 3159 3432 4290 5148 6006 6864 7722
84 1596 2268 3402 3696 4620 5292 6174 7056 7938
90 1710 2430 3645 3960 4950 5670 6615 7380 8303
96 1824 2592 3888 4224 5280 6048 7056 7680 8640
102 1938 2754 4131 4488 5610 6426 7497 8160 9180
108 2052 2916 4374 4752 5940 6804 7938 8640 9720
114 2166 3078 4617 5016 6270 7182 8379 9120 10 260
120 2280 3240 4860 5280 6600 7560 8820 9600 10 800
132 2508 3564 5346 5808 7260 8316 9702 10 560 11 880
144 2736 3888 5832 6336 7920 9072 10 584 11 520 12 960
156 2964 4212 6318 6864 8580 9828 11 466 12 480 14 040
SkUnits
Longitudinal Tensile, Strength N/mm of Circumference
P oo C50 c100 C150 G200 c250 €300 350 400 450
g‘ :ﬂgz'r 345 689 1034 1379 1724 2069 2414 2759 3103
mm) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa)
200 102 102 102 102 102 109 123 140 158
250 102 102 102 102 114 137 153 175 197
300 102 102 102 109 137 164 184 210 236
350 102 102 107 127 159 191 215 245 276
375 102 102 114 137 171 205 230 263 296
400 102 102 122 146 182 219 245 280 315
450 102 102 137 164 205 246 276 315 355
500 102 102 152 182 228 273 306 350 394
550 102 107 160 191 239 287 322 368 414
600 102 122 183 219 273 315 368 420 473
700 102 137 206 246 296 355 414 473 532
750 102 152 229 273 328 394 460 525 591
850 110 168 251 301 361 433 506 578 650
900 120 183 274 315 394 473 552 630 709
1000 130 198 297 328 410 492 574 656 738
1100 140 213 320 353 441 530 618 706 794
1150 150 229 343 378 473 567 662 757 851
1200 160 244 366 403 504 605 706 807 908
1300 170 259 388 429 536 643 750 857 965
1400 180 274 411 454 567 652 761 870 979
500 200 305 Lz 504 B30 725 B840 967 1087
1700 220 335 468 532 665 797 930 1017 1144
1800 240 366 511 580 725 870 1015 1110 1248
2000 260 369 553 601 751 902 1052 1202 1352
2200 279 397 596 647 809 927 1081 1236 1390
2300 299 426 638 693 867 993 1158 1292 1454
2400 319 454 681 740 925 1059 1236 1345 1513
2600 339 482 723 786 982 1125 1313 1429 1608
2800 359 511 766 832 1040 1192 1390 1513 1702
2900 379 539 809 878 1098 1258 1467 1597 1797
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3000 399 567 851 925 1156 1324 1545 1681 1891
3400 439 624 936 1017 1271 1456 1699 1849 2080
3600 479 681 1021 1110 1387 1589 1853 2017 2270
4000 519 738 1106 1202 1503 1721 2008 2185 2459
8.4 Sriffness—Determine the pipe stiffness S; = initial design hoop tensile stress, psi,
PS=F/Ay (2) S, = hoop tensile_ stress at rated operat_ing pressure, psi,
P = rated operating pressure class, psi, and
where: r = inside radius of pipe, in.
. - > Note 15—A value of F less than 4 Pr results in a lower factor of safety
PS = pipestiffress;psttifa) O SHOTT Term Toading Than Tequited by The Vames im Table 8]
Fo= 19‘ 4, lbs/hnf:al-lp. (N/mm) The value for S; should be established by consideriaf the
Ay = pipe deflection, in. (mm) o . r P .

? variations in glass reinforcement strength and manufactpring
at 5% deflection or the adjusted level determined in accordance ~ methods, but in any case should not be less than the/95 % Jower
with 6.5.3 for the specimen, using the apparatus and procedure confidence value on stress at 0.1 h, as determined by the
of Test Mgthod D2412, with the following exceptions permitted: ~ manufacturer’s testing carried out in acc@rdance with 6.4 The

8.4.1 Nleasure the wall thickness to the nearest 0.01 in. value for S, should be established ffom ‘the manufactyrer’s
(0.25 mny). hydrostatic design basis.
8.4.2 Tload the specimen to 5 % deflection or the adjusted 8.6 Longitudinal Strength:
level deteymined in accordance with 6.5.3 and record the load. 8.6.1 Beam Strength—PlaCeya 20-ft (6.1-m) nominal l¢ngth
Then load the specimen to deflection level A per Table 7 or to of pipe on saddles at each &d. Hold the ends of the pipe found
the adjusted level A deflection determined in accordance with during the test. Apply-beam load for the diameter of |pipe
6.5.1 and|6.5.2 and examine the specimen for Visible.damage shown in Table 9/sintdltaneously to the pipe through| two
evidenced by surface cracks. Then load the specimen to  ¢aqqjes ocated af the third points of the pipe (see Fig. 2)| The
deflection) level B per Table 7 or to the adjusted level B 15545 shall be(hafntained for not less than 10 min wifh no
deflection determined in accordance with 6.5.1 and 6.5.2 and  ¢yjdence of-failure. The testing apparatus shall be designpd to
examine for evidence of structural damage, as evidenced by | inimizd<tiess concentrations at the loading points.
interlamingar separation, separation of the liner or surface layer 8.6.27Longitudinal Tensile Strength—Determine in apcor-
(if incorpprated) from the structural wall, tensile failure of the danee with Test Method D638, except the provisiof for
glass fibef reinforcement, and fracture or buckling of the pipe maximum thickness shall not app’ly
Waél;l galf ulate tge I:;lp © sttlfftpess E:t 5t % ileﬂectlon. . ¢ 8.6.3 Longitudinal Compressive Strength—Determine in ac-
.5 Hor procuction testing, {est Only One Spectmen 10=3 "o dance with Test Method D695.
determing the pipe stiffness.
8.4.4 Th i i length shall be 12 in,((305 . .
¢ maximum specimen tength shatl be 12 1 ( 9. Packaging and Package Marking
mm), or the length necessary to include stiffening ribs,\if they
are used, [whichever is greater. 9.1 Mark each length of pipe that meets or is part of|a lot
NotEe 14f—As an alternative to determining the pipe stiffness using the that meets the requirements of this specification at least orfce in
appﬁrams ﬂgd Prof“’dure of TleSt Meth"d}??udthe SUPpllier may submit Jetters not less than %2 in. (12 mm) in height and of bold}type
to the purchaser for approval a test method and gest\evaluation on Test . . .
Method D790, accounting for the substitutionsof‘eurved test specimens style 1 na COIO,r and t}/pe that remains legible u.nder n rmal
and measufement of stiffness at 5 % deflection’ hancclllmg and 1nsta111at10n procedures. T?e marking shall in-
. : . clude the nominal pipe size, manufacturer’s namg or
roneth fy Tes Method 12290 xeept that the secions on etk tis ASTM specificaton mumber: D3SIT. fype.
S - ’ pt . . liner, grade, class, and stiffness in accordance with the desig-
Apparatuy and Test Specimens\miay be modified to suit the size . .
. . nation code in 4.2.
of specimens to be tested,cand-the maximum load rate may not
exceed 010 in/min. Alternatively, Test Method D638 may be 9.2 Prepare pipe for commercial shipment in such a why as
employed. Specimen-width may be increased for pipe wall to ensure acceptance by common or other carriers.
thlck.ness S ngea_lte.r than 0'55. in. (14 mm). Means may be 9.3 All packing, packaging, and marking provisionjs of
provided fo midimize the bending moment imposed during the Practice D3892 shall apply to this specification.
test. Cut three specimens from the test sample. Record the load
to fail eakh'specimen and determine the specimen width as
§ § T0. Certification

close to the break as possible. Use the measured width and
failure load to calculate the hoop-tensile strength.

8.5.1 Alternative Minimum Hoop-Tensile Strength
Requirement—As an alternative, the minimum hoop-tensile
strength values may be determined as follows:

F=(5/S,)(Pr) (3)

where:
F

required minimum hoop tensile strength, 1bf/in.,
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10.1 See Annex A2 for certification requirements.

11. Keywords

11.1 fiberglass pipe; hydrostatic design basis; pressure pipe;
RPMP; RTRP
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ANNEX

(Mandatory Information)

Al. ALTERNATIVE HYDROSTATIC DESIGN METHOD

Al.1 The following symbols are used:

tensile stress in the glass fiber reinforcement in the
hoop orientation corrected for the helix angle

P, = 2(t,sin0)(HDB)/D

SD-3517

The pipe is categorized in accordance with Table Al.1.
Note A1.2—The calculated result P; may be multiplied by the factor

6.895 to convert from psig to kPa.

HDH

A
tensi
circy
50
Proc
calcy
men

A
equa

TH
calct
acco|

Nd
6.895

A
ming
acco

A

valu
follo

psi,

internal pressure, psig,

long-term hydrostatic pressure, psig,

nominal inside pipe diameter, in.,

actual cross-sectional area of glass-fiber reinforce-
ment applied around the circumference of the pipe,
in.’/in.,

plane angle between hoop-oriented reinforcement
and longitudinal axis of the pipe (helix angle),

and

hydrostatic-design basis, psi.

.2 The hydrostatic design is based on the estimated
e stress of the reinforcement in the wall of the pipe in the
mferential (hoop) orientation that will cause failure after
ears of continuously applied pressure as described in
edure B of Practice D2992. Strength requirements are
lated using the strength of hoop-oriented glass reinforce-
only, corrected for the helix angle of the fibers.

.3 Hoop-Stress Calculation is derived from the ISO
fion for hoop stress, as follows:

S = PD/2(t,sin0)
is stress is used as the ordinate (long-term strefigth) in
lating the regression line and lower confidepce-limit in
dance with Annexes Al and A3 of Practiee.102992.

e Al.1—The calculated result for S may be multiplied by the factor
to convert from psi to kPa.

4 Hydrostatic-Design Basis—Theg value of S is deter-
d by extrapolation of the regréssion line to or 50 years in
dance with Practice D2992.

.5 Hydrostatic-Design~Bdsis Categories—Convert the
of the HDB to intermdl hydrostatic pressure in psig as
Ws:

A2. CERTIFICATION

A271-" When agreed upon in writing between the purchaser and the seller, a certification shall be made on the b3

Al.6 Pressure Class Rating—The classes shown
Al.1 are based on the intended working pressure i1
commonly encountered conditions of water service.
chaser should determine the class of pipe~most suital
installation and operating conditions that” will exi
project on which the pipe is to beyused by multip
values of P, from Table Al.1 by\a service (desig
selected for the application on the, basis of two gener
of conditions. The first group‘Censiders the manufact
testing variables, specifieally*normal variations in the
manufacture, dimensigns;-good handling techniques,
evaluation procedures’ in this method. The secof
considers the ,application or use, specifically in
environment,~{émperature, hazard involved, life ex
desired, and the degree of reliability selected.

Norte A\ .3=It is not the intent of this standard to give servi
factors, The service (design) factor should be selected by
engineer after evaluating fully the service conditions and the g
propérties of the specific plastic pipe material under corf
Recommended service (design) factors will not be developed
ASTM.

TABLE A1.1 Long-Term Hydrostatic Pressure Categ

in Table
psig for
The pur-
ble to the
t on the
lying the
n) factor
al groups
iring and
material,
ind in the
ad group
tallation,
pectancy

re (design)
the design
ngineering
sideration.

issued by

ories

Minimum Calculated V:
Long-Term Hydrosf
Pressure gage, psi

Class

lues of
jatic
kPa)

90 (621)
180 (1241)
270 (1862)
360 (2482)
450 (3103)
540 (3722)
630 (4343)
720 (4963)
810 (5584)

sis of

acceptance of material.

A2.2 Certification shall consist of a copy of the manufacturer’s test report or a statement by the seller (accompanied by a

copy of the test results) that the material has been sampled, tested, and inspected in accordance with the provisions of the

Sp

ecifications.

by the applicable specification.
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A2.3 Each certification so furnished shall be signed by an authorized agent of the seller or manufacturer.

A2.4 When original identity can not be established, certification can only be based on the sampling procedure provided
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APPENDIXES

(Nonmandatory Information)

X1. INSTALLATION

X1.1 These specifications are material performance and

purchase

specifications only and do not include requirements

for engineering design, pressure surges, bedding, backfill or the
relationship between earth cover load, and the strength of the

and backfill, pipe characteristics, and care in the field construc-
tion work. The purchaser of the fiberglass pressure pipe
specified herein is cautioned that he must properly correlate the
field requirements with the pipe requirements and provide

pipe. Ho
mance of

- 1 1 1 £l £
CVCL, CAPCUIICHCTIIAS  SHUWIT UIAt SUCLCSSTUL PTliiur=

this product depends upon the proper type of bedding

X2.1 Dyetermine glass content as follows:

X2.1.1

By ignition loss analysis in accordance with Test

Method Ip2584 or ISO 1172.

X2. RECOMMENDED METHODS FOR DETERMINING GLASS CONTENT

adequate inspection at the job site.

X2.1.2 As a process control, by wgight of the glass |fiber
reinforcement applied by machine into the pipe structure.
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SPECIFICATION FOR "FIBERGLASS" (GLASS-FIBER
REINFORCED THERMOSETTING-RESIN) SEWER AND
INDUSTRIAL PRESSURE PIPE

@Z@ SD-3754

(Identical with ASTM D3754-19 except for reyisions to paras. 2.1, 6.3.1.3, 6.5.1, 6.6, 6.8, 8.5, 8.6.1, 8.7.2, 11.1, Annex A1,
and Appendix X1; addition of para. 2.4, section 10, and Annex A3; renumbering section 11; and editorial corrections.)
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1. Scope

ASME NM.3.2-2020

Specification for

“Fiberglass” (Glass-Fiber-Reinforced Thermosetting-Resin)
Sewer and Industrial Pressure Pipe

2. Referenced Documents

1.1 Th
8 in. (20(
systems f
industria
reinforce
reinforce
This stan
buried ajf
applicabl
jacking,
existing
tended tg
kPa) or 1

NotE 14
natural pol|

1.2 TH
as the st
for infor

1.3 TH
test metl
standard
if any, as|
of this s
environni
regulaton

NortE 2

is specification covers machine-made fiberglass pipe,
mm) through 156 in. (4000 mm), for use in pressure
pr conveying sanitary sewage, storm water, and many
wastes, and corrosive fluids. Both glass-fiber-
1 thermosetting-resin pipe (RTRP) and glass-fiber-
| polymer mortar pipe (RPMP) are fiberglass pipes.
dard is suited primarily for pipes to be installed in
plications, although it may be used to the extent
E for other installations such as, but not limited to,
funnel lining and slip-lining and rehabilitation of
bipelines. Pipe covered by this specification is in-
operate at internal gage pressures of 450 psi (3103
ESS.
-For the purposes of this standard, polymer does not include
mers.
e values given in inch-pound units are to be regarded
ndard. The values given in parentheses are provided
hation purposes only.

e following precautionary caveat pertains only to the
od portion, Section 8, of this specification: This
Hoes not purport to address all of the safety concerns,
ociated with its use. It is the responsibility of the tiser
andard to establish appropriate safety, health/~and
bntal practices and determine the applicability of
limitations prior to use.

-There is no known ISO equivalent to this standard.

2.1 ASTM Standards:

C33 Specification for Concrete Aggregates

C581 Practice for Determining Chemical Resistanc
Thermosetting Resins Used in Glass-Fiber“Reinfq
Structures Intended for Liquid Service

D638 Test Method for Tensile Properties.of Plastics

D695 Test Method for Compressives Properties of §
Plastics

D790 Test Methods for Flexutal\Properties of Unreinfd
and Reinforced Plasticsand Electrical Insulating M3
als

D883 Terminology Relating to Plastics

D1600 Terminology fer Abbreviated Terms Relating to
tics

D2290 Test Method for Apparent Hoop Tensile Streng
Plastic+0r, Reinforced Plastic Pipe

D2412¢Fest Method for Determination of External Log
Characteristics of Plastic Pipe by Parallel-Plate Loa

D2584 Test Method for Ignition Loss of Cured Reinfd
Resins

D2992 Practice for Obtaining Hydrostatic or Pressure
sign Basis for “Fiberglass” (Glass-Fiber-Reinfq
Thermosetting-Resin) Pipe and Fittings

D3039 Test Method for Tensile Properties of Poly
Matrix Composite Materials

D3567 Practice for Determining Dimensions of “Fiberg
(Glass-Fiber-Reinforced Thermosetting Resin) Pipe]
Fittings

D3681 Test Method for Chemical Resistance of “Fiberg|
(Glass—Fiber-Reinforced Thermosetting-Resin) Pipe
Deflected Condition

D3892 Practice for Packaging/Packing of Plastics

D4161 Specification for “Fiberglass” (Glass-F
Reinforced Thermosetting-Resin) Pipe Joints Using ]
ible Elastomeric Seals

F412 Terminology Relating to Plastic Piping Systems

F477 Specification for Elastomeric Seals (Gaskets) for
ing Plastic Pipe

b of
rced

rced
\teri-

Plas-
h of

ding
ling
rced

De-
rced

mer

ass”
and
»

ass
in a

ber-
Flex-

Join-
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TABLE 1 General Designation Requirements for Fiberglass Pressure Pipe

Desig- iitaA
nation Property Cell Limits
1 Type 1 2 3 4
glass-fiber-reinforced glass-fiber-reinforced glass-fiber-reinforced glass-fiber-reinforced
thermosetting polyester?® resm thermosetting polyester“3 resin thermosetting epoxy resin thermosetting epoxy resin
mortar (RPMP polyester)® (RTRP polyester)® mortar (RPMP epoxy) (RTRP epoxy)
2 Liner 1 2 3 4
reinforced thermoset liner non-reinforced thermoset liner thermoplastic liner no liner
3 Grade 1 2 3 4 5 6
Polyester resin polyester? resin polyester? resin and epoxy resin epoxy resin No surface
surface layer— surface layer— sand surface layer surface layer— surface layer— layer
o a8 nonreinforced® nonreinforced o o ) .
Class® C50 C100 C150 C200 C250 C300 C350 C400 C450
Pipe Stiffness A B C D
psi (kPa) 9 (62) 18 (124) 36 (248) 72.(496)PC
A The |cell-type format provides the means of identification and specification of piping materials. This cell-type format, however, is subjégt t0 misapplfcation since
unobtginable property combinations can be selected if the user is not familiar with commercially available products. The manufacturer shouldbe consulteq.
B For fhe purposes of this standard, polyester includes vinyl ester resin.
© Basgd on operating pressure in psig (numerals).
2.2 ISO Standard: 3.2.7 reinforced thermosetting resin pipe—a fiberglass pipe
ISP 1172 Textile Glass Reinforced Plastics—Determination without aggregate.
pf Loss on Ignition 3.2.8 rigid joint—a-Jjoint that is not capable of jaxial dis-
2.3 AWWA Standard: placement or angular rotation.
AWWA C-950 Glass-Fiber Reinforced Thermosetting Resin . . .
. 3.2.9 surfaeé,layer—a resin layer, with or withoyt filler or
Pressure Pipe inf £or both, applied to the exterior surfice of th
remrorcement,)or botn, aj 1€ (0] € exterior surigce o c
2.4 ASME Standards: s A
A$ME NM.3.2, SD-4161 Specification for Fiberglass (Glass ~ *'¥ '
Fiber-Reinforced Thermosetting-Resin) Pipe Joints Usin . .
. & ) Pip £ 4. Ciassification
Flastomeric Seals
APME NM.3.2, SF-477 Specification for Elastomeric Seals 4.1 General—This specification covers fiberglass pewer and
Gaskets) for Joining Plastic Pipe industrial pressure pipe defined by raw materia]s in the
. structural wall (type) and liner, surface layer materigl (grade),
3. Terminology : . . :
operating pressure (class), and pipe stiffness. Table [l lists the
3.1 Definitions: types, liners, grades, classes, and stiffnesses that arg covered.
3.]1.1 General—Definitions are in accordance with Termi- ) o )
nolo by D883 or Terminology F412 and abbreviations with .NOTE 3—All possible comblngtlons of t.ypes, lmers., grades, ,lasses., and
Ternlinology D1600. unless otherwise indicated stiffness may not be commercially available. Additional types, liners,
¢ gy > o * ) grades, and stiffnesses may be added as they become cqmmercially
3.2 Definitions of Terms Specific to This Standard: available. The purchaser should determine for himself or consult with the
3.3.1 fiberglass pipe—a tubular predutt containing glass manufacturer for the proper class, type, liner, grade, and stiffijess of pipe
T . to be used under the installation and operating conditions that will exist for
fiber| reinforcements embedded in~o0r~surrounded by cured th A ! S
. . ( - e project in which the pipe is to be used.
therrhosetting resin. The composite’ structure may contain ) ) )
aggr¢gate, granular or plateletfillers, thixotropic agents, 4.2 Designation Requirements—The pipe materialp designa-
p]gn‘ ents, or dyes' Thermoplastic or themosetting liners or tion code shall consist of the standard deSIgnatlon, ASTM
coatigs may be included: D3754, followed by type, liner, and grade in arabic jnumerals,
3.2.2 flexible joint<+a-joint that is capable of axial displace- cl.af?s by tl};e letter C ;'Vllth twcr)rotr’lthrlee arabic numeraly, andg)lge
ment or angular rotation, or both. st1 'HCSS' y a CaPlta etter. Table presents a summary of the
343 ind ] e desiened for i 1 1 designation requirements. Thus a complete material fode shall
T inaugho g lp}el—plpe esigne or 1nter:11a., OF e(;(terr}al consist of ASTM D3754, three numerals, C...and twp or three
CI.IV.II onmentsy or both, common y encount.ere 1n 1ndustria numerals, and a capital letter.
pipirjg systems used for many process solutions or effluents.
3.2.4¢liner—a resin layer, with or without filler or Norte 4—Ex4mples of the designation codes are as follows| (/) ASTM

reinforcement, or both, forming the interior surface of the pipe.

3.2.5 qualification test—one or more tests used to prove the
design of a product. Not a routine quality control test.

3.2.6 reinforced polymer mortar pipe—a fiberglass pipe
with aggregate.

79

P3I75Ht1=3-C56=Afor gtass=fiberremmforced—aggregate—amd  polyester

resin mortar pipe with a reinforced thermoset liner and an unreinforced
polyester resin and sand surface layer, for operation at 50 psi (345 kPa),
and having a minimum pipe stiffness of 9 psi (62 kPa). (2) ASTM
D3754-4-2-6-C200-C for glass-fiber-reinforced epoxy resin pipe with an
unreinforced thermoset liner, no surface layer, for operation at 200 psi
(1380 kPa) and having a minimum pipe stiffness of 36 psi (248 kPa).
Note 5—Although the “Form and Style for ASTM Standards” manual
requires that the type classification be roman numerals, it is recognized
that few companies have stencil-cutting equipment for this style of type,
and it is therefore acceptable to mark the product type in arabic numbers.
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5. Materials and Manufacture

5.1 General—The thermosetting resins, glass fiber
reinforcements, fillers, and other materials, when combined as
a composite structure, shall produce piping products that meet
the performance requirements of this specification.

5.2 Wall Composition—The basic structural wall composi-
tion shall consist of a thermosetting resin, glass-fiber
reinforcement, and, if used, an aggregate filler.

5.2.1 Resin—A thermosetting polyester or epoxy resin, with
or witho

5.2.2 Aggregate—A siliceous sand conforming to the re-
quirement{s of Specification C33, except that the requirements
for gradafion shall not apply.

5.2.3 Reinforcement—A commercial grade of glass fibers
compatible with the resin used.

5.3 Lin
both, whd
chemical

5.4 Jo
provide fi

er and Surface Layers—A liner or surface layer, or
n incorporated into or onto the pipe shall meet the
nd structural requirements of this specification.

j1ts—The pipe shall have a joining system that shall
r fluid tightness for the intended service condition. A
particular|type of joint may be restrained or unrestrained and
flexible of rigid depending on the specific configuration and
design copditions.

5.4.1 Unrestrained—Pipe joints capable of withstanding
internal ppessure but not longitudinal forces.

5.4.1.1| Coupling or Bell-and-Spigot Gasket Joints, with a
groove efther on the spigot or in the bell to retain an
elastomerjc gasket that shall be the sole element of the joint to
provide wWatertightness. For typical joint details see Fig. 1.

5.4.1.2|Mechanical Coupling Joint, with elsastomeric seals.

5.4.1.3| Butt Joint, with laminated overlay

5.4.1.4| Flanged Joint, both integral and loose ring.

5.4.2 Restrained—Pipe joints capable of withstanding, intet-
nal pressyre and longitudinal tensile loads.

5.4.2.1|Joints similar to those in 5.4.1.1 with sdpplemental
restraining elements.

5.4.2.2| Butt Joint, with laminated overlayx

5.4.2.3|Bell-and-Spigot, with laminated(overlay.

5.4.2.4|Bell-and-Spigot, adhesive-bonded-joint: Three types
of adhesife-bonded joints are premiitted by this standard as
follows:

(1) Tapered bell-and-spigot;an adhesive joint that is manu-
factured yvith a tapered socket for use in conjunction with a
tapered spigot and a suitable adhesive.

(2) Stfaight bell-and-spigot, an adhesive joint that is manu-
factured With an untapered socket for use in conjunction with
an untapered spigotand a suitable adhesive.

(3) Taperdd-bell and straight spigot, an adhesive joint that
is manufdctured with a tapered socket for use with an unta-

ASME NM.3.2-2020

5.4.2.7 Mechanical Coupling, an elastomeric sealed cou-
pling with supplemental restraining elements.

Note 6—Other types of joints may be added as they become commer-
cially available.

Note 7—Restrained joints typically increase service loads on the pipe
to greater than those experienced with unrestrained joints. The purchaser
is cautioned to take into consideration all conditions that may be
encountered in the anticipated service and to consult the manufacturer
regarding the suitability of a particular type and class of pipe for service
with restrained joint systems.

pipe, shall conform to the requirements of Specificatidn
except that composition of the elastomer shall be-as agreed
upon between the purchaser and the supplier forthe“partifular
exposure to oily or aggressive-chemical envifonments.

6. Requirements

6.1 Workmanship:

6.1.1 Each pipe shall be freg<¥from all defects inclyding
indentations, delaminations~bubbles, pinholes, cracks, |pits,
blisters, foreign inclusionsi-and resin-starved areas that dpe to
their nature, degree, or éxtent, detrimentally affect the str¢gngth
and serviceability of the’pipe. The pipe shall be as unifofm as
commercially praeti€able in color, opacity, density, and pther
physical properties

6.1.2 Thelinside surface of each pipe shall be free of by
dents, ridges) or other defects that result in a variation of i
diameter,of more than !5 in. (3.2 mm) from that obtaing
adjacent unaffected portions of the surface. No glass
reinforcement shall penetrate the interior surface of the
wall.

6.1.3 Joint sealing surfaces shall be free of dents, goug¢s, or
other surface irregularities that will affect the integrity df the
joints.

lges,
hside
d on
fiber

pipe

6.2 Dimensions:

6.2.1 Pipe Diameters—The pipe shall be supplied i the
nominal diameters shown in Table 2 or Table 3. The|pipe
diameter tolerances shall be as shown in Table 2 or Tahle 3,
when measured in accordance with 8.1.1.

6.2.2 Lengths—The pipe shall be supplied in nothinal
lengths of 10, 20, 30, 40, and 60 ft (3.05, 6.10, 9.15, 12.19, and
18.29 m). The actual laying length shall be the nominal Igngth
*2in. (£51 mm), when measured in accordance with 8.1[2. At
least 90 % of the total footage of any one size and ¢lass,
excluding special-order lengths, shall be furnished in the
nominal lengths specified by the purchaser. Random lengths, if
furnished, shall not vary from the nominal lengths by more
than 5 ft (1.53 m), or 25 %, whichever is less.

6.2.3 Wall Thickness—The average wall thickness of the

pered spigot and a suitable adhesive.
5.4.2.5 Flanged Joint, both integral and loose ring.
5.4.2.6 Threaded Joints.

pipe shall not be Iess than the nominal wall thickness published
in the manufacturer’s literature current at the time of purchase,
and the minimum wall thickness at any point shall not be less

s 7D LA s

TIIITTIT.
[N

FIG. 1 Typical Joints
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TABLE 2 Nominal Inside Diameters (ID) and Tolerances Inside Diameter Control Pipe

ID Range,? mm Tolerance® on

Nominal Tolerances, in Nominal Metric Declared ID
Diameter, in. T Diameter,” mm Minimum Maximum mm
8 +0.25 200 196 204 +1.5
10 +0.25 250 246 255 +1.5
12 +0.25 300 296 306 +1.8
14 +0.25 400 396 408 +2.4
15 +0.25 500 496 510 +3.0
16 +0.25 600 595 612 +3.6
18 +0.25 700 695 714 +4.2
20 +0.25 800 795 816 +4.2
2T T0.25 900 BI5 gT8 =7
24 +0.25 1000 995 1020 +5:0
27 +0.27 1200 1195 1220 +5.0
30 +0.30 1400 1395 1420 +5.0
33 +0.33 1600 1595 1620 +5.0
36 +0.36 1800 1795 1820 +5.0
39 +0.39 2000 1995 2020 +5.0
42 +0.42 (2200) 2195 2220 +6.0)
45 +0.45 2400 2395 2420 +6.0)
48 +0.48 (2600) 2595 2620 +6.0
51 +0.51 2800 2795 2820 +6.0
54 +0.54 (3000) 2995 8020, +6.0
60 +0.60 3200 3195 3220 +7.0
66 +0.66 (3400) 3395 8420 +7.0
72 +0.72 3600 3595 3620 +7.0)
78 +0.78 (3800) 3795 3820 +7.0
84 +0.84 4000 3995 4020 +7.0)
90 +0.90
96 +0.96
102 +1.00
108 +1.00
114 +1.00
120 +1.00
132 +1.00
144 +1.00
156 +1.00

A Inside diameters other than those shown shall be permitted by agreement betw&en purchaser and supplier.
B Valups are taken from International Standards Organization documents. Parentheses indicate non-preferred diameters.

87.5 % of the nominal wall thickness when mieasured in
dance with 8.1.3.

4 Squareness of Pipe Ends—All points around each end
pipe unit shall fall within =V4 in. (6.4.mm) or £0.5 % of
the jominal diameter of the pipe, whichever is greater, to a
plan¢ perpendicular to the longitudimdl-axis of the pipe, when
meagured in accordance with 8.1-4.

than
acco

6.]
of a

6.3 Chemical Requirements:
6.3.1 Sanitary Sewer Sérvice:
6.3.1.1 Long-Term—<Pipe specimens, when tested in accor-

dancp with 8.2.1 shall‘be capable of being deflected, without
failufe, at the 50\year strain level given in Table 4 when
expoped to 1.0r Msulfuric acid.

E 8—8ed, Appendix X1 for derivation of the minimum sanitary
sewel] pipé-chemical requirements given in Table 4.
Nare 9==The calculations in Table 4 and Appendix X1 assume that the

strain level shall fall at or above the lower 95 % cpnfidence
limit of the originally determined regression lirfe, b) no
specimen-failure times may be sooner than the lower 95 %
prediction limit of the originally determined regredsion line,
and c) one-third or more of the specimen failure timgs shall be
on or above the originally determined regression line.

Note 10—Determine the lower 95 % confidence limit angl the lower

95 % prediction limit in accordance with to Annex A2.

6.3.1.4 When the alternative method of 8.2.1.5
failure shall not occur in any specimen.

is used,

6.3.2 Industrial Service—The resin component of the liner
or of the surface layer, or both, shall be a commerfial-grade
corrosion-resistant thermoset that has either been evpluated in
a laminate by test, in accordance with 8.2.2, or thaf has been
determined by previous documented service to be gcceptable

neutr: n t
produce an altered neutral axis position, it is necessary to evaluate results
and establish requirements substituting 2y for 7. (y is the maximum
distance from the neutral axis to the pipe surface.)

6.3.1.2 Control Requirements—Test pipe specimens peri-
odically in accordance with 8.2.1.3, following the procedure of
8.2.1.4, or alternatively, the procedure of 8.2.1.5.

6.3.1.3 When the procedure of 8.2.1.4 is used, the following
three criteria shall be met: a) the average failure time at each

81

for the service conditions. Where service conditions have not
been evaluated, a suitable resin may also be selected by
agreement between the manufacturer and purchaser.

Note 11—The results obtained by this test shall serve as a guide only
in the selection of a pipe material for a specific service application. The
purchaser is cautioned to evaluate all of the various factors that may enter
into the serviceability of a pipe material when subjected to chemical
environment, including chemical resistance in the strained condition.
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Note 1—The external diameter of the pipe at the spigots shall be within the tolerances given in the table, and the manufacturer shall declare his
allowable maximum and minimum spigot diameters. Some pipes are manufactured such that the entire pipe meets the OD tolerances while other pipes

ASME NM.3.2-2020

TABLE 3 Nominal Outside Diameters (OD) and Tolerances

meet the tolerances at the spigots, in which case, if such pipes are cut (shortened) the ends may need to be calibrated to meet the tolerances.

Nominal Steel Pipe Tolerance, Cast Iron Pipe Tolerance,
Pipe Size, in. Equivalent (IPS) in. Equivalent in.
OD’s, in. 0D, in.
8 8.625 +0.086 9.05
-0.040 A
10 10.750 +0.108 11.10
PPN +0.06
LU0
12 12.750 +0.128 13.20
-0.056 b
14 14,000 +0.140 15.30
-0.062 -
16 16.000 +0.160 17.40
-0.070 1005
18 19.50 1 0,08
20 21.60
24 25.80 P
30 32.00 5
36 38.30
42 44.50 L +0.08
48 50.80 -0.06
54 57.56
60 61.61 <
Metric Ductile Iron Pipe Tolerance Upper, Tolerance Lower, International O.D., Tolerance Upper, Tolerance Lower,
Pipe Sigze, mm Equivalent, mm mm mm mm mm mm
200 220.0 +1.0 0.0
250 271.8 +1.0 -0.2 A A ..
300 323.8 +1.0 -0.3 310 +1.0 -1.0
350 375.7 +1.0 -0.3 361 +1.0 -1.2
400 426.6 +1.0 -0.3 412 +1.0 -1.4
450 477.6 +1.0 -0.4 463 +1.0 -1.6
500 529.5 +1.0 0.4 514 +1.0 -1.8
600 632.5 +1.0 -0.5 616 +1.0 -2.0
700 718 +1.0 -2.2
800 820 +1.0 -2.4
900 924 +1.0 -2.6
1000 1026 +2.0 -2.6
1200 1229 +2.0 -2.6
1400 1434 +2.0 -2.8
1600 1638 +2.0 -2.8
1800 1842 +2.0 -3.0
2000 2046 +2.0 -3.0
2290 2250 +2.0 -3.2
2490 2453 +2.0 -3.4
2690 2658 +2.0 -3.6
2800 2861 +2.0 -3.8
3000 3066 +2.0 -4.0
3200 3270 +2.0 -4.2
3490 3474 +2.0 -4.4
3690 3678 +2.0 -4.6
3800 3882 +2.0 -4.8
4000 4086 +2.0 -5.0
TABLE 4 Minimum Sanitary Sewer Pipe Chemical Requirements
L
Pipe Stiffness, Minimum Strain
psi (kPa) 6 min 10h 100 h 1000 10 000 50 years
9 (62) 0.97 (t/de) 0.84 (t/d) 0.78 (t/d) 0.73 (t/d) 0.68 (t/d) 0.60 (t/d)
18 (124) 0.85 (t/d) 0.72 (/d) 0.66 (t/d) 0.61 (t/d) 0.56 (t/d) 0.49 (t/d)
36 (248) 0.71 (¥d) 0.60 (t/d) 0.55 (t/d) 0.51 (t/d) 0.47 (t/d) 0.41 (t/d)
72 (496) 0.56 (t/d) 0.48 (t/d) 0.44 (t/d) 0.41 (t/d) 0.38 (t/d) 0.34 (t/d)

Where: tand d are the nominal total wall thickness and the mean diameter (inside diameter plus f) as determined in accordance with 8.1.
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6.4 Soundness—Unless otherwise agreed upon between pur-
chaser and supplier, test each length of pipe up to 96 in. (2400
mm) diameter hydrostatically without leakage or cracking, at
the internal hydrostatic proof pressures specified for the
applicable class in Table 5 when tested in accordance with 8.3.
For sizes over 96 in. (2400 mm), the frequency of hydrostatic
leak tests shall be as agreed upon by purchaser and supplier.

6.5 Hydrostatic Design Basis:

6.5.1 Long-Term Hydrostatic Pressure—The pressure
classes shall be bhased on long-term hydrostatic pressure data

obtafned in accordance with 8.4 and categorized in accordance
with| Table 6. Pressure classes are based on extrapolated
strenfgths at 50 years. For pipe subjected to longitudinal loads
or cifcumferential bending, the effect of these conditions on the
hydrpstatic design pressure classification of the pipe shall be

cons]dered.
6.3.2 Control Requirements—Test pipe specimens periodi-
callyl in accordance with the reconfirmation procedures de-

scribed in Practice D2992.

Ngre 12—Hydrostatic design basis (HDB—extrapolated value at 50

years) determined in accordance with Procedure A of Practice D2992, may
be sybstituted for the Procedure B evaluation required by 8.4. It is
generplly accepted that the Procedure A value multiplied by 3 is equivalent
to thg Procedure B value.

6.6 Stiffness—Each length of pipe shall have sufficient
strerfgth to exhibit the minimum pipe stiffness (F/4y) specified
in T4ble 7 when tested in accordance with 8.5.

PS=F/y (1)

whete:

PS ¥ pipe stiftness, psi (kPa)

F  F load, Ibs,/lineal-in. (N/mm)
Ay F pipe deflection, in. (mm)
At deflection level A per Table 8, there shall be ne ‘visible
damjge in the test specimen evidenced by surfacé\eracks. At
defldction level B per Table 8, there shall be nojindication of
strudtural damage as evidenced by interlaminar separation,
sepafation of the liner or surface layer (if incorporated) from the
strudtural wall, tensile failure of the glass=fiber reinforcement,
fracture, or buckling of the pipe wall:

N
qualif

e 13—This is a visual observation (jifade with the unaided eye) for
control purposes only, and,sheuld not be considered a simulated
servide test. Table 8 values are based on an in-use long-term deflection
limit pf 5 % and provide an appropriate uniform safety margin for all pipe
stiffngsses. Since the pipe-stiffness values (F/Ay) shown in Table 7 vary,
the percent deflection 6f~the pipe under a given set of installation
condifions will not (be) constant for all pipes. To avoid possible
misapfplication, take.¢dfe to analyze all conditions that might affect
perfofmance of ¢he installed pipe.

TABLE 5 Hydrostatic Pressure Test

Pressure Hydrostatic Proof Pressure
Class Pipe Diameters Pipe Diameters
Up 10 and >54 1n. up to and
including 54 in. including 96 in.
(psi) psi (kPa) psi (kPa)
C50 100 (689) 75 (517)
C100 200 (1379) 150 (1034)
C150 300 (2068) 225 (1551)
C200 400 (2757) 300 (2068)
C250 500 (3447) 375 (2585)
C300 600 (4136) 450 (3102)
C350 700 (4826) 525 (3619)
C400 800 (5515) 600 (4136)
C450 900 (6205) 675 (4654)

SD-3754

TABLE 6 Long-Term Hydrostatic Pressure Categories

Minimum Calculated Values of

Class Long-Term Hydrostatic
Pressure gage, psi (kPa)
C50 90 (621)
C100 180 (1241)
C150 270 (1862)
C200 360 (2482)
C250 450 (3103)
C300 540 (3722)
C350 630 (4343)
C400 720 (4963)
C450 810 (5584)
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TABLE 7 Minimum Stiffness at 5 % Deflection

Nominal Pipe Stiffness, psi (kPa)
D|ameter, Designation
in. A B C D
8 o < 36 (248) 72 (496)
10 o 18 (124) 36 (248) 72 (496)
12 and greater 9 (62) 18/124) 36 (248) 72 (496)

TABLE 8 Ring Deflection Without Damage or Structurdl Failure

Nominal Pipe Stiffness, psi

9 18 36 72
Level A 18 % 15% 12% 9%
LevehB 30 % 25 % 20 % 15 %
6.6.1 For other pipe stiffness levels, appropriate yalues for

Level A and Level B deflections (Table 8) may be compputed as
follows:

72 0.33
new PS) )

Level B at new PS = new Level A+0.6

Level A atnew PS = ( (2)

(3)

than 5 %
(Table 8)
nt in-use
g deflec-
Level B
bsult in a

6.6.2 Since products may have use limits of other
long-term deflection, Level A and Level B deflections
may be proportionally adjusted to maintain equivalg
safety margins. For example, a 4 % long-term limitif
tion would result in a 20 % reduction of Level A and
deflections, while a 6 % limiting deflection would r
20 % increase in Level A and Level B deflectiop values.
However, minimum values for Level A and Level B d¢flections
shall be equivalent to strains of 0.6 and 1.0 % respectively (as
computed by Eq X1.1 in Appendix X1).

6.6.3 For high stiffness pipes, 5% deflection will
above the use limit and the adjusted level A test defle
very high stiffness pipes, 5% deflection may also Y
than the adjusted level B test deflection. In such dases, the
pipes may be damaged or fail prior to determining| the pipe
stiffness at 5% deflection. Therefore, it is permitted to set the
pipe stiffness test deflection equal to the adjusted level A
deflection, but not greater than 5%. See Note 14 for additional
information and further clarification.

likely be
tion. For
e greater

Note 14—Depending upon the product modulus and allowable ring
bending strain, this will likely begin affecting pipes with stiffness between
200 and 400 psi. For example, a pipe with pipe stiffness of PS360 may
have a use limit of 4.3 %, an adjusted level A deflection of 4.5 % and an
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adjusted level B deflection of 7.5 %. Therefore, the new pipe stiffness test
deflection would be 4.5 %. Another possible product with pipe stiffness of
PS900 may have a use limit of 2.8 %, an adjusted level A deflection of
2.7% and an adjusted level B deflection of 4.5 %. Therefore, the new pipe
stiffness test deflection would be 2.7 %.

6.7 Hoop-Tensile Strength—All pipe manufactured under
this specification shall meet or exceed the hoop-tensile strength
shown for each size and class in Table 9 and Table 10, when
tested in accordance with 8.6.

6.7.1 Alternative Requirements—When agreed upon by the
purchaser and the supplier. the minimum hoop tensile strength

ASME NM.3.2-2020

6.9.1 Beam Strength—For pipe sizes up to 27 in. (686 mm),
the pipe shall withstand, without failure, the beam loads
specified in Table 11, when tested in accordance with 8.7.1. For
pipe sizes larger than 27 in., and alternatively for smaller sizes,
adequate beam strength is demonstrated by tensile and com-
pression tests conducted in accordance with 8.7.2 and 8.7.3
respectively, for pipe wall specimens oriented in the longitu-
dinal direction, using the minimum tensile and compression
strengths specified in Table 11.

6.9.2 Longitudinal Tensile Strength—All pipe manufactured

shall be as determined in accordance with 8.6.1.

6.8 Jo
performa
strained j
and restr.
condition
requirem|
Rigid join
bell-and-
bell-and-{

6.9 Lo

it Tightness—All joints shall meet the laboratory
ice requirements of Specification D4161. Unre-
ints shall be tested with a fixed end closure condition
ined joints shall be tested with a free end closure
Rigid joints shall be exempt from angular deflection
ents of Specification D4161 (ASME SD-4161).
ts typically include butt joints with laminated overlay,
spigot joints with laminated overlay, flanged,
pigot adhesive bonded and threaded.

hgitudinal Strength:

Note 1—+4The values in this table are equal to 2PD, where P is the pressure class in psisahd D is the nominal diameter in inches.

TABLE 9 Minimum Hoop Tensile Strength of Pipe Wall

TTTder s Specificaton sttt trave a T axiat nsile
elongation at failure of 0.25% and meet or exceed the lpngi-
tudinal tensile strength shown for each size and class'in Table
12 and Table 13, when tested in accordance with 8.7.2.

ia for
bf the
some

Note 15—The values listed in Table 12 are theyminimum crite
products made to this standard. The values may,_not'be indicative
axial strength of some products, or of the axidlstrength required byj
installation conditions and joint configurations.

6.9.3 Conformance to the requiz€ments of 6.9.1 shall s:
the requirements of 6.9.2 for those'pipe sizes and classes
the minimum longitudinal.tensile strength values of Tab
are equal to the values of Table 12. Conformance t

tisfy
here
e 11

the

Inch-Pound Units

Hoop Tensile Strength)bf/in. Width

Nomina|
R Pressute\Class
Diametsd]
(in.) C50 C100 C150 C200 C250 C300 €350 C400 C45
(psi) (psi) (psi) (psi) (psi) (psi) (psi) (psi) (psi

8 800 1600 2400 3200 4000 4800 5600 6400 7200
10 1000 2000 3000 4000 5000 6000 7000 8000 900
12 1200 2400 3600 4800 6000 7200 8400 9600 10 800
14 1400 2800 4200 5600 7000 8400 9800 11 200 12 600
15 1500 3000 4500 6000 7500 9000 10 500 12 000 13 500
16 1600 3200 4800 6400 8000 9600 11 200 12 800 14 400
18 1800 3600 5400 7200 9000 10 800 12 600 14 400 16 200
20 2000 4000 6000 8000 10 000 12 000 14 000 16 000 18 000
21 2100 4200 6300 8400 10 500 12 600 14 700 16 800 18 900
24 2400 4800 7200 9600 12 000 14 400 16 800 19 200 21 600
27 2700 5400 8100 10 800 13 500 16 200 18 900 21 600 24 300
30 3000 6000 9000 12 000 15 000 18 000 21 000 24 000 27 0P0
33 3300 6600 9900 13 200 16 500 19 800 23100 26 400 29 700
36 3600 7200 10 800 14 400 18 000 21 600 25 200 28 800 32 400
39 3900 7800 11 700 15 600 19 500 23 400 27 300 31200 35100
42 4200 8400 12 600 16 800 21 000 25 200 29 400 33600 37 800
45 4500 9000 13 500 18 000 22 500 27 000 31500 36 000 40 500
48 4800 9600 14 400 19 200 24 000 28 800 33 600 38 400 43 200
51 5100 10 200 15 300 20 400 25 500 30 600 35 700 40 800 45 900
54 5400 10 800 16 200 21 600 27 000 32 400 37 800 43200 48 600
60 6000 12 000 18 000 24 000 30 000 36 000 42 000 48 000 54 0P0
66 6600 13 200 19 800 26 400 33 000 39 600 46 200 52 800 59 400
72 7200 14 400 21 600 28 800 36 000 43200 50 400 57 600 64 800
78 7800 15 600 23 400 31 200 39 000 46 800 54 600 62 400 70 200
84 8400 16 800 25 200 33 600 42000 50 400 58 800 67 200 75 600
90 9000 18 000 27 000 36 000 45 000 54 000 63 000 72 000 81000
96 9600 19 200 28 800 38 400 48 000 57 600 67 200 76 800 86 400
102 10 200 20 400 30 600 40 800 51 000 61200 71 400 81600 91 800
108 10 800 21 600 32 400 43200 54 000 64 800 75 600 86 400 97 200
114 11 400 22 800 34 200 45 600 57 000 68 400 79 800 91 200 10 2600
120 12 000 24 000 36 000 48 000 60 000 72 000 84 000 96 000 108 000
132 13 200 26 400 39 600 52 800 66 000 79 200 92 400 105 600 118 800
144 14 400 28 800 43 200 57 600 72 000 86 400 100 800 115 200 129 600
156 15 600 31200 46 800 62 400 78 000 93 600 109 200 124 800 140 400

84
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TABLE 10 Minimum Hoop Tensile Strength of Pipe Wall

Sl Units

Hoop Tensile Strength N/mm Width

Pg’;ssfe C50 C100 C150 200 250 €300 C350 C400 450
;Z:e"ti'r 345 689 1034 1379 1724 2069 2414 2759 3103
(mm) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa)
200 138 276 414 552 690 828 966 1104 1241
250 173 345 517 690 862 1035 1207 1380 1552
300 207 413 620 827 1034 1241 1448 1655 1862
350 242 482 724 965 1207 1448 1690 1931 2172
375 259 517 776 1034 1293 1552 1811 2069 2327
400 276 551 827 1103 1379 1655 1931 2207 2482
450 31 620 931 1241 1552 1862 2173 2483 2793
500 345 689 1034 1379 1724 2069 2414 2759 3103
550 380 758 1137 1517 1896 2276 2655 3035 3413
600 414 827 1241 1655 2069 2483 2897 3311 3724
700 483 965 1448 1931 2414 2897 3380 3863 4344
750 518 1034 1551 2069 2586 3104 3621 4139 4655
850 587 171 1758 2344 2931 3517 4104 4690 5275
900 621 1240 1861 2482 3103 3724 4345 4966 5585
1000 690 1378 2068 2758 3448 4138 4328 5518 6206
1100 759 1516 2275 3034 3793 4552 5311 6070 6827
1150 794 1585 2378 3172 3965 4759 5552 6346 7137
1200 828 1654 2482 3310 4138 4966 5794 6622 7447
1300 897 1791 2688 3585 4482 5379 6276 7173 8068
1400 966 1929 2895 3861 4827 5793 6759 7725 8688
1500 1035 2067 3102 4137 5172 6207 7242 8277 9309
1700 1173 2343 3516 4689 5862 7035 8208 9381 10 550
1800 1242 2480 3722 4964 6206 7448 8690 9932 11171
D000 1380 2756 4136 5516 6896 8276 9656 11036 12412
P200 1518 3032 4550 6068 7586 9104 10 622 12 140 13 653
D300 1587 3169 4756 6343 7930 9517 11104 12 691 14274
D400 1656 3307 4963 6619 8275 9931 11 587 13243 14 894
D600 1794 3583 5377 7171 8965 10 759 12553 14 347 16 136
D800 1932 3858 5790 7722 9654 11586 13518 15 450 17 377
P900 2001 3996 5997 7998 9999 12 000 14001 16 002 17 997
B000 2070 4134 6204 8274 10 344 12414 14 484 16 554 18618
3400 2346 4685 7031 9377, 11723 14 069 16 415 18 761 21100
B600 2484 4961 7445 9929 12413 14 897 17 381 19 865 22 342
1000 2760 5512 8272 11 032 13792 16 552 19312 22072 24 824
requirements of 6.9.2 shall satisfy the longitudinal tensile basis of acceptance for this test as agreed upop by the
strenjeth requirements of 6.9.1. purchaser and the supplier.
7S . 7.3.3 Long-term hydrostatic pressure test.
. Samplin L
pling ) 7.3.4 Joint-tightness test, see 6.8.
7. Lot—Upless otherwise agree_d upon by the purchaser 7.3.5 Longitudinal strength test, including:
and the supplier, one lot shall gonsist of 100 lengths of each 7351 B ) th. and
type grade, and size of pipe)produced. 2.1 beam streng(h, an
. . 7.3.5.2 Longitudinal tensile strength.
7.2 Production Tests—<Select one pipe at random from each £ J
lot ahd take one specimen from the pipe barrel to determine 7.4 Control Tests—The following tests are considered con-
confprmance of the'material to the workmanship, dimensional, trol requirements and shall be performed as agrged upon
and dtrength réquirements of 6.1, 6.2, 6.6, and 6.7 respectively. between the purchaser and the supplier.
Unless otherwise agrged upon between purchaser and supplier, 7.4.1 Soundness Test—102 in. (2600 mm) diametef pipe and
all pipes(up to 54 in. diameter) shall meet the soundness larger.
requjreiénts of 6.4. . . .
q 7.4.2 Perform sampling and testing for the contrd] require-

7.3 Qualification Tests—Sampling for qualification tests is
not required unless otherwise agreed upon by the purchaser and
the supplier. Qualification tests, for which a certification and
test report shall be furnished when requested by the purchaser,
include the following:

7.3.1 Sanitary sewer service, long-term chemical test.

7.3.2 Industrial service resin component chemical test. A
copy of the resin manufacturer’s test report may be used as the

85

ments for sanitary sewer service at least once annually.

7.4.3 Perform sampling and testing for the control require-
ments for hydrostatic design basis at least once every two
years.

7.5 For individual orders, conduct only those additional
tests and number of tests specifically agreed upon between
purchaser and supplier.
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TABLE 11 Beam Strength Test Loads

Nominal

Minimum Longitudinal Tensile Strength,

Minimum Longitudinal Compressive Strength,

Diameter, Beam Load, P, per Unit of Circumference per Unit of Circumference
in. Ibf (kN) Ibf/in. (kN/m) Ibf/in. (kN/m)
8 800 (3.6) 580 (102) 580 (102)
10 1200 (5.3) 580 (102) 580 (102)
12 1600 (7.1) 580 (102) 580 (102)
14 2200 (9.8) 580 (102) 580 (102)
15 2600 (11.6) 580 (102) 580 (102)
16 3000 (18.3) 580 (102) 580 (102)
18 4000 (17.8) 580 (102) 580 (102)
20 4400 (19.6) 580 (102) 580 (102)
2 5666 AR 586 {52 586 62
24 6400 (28.5) 580 (102) 580 (102)
21 8000 (35.6) 580 (102) 580 (102)
3 .. .. 580 (102) 580 (102)
3 640 (111) 640 (111)
3 700 (122) 700 (122)
3 780 (137) 780 (137)
4. 800 (140) 800 (140)
4 860 (150) 860 (150)
4 920 (161) 920 (161)
5 980 (171) 980 (171)
54 1040 (182) 1040 (182)
6 1140 (200) 1140 (200)
6 1260 (220) 1260 (220)
7 1360 (238) 1360 (238)
7 1480 (260) 1480 (260)
84 1600 (280) 1600 (280)
9 1720 (301) 1720 (301)
9 1840 (322) 1840 (322)
10 1940 (340) 1940 (340)
10 2060 (860) 2060 (360)
1 2180 (382) 2180 (382)
12 2280 (400) 2280 (400)
13 2520 (440) 2520 (440)
144 2740 (480) 2740 (480)
15 2964 (519) 2964 (519)

8. Test Mlethods

8.1 Di
8.1.1 I
8.1.1.1
ments at §
the pipe s|
graduatio
measuren|
readings.
8.1.1.2
Test Met}
8.1.2 I
graduatio
or inside
pipe.
8.1.3 Wall Thickiiess—Determine in accordance with Test
Method Ip3567:
8.1.4 Squareness of Pipe Ends—Rotate the pipe on a man-

nensions:

iameters:

Inside Diameter—Take inside diameteér measure-
point approximately 6 in. (152 mm) from the end of
bction using a steel tape or an insidésmicrometer with
hs of V16 in. (1 mm) or less. Take_two 90° opposing
ents at each point of measurement and average the

Outside Diameter—Determine in accordance with
od D3567.

ength—Measure ~vith a steel tape or gage having
hs of Vie in. (rmim) or less. Lay the tape or gage on
he pipe and niedsure the overall laying length of the

8.2.1 Sanitary-Sewer Service—Test the pipe in accordance
with Test Method D3681.
8.2.1.1 Long-Term—To find if the pipe meets the require-

ments of 6.3.1, determine at least 18 failure points in afcor-
dance with Test Method D3681.

8.2.1.2 Alternative Qualification Procedure—Test
specimens each at the 10 and 10 000 h minimum strains
in Table 4 and test five specimens each at the 100 and 100 h
minimum strains given in Table 4. Consider the pr¢duct
qualified if all 18 specimens are tested without failure for at
least the prescribed times given in Table 4 (that is, 10,|100,
1000 or 10 000 h respectively).

8.2.1.3 Control Requirements—Test at least six speci
in accordance with one of the following procedures and rq
the results.

8.2.1.4 Test at least 3 specimens at each of the strain Ipvels
corresponding to the 100- and 1000-h failure times frorh the
product’s regression line established in 8.2.1.

four
riven

mens
cord

drel or trunions and measure the runout of the ends with a dial
indicator. The total indicated reading is equal to twice the
distance from a plane perpendicular to the longitudinal axis of
the pipe. Alternatively, when the squareness of the pipe ends is
rigidly fixed by tooling, the tooling may be verified and
reinspected at intervals frequent enough to assure that the
squareness of the pipe ends is maintained within tolerance.

8.2 Chemical Tests:
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8.2.1.5 When the alternative method described in 8.2.1.2 is
used to qualify the product, test at least three specimens each
at the 100 and 1000 h minimum strains given in Table 4 for at
least 100 and 1000 h respectively.

8.2.1.6 The control test procedures of 8.2.1.5 may be used
as an alternative procedure to the reconfirmation procedure
described in Test Method D3681 for those products evaluated
by the alternative qualification procedure described in 8.2.1.2.
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TABLE 12 Longitudinal Tensile Strength of Pipe Wall

Inch-Pound Units

Longitudinal Tensile Strength Ibf/in. of Circumference

Nom|na| Pressure Class
Diameter
(in.) C50 C100 C150 €200 €250 €300 €350 €400 C450
(psi) (psi) (psi) (psi) (psi) (psi) (psi) (psi) (psi)
8 580 580 580 580 580 624 700 800 900
10 580 580 580 580 650 780 875 1000 1125
12 580 580 580 624 780 936 1050 1200 1350
14 580 580 609 728 910 1092 1225 1400 1575
15 580 580 653 780 975 1170 1313 1500 1688
16 580 580 696 832 1040 1248 1400 1600 1800
18 580 580 783 936 1170 1404 1575 1800 2025
20 580 580 870 1040 1300 1560 1750 2000 2250
21 580 609 914 1092 1365 1638 1838 2100 2363
24 580 696 1044 1248 1560 1800 2100 2400 2700
27 580 783 1175 1404 1688 2025 2363 2700 3038
30 580 870 1305 1560 1875 2250 2625 3000 3375
33 627 957 1436 1716 2063 2475 2888 3300 3713
36 684 1044 1566 1800 2250 2700 3150 3600 4050
39 741 1131 1697 1872 2340 2808 3276 3744 4212
42 798 1218 1827 2016 2520 3024 3528 4032 4536
45 855 1305 1958 2160 2700 3240 3780 4320 4860
48 912 1392 2088 2304 2880 3456 4082 4608 5184
51 969 1479 2219 2448 3060 3672 4284 4896 5508
54 1026 1566 2349 2592 3240 3726 4347 4968 5589
60 1140 1740 2520 2880 3600 4140 4830 5520 6210
66 1254 1914 2673 3036 3795 4554 5313 5808 6534
72 1368 2088 2916 3312 4140 4968 5796 6336 7128
78 1482 2106 3159 3432 4290 5148 6006 6864 7722
84 1596 2268 3402 3696 4620 5292 6174 7056 7938
9 1710 2430 3645 3960 4950 5670 6615 7380 8303
9% 1824 2592 3888 4224 5280, 6048 7056 7680 8640
102 1938 2754 4131 4488 5610 6426 7497 8160 9180
108 2052 2916 4374 4752 5940 6804 7938 8640 9720
114 2166 3078 4617 5016 6270 7182 8379 9120 10 260
120 2280 3240 4860 5280 6600 7560 8820 9600 10 800
132 2508 3564 5346 5808 7260 8316 9702 10 560 11880
144 2736 3888 5832 6336 7920 9072 10 584 11520 12 960
156 2964 4212 6318 6864 8580 9828 11 466 12 480 14 040
8.2.2 Industrial Service—The resin component Of-the liner 8.4.2 Determine the hydrostatic design basis for the glass-
or offthe surface layer, or both, to be subjected to\an-aggressive fiber reinforcement in accordance with the method {n Annex
servife environment, shall be tested in accordance with Test Al.
Metlod C581, except that the specimens -tested shall be 8.4.3 Calculate the long-term hydrostatic pressure| and cat-
reprgsentative of the laminate construction*used in the liner or egorize by class in accordance with Table 6. Angex Al.6
surface layer, or both. explains how to calculate the long-term hydrostatic pressure.
8.3 Soundness—Determine squndness by a hydrostatic 8.5 Stiffness—Determine the pipe stiffness [per eq. {1)] at 5%
proof test procedure. Place the\pipe in a hydrostatic pressure  gefiection or the adjusted level determined in accorddnce
testiilg machine that seals the'€nds and exerts no end loads. Fill with 6.6.3 for the specimen, using the apparatus and frocedure
the pipe with water, expellinig all air, and apply internal water  jf Test Method D24 12, with the following exceptions
presdqure at a uniform4ate'not to exceed 50 psi (345 kPa)/s until permitted:
the tpst pressure shown in Table 5 for t}.le. applicable class is 8.5.1 Measure the wall thickness to the nearest| 0.01 in.
reacljed. Maintditrthis pressure for a minimum of 30 s. The (0.25 mm)
ipe phall shew(no visual signs of weeping, leakage, or fracture ) ’
gfp b strudioral wall. & PIng, £ 8.5.2 Load the specimen to 5 % deflection or th¢ adjusted
] ) level determined in accordance with 6.6.3 and record the load.
8.4 kong-Term Hydrostatic Pressure—Determine the long-  Then Joad the specimen to deflection level A per Tabjle 8 or to

term Nydrostatic_pressure at oU years ill_accordance with
Procedure B of Practice D2992, with the following exceptions
permitted:

8.4.1 Test at ambient temperatures within the limits of 50°F
(10°C) and 110°F (43.5°C) and report the temperature range
experienced during the tests.

Note 16—Tests indicate no significant effects on long-term hydrostatic
pressure within the ambient temperature range specified.
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the adjusted level A determined in accordance with 6.6.1 and
6.6.2 and examine the specimen for visible damage evidenced
by surface cracks. Then load the specimen to deflection level B
per Table 8 or to the adjusted level B determined in accordance
with 6.6.1 and 6.6.2 and examine for evidence of structural
damage, as evidenced by interlaminar separation, separation of
the liner or surface layer (if incorporated) from the structural
wall, tensile failure of the glass-fiber reinforcement, fracture,
or buckling of the pipe wall. Calculate the pipe stiffness at 5 %
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TABLE 13 Longitudinal Tensile Strength of Pipe Wall

Sl Units

Longitudinal Tensile Strength N/mm of Circumference

Prglsassusre C50 c100 C150 €200 C250 €300 €350 C400 C450
;Z:;Z'r 345 689 1034 1379 1724 2069 2414 2759 3103
(mm) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa)
200 102 102 102 102 102 109 123 140 158
250 102 102 102 102 114 137 153 175 197
300 102 102 102 109 137 164 184 210 236
35 102 102 107 127 159 191 215 245 276
374 102 102 114 137 171 205 230 263 29
404 102 102 122 146 182 219 245 280 33
45( 102 102 137 164 205 246 276 315 35
504 102 102 152 182 228 273 306 350 394
55( 102 107 160 191 239 287 322 368 414
60( 102 122 183 219 273 315 368 420 47
70( 102 137 206 246 296 355 414 a3 53p
75( 102 152 229 273 328 394 460 525 59
85( 110 168 251 301 361 433 506 578 65
904 120 183 274 315 394 473 552 630 709
100p 130 198 297 328 410 492 574, 656 73
110 140 213 320 353 441 530 618 706 794
115 150 229 343 378 473 567 662 757 85
120p 160 244 366 403 504 605 706 807 908
130) 170 259 388 429 536 643 750 857 96
140p 180 274 411 454 567 652 761 870 979
150p 200 305 441 504 630 725 846 967 108}
170) 220 335 468 532 665 797 930 1017 1144
180p 240 366 511 580 725 870 1015 1110 124
200p 260 369 553 601 751 902 1052 1202 135§
220p 279 397 596 647 809 927 1081 1236 139
230p 299 426 638 693 867 993 1158 1292 1454
240p 319 454 681 740 925 1059 1236 1345 151
260p 339 482 723 786 982 1125 1313 1429 160
280p 359 511 766 832 1040 1192 1390 1513 170
290p 379 539 809 878 1098 1258 1467 1597 1797
300p 399 567 851 925 1156 1324 1545 1681 189
340p 439 624 936 1017 1271 1456 1699 1849 208
360p 479 681 1021 1110 1387 1589 1853 2017 227
400p 519 738 1106 1202 1503 1721 2008 2185 2459
deflection or at the adjusted test deflection level determined in determine the specimen width as close to the break as posgible.
accordande with 6.6.3. Use the measured width and failure load to calculat¢ the
8.5.3 Hor production testing, only one/Specimen need be hoop-tensile strength.
tested to fletermine the pipe stiffness. ) 8.6.1 Alternative Minimum Hoop-Tensile Strdngth
8.5.4 The maximum specimen lemgth™may be 12 in. 305 poguirement—As an alternative, the minimum hoop-tdnsile
mm), or the !ength necessary to ipclpde stiffening ribs if they strength values may be determined through the use of the
are used, [whichever is greater. following formula:
Note 17—As an alternative~to.determining pipe stiffness using the F=(s/5,)(P) (4)
apparatus apnd procedure of TestMethod D2412, the supplier may submit T
to the purchaser for approyal a test method and test evaluation based on where:
Test Methdd D790 accdunting for the substitution of curved test speci- . .. . .
mens and njeasurement/of stiffness at 5 % deflection or at the adjusted test Fo= ?e?l‘!lfed mnlmum hoop—Fensﬂe streng?h, Ibt/in. (KNYM),
deflection Ievel determiined in accordance with 6.6.3. gi = ;ll’lltlal desllgn hoop tenSI(lie stress, psl (kPa), i (ko)
. . . = hoop tensile stress at rated operating pressure, psi (kPa),
8.6 Hqop-Iensile Strength—Determine hoop tensile ;o . .
strength hy Test Method D2290 excent that the sections on P ratf?(.l ope‘rgtlngrpr_essu_re class, pst (kPa), and
x r IISIAC TadIus O6 PIPC, 1T (IHHIT).

apparatus and test specimens may be modified to suit the size
of the specimens to be tested, and the maximum load rate may
not exceed 0.10 in./min (2.54 mm/min). Alternatively, Test
Method D638 may be employed. Specimen width may be
increased for pipe wall thickness greater than 0.55 in (13.97
mm). Means may be provided to minimize the bending
moment imposed during the test. Three specimens shall be cut
from the test sample. Record the load to fail each specimen and
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The value for S; should be established by considering the
variations in glass reinforcement strength and manufacturing
methods, but in any case, should not be less than the 95 %
lower confidence value on stress at 0.1 h, as determined by the
manufacturer’s testing carried out in accordance with 6.5. The
value for S, should be established from the manufacturer’s
hydrostatic design basis.
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Note 18—A value of F less than 4 Pr results in a lower factor of safety
on short term loading than required by the values in Table 9.

8.7 Longitudinal Strength:

8.7.1 Beam Strength—Place a 20-ft (6.1-m) nominal length
of pipe on saddles at each end. Hold the ends of the pipe round
during the test. Apply the beam load for the diameter of pipe
shown in Table 11 simultaneously to the pipe through two
saddles located at the third points of the pipe (see Fig. 2).
Maintain the loads for not less than 10 min with no evidence of
failure. The testing apparatus shall be designed to minimize

SD-3754

in letters not less than %2 in. (12 mm) in height and of bold-type
style in a color and type that remains legible under normal
handling and installation procedures. Include in the marking
the nominal pipe size, manufacturer’s name or trademark,
ASTM Specification number D3754, type, liner, grade, class,
and stiffness in accordance with the designation code in 4.2.

9.2 Prepare pipe for commercial shipment in such a way as
to ensure acceptance by common or other carriers.

9.3 All packing, packaging, and marking provisions of

Stres§ COTICTIMIAtioNs at U 10ading POITTS. Practice D3892 shall v to thi ficati
8.1.2 Longitudinal Tensile Strength—Determine in accor- ractice shiall apply fo this spechication.
dancg with Test Method D638 or D3039 except the provisions . .
. . 10. Certification
for nhaximum thickness shall not apply.
8.1.3 Longitudinal Compressive Strength—Determine in ac- 10.1 See Annex A3 for certification‘ requirements.
cordgdnce with Test Method D695.
11. Keywords
9. Packaging, Marking, and Shippin . . . . .
ging, & ) pping ] 11.1 fiberglass pipe; sewer pipe; industrial pipe| pressure
9.] Mark each 1§ngth of pipe Fhat meets or is part of alot  pine: strain corrosion; hydrdsatic design basis; pipd stiffness
that meets the requirements of this specification at least once,
ANNEXES
(Mandatory Information)
Al. ALTERNATIVE HYDROSTATIC' DESIGN METHOD
A1.1 The following symbols are used: circumferential (hoop) orientation that will cause faflure after
S = tensile stress in the glass-fiber reinforcement in 50 years of continuously applied pressure, as describped in 8.4
the Hoop orientation corrected for the helix angle, psi (kN/M),  and Practice D2992, Procedure B. Strength requirenents are
P| = internal pressure, psig (kPa), calculated using the strength of hoop-oriented glass feinforce-
P, = long-term hydrostatic pressure, psig (kPa); ments only, corrected for the helix angle of the fibefs.
D = nominal inside pipe diameter, in. (mim),
t, = actual cross-sectional area of gla_ss_ﬁber rein- Al3 HOOp-StV@SS Calculation, derived from the| ISO for-
forcgment applied around the circumference of the pipe, mula for hoop stress, is as follows:
2 2
in."/ip. (mm/mm), : . S = PD/2(1,s5in0) (ALD)
0 = plane angle between hoop-odriented reinforcement . . . .
and longitudinal axis of the pipe (Kelix angle), and This .stress is used as thc? ordinate (long-term st ength) in
HDbB = hydrostatic design basis, psi (kPa). calculating thf: regression line and lower confidencp limit in
accordance with Practice D2992, Annexes Al and A3.
A2 The hydrostatic<design is based on the estimated Norte Al.1—The calculated result for S may be multiplied by the factor
tensije stress of reinforeement in the wall of the pipe in the 6.985 to convert from psi to kPa.
Load (P/2) Load (P/2) .
6" (152 mm) wide x 120° full
radius saddle with %" (6 mm)
stiff rubber pad (typical)

-

%,ﬁ_ Saddle |

L/3

| Saddle ——=

|
| L/3

-
[ L/3 |

FIG. 2 Beam Strength-Test Setup
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TABLE A1.1 Long-Term Hydrostatic Pressure Categories Note A1.2—The calculated result P, may be multiplied by the factor
Minimum Calculated Values of 6.895 to convert from psig to kPa.
Class Long-Term Hydrostatic . .
Pressure gage, psi (kPa) Al1.6 Pressure Class Rating—The classes shown in Table
C50 90 (621) Al.1 are based on the intended working pressure in psig for
C100 180 (1241) commonly encountered conditions of water service. The pur-
g;gg gég E;igg chaser should determine the class of pipe most suitable to the
C250 450 (3103) installation and operating conditions that will exist on the
€300 540 (3722) project on which the pipe is to be used by multiplying the
gigg 328 Eiggg; values of P, from Table Al.1 by a service (design) factor
C450 810 (5584) selected for the application on the basis of two general groups
of conditions. The first group considers the manufacturing and
testing variables, specifically normal variations in thé material,
Al.4 Hydrostatic Design Basis—The value of S is deter- manufacture, dimensions, good handling techniques, and in the
mined by| extrapolation of the regression line to 50 years in  evaluation procedures in this method. They second group
accordande with Practice D2992. considers the application or use, specifically installgtion,
) ) ) ) environment, temperature, hazard involyed; life expecfancy
Al.5 Hydrostatic Deszgn Basic Catfzgorzes—Co.nverF the desired, and the degree of reliability séleeted.
value of the HDB to internal hydrostatic pressure in psig as Norte A1.3—It is not the intent of this,standard to give service (dfsign)
follows: factors. The service (design) factor ;shduld be selected by the design
] engineer after evaluating fully the serviee conditions and the engingering
P, =2 (1,sind) (HDB)/D (A1.2) properties of the specific pipe (matérial under consideration. R¢com-
The pipe is categorized in accordance with Table Al.1. mended service (design) factors\will not be developed or issued by AISTM.
A2. CALCULATIONS OF LOWER CONFIDENCE (LCL) AND LOWER PREDICTION (LPL) LIMITS
: 1,787 1
hycp = (a + bfo) — 1 T+ i (A2.1)
o —F)? 1
hyp = (a+bf,) —ts Tl (A2.2)
where fll symbols are as defined in Annexes Al andvA3 of Note A2.1—Of the expected failures at stress (strain) f, 97.5 % will
Practice 1D2992 except: occur after h; ;. The average failure time at stress (strain) f , will foccur
later than /., 97.5 % of the time.
f, = logof stress (strain) level of interest
A3. CERTIFICATION

A3.1f When agreed-upon in writing between the purchaser and the seller, a certification shall be made on the basis pf
acceptgnce of material.

A3.2 Certificatioh shall consist of a copy of the manufacturer’s test report or a statement by the seller (accompanied by|a
copy of thetest results) that the material has been sampled, tested, and inspected in accordance with the provisions of tlhe
specifi¢ation.

A3.3 Each certification so furnished shall be signed by an authorized agent of the seller or manufacturer.

A3.4 When original identity cannot be established, certification can only be based on the sampling procedure provided by

the applicable specification.
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APPENDIXES

(Nonmandatory Information)

X1. STRAIN CORROSION PERFORMANCE REQUIREMENTS

X1.1 From Molin and Leonhardt, the expression for bend-
ing strain is given as: e,=D,(1/d) (3v/d) . With the common
acceptance that these pipes must be capable of withstanding

5%

deflection long-term, the maximum installed bending

X1.2 The shape factor, Dy, is dependent on both the pipe
stiffness and the installation (for example, backfill material,
backfill density, compaction method, haunching, trench
configuration, native-soil characteristics and vertical loading).

strai

of 1
lated

Nd
term
adjus|
a 50
woul

X

X
perf
follo

X
chas
engi
relat
pipe
man

I lllay ‘L’C CAPlCDDCd daS.
g,max = (0.05) (D)) (1/d) (X1.1)

cing the AWWA C-950 long-term bending factor of safety
50, the minimum strain corrosion performance extrapo-
to 50 years must be:

E, = (0.075) (D)) (t/d) (X1.2)

Minimum Egcy

pbe Stiffness (psi) Dy Performance
9 8.0 0.60 (¢/d)
18 6.5 0.49 (t/d)
36 5.5 0.41 (t/d)
72 4.5 0.34 (t/d)
T X1.1—Products may have used limits of other than 5 % long-

Heflection. In such cases, the requirements should be proportionally

ed. For example, a 4 % long-term limiting deflection would result in
ear requirement of 80 % of Table 4, while a 6 % limiting deflection
yield a requirement of 120 % of Table 4.

.3 Alternative Strain Corrosion Test Requirements:

3.1 At 0.1 h (6 min), the required strain_corrosion
rmance is based on the level B deflections from Fable 6 as
WS:

.1 This specification is a inatérial performance and pur-
e specification only and does not include requirements for
heering design, pressure/surges, bedding, backfill, or the
onship between garth cover load, and the strength of the
However, experience has shown that successful perfor-
e of this produet' depends upon the proper type of bedding

X2. INSTALLATION

X3. RECOMMENDED METHODS OF DETERMINING GLASS CONTENT

ASSUMING _conservatvely, instaiiatons achieved by tamped
compaction with inconsistent haunching that will limit long-
term deflections to 5 %, the following values(of ‘D, have been
selected to be realistic, representative and limiting. Sybstituting
these values in the above equation, foy Egcy )ields the
minimum required strain corrosion performances giyen below
and in Table 4.

! 94
S[es[sz{m} {m] (X1.3)

or

1 2
gtest = Df(l‘/d) (8 V/d) (m) (X1.4)

Df for'parallel plate loading is 4.28. Making fthe other
substitutions yield:

Pipe Stiffness (psi) Level B dv /d (%) Minimunp Test
9 30 0.97 (pa)
18 25 0.85 (/d)
36 20 0.71 (pa)
72 15 0.56 (/)

X1.3.2 The minimum strain values at 10, 100, 1000, and
10000 h given in Table 4 are defined by a strdight line
connecting the points at 6 min and 50 years on a log-log plot.

and backfill, pipe characteristics, and care in the field construc-
tion work. The purchaser of the fiberglass presjure pipe
specified herein is cautioned that he must properly coffrelate the
field requirements with the pipe requirements and provide
adequate inspection at the job site.

X3.1 Determine glass content as follows:

X3.1.1 By ignition loss analysis in accordance with Test
Method D2584 or ISO 1172.
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X3.1.2 As a process control, by weight of the glass fiber
reinforcement applied by machine into the pipe structure.
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SPECIFICATION FOR MACHINE MADE "FIBERGLASS"
(GLASS-FIBER REINFORCED THERMOSETTING RESIN)
FLANGES

@Z@ SD-4024

(Identical with ASTM D4024-15 except for revisions to paras. 2.2, 8.1.1, and 11.1.1, and Note 4; addition of section 13,
Annex Al; and editorial changes.)
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Specification for

Machine Made “Fiberglass” (Glass-Fiber-Reinforced
Thermosetting Resin) Flanges

o]

ReferencedDeocuments
R

1. Scope

1.1 Th
flanges o
quiremen

s specification covers reinforced-thermosetting resin
her than contact-molded flanges. Included are re-
s for materials, workmanship, performance, and

dimensions.

1.2 Fl4
fitting, m
a pipe or
either a n

1.3 Th
as the st
informati
ment are
omitted.

1.4 Th
test meth
standard
if any, as.
of this st
environm
regulator)

Note 1
and referen
NotE 2

nges may be produced integrally with a pipe or
y be produced with a socket for adhesive bonding to
itting, or may be of the type used in conjunction with
hetallic or nonmetallic backup ring.

b values stated in inch-pound units are to be regarded
andard. The values in parentheses are given for
n only. In cases where materials, products, or equip-
available only in SI units, inch-pound units are

b following precautionary caveat pertains only to the
bds portion, Section 10, of this specification: This
Hoes not purport to address all of the safety concerns,
ciated with its use. It is the responsibility of the user
ndard to establish appropriate safety, health, and
ntal practices and determine the applicability of
limitations prior to use.

-Contact molded flanges are covered in Specification D542+
Ced in Specification D5685.
FThere is no known ISO equivalent to this standarch

=

2.1 ASTM Standards:
D618 Practice for Conditioning Plastics for Testing
D883 Terminology Relating to Plastics

D1599 Test Method for Resistance to Short-Time Hydraulic

Pressure of Plastic Pipe, Tubing, and Fiftings
D1600 Terminology for AbbreviatedFerms Relating to
tics
D5421 Specification for Ceataet Molded “Fiberg
(Glass-Fiber-Reinforced Thermosetting Resin) Flang
D5685 Specification for) “Fiberglass” (Glass-H
Reinforced Thermosetting-Resin) Pressure Pipe Fitti
F412 Terminology Reldting to Plastic Piping Systems
2.2 ASME Standatds:

Plas-
ass”
es
ber-
ngs

ASME B16. 1~ €ast Iron Pipe Flanges and Flanged Fitting

ASME B16.54 Pipe Flanges and Flanged Fittings

ASMENM:3.2, SD-5421 Specification for Contact M
“Fiberglass” (Glass-Fiber-Reinforced Thermoset
Flanges

ASME NM.3.2, SD-5685 Specification for “Fiberg
(Glass-Fiber-Reinforced Thermosetting Resin) Pres
Pipe Fittings

3. Terminology

3.1 Definitions:

3.1.1 General—Definitions are in accordance with T
nology D883 or Terminology F412. Abbreviations aj
accordance with Terminology D1600, unless otherwise
cated. The abbreviation for reinforced-thermosetting-resin|
is RTRP.

4. Classification

4.1 General—This specification covers machine-J
reinforced-thermosetting-resin flanges defined by type (mg
of manufacture), grade (generic type of resin), class (cor
ration of joining system), and pressure rating. Flanges
plying with this specification are also given numerical ¢
fications relating to burst pressure, sealing test pressure
bolt torque limit.

lded
ing

brmi-
e in
indi-
pipe

made
thod
figu-
tom-
assi-

and
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4.1.1 Types: TABLE 1 Pressure Categories
4.1.1.1 Type I—Filament-wound flanges manufactured by o Pressure Rating
.. . . . Designation -
winding continuous fibrous glass strand roving or roving tape, psi MPa
either preimpregnated or impregnated during winding, into a g\ gg 8':532
flange cavity under controlled tension. c 100 0.69
4.1.1.2 Type 2—Compression-molded flanges made by ap- D 125 0.86
plying external pressure and heat to a molding compound that E Eg 1'2‘1‘
is confined within a closed mold. G 200 1.38
4.1.1.3 Type 3—Resin-transfer-molded flanges manufac- H 225 1.55
tured by pumping a thermosetting resin into glass reinforce- }J< ggg ;73
menfs that have been cut to size and clamped between matched L 350 By, )
molds. M 400 26
4.1.1.4 Type 4—Centrifugally-cast flanges are made by :;‘ ggg 2;15
applying resin and reinforcement to the inside of a mold that is R 550 3.0
rotatpd and heated, subsequently polymerizing the resin sys- ? ggg 3-2‘3
tem. u 700 ags
4.1.2 Grades: v 750 5.18
4.1.2.1 Grade 1—Epoxy resin. w 80Q 5.9
4.1.2.2 Grade 2—Polyester resin.
4.1.2.3 Grade 3—Phenolic resin.
4.1.2.4 Grade 4—Vinylester resin. excess of 600 psi (4.1 MPa), a sealing test pressure pf 225 psi
4.12.5 Grade 7—Furan resin. (1.6 MPa), and a bolt(torque limit greater than 75 Ibf-ft (102
4.1.3 Classes: N-m).
4.1.3.1 Class 1—Integrally-molded flange manufactured di- Note 3—Flanges with identical classification from differefit manufac-
rectly on a pipe section, pipe stub, or fitting. turers mayAfot\be interchangeable due to nonstandardizatior| of pipe or
4.1.3.2 Class 2—Taper to taper adhesive joint flange manu- socket diaméter, socket length, taper angle, or combination thereof.
fz?ctured Wth a tapered socket to b? used 1n'conjunct10n Wl[h a 5 Materials and Manufacture
pipe|or fitting with a tapered spigot section and a suitable ] ) )
adhepive. This joining method provides an interference fit over 5.1 Flanges manufactured in accordance with ths specifi-

the dntire length of the bond line.

4.1.3.3 Class 3—Straight-taper adhesive joint flange many>
factyred with a tapered socket to be used with a pipe or fitting
with|an untapered spigot section and a suitable adhesiye:)This
joinipg method provides an interference fit at the bottont of the
sockpt.

4.1.3.4 Class 4—Straight adhesive joint flange manufac-
tured with an untapered socket for use with a pipe or fitting
with|an untapered spigot and a suitable-adhesive. This joint
provjdes a pipe stop and may have_ an )interference fit at the
bottqm of the socket.

4.1.4 Pressure Rating—Pressure rating shall be categorized
by alsingle letter designation!,Pressure designations are shown
in Tgble 1.

4.1.5 Burst pressure, sealing test pressure, and bolt torque
limif shall be categetized by single capital letter designations
as indicated by the“eell classification system of Table 2.

eation shall be composed of reinforcement imbedfed in or
surrounded by cured thermosetting resin. The compasite struc-
ture may contain granular or platelet fillers, thixotropic agents,
pigments, or dyes.

5.2 The resins, reinforcements, and other materials, when
combined as composite structure, shall produce a flange that
will meet the performance requirements of this spedification.

6. Performance Requirements

6.1 The following performance requirements are ifitended to
provide classification and performance criteria for the purpose
of qualification testing and rating of prototype corlstructions
and periodic reevaluation of the manufacturer’s stat¢d ratings.
They are not intended as routine quality assurancg require-
ments for production runs of rated flanges.

6.2 Flanges shall meet the following performance require-

ments when joined for testing according to the manyfacturer’s
4.2 Desigunation Code—The flange designation code shall recommended practice for field installation:
cons|st of-the abbreviation RTR, followed by the type, grade, 6.2.1 Sealing—Flanges shall withstand a pressure |of at least
and ¢lassin arabic numerals, the pressure rating category as a 1.5 times the rated design pressure without leakage when tested
capitial detter and three capital letfers identifying the cell in accordance with 104

classification designations of the burst pressure, sealing test
pressure, and the bolt torque limit, respectively. Thus, a
complete flange designation code shall consist of three letters,
three numerals and one letter, and three letters.

4.2.1 Example—RTR-112E-EED. This designation de-
scribes a filament-wound, glass fiber-reinforced epoxy resin
flange with a taper to taper adhesive joining system. The flange
has a 150 psi (1.40 MPa) pressure rating, a burst pressure in

95

6.2.2 Short-Term Rupture Strength—Flanges shall withstand
a hydrostatic load of at least four times their rated design
pressure without damage to the flange when tested in accor-
dance with 10.5.

6.2.3 Bolt Torque—Flanges shall withstand, without visible
sign of damage, a bolt torque of at least 1.5 times that
recommended by the manufacturer for sealing of the flange at
its rated pressure when tested in accordance with 10.6.
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TABLE 2 Burst Pressure, Sealing Test Pressure, and Bolt Torque Limit

Property XA A B (¢} D E F G H J K
Burst pressure, psi 200 300 400 500 600 700 800 900 1000 1200
(MPa) 1.38 2.07 2.76 3.45 4.14 4.83 5.52 6.21 6.90 8.27
Sealing test pressure, psi 75 115 150 190 225 265 300 340 375 450
(MPa) 0.52 0.79 1.03 1.31 1.55 1.83 2.07 2.34 2.59 3.10
Bolt torque limit, Ibf-ft. 20 30 50 75 100 125 150 175 200 225
(N-m) 271 40.7 67.8 101.7 135.6 169.5 203.4 237.3 271.2 305.1
Property L M N P R S T U \ W
Burst pressure, psi 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200
(MPa) 9.65 11.03 12.41 13.79 15.17 16.55 17.93 19.31 20.69 22.06
Sealing test pressure, psi 525 600 675 750 825 900 975 1050 1125 1200
(MPa) 362 1% 765 5.17 5.69 B.21 6.72 7.2% 7.76 837
Bolt torque Ifmit, Ibf-ft. 250 275 300
(N-m) 339.0 372.9 406.8

AX = unspedfied

7. Cont¢nt Requirements

7.1 Regycled or Reprocessed Thermosetting Plastics—
Flanges shall not contain any recylced or reprocessed thermo-
setting pljistics which might otherwise be added as fillers.

8. Dimensions

8.1 Diensions and Tolerances:

8.1.1 Hlange and Bolt Dimensions—Flanges of 24 in. (610
mm) or sfnaller diameter shall conform to the values given in
Table 3A |or 3B for bolt circle, number and size of bolt holes,
and outsidle diameter. Flanges larger than 24 in. (610 mm) in
diameter phall conform to the values for bolt circle, number
and size df bolt holes, and outside diameter for Class 125 cast
iron flanges in ASME B16.1. The tolerances for the flange
dimensiogs provided in Table 3A and 3B shall be the same as

TABLE 3 A Flange Dimensions, in. (mm)*

those contained in ASME B16.5. For all size-flanges othgr
flange and bolt dimensions which meet internationally recog-
nized standards such as ISO, DIN, JIS, BS, or GB can be usg¢d
as long as they are agreed to by thébuyer and seller.

8.1.2 Flange Face—The flange face shall be perpendicular
to the axis of the fitting within %2/°. The sealing surface of flpt
face or serrated face flanges shall be flat to =52 in. (1 mm) fpr
sizes up to and includifig” 18 in. (457 mm) diameter and
*Vi6 in. (2 mm) for fafger diameters.

8.1.3 Washer Bearing Surface—Washer bearing surfage
shall be flat and ‘parallel to the flange face within *1°.

8.2 Pipe.Stop—Each adhesive joined flange shall provide
sufficient~taper or a diametric constriction to act as a stqp
during\@dhesive joining so that the pipe stub cannot projeft
beyondthe face of the flange.

Nomingl Pipe, Outside Diameter Drilling
Sipe® of Flange Diameter of Bolt Circle  Diameter of Bolt Holes Number of Bolts Diameter of Bolts
% 3.50 (88.9) 2:38 (60.5) 0.62 (15.75) 4 % (12.70)
% 3.88 (98.6) 2.75 (69.9) 0.62 (15.75) 4 Y% (12.70)
1 4.25 (107.9) 3.12 (79.2) 0.62 (15.75) 4 Yo (12.70)
1 4.62 (117.3) 3.50 (88.9) 0.62 (15.75) 4 %o (12.70)
1% 5.00 (127.0) 3.88 (98.6) 0.62 (15.75) 4 Y% (12.70)
2 6.00 (152.4) 4.75 (120.6) 0.75 (19.0) 4 % (15.9)
21, 7.00 (177:8) 5.50 (139.7) 0.75 (19.0) 4 % (15.9)
3 7.50 (#90.5) 6.00 (152.4) 0.75 (19.0) 4 % (15.9)
31 8.50 (215.9) 7.00 (177.8) 0.75 (19.0) 8 % (15.9)
4 9700 (228.6) 7,50 (190.5) 0.75 (19.0) 8 5% (15.9)
5 10:007(254.0) 8.50 (215.9) 0.88 (22.4) 8 % (19.0)
6 43900 (279.4) 9.50 (241.3) 0.88 (22.4) 8 % (19.0)
8 13.50 (342.9) 11.75 (298.4) 0.88 (22.4) 8 ¥4 (19.0)
10 16.00 (406.4) 14.25 (361.9) 1.00 (25.4) 12 % (22.2)
12 19.00 (482.6) 17.00 (431.8) 1.00 (25.4) 12 % (22.2)
14 21.00 (533.4) 18.75 (476.2) 1.12 (28.4) 12 1 (25.4)
16 23.50 (596.9) 21.25 (539.8) 1.12 (28.4) 16 1 (25.4)
18 25.00 (635.0) 22.75 (577.8) 1.25 (31.7) 16 1% (28.6)
20 27.50 (698.5) 25.00 (635.0) 1.25 (31.7) 20 1% (28.6)
24 3200 (8T28) IO (7493) 3835 o TV (3T 7)

“Dimensions conform to ANSI B16.5 for Class 150 steel flanges.

BFor larger sizes, see 8.1.1.
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TABLE 3 B Flange Dimensions, in. (mm)” (continued)

Nominal Pipe Size Outside Diameter of Flange

Diameter of Bolt Circle Diameter of Bolt Holes  Number Diameter of

of Bolts
Bolts
a 3.75 (95.3) 2.62 (66.5) 0.62 (15.75) 4 e (12)
% 4.62 (117.3) 3.25 (82.6) 0.75 (19.0) 4 % (16)
1 4.88 (124.0) 3.50 (88.9) 0.75 (19.0) 4 % (16)
2 5.25 (133.4) 3.88 (98.6) 0.75 (19.0) 4 % (16)
1% 6.12 (155.4) 4.50 (114.3) 0.88 (22.4) 4 % (18)
2 6.50 (165.1) 5.00 (127.0) 0.75 (19.0) 8 % (16)
216 7.50 (190.5) 5.88 (149.4) 0.88 (22.4) 8 % (18)
3 B.25 (209.0) B.02 (108.1) U088 (22.4) B ¥4 (18)
3% 9.00 (228.6) 7.25 (184.2) 0.88 (22.4) 8 % (18)
4 10.00 (254.0) 7.88 (200.2) 0.88 (22.4) g % (18)
5 11.00 (279.4) 9.25 (235.0) 0.88 (22.4) 8 % (18)
6 1250 (317.5) 10.62 (269.7) 0.88 (22.4) 12 % (18)
8 15.00 (381.0) 13.00 (330.2) 1.00 (25.4) 12 % (22)
10 17.50 (444.5) 15.25 (387.4) 1.12 (28.4) 16 1(24)
12 20.50 (520.7) 17.75 (450.9) 1.25 (31.7) 16 1% (24)
14 23.00 (584.2) 20.25 (514.4) 1.25(3N7) 20 1% (24)
16 25.50 (647.7) 22.50 (571.5) 1,38 (35.1) 20 14 (30)
18 28.00 (711.2) 24.75 (628.7) $38435.1) 24 14 (30)
20 30.50 (774.7) 27.00 (685.8) {188 (35.1) 24 1v4 (30)
24 36.00 (914.4) 32.00 (812.8) 1.62 (41.1) 24 1% (36)
ADimgnsions conform to ANSI B16.5 for Class 300 steel flanges.
9. Workmanship, Finish, and Appearance (® - END.PLATE, END CAP OR QUICK CLOSURE WITH
. ) COUPLING FOR PRESSURE SOURCE/VENT LINE.

9. Flanges shall be free as commer01ally practlcal of - REINFORCED THERMOSETFING RESIN PIPH (RTRP)
defe¢ts, including indentations, delaminations, bubbles,
pinhgles, foreign inclusions, and resin-starved areas. © ~TEST FLANGE SET.

(©) - END PLATE, END CAP OR QUICK CLOSURE.

10. 'Fest Methods

1011 Conditioning—When conditioning is required, and. in
all cases of disagreement, condition the test specimens at 73.4
* 3.p°F (23 = 2°C) and 50 = 10 % relative humidity; for not _ 1
less than 40 h prior to test, in accordance with Procgédure A of
Practfice D618.

1012 Test Conditions—The tests may be conducted at ambi-
ent femperature and humidity conditiois, When controlled (B) C
envifonment testing is specified, tests gshall'be conducted in the ) .
Stanglard Laboratory Atmosphere of 734 = 3.6°F (23 = 2°C) FIG. 1 Test Assembly Configuration
and $0 = 10 % relative humidity. When elevated temperature ) )
testiflg is specified, the tests shalbe conducted at the design ~ ree-end closure except as herein noted. The presspire in the
operfting temperature *54°F-(3°C). specimen shgll bp increased unt{l fallqre of the Aﬂan e occurs.

. . . . Pressure testing in an atmospheric environment is pefrmissible.

103 Dimensions a”‘,l Loler ances—Flapge dlmen510ns shall  Ninimum failure time shall be 60 s; no restriction shall be

be njeasured with a miicrometer of vernier calipers, or other

suitaple measuring._devices accurate to within *£0.001 in.
(£0.p2 mm). Drameters shall be determined by averaging a
minijum of \four measurements, equally spaced circumferen-
tially].

1014 \Sealing—Flanged components in general arrangement

placed on maximum time-to-failure. Leaking past the gasket
interface is permissible during this test. Bolt torqug may be
increased as necessary during the test in order to [minimize
gasket leaking and to achieve the pressure necessary to cause
flange failure. The assembly used for the test in 104 may be
used for this test. (Warning—Do not test with any pfessurized

with Fig. 1 shall be bolted together using the gasket and bolt
torque recommended for standard field installation by the
flange manufacturer. The assembly shall then be pressure
tested and be required to hold the test pressure for a period of
168 hours without leakage. Retorque to the manufacturer’s
specified level after initial pressurization is permitted.

10.5 Short-Term Rupture Strength—Flanged components
shall be tested in accordance with Test Method D1599 with

97

gas.)

10.6 Maximum Bolt Torque—Using the gasket and hardware
recommended by the flange manufacturer, bolt the flange
against a flat face steel flange. Tighten the nuts by hand until
they are snug. Prior to fit-up, the nuts, bolts, and washers
should be well lubricated, using a nonfluid thread lubricant.
Establish uniform pressure over the flange face by tightening
bolts in 5 Ibf-ft (7 N-m) increments according to the sequence
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shown in Fig. 2. For flanges with more than 20 bolts, similar
alternating bolt tightening sequences shall be used. Increase the
bolt torque uniformly until flange failure occurs or until all
bolts have been torqued to five times the level recommended
by the manufacturer for field installation practice to establish
the bolt torque cell classification of the flange. Any sign of
flange damage (crumbling, flaking, cracking, or other break-
ing) shall constitute failure.

Note 4—The torque limits determined by 10.6 apply only to flanges
bolted up against a flat sealing surface. Significantly lower bolt torque

ASME NM.3.2-2020

11.1.2 Identification of the flange in accordance with the
designation code in 4.2,

11.1.3 Nominal flange size, and

11.1.4 Manufacturer’s name (or trademark) and product
designation.

11.2 All required markings shall be legible and so applied as
to remain legible under normal handling and installation
practices.

12. Precision and Bias

value will pormally be obtained when RTR flanges are bolted up against
raised-facedl flanges. When RTR flanges shall be used against raised steel
flange face] the RTR flange manufacturer should be contacted for his
torque and [installation recommendations.

11. Prodpict Marking

11.1 Ejch flange shall be marked with the following infor-
mation:
11.1.1
indicating

[he designation “ASTM D4024” or "ASME SD-4024"
compliance with this specification,

@ 4 Bolt @
Flange

©)]
®

@Y0o

12 Bolt
Flange

®
®
@

® 9

®

®

this
have

12.1 No precision and bias statement can be made-£fo
test method, since controlled round robin test progfams
not been run.

Norte 5—The wide variation in raw materials and constructions alfowed

in this specification make round robin testing difficult-to apply.

13. Certification

13.1 See Annex Al for certification requiremenys.

14. Keywords

14.1 centrifugally-casty compression-molded; filafhent-
wound; furan; maching~made; phenolic; polyester; tesin-
transfer; vinyl estet

®©

@®
®

®

@

®
29%%,

®)
Fange ) | @
@

(®)

®ep®

610J0)

R

FIG. 2 Bolt Torquing Sequence
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ANNEX

(Mandatory Information)

Al. CERTIFICATION

Al.l1 When agreed upon in writing between the purchaser and the seller, a certification shall be made on the basis of
acceptance material.

A12__Certification shall consist of a copy of the manufacturer’s test report or a statement by the seller (qr‘r‘nmpanipr] y a copy
of th¢ test results) that the material has been sampled, tested, and inspected in accordance with the provisions of the spegification.

A].3 Each certification so furnished shall be signed by an authorized agent of the seller or manufacturer.

Al.4 When original identity cannot be established, certification can only be based on the sampling procedute provided by the
applikcable specification.
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SPECIFICATION FOR "FIBERGLASS" (GLASS-FIBER-
REINFORCED THERMOSETTING-RESIN)PIPE
JOINTS USING FLEXIBLE ELASTOMERIC SEALS

@Z@ SD-4161

(Identical with ASTM D4161-14(R19) except for.revisions to para. 5.1; addition of paras. 2.2, 2.3, section 9, Annex Al}
and editorial changes.)
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1. Scope

ASME NM.3.2-2020

Specification for

“Fiberglass” (Glass-Fiber-Reinforced Thermosetting-Resin)
Pipe Joints Using Flexible Elastomeric Seals

3. Terminology

1.1 Th

spigot ga
made “fil

pipe systg

s specification covers axially unrestrained bell-and-
ket joints including couplings required for machine-
erglass” (glass-fiber-reinforced thermosetting-resin)
ms, 8 in. (200 mm) through 156 in. (4000 mm), using

flexible eflastomeric seals to obtain soundness. The pipe sys-

tems may
systems
deleteriou
specificat]
and meth|

be pressure (typically up to 250 psi) or nonpressure
for water or for chemicals or gases that are not
s to the materials specified in this specification. This
on covers materials, dimensions, test requirements,
bds of test.

1.2 ThE values stated in inch-pound units are to be regarded
as the standard. The values given in parentheses are provided
for inforrhation purposes only.

NotE 1
8639).

1.3 Th
safety co
responsilj
priate sa
mine the

2. Refer

2.1 AS
D883 1
D1600
tics
F412 7]
F477 S
ing §
2.2 18(
1ISO 8
fittig
2.3 AS
ASMH
(Ga

FThere is a similar but technically different ISO Standard (ISO

s standard does not purport to address all of the
icerns, if any, associated with its use. It is the
ility of the user of this standard to establish appro-
ety, health, and environmental practices and deter-
ipplicability of regulatory limitations prior to use.

nced Documents

I'M Standards:
erminology Relating to Plastics
Terminology for Abbreviated Terms Relating to Plas-

erminology Relating to Plastic Piping\ Systems
pecification for Elastomeric Seals.(Gaskets) for Join-
lastic Pipe

Standard:

39 Glass-reinforced thermosetting (GRP) pipes and

gs — Test methods.for Ieak-tightness of flexible joints
VIE Standard:

NM.3.2, SB-477 Specification for Elastomeric Seals
kets) fordoining Plastic Pipe

3.1 Definitions:

3.1.1 General—Definitions and abbreviations are. iy a
dance with Terminology D883 or Terminology) F412,
Terminology D1600 unless otherwise indicatéd.

4. Types of Joints

4.1 This specification covers twe_types of axially U
strained joints based on effectiig Soundness of the
through compression of an elastomeéric seal or ring:

4.1.1 Bell-and-spigot or (cepipling joint with the g3
placed in the bell in circumferential compression. An el
meric gasket joint desigh, featuring a continuous elaston
ring gasket placed ify, ai”annular space provided in the bd
socket of the pipe/os fitting. The spigot end of the pipe or fi
is forced into the bell, thereby compressing the gasket rad
to form a positive seal.

4.1.2 Bell*and-spigot or coupling joint with the ga
placed On the spigot in circumferential tension: A push on
design featuring a continuous elastomeric ring gasket plac
ansannular space provided on the spigot end of the pip
fitting. The spigot is forced into the bell of the pipe or fit
thereby compressing the gasket radially to form a positive

Note 2—A coupling joint of these types is a loose double-bell s
used to connect pipes which have spigots at both ends (see Fig. 1
references to bells in this specification are applicable to the
coupling as well as to the integral bell of a bell-and-spigot gasket

5. Materials and Manufacture

5.1 The gasket shall be a continuous elastomeric rin
circular or other geometric cross section and shall mee
requirements of Specification F477 (ASME SF-477), unl|
otherwise specified in this specification. When a splice is
in the manufacture of the gasket, no more than two sp
shall be made in anyone gasket.

5.1.1 The chemical composition of the gasket shall
compatible with the type of environment to which it wi

cor-
and

nre-
oint

sket
Sto-
heric
11 or
[ting
ially

sket
oint
td in
e or
ting,
seal.

eeve
LAl

gleeve

oint.

g of
the
ess

used
lices

| be
1 be
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6.3.1 Joints Using Circular Gasket Cross Sections:

6.3.1.1 The volume of the annular space provided for the
gasket, with the engaged joint at normal joint closure in
concentric position, and neglecting ellipticity of the bell and
spigot, shall not be less than the design volume of the gasket
furnished. For a rectangular gasket groove, the cross-sectional
area of annular space shall be calculated for minimum bell
inside diameter, maximum spigot outside diameter, minimum
width of groove at surface of spigot, and minimum depth of
groove. The volume of the annular space shall be calculated at

thecemtertine of the groove armd corsidermg the cemtrpid of the
cross-sectional area to be at the midpoint between_the surface
of the groove on which the gasket is seated and, the urface of
the bell, if the groove is on the spigot, or‘the surfdce of the
. N spigot, if the groove is in the bell.
| 6.3.1.2 When the design volume, ofthe gasket is|less than
FIG. 1 Typical Coupling Joint Detail 75 % of the volume of the annularsspace in which thd gasket is
confined, the dimensions and tolerances of the gasket| bell, and
subje¢cted. Selection of the gasket composition shall be in spigot shall be such that, when the outer surface of the spigot
accordance with a purchaser and seller agreement. and the inner surface of «thevbell come into contacf at some

N¢te 3—Consult the gasket manufacturer for advice as to the suitabil- point in their perlphery , the deformation in the gaskef shall not
ity of specific rubber compounds for the intended service and joint exceed 40 % at the porgtof contact nor be less than 13 % at any
confipurations. Items such as cold set when the joint is deflected under point. If the design-yolume of the gasket is 75 % or mpre of the
low-temperature conditions and maximum and minimum stretch in the volume of the@nnular space, the deformation of the pasket, as
gaskdt may be dependent upon the specific chemical compounds used. prescribed aboye, shall not exceed 50 % nor be less than 15 %.

5.0 Materials in the bell and spigot of the joint shall meet = The cross*gectional area of annular space shall be ¢alculated
the fequirements of the applicable ASTM specification for the for averdge bell diameter, average spigot diamete average
pipelor fitting of which the joint is a part. width,of groove at surface of spigot, and average|depth of

. graove. The volume of the annular space shall be calfulated at
6. Requirements the centerline of the groove and considering the centrpid of the

6.1l Joint Surfaces—All surfaces of the joint upon or against-\* cross-sectional area to be at the midpoint between the surface
whidh the gasket may bear shall be smooth and free of cracks;  of the groove on which the gasket is seated and the jurface of
fractures, or other imperfections that would adversely affectthe ~ the bell, if the groove is on the spigot, or the surfdce of the
perfgrmance of the joint. spigot, if the groove is in the bell.

6.2 Joint Geometry—The design of the joint shall‘include a Note 4—It is recognized that a relationship exists b¢tween the
meafs to retain the gasket and prevent it from being uninten- water-tightness of a joint, the gasket deformation, and the ratip of gasket
tionglly displaced, either during assembly of-thé joint or during ~ Volume to space volume. For high-pressure applications, it may be

h . necessary to provide a very high-volume ratio to obtain a spund joint.
operption of the completed pipe system, Some manufacturers also have developed satisfactory jointy with very

6.8 Dimensions and Tolerances—=The provisions of 6.3.1.1 little gasket deformation, but meet the requirements of Seftion 6 by
appll only to a joining system utiliZing a gasket of circular ~ Uilizing a very high-volume ratio.
cros$ section retained in a rectangular groove. Manufacturers 6.3.1.3 When determining the maximum percent|deforma-
may|submit to the purchaser.detailed designs for joints utilizing tion of the gasket, the minimum depth of groovq and the
gasklets or grooves, or both,/ of other geometric shape or for stretched gasket diameter shall be used and calculatipns made
joints not meeting the-criteria of 6.3.1. Joints not meeting the at the centerline of the groove. When determining [the mini-
requjrements of this-séction shall meet the test requirements of ~ mum percent deformation of the gasket, the maxijnum bell
Sectlon 7; such joints shall be acceptable, provided the design  diameter, the minimum spigot diameter, the maximun depth of
is apjproved by the purchaser prior to manufacture and provided groove, and the stretched gasket diameter shall be [used and
the tpst pipe.complies with the specified test requirements. Test ~ calculations made at the centerline of the groove. Hor gasket
results mag) be extended to other diameters with the same joint ~ deformation calculations, if the gasket is placed on tfhe spigot
confjguration, gasket shape and gasket composition provided  in circumferential tension, the stretched gasket dianjeter shall

substantially similar gasket compressions and gasket hardness
are maintained. Gasket dimensions may be increased or de-
creased provided joint geometry is also appropriately propor-
tioned so that critical relationships like gasket confinement are
equal or superior to the tested joint. Design submissions shall
include joint geometry, tolerances, gasket characteristics, pro-
posed plant tests, and such other information as required by the
purchaser to evaluate the joint design for field performance.
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be determined as being the design diameter of the gasket
divided by the square root of (1 + x) where x equals the design
percent of gasket stretch divided by 100. If the gasket is placed
in the bell in circumferential compression, the design diameter
of the gasket shall be used.

6.3.1.4 The taper on all sealing surfaces of the bell and
spigot on which the elastomeric gasket may bear after closure
of the joint and at any degree of partial closure, except within
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the gasket groove, shall form an angle of not more than 2° with
the longitudinal axis of the pipe. If the joint design does not
incorporate a mechanical locking feature, the joint shall be
designed and manufactured in such a way that at the position
of normal joint closure, the parallel surfaces upon which the
gasket may bear after closure will extend not less than 0.75 in.
(20 mm) away from the edges of the gasket groove.
6.3.1.5 Circular Gaskets:

ASME NM.3.2-2020

4’ [ Joint Angle

(1) In a joint in which the gasket is placed in the bell in
circumferential compression, the circumferential length of the
gasket shpttbesuctrtiat, whem msertedmto-thie gabkct Zroove;
the amoynt of circumferential compression will be less than
4 %. In 1grger pipe diameters, an adhesive may be required to Pie Size Joint Ange
hold the pasket in place prior to installation. =20in. 3°
(2) Inf an elastomeric joint in which the gasket is placed on >20 in. = 33 in. f
the spigof in circumferential tension, the circumferential length >33 ;né(; ir? oin- Yy o
of the gakket shall be such that, when installed in the gasket
groove, the amount of stretch shall not exceed 30 %. Norte 1—Joint opening shall not exceed the'maximum unstressed limit
(3) Cpmpute the amount of compression or stretch by permitted by dimens.ional clearance b?tween spigot ar{d bell. .
comparinlg the circumferential length of the centroid of the FIG. 2 Typical Bell-and-Spigot'Gasket Joint Detail
relaxed gasket with the circumferential length of the centroid
f th h ket after installation in th .. . . .
geli grcool ng;:ssspc‘i(éoczr stretched gasket after installation in the out leakage. The angle defined by the joint openings giv¢n in
(4) Ejch gasket ’ shall be manufactured to provide the Fig. 2 is the angle between the axis of the two joined pipes.
. . . 7.2.1 Joints intended for use of pressures greater than| 250
volume df elastomer required by the pipe manufacturer’s joint . p &
design, Vith a tolerance of =1% for gaskets of 1.0-in psi may have Jower allowable angular deflections than those
> .. . ) : iven in Fig. 2> by manufacturer purchaser agreement.| The
(25-mm) [diameter and larger. The allowable percentage toler- &N g y P &
ance shall vary linearly between +3 % and =1 % for gasket joints shall be tested at the manufacturers maximum all¢wed

. . — angular-deflection.
diameterg between 0.5 and 1.0 in. (13 and 25 mm). & . .. . o .

6.3.2 The tolerances permitted in the construction of the 722 Determine the joint opening by scribing a circurpfer-
’oin.t éhal be those state (f in the pive manufacturer’s desion as ential'index mark on the outside of the pipe a sufficient disfance
Ja coved PP & from the spigot end to be visible when the pipe is jojned.

plé 33 | . Th fact hall furnish drawi Measure the maximum and minimum distance from the epd of
0.0 prawimgs—IAe manutacturer shatl IuMmish Qrawiigs = . el 1o the mark. The difference equals the joint opefing.
of the joifit and gasket, including dimensions and tolerances$; if A S 1.
r ted by th rehaser Fig. 2 illustrates a typical joint in closed and deflected posifions
cquesteq by the purchaser. and the index mark.
7. Labotatory Performance Requirements Norte 5—This test is a laboratory performance test of joint integriffy and
is not indicative of allowable angular deflections in field installatiops. In
7.1 Gdneral: actual installations, deflections greater than the manufacturer’s rgcom-
7.1.1 The gasket shall be the sole elemefit depended upon to mended maximum should be avoided, and elbows, bends, or special

make the
performa
performe
compresy
required
the pipe
kPa), if t
7.1.2 1
made o
connecte
heads m{
either sid
sections may be bulkheaded Restraints may be provided at the
joint to resist transverse thrust. No coatings, fillings, or
packings shall be placed prior to the hydrostatic tests.

joint leakproof. The assembléd joints shall pass the
hce tests listed in this seCtipn. The tests shall be
1 with components selécted to provide minimum
ion in the gasket. Th€ internal hydrostatic pressures
n 7.2 and 7.3 shallbg two times the rated pressure, if
s manufactured for-pressure service, or 29 psi (200
he pipe is manufactured for nonpressure service.
Laboratory hydrostatic pressure tests on joints shall be
an asSembly of two sections of pipe properly
|l in @ccordance with the joint design. Suitable bulk-
y\be prov1ded within the pipe ad]acent to and on

7.2 Pipes in Angularly Deflected Position—Using a pipe
and joint system as described in 7.1.2, the test sections shall be
deflected angularly, as shown in Fig. 2, and subjected to the
appropriate internal hydrostatic test pressure for 10 min with-

104

fittings should be used in such cases.

7.3 Pipes in Laterally Offset Position (Shear Loadin
Using a pipe and joint system as described in 7.1.2, thg
sections shall be deflected while the pipe units are |i
horizontal position, as shown in Fig. 3, by applying a pef
dicular load. The load shall be 100 Ib/in. (17.5 kN/n]

the bells, as indicated in Flg 3. Bands may be required to
secure the pipe to the blocks. There shall be no leakage when
the appropriate internal hydrostatic test pressure is applied for
10 min after application of the load.

7.4 Vacuum or External Pressure Test—The assembled joint
shall withstand an external pressure of 11.6-psi (80-kPa) gage
or an internal vacuum of —11.6-psi (—80-kPa) gage while in the
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Perpendicular Load (P)
End Closure 12 in. (300 mm) or one Pipe Diameter wide
(Both ends) % 120° Saddle.
Full Radius with 1/4 in. (6 mm) hard rubber
pad - Typical.
Band (typical)
Pipe Pipe
Support Support Support
Ndre 1—The load shall be applied perpendicular to the axis of the pipe. It may be applied vertically, as showa_imnthis figure, or af any other
circunferential orientation.
FIG. 3 Shear Loading-Test Setup
angularly deflected position, as in 7.2, and in the laterally offset 8. Retesting
position, as in 7.3. AHOV_V _the pressure to sFabilize for 30_ min, 8.1 If any failure occurs during performance of|the tests
then .se‘al off for a minimum Qf 10 min. The maximum  gpecified in‘Section 7, the joint may be retested to|establish
pernfissible pressure increase inside of the pipe during the  conformity(in accordance with agreement between| the pur-
seal-pff period shall be 0.1 psi (0.7 kPa). Some grades of pipe  chaser and the manufacturer.
may [not have the capability in the pipe wall of withstanding the ! .
abovle vacuum or external pressure. In such cases, the joint 9. (Certification
design may be considered as meeting these criteria if a pipe and 9.1 See Annex Al for certification requirements.
joint| system, 1nc9rporat1ng a geor.net.rlcall}/ 1dent1.ca1 joint and 10. Keywords
heavjer-walled pipe, meets the criteria satisfactorily. ) ] 1
10.1 angular deflection, bell and spigot; certification;
coupling, elastomeric seals; flexible gaskets; gljss-fiber
reinforced; pipe joints; specification; thermosett{ng resin
ANNEX
(Mandatory Information)
Al. CERTIFICATION
A].1 When agreed upon in writing between the purchaser and the seller, a certification shall be made on thq basis of
acceptance material.
A].2 Ceitification shall consist of a copy of the manufacturer’s test report or a statement by the seller (accompanied py a copy
of the testresults) that the material has been sampled, tested, and inspected in accordance with the provisions of the spedification.
All.3>Each certification so furnished shall be signed by an authorized agent of the seller or manufacturer.
ATZWhen original identity cannot be established, certilication can only be based on the sampling procedure provided by the

applicable specification.
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SPECIFICATION FOR CONTACT MOLDED "FIBERGLASS'
(GLASS-FIBER-REINFORCED THERMOSETTING RESIN)
FLANGES

@Z@ SD-5421

(Identical with ASTM D5421-15 except for revisions to paras. 2.2, 4.3.1, 8.1; addition of section 13, Annex Al; and
editorial changes.)
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1. Scope
1.1 Thj

ASME NM.3.2-2020

Specification for

Contact Molded “Fiberglass” (Glass-Fiber-Reinforced

Thermosetting Resin) Flanges

s snecification covers circular contact-molded fiber
r

2.

Referenced Documents
2.1 ASTM Standards:

glass reir
systems
materials,

1.2 Flg
Type A, d

1.3 Th
does not

1.4 Th
that are m
D3299, D

1.5 Sel
refer to th

1.6 Th
as the st
informati

1.7 Th
test meth|
standard
if any, ass
of this st
environm
regulator)

Note 1

forced-thermosetting-resin flanges for use in pipe
nd tank nozzles. Included are requirements for
workmanship, performance, and dimensions.

nges (see Fig. 1) may be produced as integral flanges,
r flange-on-pipe, Type B.

s specification is based on flange performance and
over design.

pse flanges are designed for use with pipe and tanks
anufactured to Specifications D2996, D2997, D3262,
3517, D3754, and D4097.

ection of gaskets is not covered in this specification,
e manufacturer’s recommendation.

e values stated in inch-pound units are to be regarded
indard. The SI units given in parentheses are for
n only.

p following precautionary caveat pertains only to the
pds portion, Section 9, of this specification: This
loes not purport to address all of the safety concerns,
ociated with its use. It is the responsibility of the user
ndard to establish appropriate safety, health, and
ntal practices and determine the applicability of
limitations prior to use.

FThere is no known ISO equivalent to this standard:

(C582 Specification for Contact-Molded Reinforced Thern
setting Plastic (RTP) Laminates for Corrosion-Resistd
Equipment

D883 Terminology Relating to Plastics

D1599 Test Method for Resistance to ShortTinte Hydraufi

Pressure of Plastic Pipe, Tubing, and Fittings

D1600 Terminology for Abbreviated Terms Relating to Pl
tics

D2996 Specification for Filamént-Wound “Fibergla
(Glass-Fiber-Reinforced Thermosetting-Resin) Pipe

D2997 Specification for (Centrifugally Cast “Fibergla:
(Glass-Fiber-Reinforéed ‘Thermosetting-Resin) Pipe

D3262 Specification (_for “Fiberglass” (Glass-Fibg
Reinforced Theimiosetting-Resin) Sewer Pipe

D3299 Specification for Filament-Wound Glass-Fib
Reinforced Thermoset Resin Corrosion-Resistant Tank

D3517 Specification for “Fiberglass” (Glass-Fibg
Reinforeed Thermosetting-Resin) Pressure Pipe

D3754-Specification for “Fiberglass” (Glass-Fibg
Reinforced Thermosetting-Resin) Sewer and Industr]
Pressure Pipe

D4097 Specification for Contact-Molded Glass-Fibg
Reinforced Thermoset Resin Corrosion-Resistant Tank|

2.2 ASME Standards:

ASME B16.1 Cast Iron Pipe Flanges and Flanged Fittin

ASME B16.5 Pipe Flanges and Flanged Fittings

ASME B18.21.1 Type “A” Narrow Washers

ASME NM.3.2, SC-582 Specification for Contact-Molded
Reinforced Thermosetting Plastic (RTP) Laminates for
Corrosion-Resistant Equipment

ASME NM.3.2, SD-2996 Specification for Filament-Wou
“Fiberglass” (Glass-Fiber-Reinforced Thermosettif
Resin) Pipe

ASME NM.3.2, SD-2997 Specification for Centrifigally ({
“Fiberglass” (Glass-Fiber-Reinforced Thermosettiy
Resin) Sewer Pipe

ASME NM.3.2, SD-3262 Specification for “Fiberglass”
(Glass-Fiber-Reinforced Thermosetting Resin) Pre
Pipe

ASME NM.3.2, SD-3754 Specification for “Fiberglass”
(Glass-Fiber-Reinforced Thermosetting Resin) Sew

2S

psure

3.

108

amdt-rdustriat-PressurePipe
Terminology
3.1 Definitions:

3.1.1 Definitions are in accordance with Terminology D883.
Abbreviations are in accordance with Terminology D1600,
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TABLE 1 Pressure Categories
o Pressure Rating”
Designation -

psi MPa
A 25 0.173
B 50 0.345
C 75 0.517
D 100 0.690
E 125 0.862
F 150 1.034

A Flanges with higher pressure ratings are available by agreement
purchaser and the manufacturer.

between the

unleg
thern

3.7

3.7
whe
the £
Wov{

appli

rollef.

3.7
fiber
thern
aggr
ment
ings

4. C

4.
therr]
mani

FIG. 1 Flange Types

s otherwise indicated. The abbreviation for reinforced-
posetting-resin pipe is RTRP.
Definitions of Terms Specific to This Standard:

.1 contact molding (CM)—a method of fabrication
ein the glass fiber reinforcement is applied to the mold in
rm of all chopped-strand mat, or chopped-strand mat and
n roving, in alternate plies by hand with the resin matrix
ed by brush or roller and the laminate consolidated by a

.2 fiberglass pipe—a tubular product containing glass-
reinforcements embedded in or surrounded by cured
hosetting resin; the composite structure may contain
gate, granular or platelet fillers, thixotropic agents, pig-
5 or dyes; thermoplastic or thermosetting liners or coat-
may be included.

Jassification
General—This specification covers reinforced=
hosetting-resin flanges defined by type (method \ef

facture), grade (generic type of resin), class (pressuse end

thrust capability), and pressure rating. Flanges complying with

this {
ing t
4.
4.
stub
4.
exist

B R R R R RS

pecification are also given numerical classifications relat-
b rupture pressure and sealing test pressure.

.1 Types:

.1.1 Type A—Integral flange, contact molded with the
integral with the flange.

.1.2 Type B—Flange on pipg, contact molded onto an
ng pipe or fitting.

.2 Grades:

2.1 Grade 1—Epoxy tesin.

.2.2 Grade 2—Polyester resin.

.2.3 Grade 3—PRhenolic resin.

2.4 Grade 4-—Yinylester resin.

2.5 Gradé&S5=Furan resin.

.3 Classéss

.3.1~Class I—Hoop and axial-pressure.

.1.3:2.:€lass [I—Hoop pressure only.

4.1.5 Short-term rupture pressure and sealing:tes
limits shall be categorized by single arabi¢ iumber
tions as indicated by the cell classification system o

4.2 Designation Code—The flange-deSignation d
consist of the abbreviation for contact molded (CM
by the type as a capital letter, grade»ds an Arabic num|
as a Roman numeral, and_the pressure-rating cate
capital letter and two Asabic numbers identifying
classification designationS of the short-term rupturg
and sealing-test pressure, respectively. Thus, a
flange-designation~“¢ode shall consist of three le
Arabic numerdl, one Roman numeral, one letter
numerals.

4.2.1 Example—Contact molded fiberglass is CM
This, designation described a stub flange, made us
fiber-réinforced epoxy resin for full-axial pressure t|
flange has a 100-psi (0.69-MPa) pressure rating, a {
tipture pressure of 400-psi (2.76-MPa), and a sg
pressure of 225-psi (1. 55-MPa).

4.3 Attachment of Flanges to Pipe, Pipe Fittings,

4.3.1 Type “A” flanges are to be butt and strap weld
described in Specifications D2996 (ASME SD-299¢
(ASME SD-2997), D3262 (ASME SD-3262), D351
SD3517), D3754 (ASME SD-3754), and D3982
SD-3982) or using overlay joint into a tank as des
Specifications D3299 (ASME SD-3299) and D409
SD-4097).

4.3.2 Type “B” flanges are built onto elbows, re
other parts where the use of an integral flange (Type *
practical or required.

5. Materials and Manufacture

5.1 Flanges manufactured in accordance with th
cation shall be composed of reinforcement embed
surrounded by cured thermosetting resin.

5.2 The resins, reinforcements, and other materi
combined into composite structure, shall produce a f]
will meet the performance requirements of this sped

pressure
designa-
[ Table 2.

ode shall
followed
eral, class
bory as a
the cell-
pressure
complete
ters, one
and two

tAIID-46.
ng glass-
hrust. The
hort-term
aling-test

or Tanks:
ed to pipe
), D2997
7 (ASME

(ASME
cribed in
! (ASME

lucers, or
A”) is not

s specifi-
led in or

hls, when
ange that
ification.

No

TE 2—All combinations of type, liner, grade, and class may not be

commercially available. Additional type, liner, grade, and class may be

added
solely
type,

as they become commercially available. The purchaser should
determine or consult with the manufacturer for the proper class,
liner, and grade to be used under the installation and operating

conditions that will exist for the project in which the flange is to be used.

4.1.4 Pressure Rating—Pressure rating shall be categorized
by single-letter designation. Pressure designations are shown in
Table 1.

109

TABLE 2 Short-Term Rupture Pressure and Sealing-Test

Pressure”
Property/Cell Classification 1 2 3 4 5 6
Short-Term Rupture 100 200 300 400 500 600
Pressure, psi (MPa) (0.69) (1.38) (2.07) (2.76) (3.45) (4.14)
Sealing-test pressure, psi 37.5 75 1125 150 187.5 225
(MPa) (0.26) (0.52) (0.78) (1.03) (1.29) (1.55)

“Refer to Test Method D1599 for explanation of failure.
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Note 3—The term “other materials” does not include recycled or
reprocessed thermosetting plastics which might otherwise be added as
fillers.

5.3 Flanges manufactured in accordance with this specifi-
cation shall have an inner corrosion barrier fabricated with the
same resin, reinforcement, ply sequence, and nominal glass/
resin ratio as required in the applicable ASTM standard for the
tank or pipe on which the flange will be used.

6. Performance Requirements

ASME NM.3.2-2020

TABLE 3 Flange Dimensions

6.1 The-following performancereguirements-areintended-to
. 5T T

provide classification and performance criteria for the purpose
of qualififation testing and rating of prototype constructions
and perioflic reevaluation of the manufacturer’s stated ratings.
They are|not intended as routine quality assurance require-
ments for| production runs of rated flanges:

6.1.1 Sealing—Flanges shall withstand a pressure of at least
1.5 times|the pressure rating without leakage when tested in
accordande with 9.4.

6.1.2 Sport-Term Rupture Strength—Flanges shall withstand
a hydrosthtic load of at least four times their pressure rating
when tesfed in accordance with 9.5 using flat-faced steel
closure apd using the gasket or “O” ring designated by the
flange manufacturer.

6.1.3 Holt Torque—Flanges shall withstand, without visible
sign of dgmage, a bolt torque of two times that recommended
by the mgnufacturer. The use of a non-fluid thread lubricant is
recommended on all bolts.

7. Dime

7.1 Fldnge and Bolt Dimensions—Flanges of 24 in. (610
mm) or spaller diameter shall conform to the values for bolt
circle and number and size of bolt holes, for Class-150 cast
iron flanges in ASME B 16.5. Flanges larger than 24 in. (610
mm) in diameter shall conform to the values for bolt circlé€,
number apd size of bolt holes, for Class-125 cast-iron.flaniges
in ASME|B 16.1 as shown in Table 3. The tolerance for these
flange diensions shall be the same as those contained in
ASME B[16.1 and B 16.5. A flat washer is tobe used under all
bolt head$ and nuts.

sions and Tolerances

Norte 4—Interference between the hub and belt spot face may occur,
especially ip high-pressure flanges. The use of ASME B18.21.1 narrow
washers is|suggested because of theif, sthaller outside diameter. The
customer should be notified when, these washers with smaller outside
diameter arp to be used.

Note 5+4-For special-desigil Jarge flanges, it may be desirable to
provide th¢ required bolt @reasby using smaller bolts spaced closer
together th3n is normally tised’ for steel flanges. The minimum bolt size
shall be in. (16 pim)s, Flange dimensions shall be by purchaser-
manufacturpr agreenierit,

7.1.1 Rlange-+ace for Full-Faced Gaskets— The flange face
shall be pprpendicular to the axis of the fitting within %2 °, and

Nominal Outside Drilling
Pipe Size, ~ Diameter, Bolt Circle Number of Diameter of Diameter of
inA min, in*  Diameter? Holes Holes” Bolts?
1 4 31 4 % e
11 5 37% 4 % s
2 6 4% 4 % %
2% 7 5% 4 % %
3 7% 6 4 Ya £
31 8 1 7 8 % %
4 9 7% 8 % %
5 10 |1 8 Z 34
6 11 9% 8 % Y
8 13 1% 1% 8 % %
10 16 14 Va 12 1 %
12 19 17 12 1 %
14 21 18 % 12 1 e 1
16 231 214 16 114 1
18 25 22 % 16 1y 114
20 27 e 25 20 Ta 14
24 32 29 1 20 1% 1 4
26 34 Vs 31% 24 1% 14
28 36 1% 34 28 1% 14
30 38 % 36 28 1% 14
32 41 % 38 2 28 15 13
34 43 % 40 1 32 1% 114
36 46 42 Yy 32 1% 114
38 48 % 45 /s 32 1% 114
40 50 % 47 Vs 36 1% 114
42 53 49 36 1% 14
44 55 14 51 % 40 1% 13
46 57 53 % 40 1% 114
48 59% 56 44 1% 114
50 61 % 58 s 44 17% 1 9
52 64 60 44 17% 1 9
54 66 Va 62 Ya 44 17% 1 %)
60 73 69 Va 52 17% 1 %)
66 80 76 52 17% 1 %)
72 86 4 82 16 60 17% 1 %)
84 99 ¥ 95 64 2% 2
96 13 Va 108 V2 68 2% 2 Y4
102 120 114.50 72 2.625 2.5
108 126.75 120.75 72 2.625 2.5
114 133.50 126.75 76 2.875 2.75
120 140.25 132.75 76 2.875 2.75
126 147 139.25 80 3.125 3.09
132 153.75 145.75 80 3.125 3.09
144 167.25 158.25 84 3.375 3.25
A1in. = 25.4 mm.
24-in. (610-mm) inside diameter and ASME B 16.1 for lafger
flanges. It is accepted practice to increase all flange outgide
diameters to provide greater strength at the bolt holes.
8. Workmanship, Finish, and Appearance
8.1 Workmanship and appearance shall conform to Table 5
on visual acceptance criteria of standard C582 (ASME SC-p82)
for the process side, and shall be as free as commercially pratical
of defects including indentations, delaminations, bubfles,
pinholes, foreign inclusions, and resin-starved areas in the

shall be ffat to 73z 1m. (I mm) 10T siZzes up to and including
18-in. (457-mm) diameter and Yiein. (2 mm) for larger
diameters. For other sealing systems the tolerances must be
established to meet the requirements of 6.1.1.

7.1.2 Washer-Bearing Surface—Washer-bearing surface
shall be flat and parallel to the flange face within 1°.

7.1.3 Flange Outside Diameter—Outside diameter of
flanges is to be at least equal to that of ASME B 16.5 for up to

STrUCTUTal Ty er amd Outer SUrface as agreed upol petween the
purchaser and the manufacturer.

9. Test Methods

9.1 Conditioning—When conditioning is required, and in all
cases of disagreement, condition the test specimens at 73.4 =+
3.6°F (23 = 2°C) for not less than 40 h prior to test, in
accordance with Procedure A of Test Methods D618.

110
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9.2 Test Conditions—The tests may be conducted at ambient
temperature and humidity conditions. When controlled-
environment testing is specified, conduct test at 73.4 * 3.6°F
(23 £ 2°C). When elevated-temperature testing is specified,
conduct the tests at the design operating temperature, with a
tolerance of *3.6°F (2°C).

9.3 Dimensions and Tolerances—Measure flange dimen-
sions with a micrometer, vernier calipers, or other suitable
measuring devices accurate to within 50 % of the required
tolerance. Determine diameters by averaging a minimum of

SD-5421

in Fig. 3. For flanges with 20 or more bolts, similar alternating
bolt-tightening sequences shall be used. Increase the bolt
torque uniformly until flange failure occurs, or until all bolts
have been torqued to 2 times the level recommended by the
manufacturer for field-installation practice to establish the bolt
torque cell classification of the flange. Any sign of flange
damage (crumbling, flaking, cracking, or other breaking) shall
constitute failure.

Note 6—The torque limits determined by 11.6 apply only to flanges
bolted up against a flat sealing surface. Significantly lower bolt-torque
values will normally be allowed when contact-molded flanges are bolted

four [measurements, equally spaced circumferentially.

9.4 Sealing—Bolt together flanged components in general
agregment with Fig. 2 using the gasket and bolt torque
recojmmended for standard field installation by the flange
manfifacturer. Then pressure test the assembly and require it to
hold|the test pressure for a period of 168 h without leakage.
Retopquing to the manufacturer’s specified level after initial
presgurization is permitted.

9.p Short-Term-Rupture Strength—Hydrostatically test
flanded components in accordance with Test Method D1599
with|free-end closure for Class I flanges and fixed-end closure
for {Class II flanges except as herein noted. Increase the
presqure in the specimen until failure of the flange occurs.
Presgure testing in an atmospheric environment is permissible.
Minimum-failure time shall be 60 s; no restriction shall be
placgd on maximum time-to-failure. Leaking past the gasket
interface is permissible during this test. Bolt torque may be
incrdased as necessary during the test in order to minimize
gaskpt leaking and to achieve the pressure necessary to cause
flande failure. The assembly used for the test in 9.4 may be
used| for this test. (Warning—DO NOT TEST WITH AIR
PRESSURE.)

9.6 Maximum Bolt Torque—Using the gasket and hardware
recojmmended by the flange manufacturer, bolt~the flange
against a flat-face steel flange. Tighten the nuts by hand until
they [are snug. Prior to fit-up, the nuts, bolts and*washers should
be weell lubricated, using a non-fluid thread\ubricant. Establish
unif¢grm pressure over the flange faceby tightening bolts in
10-1%-ft (14-N-m) increments accordihg-to the sequence shown

® B ~—c

A—End¢plate, end cap, or quick closure with coupling for pressure source/vent

up against other than flat sealing surfaces. When fiberglass flangps must be
used against other than flat sealing surfaces, the flange ‘mapufacturer
should be contacted for his torquing and installation récemfmehdations.

10. Proof of Design

10.1 Test one each of 150-psi (1.03-MPa) flanges 8§, 12, and
24 in. (203, 305, and 610 mm) as described in 6.1.2 and 9.5, to
establish that the design calculation$ meet the test requirements
and to establish rating data for the particular constrution for
all sizes of 150 psi or lower pressure ratings. Any change in
calculation or constructiemwill require retesting.

10.2 For individdal orders conduct only those test$ specifi-
cally agreed upon between the purchaser and the manpfacturer
prior to manufacture of flanges.

11. Produc¢t Marking

11¢h Flanges for use or installation by other than the flange
manufacturer shall be marked with the following infdrmation:

11.1.1 The designation “ASTM D5421” with which the
ffange complies,

11.1.2 Identification of the flange in accordance [with the
designation code in 4.2,

11.1.3 Nominal flange size, and

11.1.4 Manufacturer’s name (or trademark) and| product
designation.

11.2 Flanges for use and installation by the flange fpanufac-
turer shall be identified on the fabrication and g3ssembly
drawings with the following information:

11.2.1 The designation “ASTM D5421,” and

11.2.2 Pressure rating.

Note 7—Through a quality-assurance and surveillance prpgram the

manufacturer shall ensure that the flanges used are of the designfated grade
and pressure rating.

12. Precision and Bias

12.1 No precision and bias statement can be madp for the
test methods outline in this standard since controllefl round-
robin test programs have not been run. The wide variations in
raw materials and construction between manufacturgrs make
round-robin testing difficult to apply.

line-
B—Reinforced thermosetting resin pipe (RTRP).
C—Test flange set.
D—End plate, end cap, or quick closure.

FIG. 2 Test-Assembly Configuration

13. Certification

13.1 See Annex Al for certification requirements

14. Keywords

14.1 butt weld; certification; contact molded; flange on pipe;
furan; integral flange; polyester; vinylester
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Al.1 )
acceptang
Al.2
of the test
Al3 1
Al4 )
applicabld

12 Bolt
Flange

@ 16 Bolt
Flange

® @ © Yep®

FIG. 3 Bolt Torquing Sequence

ANNEX
(MandatoryInformation)

AL, CERTIFICATION

WVhen agreed upon in writing between the purchaser and the seller, a certification shall be made on the basjs of

e material.

Certification shall consist of a ¢opy of the manufacturer’s test report or a statement by the seller (accompanied by a
results) that the material hds been sampled, tested, and inspected in accordance with the provisions of the specifica

Fach certification so furnished shall be signed by an authorized agent of the seller or manufacturer.

Vhen original identityrcannot be established, certification can only be based on the sampling procedure provided by
specification.

copy
tion.

the
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SPECIFICATION FOR FIBERGLASS (GLASS-
FIBER-REINFORCED THERMOSETTING-RESIN) PIPE
AND PIPE FITTINGS, ADHESIVE BONDED JOINT TYPE,
FOR AVIATION JET FUEL LINES

@g@ SD-5677

(Identical with ASTM D5677-17 exceptforwevisions to title, paras. 1.1, 2.3, 3.2.1, 6.1.4; addition of para. 11.2 and Annexk
A1; and editorial changes.)
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Specification for

Fiberglass (Glass-Fiber-Reinforced Thermosetting-Resin)
Pipe and Pipe Fittings, Adhesive Bonded Joint Type, for

Aviation Jet Fuel Lines

1. Scope

1.1 Th
fittings S
reinforcer]
intended
(1034-kP:
kPa) in a

1.2 Th
in this s
diameter,

1.3 Th

s specification covers a reinforced plastic pipe and
ystem made from epoxy resin and glass-fiber
hent, together with adhesive for joint assembly,
for service up to 150°F (65.6°C) and 150-psig
) operating pressure and surges up to 275 psig (1896
iation jet fuel lines installed below ground.

e dimensionless designator NPS has been substituted
becification for such traditional terms as nominal
size, and nominal size.

e values stated in inch-pound units are to be regarded

as standard. The values in parentheses are for information only.

1.4 Th
test meth
standard
if any, as.
of this st
environm
regulator)

NortEe 1

2. Referg

2.1 AS

D381 Tj
ratiof
D883 Tj
D1599
Presg
D1600
tics
D1655
D2310
(Gla
(With

b following safety hazards caveat pertains only to the
od portion, Section 9, of this specification: This
Hoes not purport to address all of the safety concerns,
ciated with its use. It is the responsibility of the user
ndard to establish appropriate safety, health, and
ntal practices and determine the applicability of
limitations prior to use.

FThere is no known ISO equivalent to this standard.

nced Documents

U'M Standards:
est Method for Gum Content in Fuels by Jet Evapo-

erminology Relating to Plastics

Test Method for Resistance to(Short-Time Hydraulic
ure of Plastic Pipe, Tubing and Fittings
Terminology for Abbreviated Terms Relating to Plas-

Specification for Aviation Turbine Fuels
Classification_for- Machine-Made “Fiberglass”
s-Fiber-Reinforced Thermosetting-Resin) Pipe
drawn 201H),

D2412 Test Method for Determination of External Lod
Characteristics of Plastic Pipe by Parallél{Plate Loa
D3241 Test Method for Thermal Oxidation Stabilif
Aviation Turbine Fuels

D3567 Practice for Determining Dintensions of “Fibergflass

(Glass-Fiber-Reinforced Thefmosetting Resin) Pipe
Fittings
D3951 Practice for Commergial Packaging
D5685 Specification, for “Fiberglass” (Glass-F
Reinforced Thermesetting-Resin) Pressure Pipe Fitt]
F412 Terminology, Relating to Plastic Piping Systems
F1173 Specifi¢ation for Thermosetting Resin Fiberglass|
Systems to/Be Used for Marine Applications
2.2 Militqry Specification:
MIL-T25624 Turbine Fuel, Aviation, Grades JP-4, JP-§
JP<S1IP-8 ST

2.3 ASME Standards:

ASME B16.5, Steel Pipe Flanges and Flanged Fittings]

ASME NM.3.2, SF-1173 Specification for Thermosett
Resin Fiberglass Pipe Systems to Be Used for Mari
Applications

3. Terminology

3.1 Definitions—Definitions are in accordance with T
nologies D883 and F412, and abbreviations are in accord
with Terminology D1600, unless otherwise indicated.

ding

ling
y of

”

and

iber-
ngs

Pipe

and

=

g

ne

rmi-
ance
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3.2 Definitions of Terms Specific to This Standard:
3.2.1 conductive—a pipe or fitting that meets the require-

ments for conductivity listed in Section 6 of Specification
F1173 (ASME SF-1173).

3.3 Abbreviations:
3.3.1 RTRP, n—reinforced thermosetting resin pipe.
4. Classification

4.1 General:
4.1.1 Pipe meeting this specification is classified by type,

SD-5677

contain a liner. The liner, if used, shall be composed of an
epoxy resin formulation and is permitted to contain a reinforce-
ment.

5.2 Material—The pipe and fittings shall be made from
epoxy resins and glass-fiber reinforcement of commercial first
quality. Fillers, colorants, and other materials are permitted to
be added, provided the pipe and fittings meet all the require-
ments of this specification. Epoxy pipe shall be joined only
with epoxy fittings.

33 Adhesive-_Adhesive for Jini‘nt assembly shall be a ma-

grad¢, and class similar to Classification D2310.

4.1.2 Fittings meeting this specification are also classified
by type (method of manufacture) and grades (generic type of
resin).

4.1 Pipe:

2.1 Type I Filament-Wound Pipe Nonconductive
.2.2 Type Ia Filament-Wound Pipe Conductive
2.3 Type II Centrifugally Cast Pipe

3} Fittings:

3.1 Type I Filament-Wound Fittings Nonconductive
3.2 Type Ia Filament Wound Fittings Conductive
3.3 Type Il Molded Fittings Nonconductive

Grade:
.1 Grade 1 Glass-Fiber-Reinforced Epoxy Resin (Pipe
Fittings)
Classes (Pipe Only):
.3.1 Class A No Liner
.$.2 Class C Epoxy Resin Liner Nonreinforced
.$.3 Class F Epoxy Resin Liner Reinforced

5. Materials and Manufacture

5.1 General—The fiberglass pipe shall be round~ and
straight, and the pipe and fittings shall be of uniform-density,
resin| content, and surface finish. All pipe ends-shal be cut at
right| angles to the axis of the pipe and any/ sharp edges
remdved. The bore of the pipe and fittingsshall have a smooth,
unifgrm surface with no exposed fibersiand is permitted to

TABLE 1 Dimensions of Pipe

terial suitable for providing a seal between the pipgarnd fittings
in continuous service up to 150°F (65°C) and-150 psig (1034
kPa) with surges to 275 psig (1896 kPa). The adhesivg shall be
supplied as a kit which includes containef$ of all components
in the amounts needed for each adhesive, nlixture. Ingtructions
for use shall be marked on each &enfainer or list¢d on an
instruction sheet included in eachadhesive kit. When|specified
in the contract or purchase’ order, adhesive Kkits [shall be
furnished in a sufficient quaitity for the particular profurement
of pipe and fittings.

6. Dimensions

6.1 Pipe—The pipe shallbe 1,1.5,2,3,4,5,6,8, 1D, 12, 14,
16, 18, 20, 22,)and 24-in. (25, 40, 50, 80, 100, 125, 150, 200,
250, 300,350, 400, 450, 500, 550, and 600-mm) nomijinal sizes
as specified and shall have the dimensions and tplerances
showhin Table 1 unless otherwise agreed upon by the
puichaser and seller.

6.1.1 Length—Unless other lengths are specifiefl on the
purchase order, the length of the pipe shall be 20 ft (§.1 m), 30
ft (9.2 m), or 40 ft (12.2 m) with a plus tolerance of| 2 ft (0.6
m) and a minus tolerance of 5 ft (1.5 m).

6.1.2 Wall Thickness—The minimum wall thickngss of the
pipe shall be not less than 87.5 % of the average wall thickness
of the pipe as measured in Section 8 and tested in Spction 9.

6.1.3 Fittings—Fittings shall be 1, 1.5, 2, 3, 4, 5,(6, 8, 10,
12, 14, 16-in. (25, 40, 50, 80, 100, 150, 200, 250, 3004350, 400,
450, 500, 550, and 600-mm) nominal sizes, as speciffied, and

Nore 1—Nominal pipe diameters-of 14 in. (350 mm), 16 in. (400 mm), 18 in. (450 mm), 20 in. (500 mm), 22 in. (550 mm), and 24 (6J0 mm) are

availgble and approved with qutside diameters or inside diameters as specified in Table 1.

Nominal Pipe Diameter Outside Diameter

Tolerance, Type | and Type la Tolerance, Typelll

in. (mm) in. (mm) in. (mm) in. mm)

1 (25) 1.315 (33.40) +0.060 -0.016 (+1.52 -0.41) +0.009 (40.229)
1.5 (40) 1.900 (48.26) +0.060 -0.018 (+1.52 —0.46) +0.009 (H0.229)
2 (50) 2.375 (60.32) +0.060 -0.018 (+1.52 -0.46) +0.012 (30.30)
3 (75) 3.500 (88.90) +0.060 -0.018 (+1.52 -0.46) +0.012 (30.30)
4 (100) 4.500 (114.30) +0.060 -0.018 (+1.52 -0.46) +0.015 (30.38)
5 (125) 5.563 (141.30) +0.060 -0.028 (+1.68 -0.71) +0.025 (30.64)
& 56 6625 t+66-26) +5-066—=6-026 tr+66—=071 +5-025 £0.64)
8 (200) 8.625 (219.08) +0.086 -0.040 (+2.28 -1.02) +0.025 (x0.64)
10 (250) 10.750 (273.05) +0.108 -0.048 (+2.74 -1.22) +0.025 (x0.64)
12 (300) 12.750 (323.05) +0.128 -0.056 (+3.25 -1.42) +0.025 (x0.64)
14 (350) 14.000 (355.60) +0.145 -0.064 (+3.68 -1.63) +0.035 (x0.89)
16 (400) 16.000 (406.40) +0.165 -0.074 (+4.19 -1.88) +0.035 (x0.89)
18 (450) 18.000 (457.20) +0.250 +6.35

20 (500) 20.000 (508.00) +0.250 +6.35

22 (550) 22.000 (558.80) +0.250 +6.35

24 (600) 24.000 (609.60) +0.250 +6.35
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shall have dimensions suitable for joining to the pipe and
enabling the pipe and fitting joint to meet the requirements
of this specification. For purposes of this specification,
fittings shall include couplings and flanges.

6.1.4 Flanges—Flanges shall conform to the bolt hole sizes
and pattern for 150-1b steel flanges in accordance with ASME
B16.5.

7. Performance Requirements

7.1 Joint Strength—Pipe, fittings, adhesive, and joints shall

ASME NM.3.2-2020

and as agreed upon between the purchaser and the seller, shall
be selected from each lot or shipment and examined to
determine conformance with this specification. In the case of
no prior agreement, random samples selected by the testing
laboratory shall be deemed adequate.

8.2.2 Pipe and Fittings—Sample pipe and fittings selected
shall be examined for the following defects: incorrect dimen-
sions; ends of pipe not cut at right angles to the axis; exposed
fibers or nonuniform surface on bore of pipe or fittings; cracked
or chipped liner (if used); bubbles, pinholes, delaminations,

s ) bin | Lbasl 1 - P
show no porostty-or-otircrCviacnce ot rarrure-whner- testeaT11r

accordande with 9.2.2.

7.2 HyHrostatic Strength—Pipe, fittings, adhesive, and joints
shall witlstand a hydrostatic pressure of 300 psi (2068 kPa)
without ahy indication of porosity, delamination, splitting, or
other evidence of failure when tested in accordance with 9.2.3.

7.3 Impact Resistance—Pipe and fittings shall show no
porosity pr visual evidence of damage that would affect
serviceabllity when tested in accordance with 9.2.4.

7.4 Bofl Resistance—Pipe and fittings shall show no evi-
dence of [delamination or other impairment and shall have a
weight gdin no greater than 1.0 % when tested in accordance
with 9.2.4.

7.5 External Load Resistance—When tested as specified in
9.2.6, thg pipe shall show no visual evidence of cracking,
crazing, ¢r other damage that could allow leakage of fuel
through tle pipe wall at 5 % deflection and no visual evidence
of delamination, rupture, or other structural damage at 10 %
deflection

7.6 Degradation Resistance:

7.6.1 Ripe and Fittings—Pipe and fittings exposed to JP-5
and JP-5/JP-8 ST fuels, or Jet A and Jet A-1, in accordance with
9.2.7, shdll exhibit no visual evidence of deteriorationlas a
result of gxposure to the fuels and shall have short-time.rupture
strengths [of not less than 90 % of the short-time rupture
strengths | of unexposed pipe and fittings when tested in
accordande with 9.2.7.1.

7.6.2 Huels—IP-5 and JP-5/JP-8 ST, ot Jet A and Jet A-1
fuels confained within pipe and fittings m.accordance with 4.2
and 4.3, $hall not vary from control_samples of the fuels in
thermal sfability and existent gum._properties when tested, as
specified,|in accordance with 9.2.7.2.

7.6.3 Hydrostatic Proof~Test—Pipe and fittings shall with-
stand a hydrostatic pressure.of 275 psi (1551 kPa) without any
indicatior] of porosity.Wheén tested in accordance with 9.2.8.

8. Workmanship

8.1 Pifje and)Fittings—The pipe and fittings shall be free
from all defects including delaminations, cracks, indentations,

CTACKS, IMACIATONS, TeSIM-TICIT O Tesin-starved areas 1 the
outer wall that will affect the strength and performance df the
product; and incorrect or missing identification marking.|Any
sample pipe or fitting having one or more of the defects listed
shall be considered a defective unit.

8.2.3 Dimensions—Pipe and fitting dimensions shall be
determined in accordance with the sapplicable sectior]s of
Practice D3567.

8.2.4 Adhesive—Sample adheSive kits selected shall be
examined for missing adhesive.components and instrudtions
for use, and missing or incorfect identification marking.| Any
sample adhesive kit having one or more of the defects listed
shall be considered a defective unit.

9. Test Methods

9.1 Sampling~—All pipe and fittings shall be tested to deter-
mine conformance to the hydrostatic proof test requirements of
7.6.3 unless otherwise agreed upon by the purchaser angl the
seller, The rate of sampling for the destructive tests specified in
9.2.2't0 9.2.6 (joint strength, impact resistance, boil resisthnce,
beam strength, and cycling resistance) other tests listed shjll be
in accordance with the accepted statistical practice upless
otherwise agreed upon between the purchaser and the sellpr. In
the case of no prior agreement, random samples selected bly the
testing laboratory shall be deemed adequate.

9.2 Tests—Sample pipe, fittings, and adhesive kits sel¢cted
shall be subjected to the tests in accordance with 9.2 thrpugh
9.2.8. Any sample failing to pass any of these tests shdll be
considered a defective unit.

9.2.1 Test Conditions—Unless otherwise specified in th test
method, test specimens shall be conditioned for not less|than
48 h in a room maintained at 60 to 90°F (15 to 32°C) and tpsted
at the same temperature range. Unless otherwise specified, the
test pressure in the individual test methods shall have a
tolerance of +10 —0 psig (68.9 kPa) and -0 psig (0 kPa)

9.2.2 Joint Strength—Joint assemblies containing the pipe,
fittings, and adhesive shall be fabricated. The adhesive shgll be
applied and cured as under field conditions in accordance|with
the manufacturer’s printed instructions. The completed test
section shall be either an assembly containing the pipd and

bubbles, pinholes, porosity, and resin-rich and resin-starved
areas which, due to their nature, degree, or extent, detrimen-
tally affect the strength and serviceability of the pipe and
fittings. The liner, if used in the pipe or fittings, shall be free of
cracks, chips, or other damage.

8.2 Examination:
8.2.1 Sampling—A sufficient quantity of pipe, fittings, and
adhesive Kkits, in accordance with accepted statistical practice
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each kind of fitting to be furnished under a contract, or simply
one fitting joined between two pieces of pipe. When a section
containing just one fitting is used, then similar test sections
containing the other kinds of fittings to be furnished must also
be tested. If the test section containing the one fitting is used,
the longest end-to-end dimension shall be 18 in. (457 mm) or
seven times the outside diameter of the pipe, whichever is
greater, but no longer than 84 in. (2.1 m). If the test section
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contains more than one fitting, the pipe length between fittings
shall be 6 in. (152 mm) or three times the outside diameter of
the pipe, whichever is greater. Specimens for test shall be the
maximum product size in each pressure class for each method
of manufacture. The manufacturer is entitled to test a smaller
product size to qualify that size and smaller. The test section
shall be subjected to a hydrostatic pressure of 275 psig (1896
kPa) at 150°F (65°C) for 168 h. The liquid medium shall be
water and shall contain a soluble fluorescent dye. Observations
with an ultraviolet lamp shall be made each 24 h for porosity

SD-5677

made at room temperature and the specimen shall be supported
on a solid, flat support. Four drops shall be made on randomly
selected areas of the pipe specimen, 90° clockwise from each
other. One drop shall be made on the fitting specimen. The
specimen shall then be pressurized to 275 psig (1896 kPa) and
shall remain at this pressure for 168 h. At the end of this time,
the specimen shall be examined for porosity with an ultraviolet
lamp and then emptied and examined for evidence of damage.

9.2.4.2 Drop Test—Specimens of pipe and fittings shall be
dropped onto a concrete floor from a height of 4 ft (1.2 m). The

or other evidence oI Tailure of the pipe, TIttings, or joints. P1pe, pipe specimen shall be a minimum of 2 1t (0.0 m) 1n length and
fittings, adhesive, and joints shall show no evidence of failure the fitting specimen shall be the complete fitting-Thg test shall
or pgrosity as required in 7.1. Alternatively, products qualified =~ be conducted at room temperature. The specimer] shall be
to Specification D5685 at pressures and temperatures equal to, empty and shall be dropped parallel to the flogr. All bore center
or gileater than, that required by this standard shall be consid- lines of the fitting specimen shall be horizental when striking
ered|as having met the requirements of 9.2.2. the floor. Following the drop, the specinien shall be jexamined
9.2.3 Hydrostatic Strength—The test consists of filling a  for evidence of damage and then filled with water coptaining a
pipe[and fitting test assembly, bonded with the adhesive to be soluble fluorescent dye and presSurized to 275 psig (1896 kPa).
furnished, with fresh water containing a soluble fluorescent dye ~ The specimen shall remain at/this pressure for 168 If and then
at ropm temperature and cycling the pressure between 0 and ~ be examined for porosityswith an ultraviolet lamp.
300 [psig (2068 kPa) for 1000 cycles. The assembly shall 9.2.5 Boil Resistance—A test specimen 1.5 in. (38.5 mm) in
contgin one or more of the fittings to be furnished under a length shall be cut from the sample pipe. Fittings shall be tested
contfact. The minimum test assembly size shall be 6 ft (1.8 m) using either the whole fitting or a 1.5-in. length cuf from the
if orfe fitting is tested. If multiple fittings are tested in the fitting. The testSpecimens shall be conditioned for 8 h at 200°F
asseqnbly, the pipe length between fittings shall be 2 ft (0.6 m), (93.3°C), sdesiccated, and an initial weighing nfade. The
minimum. Specimens for test shall be the maximum product specimens ‘shall be suspended in a boiling distilled water bath
size fin each pressure class for each method of manufacture.  for 3 hiyThe specimens shall be removed one at a tinje, blotted
The manufacturer is entitled to test a smaller product size to dry,of-excess water, and weighed. This weighing shall be made
qualify that size and smaller. Approximately 5 to 10 s shall be within 1.5 min after removal from the bath. After weighing, the
used|to apply the 300-psig pressure followed by a 30-s dwell at specimens shall be visually examined for delaminatidn or other
that |pressure and then immediate removal of the pressurg,* evidence of impairment and the percentage weight gain of the
folloved by a 30-s dwell at zero pressure. The specimen shall specimens shall be calculated as follows:
have]failed the test if it cannot maintain the 300-psig pfessure ) ) (B—A)
befofe the completion of the 1000 pressure cycles.f thé 1000 Weight gain, % = —;— X 100 e
presqure cycles are completed, the specimen shall\be pressur-
ized [to 300 psig for 2 h, at the end of which tifnejthe specimen where:
shalll be examined with an ultraviolet lamp for porosity. The A = initial weight, and
presqure shall then be removed and thesspecimen emptied of B = weight after immersion.
water and visually examined for other'evidence of failure. Pipe, Tested specimens shall meet weight gain and visual inspec-
fittinigs, adhesive, and joints shall cenform to the requirements tion requirements in accordance with 7.4.
in 7.p. 9.2.6 External Load Resistance—The pipe shall bg tested in
9.2.4 Impact Resistance~Pipe and fittings shall be sub- accordance with Test Method D2412. Specimens foy test shall
jectefd to a falling ball testand a drop test in accordance with be the maximum product size in each pressure clas for each
9.2.4.1 and 9.2.4.2 and‘shall conform to the requirements in method of manufacture. The manufacturer is entitlefl to test a
7.3. Ppecimens fortest shall be the minimum product size in  smaller product size to qualify that size and smallef. The test
each| pressure class”for each method of manufacture. The specimens shall be visually examined at 5 % deflpction for
manyifacturer<can elect to test a larger product size to qualify  evidence of cracking, crazing, or other damage that c¢uld allow
that pize and\larger. leakage of fuel through the pipe wall, and examinefl again at
9.2.417Falling Ball Test—A steel ball 2 in. (50 mm) in 10 % deflection for evidence of delamination, rupturg, or other
diamleter and weighing approximately 1.2 1b (0.54 kg) shall he  structural damage. When tested as specified, the pipe shall

dropped squarely onto the surface of the pipe or fitting
specimen with a free fall (which is potentially guided) from a
height of 1 ft (0.3 m). The pipe specimen shall be a minimum
of 2 ft (0.6 m) in length and the fitting specimen shall be the
complete fitting. It is acceptable for the ball to be caught or
deflected after the hit so that the rebound does not hit the
specimen. The specimen shall be full of water containing a
soluble fluorescent dye, but not pressurized. The test shall be
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meet visual inspection criteria in accordance with 7.5.

9.2.7 Degradation Resistance—Test specimens of pipe and
fittings shall be filled with JP-5 and JP-5/JP-8 ST, or Jet A and
Jet A-1, fuels and stored for 90 days at 75 = 15°F (24 = 8°C).
If all nominal sizes of pipe are fabricated in the same way and
with the same materials, only one size of pipe need be tested.
Test specimens shall be obtained from samples of that size
selected. If all nominal sizes of fittings are fabricated in the


https://asmenormdoc.com/api2/?name=ASME NM.3.2 2020.pdf

SD-5677

same way and with the same materials, only elbows and tees of
one size need be tested. One end of the pipe test specimens
shall be sealed utilizing the adhesive for joint assembly so that
the adhesive will be in contact with the fuels. The JP-5 and
JP-5/JP-8 ST fuels shall conform to MIL-T-5624. The Jet A and
Jet A-1 fuels shall conform to Specification D1655. Following
the 90-day storage period, the fuels shall be poured into
stainless steel cans labeled with the type of fuel and the pipe or
fitting from which the fuel was poured. The pipe, fittings, and
fuels shall then be tested in accordance with 9.2.7.1 and

ASME NM.3.2-2020

perform any of the inspections and tests set forth in this
specification where such inspections are deemed necessary to
ensure that material conforms to prescribed requirements.

Note 2—In U.S. Federal contracts the contractor is responsible for
inspection.

11. Certification

11.1 Unless otherwise specified on the purchase contract, a
certificate of compliance from an independent commercial
laboratory or factory inspection agency acceptable to the

9.2.7.2. purchaser will be accepted as prool that the requirements ijn 7.1
9.2.7.1| Pipe and Fittings—The test specimens from which  to 7.5 for the destructive tests specified in 9.2.2 to 9:2:6)(joint
the fuels pvere removed shall be examined for visual evidence strength, impact resistance, boil resistance, beam_sfrength, and
of deteridration from contact with the fuels and then shall be  cycling resistance) have been met. The certificate-of compli-
tested in [accordance with Test Method D1599 to determine  ance shall be accompanied by a certification’ frem the njanu-
their shoft-time rupture strengths. The same test shall be  facturer that the tests have been performed on proflucts
performed on similar test samples maintained in the same room manufactured from the same material§®and by the pame
during the¢ 90-day storage period, but not in contact with the manufacturing processes as the itemfis=being offered, and that
test fuels.|The percent difference between the rupture strengths any proposed changes in material ¢ processes will be prorpptly
of the exposed and unexposed specimens shall be determined. reported to the purchaser. Thespurchaser reserves the right to
Visual indpections and rupture strengths shall meet the criteria require additional testing andcertification when such chgnges
of 7.6.1. are made or when otherwise deemed necessary.
9.2.7.2| Fuels—The JP-5 and JP-5/JP-8 ST, or Jet A and Jet 112 See A e .
. . . .2 See Annex Al‘for certification requirements
A-1 fueld removed from the pipe and fitting test specimens
shall be fested for thermal stability in accordance with Test 1
Method IP3241 and for existent gui]n in accordance with Test 12. Product Marking
Methods P381. The same tests shall also be performed on fuels 12.1 Pipe<~Each length of pipe shall be marked at intdrvals
that had Heen stored in stainless steel cans in the same room as ~ ©f not moére’than 15 ft (6 m). Each marking shall inclufle at
the filled pipe and fitting specimens during the 90-day storage least tHe manufacturer’s name or trademark, the nominal| pipe
period. The thermal stability and existent gum properties of the ~ siz€iand the type of reinforced plastic pipe. Designate thq type
exposed find unexposed fuels shall be compared and must ofreinforced plastic pipe in accordance with Classificption
comply with 7.6.2. D2310 or some other easily identifiable system. The mafking
9.2.8 Hydrostatic Proof Test—The pipe and fittings shall be  shall be of a contrasting color and a type that remains legible
filled witlh water and pressurized to 275 psig (1896 kPa), The under normal handling and installation procedures.
test shall| be conducted at room temperature. The pip&and 12.2 Fittings—Each fitting shall be marked with at leat the
fittings shiall remain under pressure for not less thap-Sxmin and  manufacturer’s name or trademark and the nominal size| The
then shalll be examined for porosity while still underpressure. marking shall be of a contrasting color and a type that rerhains
The pipe pnd fittings tested shall conform to_the réquirements  Jegible under normal handling and installation procedures.
of 7.6.3. 12.3 Adhesive—Each container shall be marked with at|least
10. Inspgction the manufacturer’s name or trademark, adhesive compgnent
10.1 Irspection of the material ghall'be made as agreed upon type, ex piratiog .date, s.pecie;l storagf:f conditions,A han dl?“g
between the purchaser and the supplier as part of the purchase precaqtlons, an 1nstrgct10ns or use (l. a separate Instryction
order. sheet is not included in the adhesive kit).
10.2 Rpsponsibility forJuspection—Unless otherwise speci- 13. Packaging
fied in th¢ contract or‘purchase order, the producer is respon- 13.1 Unless otherwise specified in the contract or orde}, the
sible for [the perfofmance of all inspection and test require- preservation, packing, and marking shall be in accordance{with
ments spgcified.herein. The producer is permitted to use his Practice D3951.
own or apy other*suitable facilities for the performance of the
. . . . . 14. Keywords
inspection and test requirements specified herein, unless the
purchaser disapproves. The purchaser shall have the right to I4.T bcam strengin, boil Tesistance, centrirugally Cast; cy-
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ANNEX

(Mandatory Information)

Al. CERTIFICATION

Al.l When agreed upon in writing between the purchaser and the seller, a certification shall be made on the basis of
acceptance material.

A12__Certification shall consist of a copy of the manufacturer’s test report or a statement by the seller (qr‘r‘nmpanipr] y a copy
of th¢ test results) that the material has been sampled, tested, and inspected in accordance with the provisions of the spegification.

A].3 Each certification so furnished shall be signed by an authorized agent of the seller or manufacturer.

Al.4 When original identity cannot be established, certification can only be based on the sampling procedute provided by the
applikcable specification.
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SPECIFICATION FOR "FIBERGLASS" (GLASS-
FIBER-REINFORCED THERMOSETTING=RESIN)
PRESSURE PIPE FITTINGS

@Z@ SD-5685

(Identical with ASTM D5685-19 except for revisions to paras. 1.1, 2.2, 4.5.5, 4.5.6, 4.5.7, 6.2, 7.4.1, 8.1.1, and 10.1; ad
dition of section'9 and Annex A2; and editorial changes.)
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SD-5685 ASME NM.3.2-2020
Specification for
“Fiberglass” (Glass-Fiber-Reinforced Thermosetting-Resin)
Pressure Pipe Fittings
1. Scop» 1D2992 Practice for ()hmining Hvydrostatic or Pressnre De-
. . . « . sign Basis for “Fiberglass” (Glass-Fiber-Reinf¢rced
1.1 Thiis specification covers “fiberglass” (glass-fiber- TI%ermosetting—Resin) Pi[g)e and Fittings
reinforced thermosetting-resin) fittings for use with filament D2996 Specification for Filament-Wound (Fibergfass”
yvound o centrifggally cas.t fiberglass pipe, or both, in. size§ ! (Glass-Fiber-Reinforced Thermosetting-Resitl) Pipe
g.zggléogg;}v[? Sgl' 25(;6 plp?)zlgg%uﬁicstﬁﬁ];ds]t)o 2219)(;01ﬁcagor;] D2997 Specification for CentrifugallyCast “Fiberglass”
( ) ) or ( } ). or both. (Glass-Fiber-Reinforced Thermosetting-Resin) Pipe
1.2 Thg values stated in inch-pound units are to be regarded D3567 Practice for Determining Dimensions of “Fiberglass™
as standafd. The values given in parentheses are mathematical (Glass-Fiber-Reinforced Thermosetting Resin) Pipd and
conversions to SI units that are provided for information only Fittings
and are npt considered standard. D4024 Specification for Machine Made “Fiberglass” ((lass-
1.3 The following safety hazard caveat pertains only to the Fiber-Reinforced Theimdsetting Resin) Flanges
test methpd portion, Section 7, of this specification: F412 Term.molo.gy Relating to Pl.astlc Piping Systems 4
1.4 Thfs standard does not purport to address all of the F4i7n7 SPpl;cl(S:;iﬁccil)tilo: for Elastomeric Seals (Gaskets) for foin-
safety copcerns, if any, associated with its use. It is the & b
responsibylity of the user of this standard to establish appro- 2.2 ASME Stgndards: .
priate safety, health, and environmental practices and deter- A%ME B16.5, Steel Pipe Flanges, Flanged Valves and
mine the ppplicability of regulatory limitations prior to use. ASli/};lngI\?M 12 SD.2996 Specificati for Fil .
3.2, - pecification for Filanjent-
N_OTE 14——The term “ﬁberglags pipe” as describéd in S.ecti(:m 3 of this Wound “Fiberglass” (Glass-Fiber-Reinforced Thefmo-
et syl o ol eforced rmoseting rsin e (RTRP)_\ scting-Resi) Pipe
Norte 2-}For the purposes of this standard, polymer does not include ASME BIM'?)'Z’ 89-23?7 Sp.elflflcatl.org for Centrifigally
natural poljmers. Cast F}berglass (Glass-Fiber-Reinforced Thermgset-
Norte 3+-There is no known ISO equivalent to this standard. ting-Resin) Pipe
ASME NM.3.2, SD-4024 Specification for Machine Nlade
2. Referénced Documents “Fiberglass”  (Glass-Fiber-Reinforced Thermoset{ing-
) Resin) Flanges
é’é{giTM Slandards. . . . ASME NM.3.2, SF-477 Specification for Elastonjeric
ractice for Conditioning Plastics for Festing f . A
D883 Terminology Relating to Plastics Seal.s (Gaskets) for Joining Plastic Pipe
D1598 [Test Method for Time-to-Failuje’ of Plastic Pipe 3 3Tfrgl;01.olgy

Undgr Constant Internal Pressure -1 Depuutions:

D1599 [Test Method for Resistance'to Short-Time Hydraulic 3.1.1 General—Definitions are in accordance with Termi-

Presqure of Plastic Pipe, Tbing, and Fittings nology D883 or F412. Abbreviatiqns are in accordance W%th

D1600 [Terminology for Abbreviated Terms Relating to Plas- Tennlnology D1600, gnlegs otherwise indicated. The‘ab.bnewa-
tics tion for fiberglass pipe is RTRP and the abbreviation for
D2143|Test Method_ for Cyclic Pressure Strength of  fiberglass fittings is RTRE.

Reinforced, Thefmosetting Plastic Pipe 3.1.2 “fiberglass” pipe—tubular product containing [glass
fiber reinforcements embedded in or surrounded by ¢ured
thermosetting resin. The composite structure may contain
aggregate, granular or platelet fillers, thixotropic agents,

122


https://asmenormdoc.com/api2/?name=ASME NM.3.2 2020.pdf

ASME NM.3.2-2020

pigments, or dyes. Thermoplastic or thermosetting liners or
coatings may be included.

3.1.3 reinforced thermosetting resin pipe—fiberglass pipe
without aggregate (RTRP).

3.1.4 reinforced polymer mortar pipe—fiberglass pipe with
aggregate (RPMP).

3.1.5 reinforced thermosetting resin fitting—fiberglass fit-
ting without aggregate (RTRF).

3.1.6 reinforced polymer mortar fitting—fiberglass fitting

SD-5685

4.4.6 Class F—Epoxy-resin liner (reinforced).

4.4.7 Class G—Phenolic resin liner (reinforced).
4.4.8 Class H—Thermoplastic-resin liner (specify).
4.4.9 Class [—Furan-resin liner (reinforced).

4.4.10 Class J—Vinylester resin liner (nonreinforced).
4.4.11 Class K—Vinylester resin liner (reinforced).

4.5 Joint Categories (Method of Joining):

4.5.1 Category I—Taper-to-taper adhesive-bonded joint fit-
tings manufactured with a tapered socket to be used in
conjunction with a pipe or fitting with a matching spigot

withaggregate (RPME). section and a suitable adhesive. This joining method provides
. . an interference fit over the entire length of the(Bond line.
4. (Qassification 4.5.2 Category 2—Straight-taper adhesive-borided joint fit-

4.1 This specification covers fiberglass fittings defined by ting manufactured with a tapered socket te, bedised With a pipe
type (method of manufacture), grade (general resin type), class or ﬁtFing Wi.th_ap .untapered spigqt sectiop and § suitable
(gen¢ral liner type), category (configuration of joining system), adhesive. This joining method provides an interfergnce fit at
and pressure rating ( a single letter designating the pressure  the bottom of the socket.
class| and method of manufacture). 4.5.3 Category 3—Straight adhesive bonded jojnt fitting

41 Topes: manufactured with an untapeted socket for use with|a pipe or

4" ly IT)yp.e /—Filament-wound fittings manufactured by fitting with an untapered Spigot and a suitable adhepive. This
winding continuous fibrous-glass strand roving or roving tape, 10121;] i pg;‘;;dzs n(;ilgéffrgfsgesg; oint made bvla contact
eithey pre-impregnated or impregnated during winding, onto a o 8 N P © oY
mandrel, or a liner corresponding to the fitting shape molding process which involves hand lay-up with gldss-woven

442 ,Type 2—Compression molded fittings made b'y apply roving or chepped strand mat, or both, which is satufated with
T - . " resin.

::I:)i Eﬁgglsiltg?;ﬁz:;dmhfjé to a molding compound that is 4.5.58Category 5—Flanged fittings are availabjle as all

433 Tvve 3—Resin trans fe'r molded fittines manufactured outlets flanged or as flange-by-joint specified in this [specifica-

N . . gs n tion. Flanges are in compliance with Specification [p4024
by pumping a thermosetting resin into glass reinforcements (ASME SD-4024)
thatldhave been cut to size and clamped between matched 45.6 Category 6—Elastomeric (gasket) sealed jdints with
mcé)l S;l Type 4—Centrifugally cast fittings made by applying sealant manufactured in compliance with Specificafion F477

o - . \ ASME SF-477) for joi hich have i 1 lonjgitudinal
resin| and reinforcement to the inside of a mold that is rotating (AS . S d721) or joints v 1ch avebllntekg‘ra ongltudmal
and heated, subsequently polymerizing the resin systenl ieStr.aH:it. a;l o.not require thrust blocking orexterna

’ N . t t t.

4.2.5 Type 5—Contact molded fittings made bytapplying Oig;l; lga res ral; El . K led ibi th
resinjand reinforcement to a mold or to miteredAildmient wound l. ) aftegory q n astolrpenc (g,a}i S? 0 s%a ed) 1121:‘;7‘)\/“
stocl or centrifugally cast pipe stock. This procedure shall also seals manutacture 1h compliance wit Spect cation )
cove} “spray-up” fittings which are made by, spraying resin and (ASME1 ISF-4'77) .foi joints which require thrust blpcking or
reinfprcement on a mold or over mitered" pipe wound stock. external longitudinal restraint. .. . . .
“Corjtact molding” includes both drand’ lay-up and spray-up 4.5.8 Category 8&—Threaded joint fittings with thrpad speci-
manyfacturing processes fication to be as agreed upon between purchaser and{manufac-

4.2.6 Fittings of Type 1 through' Type 5 which require thrust turer.
blocking or external axial/festraint when installed shall have 4.6 Pressure Rating—Pressure rating shall be cdtegorized
the letter “R” appended\td” the type of designation. ( For by a single letter designation. Pressure designations qre shown
instahce, a contact molded fitting requiring thrust blocking in Table 1. The pressure ratings are applicable for thq tempera-
wheq installed wotld)be designated a type “SR”.) .

TABLE 1 Pressure Categories
j" nglde;" 7B . Designation Pressure Rating” , psig (kPa)
3.1 GradeM—Epoxy-resin.

4.3.2 Grade 2—Polyester-resin. A 25 (172)

4.3.3UGrade 3—Phenolic-resin. E 1§2 52?;22

4.34F Grade —Vinylester resin. D 150 (1034)

4.3.5 Grade 7—Furan resin. E 200 (1380)

4.4 Classes: g P E1724;

- sses: 300 (2068

4.4.1 Class A—No liner. H 400 (2759)

4.4.2 Class B—Polyester-resin liner (nonreinforced). ‘lj ?gg g???g

4.4.3 Class C—Epoxy-resin liner (nonreinforced). K 1000 (6895)

4.4.4 Class D—Phenolic resin liner (nonreinforced).
4.4.5 Class E—Polyester-resin liner (reinforced).
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ture at which the fittings were tested and for lower tempera-
tures down to —50°F (—46°C). When agreed upon between
purchaser and manufacturer, pressure ratings determined by
tests conducted following Practice D2992 are acceptable.

4.7 Designation Code—The fitting designation code shall
consist of the abbreviation RTRF or RPMF followed by the
type, grade, class, and category in Arabic numerals and the
pressure rating category as a capital letter.

Note 4—An example is RTRF 21A2E This d651gnat10n descrlbes a
(Type 2) compre e
a liner (Clpss A), which is ]omed w1th a (Category 2) stralght taper
adhesive jojning system and has a 200 psig (1380 kPa) pressure rating.

Norte 5—Fittings with identical classification from different manufac-
turers may [not be interchangeable due to non-standardization of pipe or
socket dianfeter, socket length, taper angle, or combination thereof.

5. Materjals

5.1 Fitfings manufactured in accordance with this specifica-
tion shall be composed of reinforcement embedded in or
surroundgd by cured thermosetting-resin. The composite struc-
ture may fontain granular or platelet fillers, thixotropic agents,
pigments,| or dyes.

5.2 Thie resins, fiberglass reinforcements, and other
materials,| when combined into a composite structure, shall
produce { fitting that will meet the performance requirements
of this spgcification.

6. Requifements

6.1 Wopkmanship—The fittings shall be free of all defects
including|indentations, delaminations, bubbles, pin holes, for-
eign inclysions, and resin starved areas, which, due to their
nature, dggree, or extent, detrimentally affect the strength and
serviceab]lity of the fitting. The fitting shall be as uniform,ds
commercially practicable in color, opacity, and other physical
propertied.

6.2 Dimensions and Tolerances—All flanged fittings shall
conform to the center line to flange face dimensions, hole size
and hole pattern, and tolerances of ASME B46.5 short or long
radius type, or otherwise as agreed upom between the manu-
facturer and purchaser. Fitting center-line“to end dimensions,
taper angles, taper length, or combinations thereof, will vary
for non-flanged joining systems~and’ the individual manufac-
turers shalll be consulted for dimiensions. Dimensions shall be
measured|in accordance with\7.3.

Note 6-Fittings with short radii which are not in compliance with
ASME BI1p.5 radius tolerances may be available.

6.3 Fitlings and\Connections Pressure Test Requirements—
Fittings, ¢ouplings, and connections shall meet the following
qualificatjon requirements when tested with restrained ends for

ASME NM.3.2-2020

6.3.2 Each component shall meet or exceed the cyclic or
static-test requirements of 7.4.2.

6.4 Glass Transition Temperature (Tg)—The Tg for each
resin used, as determined by some thermal analysis method,
shall be no less than a minimum statistically significant value
established by the manufacturer. Samples shall be taken from
manufactured fittings when thermal analysis testing is accom-
plished by differential-scanning-calorimeter (DSC). Test in
accordance with 7.5.

2 2 2 1.5
times pressure ratmg and at a frequency determlned byl an
agreement between the purchaser and the seller.

6.6 For individual orders, only those additional test pnd
number of tests specifically agreed upon between the purchjiser
and the seller need be conducted.

7. Test Methods

7.1 Conditioning—When conditioning is required, and i1} all
cases of disagreement, condition the test specimens in ac¢or-
dance with Procedure A ofPraetice D618.

7.2 Test Conditions—The tests may be conducted at ambjent
temperature and humidity conditions. When controlled efivi-
ronment testing i§ specified, tests shall be conducted in|the
Standard Laboratory Atmosphere of 73.4 * 3.6°F (23 = 2°C)
and 50 * 10.%, relative humidity. When elevated temperafure
testing is Specified, conduct the tests at the design temperafure
* 5.4°FA3°C).

1.3 Dimensions and Tolerances—Measure fitting dinjen-
stonts in accordance with applicable documents and Pracfice
DP3567. Measure flange dimensions with a micrometer| or
vernier calipers, or other suitable measuring devices accufate
to within £0.001 in. (0.02 mm). Diameters shall be determined
by averaging a minimum of four measurements, equally spaced
circumferentially.

7.4 Pressure Tests:

7.4.1 Short-Term Hydrostatic Strength Test—Short-termfhy-
drostatic failure pressure tests to determine compliance With
6.3 performed at ambient temperature in accordance with Test
Method D1599 using specimens and sizes as described in
7.4.3. Leaking past the gasket interface of flanged fittings pnd
elastomeric sealed fittings is permissible during this fest,
provided the pressure is at least two times the rating when|the
leak occurs. The bolt torquing sequence of Specificafion
D4024 (ASME SD-4024), Fig. 2 shall be used when tepting
flaged fittings. Fittings without flanges shall be tested with the
pipe they are to be used with joined to the fitting. Bending
or shape restraint during the test is permitted to the extent
applicabletoits anticipated installed conditions. This informfation

Type 6 fittmgs; and UMTesrained ends for OUer type {Timngs, 1
accordance with 7.4.1 for short term hydrostatic strength tests,
and 7.4.2 for cyclic or static tests.

6.3.1 Each type of component and its field-jointed configu-
ration shall be capable of sustaining a short-time hydrostatic
pressure, of at least four times its cyclic-rated pressure or three
times its static-rated pressure for 1 min without visible weeping
or leakage.

blldll ‘UC LUllLaillCd ill I.‘llC CSL ICPUItL.
7.4.2 Cyclic or Static Pressure Test:
7.4.2.1 For cyclic pressure tests, the gage pressure at the
peak pressure of the cycle shall be not less than 2 times the
pressure rating of the fitting. The cycle amplitude pressure
shall be at least 80 % of the selected peak pressure.
7.4.2.2 For static pressure tests, the gage pressure shall be
no less than 2 times the fitting static pressure rating.
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7.4.2.3 Test each component specimen as required above
with unrestrained ends and in accordance with Test Methods
D2143 for cyclic tests, or D1598 for static tests at the
components temperature rating.

7.4.2.4 Each component specimen must withstand a mini-
mum of 168 h for static tests or 252,000 cycles for cyclic tests,
without failure.

7.4.3 Test Specimens and Sample Size Requirements for
Pressure Tests—Test specimens shall include at least one fitting
in each conﬁguratlon for example elbow (90° quahﬁes lesser

for dach method of manufacture. In addition, smaller sizes in
the pressure rating shall be tested as follows:

Prduct Size Range Nominal, in.* Test Size, Nominal, in.

1, 1%, 2,2V, 3 3
4,6 6
8,10,12 12
14,16 16

A In efich range of size, the manufacturer may elect to test a smaller product size
to qudlify only the smaller size.

7.4.4 Requalification Tests for Fittings, Couplings,
Conpections, and Adhesives—The qualification tests in 6.3

shall be repeated after any change in manufacturing process,
consfruction, or type of materials.

ANNEX

(Mandatory Information)

Note 7—Fiberglass fittings short-term hydrostatic strength at ambient
temperature is not necessarily greater than its short-term hydrostatic
strength at all higher temperatures.

7.5 Glass Transition Temperature—Determine by using the
procedure in Annex Al.

8. Marking

8.1 Mark each fitting with the following information:
8.1.1 The demgnatlon “ASTM D5685” or “ASME

8.1.2 Identification of the ﬁttmg in accordance with the
designation code in 4.2,

8.1.3 Nominal fitting size,

8.1.4 Manufacturer’s name (or trademark) and product
designation,

8.1.5 Pressure rating (cyclic or static), psig, and

8.1.6 Traceability information such as lot# or date offmanu-
facture.

8.2 All required markings, shall be legible and applief so as
to remain legible under~normal handling and instgllation
practices.

9. Certification
9.1 See Annex A2 for certification requirements.

10. Keywords
10»1 “centrifugally cast; certification; compression jnolded;

centactmolded; degree of cure; epoxy-resin; filament-woynd; furan-

resin; glass transition temperature; percent extractablg mate-
rial; polyester-resin; pressure-rating; transfer molded

A1l{ METHOD OF TEST FOR THE DETERMINATION OF DEGREE OF CURE BY DIFFERENTIAL SCANNING CALQRIM-

A].1.1 This test determines whether the degree of cure of a
fiberglass fitting test specimen (meets the quality control re-
quir¢gments determined by statistical analysis of typical pro-
ductjon products.

Al.2. Terminology

Al.2.1 Definition:

Al.2.1.1 glass-transition temperature—the midpoint of the
infleption temperature at the DSC curve (heat flow versus
tempglerature):

Al.3. Apparatus

ETRY (DSC)

Al1.4.2 Location—For any given fitting, a sample sh¢uld be
taken O to 10 mils (O to 0.025 m) from the outer surface, ps well
as 0 to 10 mils from the inner surface. If the fitting has p liner,
a specimen should be taken from the liner, as well as the inner
and outer edges of the overwrap.

A1.5. Procedure

A1.5.1 The maximum heating rate is 41°F (23°C)/mjn. The
Tg is dependent upon heating rate, therefore a corjsistent
heating rate shall be used for all testing.

A1.3.1 Differential Scanning Calorimeter (DSC).

A1l.4. Test Specimens

Al.4.1 Size—The size of the specimen is limited by the size
of the DSC sample pan. All specimens can be a chip or filed
into a fine powder to provide easy weighing and uniform
contact with the pan.

AT.5.2 Run the scan from room temperature to at least 22°F
(12°C) above the expected glass transition temperature and no
more than 482°F (250°C).

A1.5.3 Obtain the Tg, (midpoint of the inflection in the
DSC curve).

125

SD-5685


https://asmenormdoc.com/api2/?name=ASME NM.3.2 2020.pdf

SD-5685

A1.5.4 If the Tg is not within 16°F (9°C) of statistically
significant value, cool down the DSC and run another sample
again from room temperature to 54°F (30°C) above Tg, to
obtain Tg,.

A1.5.5 The values Tg, and Tg, obtained with the test
sample should be compared to those statistically significant
values obtained from typical production product. The mea-
sured and typical values should be within 16°F (9°C).

ASME NM.3.2-2020

A1.6.1.2 Fitting dimensions, including nominal size, mini-
mum reinforced wall thickness, and average outside diameter
of reinforced wall. Unreinforced thickness (that is, liner) shall
also be reported.

A1.6.1.3 Number of specimens tested and where the speci-
mens were taken from the fitting.

A1.6.1.4 Heat-up rate for DSC initial temperature and final
temperature for both scans.

A1.6.1.5 Record glass transition temperature (inflection

ction

AL6. Report value) for the first scan as Tg;.
A1.6.1|Report the following information: A1.6.1.6 Record glass transition temperature (infle]
A1.6.1J1 Complete identification of the specimens, includ-  value) for the second scan as Tg,, if applicable.

ing materfal, manufacturer’s name, and lot number. A1.6.1.7 Date of test.

A2. CERTIFICATION

A2.1] When agreed upon in writing between the purchaser and the seller, a certification(shall be made on the basis ¢f
acceptance of material.

A2.2| Certification shall consist of a copy of the manufacturer’s test report or a statemiént by the seller (accompanied byJa
copy of the test results) that the material has been sampled, tested, and inspected-ini¢accordance with the provisions of the
specifidation.

A2.3 Each certification so furnished shall be signed by an authorized agentof the seller or manufacturer.

A24

by the gpplicable specification.

When original identity cannot be established, certification can only“be based on the sampling procedure provide
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SPECIFICATION FOR CONTACT-MOLDED "FIBERGLASS'
(GLASS-FIBER-REINFORCED THERMOSETTING RESIN)
CORROSION RESISTANT PIPE AND_FITTINGS

@Z@ SD-6041

(Identical with ASTM D6041-18 except for revisions to para. 2.2, 2.3, Notes 3 and 4, paras. 5.1.1, 5.1.2, 6.1.2, 6.1.2.4
6.3.4,7.2,9.1, 10.6, 11.1.1, 13.1, and-X2.3; addition of section 12 and Annex Al; and editorial changes.)
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Specification for

Contact-Molded “Fiberglass” (Glass-Fiber-Reinforced
Thermosetting Resin) Corrosion Resistant Pipe and

Fittings

1. Scope

1.1 Th
contact nf
commerc
for matej
tolerancey

1.2 Th
polyester,
fabricatio

Note 1
will includs

1.3 Th
fittings in|
points.

1.4 Th
as the sta
for inforny

1.5 Th
Section 1
standard
if any, ass
of this st
environm
regulator)

NotE 2

s specification covers pipe and fittings fabricated by
holding, for pressures to 150 psi and made of a
al-grade polyester resin. Included are requirements
ials, properties, design, construction, dimensions,
, workmanship, and appearance.

s specification does not cover resins other than
reinforcing materials other than glass fibers or
h methods other than contact molding.

LFor the purposes of this specification, the term polyester resin
both polyester and vinylester resins.

s specification does not cover the design of pipe and
tended for use with liquids heated above their flash

b values stated in inch-pound units are to be regarded
hdard. The SI units given in parentheses are provided
pation purposes only.

p following precautionary caveat pertains only to
, the test methods portion, of this specification: This

Hoes not purport to address all of the safety concerns;

ociated with its use. It is the responsibility of the user
ndard to establish appropriate safety, health,~and
ntal practices and determine the applicability of
limitations prior to use.

- There is no known ISO equivalent to thi§-standard.

2. Referenced Documents

2.1 ASTM Standards:

C581 Practice for Determining Chemical Resistang
Thermosetting Resins Used in Glass-Fiber-Reinf
Structures Intended for Liquid Service

(C582 Specification for Contact-Molded\Reinforced Thel
setting Plastic (RTP) Laminates-for Corrosion-Res
Equipment

D618 Practice for Conditioning®Plastics for Testing

D638 Test Method for Tensile Properties of Plastics

D648 Test Method for Beflection Temperature of PIJ
Under Flexural Lead in the Edgewise Position

D883 Terminology Relating to Plastics

e of
rced

rmo-
stant

stics

D1599 Test Method for Resistance to Short-Time Hydraulic

Pressure of, Plastic Pipe, Tubing, and Fittings

D1600, Tetntinology for Abbreviated Terms Relating to
tics

D2583 Test Method for Indentation Hardness of Rigid
tics by Means of a Barcol Impressor

D2584 Test Method for Ignition Loss of Cured Reinf
Resins

D3567 Practice for Determining Dimensions of “Fiberg
(Glass-Fiber-Reinforced Thermosetting Resin) Pipe
Fittings

D3681 Test Method for Chemical Resistance of “Fiberg]
(Glass—Fiber—Reinforced Thermosetting-Resin) Pipe
Deflected Condition

D5421 Specification for Contact Molded “Fiberg
(Glass-Fiber-Reinforced Thermosetting Resin) Flang

F412 Terminology Relating to Plastic Piping Systems

2.2 ASME Standards:

ASME B16.1 Cast Iron Pipe Flanges and Flanged Fit

ASME B16.5 Pipe Flanges and Flanged Fittings

ASME B18.22 Type “B” Narrow Washers

ASME NM.3.2, SC-582 Specification for Contact-Mold
Reinforced Thermosetting Plastic (RTP) Laminates
Corrosion-Resistant Equipment

ASME NM.3.2, SD-5421 Specification for Contact-Mo
Fiberglass (Glass-Fiber-Reinforced Thermosetting-Rg

Plas-
Plas-
rced

llass”
and

lass”
in a

’

ass
€S

ings

ed
for

ded
sin)
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NSF Standard 61 Drinking Water System Components—

Health Effects
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3. Terminology

3.1 Definitions:

3.1.1 General—Definitions are in accordance with Termi-
nology D883 and Terminology F412 and abbreviations are in
accordance with Terminology D1600, unless otherwise indi-
cated. The abbreviation for reinforced thermosetting resin pipe
is RTRP.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 contact molding, n—a process for molding reinforced

plas icsinwhich reinforcement and resin are nlaced on-an onen
T r

SD-6041

4.1.1.1 The use of one resin in the corrosion barrier and a
different resin in the structural layer (see Section 6) is permit-
ted with the acceptance of the purchaser.

4.1.2 Additives, such as additional styrene, fillers, dyes,
pigments, or flame retardants may be used when agreed upon
between the manufacturer and purchaser. Thixotropic agents
may be added to the resin for viscosity control.

Note 6—The addition of fillers, dyes, pigments, flame retardants, and
thixotropic agents may interfere with visual inspection of laminate quality.

mold or mandrel by either the “hand lay-up”(where resin and
glasy mat are applied by hand), or the “spray-up” manufactur-
ing processes (where resin and chopped glass fibers are sprayed
undey pressure), or a combination of the two. The resulting
lamipate is then consolidated by rolling and cured without the
application of pressure.

3.2.2 fiberglass pipe, n—a tubular product containing glass
fiber| reinforcements embedded in or surrounded by cured
therthosetting resin. The composite structure may contain
granpllar or platelet fillers, thixotropic agents, pigments, or
dyes| Thermoplastic or thermosetting liners may be included.

3.2.3 polyester, n—resins produced by the polycondensation
of dihydroxy glycols and dibasic organic acids or anhydrides,
whergein at least one component contributes ethylenic unsatu-
ratioh yielding resins that can be compounded with styrol
mon¢mers and reacted to give highly crosslinked thermoset
copollymers.

3.2.4 vinyl ester, n—resins characterized by reactive unsatu-
ratiop located predominately in terminal positions that can be
compounded with styrol monomers and reacted to give highly
crosdlinked thermoset copolymers.

4. Materials and Manufacture

Nqgre 3—Specification C582 (ASME SC-582) provides._additional
information on the materials and manufacturing of contat-niolded laminates.

Ngre 4—Fiberglass pipe intended for use in the trafsport of potable
water]should be evaluated and certified as safe for'this purpose by a testing
agendy acceptable to the local health authority., ‘The evaluation should be
in acdordance with requirements for chemical eéxtraction, taste, and odor
that 4re no less restrictive than those included in NSF Standard 61.
The spal or mark of the laboratory making the evaluation should be included
on th¢ fiberglass pipe.

4.1 Resin System:

4.1.1 The resin used $hall be a commercial grade, corrosion-
resisfant polyester that has been determined to be acceptable
for the service either by test, (see Practice C581), or by
prevjous documented service. Where service conditions have
not Been eyvaluated a suitable resin may also be selected by
agre¢ment-between manufacturer and purchaser.

Nore_S—The use of “previous documented service” needs to be

Note 7—Chemical resistance can be affected by the catalyst/promoter
system, diluents, dyes, fillers, flame retardants, or thixofrgpic pgents used
in the resin.

Note 8—Antimony compounds or other fire-retardant aggnts may be
added to halogenated resins for improved fire resistance, if ggreed upon
between the manufacturer and the purchasér<These compoynds do not
improve the flame retardancy of non-halogenated resins.

4.1.3 Ultraviolet Absorbers<may be added for [improved
weather resistance when agfeed upon between the [manufac-
turer and the purchaser.

4.1.4 Resin Putty, us€éd where necessary to fill cpevices at
joints prior to applying the joint laminate shall not be subject
to the limitations 0f 4.1.3. Putty shall be made with|resin and
fillers. The resin used in the putty must be compatible with the
resin used-in.the pipe and fittings.

4.2 Eiber Reinforcements:
423 Surfacing Mat (Veil) is a thin mat of fine fijbers used
primarily to produce a smooth and corrosion—resisfant resin-
=rich surface on a reinforced plastic laminate.
4.2.1.1 Veils are made from chemical resistant (fype “C”)
glass or organic fiber. The use of an organic-fiber syrface mat
is recommended for environments that attack glass| The veil
used in a laminate shall be determined to be acceptable for the
chemical service either by Practice C581 or by vetified case
history.
4.2.1.2 The veil shall be a minimum of 10 mfls in dry
thickness and produce a thickness of 0.010 to 0.020 if. (0.25 to
0.50 mm) when saturated with resin.

Note 9—The primary chemical resistance of the RTR pipelis provided
by the resin. In combination with the cured resin, the surfacinf veil helps
determine the thickness of the resin-rich layer, and redjices micro
cracking.

4.2.2 Chopped-strand Reinforcements shall be “K”’-type or
“ECR”-type glass fibers 1 to 2 in. (25 to 50 mm) lonpg applied
in a uniform layer with random orientation. The fipers shall
have a sizing compatible with the selected resin.|Chopped
strand reinforcements may be purchased and applied as a mat
or as continuous strand roving which is chopped |nto short
lengths and sprayed onto the laminate in a process known as

approached carefully. It is not uncommon for specified operating condi-
tions to be overstated in an attempt to achieve a higher safety margin.
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“spray up.” Either form is most commonly applied in layers
weighing 14 oz/ft> (450 g/m?) although other weights are
available and may be used.

4.2.3 Woven Roving, shall be “E”-type or “ECR”-type glass
roving, woven into a fabric. The sizing on the roving shall be
compatible with the selected resin. The most common woven
roviélg has a 5 by 4 weave and a weight of 24 oz/yd> (832
g/m”).
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4.2.4 Non-woven Roving “E type or “ECR” glass reinforc-
ing fabrics such as biaxials and uni-directionals may be used in
special applications such as reinforcing tees and other fittings
or to improve the physical properties of the laminate in a
specific direction.

4.2.5 Multiple Layer Reinforcements are fabrics composed
of two or more layers of reinforcement combined into one
fabric. A common form is one layer of 1 Y oz/ft* chopped
strand mat combined with one layer of 24 oz/yd®> woven
roving. The pipe manufacturer must use extra caution to ensure

ASME NM.3.2-2020

supports should also be considered. The minimum wall thick-
ness shall be the greater of 0.18 in. (4.5 mm) or 1 % of the pipe
inside diameter.

(P*ID)

= calculated wall thickness, in. (mm) (see 6.1.2.3),
P = design pressure, psi (kPa),
= inside diameter of the pipe, in. (mm),

allowable ctrace (nat to oxcood 1/

proper lfminate quality is maintained when using multiple
layer reirfforcements.

5. Desigh

5.1 Ddsign Basis:

5.1.1 {lass A—For pipe to be manufactured using Type I or
Type II lgminates as described in Specification C582 (ASME
SC-582), [the Ultimate Tensile Strengths shown in Specification
C582 (AYME SC-582) may be used for the design basis.

5.1.2 Jass B—For pipe manufactured with other than Type I or
Type II lapninates (in accordance with Specification C582) (ASME
SC-582),|or for Ultimate Tensile Strengths greater than those
shown in [C582 (ASME SC-582), testing in accordance with 10.5
or 10.6 if required to establish a design basis for each laminate
type used|by the pipe manufacturer. Testing shall be performed on
a sample laminate or pipe of the same type and construction as will
be used ¢n the actual pipe and fittings. The thickness of the
laminate §ample will be ¥ in. (9.5 mm) or the maximum thickness
to be proyjided in the pipe and fittings, whichever is less. If testing
in accordgnce with 10.6, testing is required in both directions if the
reinforcethent is not applied equally in both directions. The
laminate $ample shall not include a corrosion barrier. Laminates
greater than ¥& in. (9.5 mm) thick are to be constructed with
standard frepeating sequences of reinforcement such-a$ ;those
described|in Specification C582 (ASME SC-582). Resnlts from
previously tested laminates may be used provided that such
laminates|were manufactured with the same resinylaminate type,
and thickiess within the previous five years.

Norte 10—Reinforcements such as 24 0z/yd*(832 g/m?) produced with
a 5 by 4 wpave are considered equal in both directions for the purpose of
5.1.2.

5.1.3 Temperature Limits—Service temperature shall be
considerdd in the design O6f“RTRP pipe unless the service
temperatyire is the lower.of dS0°F (65°C) or 35°F (19°C) below
the resin|Heat Deflectien’ Temperature (HDT) in accordance
with Test{Method D648. When the service temperature exceeds
these limjts, testing it accordance with 10.4 shall be performed
at the sefvice femperature with samples conditioned in accor-
dance wifh'Practice D618.

of the—Class A

design basis per 5.1.1 or Y6 of the Class B design, pasis
per 5.1.2), psi (kPa).

5.3 Standard pressure classes are 25, 50, 75, 100, 125} and
150 psi, however, custom classes are allowed.
Note 12—Special design consideration should bé given to pipp and
fittings subject to vacuum or superimposed mechanical forces, or|[both,
such as earthquakes, wind load, or burial loads; and to pipe and fiftings
subject to service temperature in excessrof M80°F (82°C).

6. Laminates

6.1 Laminate Construction—The laminate comprising the
pipe wall shall consist,ef.a corrosion barrier comprised ¢f an
inner surface and interiof layer, a structural layer, and an puter
surface.

6.1.1 The Gorrosion Barrier, consisting of the inner sufface
and interiorMayers, shall be included in the total thicknegs for
all designcealculations unless otherwise specified.

6.1.14 Inner Surface—The inner surface exposed tq the
chemical environment shall be resin-rich and reinforced with at
ledst one layer of a suitable surfacing veil in accordance |with
4.2.1. Some chemical environments may warrant the use{of a
second layer of surfacing veil. This resin-rich inner surfacq will
contain less than 20 % by weight of reinforcing material and
have a thickness between 0.010 and 0.020 in. (0.25 to]0.50
mm)

6.1.1.2 Interior Layer—The inner surface layer sha]l be
followed with a layer composed of resin reinforced only |with
non-continuous glass-fiber strands. This reinforcement shgll be
applied as chopped strand mat or as chopped roving (sprdy up
process) (either in accordance with 4.2.2) resulting [in a
minimum reinforcement weight of 1 ¥4 oz/ft> (459 g/m?>)] The
combined thickness of the inner surface and interior layer [shall
not be less than 0.05 in. Depending on the cherhical
environment, multiple 1 V2 oz/ft> (459 g/m?) layers of chopped
strand applied as mat or spray up may be required. Two layers
are most commonly used with as many as four or five layers
occasionally used in severe environments. When multiple
layers are used, each ply of mat or pass of chopped roving [shall
be well rolled to eliminate all trapped air prior to the apglica-
tion of additional reinforcement. Glass content of the {nner

Norte 11—The use of ambient temperature property values for elevated
temperature service when using polyester resins should be considered
carefully. Some combinations of temperature, chemical environment and
laminate stress(strain) may result in the need to use reduced properties or
increased safety factors to achieve the desired performance.

5.2 Wall Thickness—The required wall thickness due to
internal pressure shall be determined by the following formula.
Other loads such as thermal expansion and bending between
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surface and the interior layer combined shall be 27 = 5 % by
weight, when tested in accordance with 10.4.

6.1.2 Structural Layer—Subsequent reinforcement shall be
Type I or Type II or “other” as described below. Types I and II
are described in further detail including laminate sequences
and thicknesses in Specification C582 (ASME SC-582).

6.1.2.1 Type I laminates consist of multiple layers of 1.5
oz/ft* (0.46 kg/m?) chopped strand mat or equivalent weight of
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chopped roving as required to achieve the thickness as calcu-
lated according to Section 5. Each successive ply or pass of
reinforcement shall be well-rolled prior to the application of
additional reinforcement. The exterior surface shall be rela-
tively smooth with no exposed fibers or sharp projections and
enough resin shall be present to prevent fiber show.

6.1.2.2 Type II laminates consist of multiple layers of 1.5
oz/ft? (0.46 kg/m?) chopped strand mat or equivalent weight of
chopped roving alternating with layers of 24 oz/yd* (814 g/m?)
woven or non-woven roving as required to achieve the thick-
ness s T T - s SST
or ppss of reinforcement shall be well-rolled prior to the
application of additional reinforcement. The exterior surface
shall| be relatively smooth with no exposed fibers or sharp
projdctions and enough resin shall be present to prevent fiber
show.

6.1.2.3 Other laminates may consist of similar layers to
thosq used in Types I and II except for the use of different
confijgurations and weights of reinforcements. A common
exanjple is the use of ¥ oz/ft* (230 g/m?) chopped strand mat
in a| Type II laminate. Other options include the use of
reinfprcements listed in 4.2.4 and 4.2.5. Each successive ply or
pass jof reinforcement shall be well-rolled prior to the applica-
tion pf additional reinforcement. The exterior surface shall be
relatfvely smooth with no exposed fibers or sharp projections
and ¢nough resin shall be present to prevent fiber show.

6.]1.2.4 With all types of laminate, the first and last layer
shall|be chopped strand mat or spray up, 1 V2 oz/ft* (460 g/m?).
Interfuption of the laminating process to allow the resin to
exotlierm and cool shall only follow a mat layer and lamination
shall[ restart with a mat layer. Adjacent layers of roving
reinfprcements such as woven or unidirectional roving must bé.
sepafated by a minimum of ¥ oz/ft* (230 g/m?) of chopped
stranfd. Each successive ply or pass of reinforcement shall be
well{rolled prior to the application of additional reinfdrcement.

6.1.3 Outer Surface—The exterior surface shall’ be rela-
tively smooth with no exposed glass fibers. The final ply shall
be nfat or chopped roving equivalent. A surfacing mat is not
required unless specified. Surface resin.inay require the addi-
tion pf paraffin or may be sealed with\asprayed, wrapped, or
overlaid film, as required or approved.by the resin producer, to
ensufe proper surface cure.

6.1.3.1 When pigmentation.is' required, it shall be incorpo-
rated only in the resin wsed for the final surface coating.
Pignjented resin may be'used in the laminate only if agreed to
with [the purchaser,

6.]1.3.2 Piping.used for outdoor service or otherwise subject
to ulfraviolet exposure shall incorporate provisions to minimize
ultrayiolet «degradation. Suitable methods include the use of
ultrayiolét~absorbers or screening agents, incorporation of
pigment’of sufficient opacity in the outer surface of the resin

SD-6041

6.2.2 The minimum width of the first layer of joint overlay
shall be 3 in. (76 mm). Successive layers shall increase in
width to form a uniform taper. The total width of the joint
laminate shall be at least twelve times the joint thickness plus
the width of the first layer and shall be centered on the joint.

6.2.3 A highly filled resin paste (resin putty) shall be placed
in the crevices between joined pieces, leaving a smooth surface
for lay-up. Excess putty shall be removed by abrading the
surface prior to applying the joint laminate. No resin paste is to
be left inside the pipe.

roughened to remove surface gloss. This roughened
extend beyond the lay-up areas so that no reinforcgment is
applied to an unprepared surface. Surfaces shdll*be clean and
dry before lay-up. The entire roughened afea,shall be [inished
in accordance with 6.1.3.

6.2.5 All joints in pipe 24 in. (61Q.mm) in diameter ¢r larger
shall receive an inside sealing overlay. The inside oveyllay of a
joint shall consist of a minimurfof two plies of 1.5 oz/ft> (0.46
kg/m?) chopped strand mat\réinforcement followefl by a
resin-rich layer reinforcéd~with surfacing mat. This [overlay
shall be a minimum of\#~in. (100 mm) wide and shalll be the
equivalent of 6.1.1 and 6.1.2 combined, and shall be ¢entered
on the joint. It shall be finished in accordance with 6.1.3. Inside
overlays less than 0.18 in. (4.5 mm) thick shall [not be
considered{ii meeting joint strength requirements.

Note, 8%+Any resin spilled on unprepared surface on the ins{de of the
pipe must’be removed to avoid clogging of pumps, filters, etc.

6.3 Firtings—All fittings such as elbows, laterals, tges, and
reducers shall be equal or superior in strength to the fadjacent
pipe section and shall have the same inside diametef as the
adjacent pipe. Tolerance on angles of fittings shall je = 1°
through 24 in. (600 mm) in diameter and *£'2 ° for 30-in.
diameter and above.

6.3.1 Elbows—Standard elbows shall have a cgnterline
radius of one and one-half times the diameter except 2 4nd 3 in.
elbows which shall have a centerline radius of two times the
diameter. Elbows may be smooth turn or of mitered cpnstruc-
tion using pipe for the mitered sections. The laminates from
adjacent joints may overlap each other. Mitered elbowp 30° or
less will be one-miter, two sections. Elbows above 30° pnd less
than 60° shall have two miters. Elbows 60° to 90° shpll have
three miters. If specified by the purchaser, elbows with more
miters may be provided. Incorporation of straight pip¢ exten-
sions on elbows is permissible.

6.3.2 Reducers—Reducers of either concentric or egcentric
style will have a length at least 2.5 times the diffefence in
diameters.

6.3.2.1 When reducers are produced with a flangd on the
small end, the flange neck shall have enough length fo allow

rich layer, or use of resins inherently resistant to ultraviolet
degradation.

6.2 Joints

6.2.1 Laminated butt joints shall be considered the standard
means to join pipe to pipe or to join pipe to fittings. The
thickness of the structural joint overlay shall be as determined
in Section 5.

for installation and fightpnina of ﬂm’\gp bolts. See 6.3 42

6.3.3 Tees and Laterals—shall have sufficient free length to
accommodate the laminate used to join the fitting to adjacent
pipe and any reinforcing laminate which may be required.

6.3.4 Flanges—All flanges shall meet the requirements of
Specification D5421 (ASME SD-5421). The use of flanges shall
normally be kept to a minimum with the butt joint being used
as the standard means of joining pipe sections.
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6.3.4.1 Flange Attachment—The minimum flange shear
surface shall be four times the flange thickness. The thickness
of the flange hub measured at the top of the fillet radius shall
be at least one-half the flange thickness and shall be tapered
uniformly the length of the hub. The fillet radius, where the
back of the flange meets the hub, shall be %5 in. minimum (see
Fig. 1).

6.3.4.2 Flange Neck Length—Flanges shall have sufficient
free length to accommodate the laminate used to join the flange
to adjacent pipe or fittings.

ASME NM.3.2-2020

meets the ultimate strength used in design. It is not necessary
to test all diameters or thicknesses. The minimum testing is as
follows: when ultimate strength is affected by thickness within
a given laminate type, the thinnest laminate within each
ultimate strength grade shall be tested, and, the diameter of the
pipe used to test a given laminate shall be at least 15 times the
laminate thickness. If the production pipe has a diameter to
thickness ratio less than 15, then that ratio will be the minimum
for the test pipe.

7.1.2 Pipe manufactured according to Design Basis Class A

6.3.5 AftTuredges directy T comact willt te chemicat (Sec 5 1) and using a T desTgm factor of e eef not
being confained and any machined flange faces shall be coated be proof tested unless specified by the purchaser.
.With resir: The resin ‘used shall be the Same as the resin used 7.2 Joints—Joint strength shall be demonstrated by tefting
in the equipment laminate and must contain paraffin to ensure in accordance with 10.5. A representative jointshall withgtand
adequate fure. 4 times design pressure for one hour withput leaking.
7. Requifements 7.3 Degree of Cure:
71 P L 7.3.1 Barcol Hardness—Degree of\eure of the lamjinate
.1 Prgof of Design: .. .
7.1.1 Hipe, and fittings shall be pressure tested using free shall be.found by determining k¢ Bgrc.ol hardness in afcor-
Pe, £ shat be p £ dance with Test Method D2583. The’minimum Barcol har¢ness
end closufes to ensure loading in both the hoop and longitu- hall be 90 % of th . acturer’ blished val
dinal direftions using the procedures described in Test Method shall be o of the resih manfracturers published valuge.
D1599. The test pipe and fittings shall be made with the same Note 15—The use of organic reinforcing materials may reduge the
laminate fype and resin as used on the production pipe. The Barcol hardness readings \fv'{tl.lout necessarily indicating undercure,
minimum| diameter shall be 8 in. (200 mm) and it shall have a Note 16—Ac_et0r_ze Sensitivity—A convenient check for the surfacp cure
.. . R of polyester resins i§ as follows: remove mold release or paraffin wWax, if
minimumf wall thickness of 4 in. (6.5 mm). The actual present, and wipe’cléan of dust. Rub four or five drops of acetone ¢n the
diameter 4nd thickness tested shall be agreed upon between the  Jaminate surface Until it evaporates. If the surface becomes softerled or
purchaser|{ and the manufacturer. tacky, it is an\ihdication of undercure.
7.1.1.1| The pipe may be tested using ambient temperature . 3
(50 to 801F) (10 to 25°C) water as a test medium in lieu of the 8. Dimensions and Tolerances
condition$ required by Test Method D1599. For Proof of 8.1»'Standard diameters, based on internal measuremen{s are
Design, the pipe or fitting, or both must withstand four times 203, 4, 6, 8, 10, 12, 14, 16, 18, 20, 24, 30, 36, 42, and 48 in.
design pfessure for one hour without leaking. Testing to (50, 75, 100, 150, 200, 250, 300, 355, 400, 460, 510, 610,]760,
destruction is not required. 915, 1065, 1220 mm). The tolerance for out-of-roundness,
7.1.1.2|Results from previously manufactured and tested  shall be = Visin. (= 1.5 mm) for pipe up to and including|6-in.
pipe may [be accepted by the purchaser provided that such*pipe (150 mm) inside diameter and = %% in. (= 3 mm) or = (1 %,
was manffactured with the same resin, laminate"type, and  whichever is greater, for pipe exceeding 6 in. (150 mm) in
thickness [range within the previous five years. inside diameter. This measurement shall be made at the point of
Note 144—The test results for pipe manufactured With'a non-structural manufacture with the pipe in an unstrained horizontal posjtion.
corrosion brrier must be modified to determine the ultimate strength of 8.2 Wall Thickness—The minimum average wall thickness
the structurpl portion alone. of the pipe shall be as calculated in accordance with Sectipn 5.
7.1.1.3| The intent of the testing is to demonstrate that the  For pipe walls less than ¥ in. (16 mm) thick, the minimum
laminate fype and thickness range used to fabricate the pipe wall thickness at any point shall not be less than 80 % df the
-——|— T - Flange Thickness
_______ 1
i Fillet Radius - 3/8" min. T/2 - Hub Thickness
1
1

.~

\

! 4T - Min. Shear Surface or Hub Length

FIG. 1 Flange Dimensions
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specified thickness. For pipe walls %5 in. (16 mm) or thicker,
the minimum thickness at any point shall be ¥ in. (3 mm) less
than the specified wall thickness. Wall thickness shall be
measured in accordance with Practice D3567.

8.3 Length—The length of each piece of plain end pipe shall
not vary more than =2 in. (= 50 mm) from the ordered length
unless arrangements are made to allow for trim in the field.

8.4 Squareness of Ends—All unflanged pipe shall be cut
square with the axis of the pipe within £ in. (=3 mm) up to
and jncluding 24 in (610 mm) diameter and to within *+3%1s in

SD-6041

10.3 Glass Content—When required by the purchaser, de-
termine the glass content in accordance with Test Method
D2584.

10.4 Tensile Strength—Tensile strength of the laminate shall
be determined using procedures in accordance with Test
Method D638 with no upper limit on thickness.

10.5 Short-time Hydraulic Failure Pressure of the laminate
shall be determined in accordance with Test Method D1599
using free end closures to ensure loading in both the hoop and

(5 mm) for all diameters above 24 in. (610 mm).

8.p Flange Faces—Tolerance on perpendicularity and flat-
ness| shall be as specified in Test Method D5421. Other
dimgnsions shall be as described in 6.3.3.

8.0 Elbows, Tees, and Laterals— The tolerance on the
angles of elbows, tees, and laterals shall be =1° for fittings
throyigh 24 in. in diameter and *'% ° for larger diameters.

9. Workmanship, Finish, and Appearance

9.1 The minimum acceptable level for workmanship and
finish of the finished laminate shall conform to the require-
menfs specified in Specification C582 (ASME SC-582).

Ndre 17—A representative laminate sample may be used for determi-
natiof of an acceptable surface finish and acceptable level of visual
impeffections.

10. [lest Methods

1Q.1 Test Conditions—Conduct the test at a laboratory
temperature of 70 to 77°F (21 to 25°C) unless otherwise
specjfied.

1.2 Chemical Resistance of Resin—Determine the cheniis
cal rpsistance of the resin in accordance with Practice C581, by
docymented experience provided by the pipe manufacturer or
resir] supplier (see 4.1.1), or recommendation from,the resin
suppllier.

ANNEX

(Mandatory Information)

Al. CERTIFICATION

tongitodimat—directions—The pipe Tmay be tested ar] ambient
temperature using ambient temperature (50 to,80°H) (10 to
25°C) water as a test medium in lieu of the conditiens|required
by Test Method D1599.

10.6 Physical Properties—Where required, physi¢al prop-
erties shall be determined in accordancewith the testjmethods
listed in Specification C582 (ASME SC-582).

11. Marking

11.1 Pipe shall be madrKed at least once per section| with the
following informatign ‘i 'such a manner that it remains legible
under normal handhig and installation practices:

11.1.1 ASTM D6041 or ASME SD-6041 with which the
pipe complies,
11.1.2.Neminal pipe size (for example, 12 in. (305 mm)
diameter),
H.1.3 Pressure rating (for example, 150 psi (1034 kpa)),
11.1.4 Manufacturer’s name or trademark, and

11.1.5 A 12 in. (305 mm) diameter 150 psi (1034 kjpa) rated
pipe would have the following marking: “ASTM D6(41- 12”
(305 mm) Dia. 150 psi (1034 kpa) XYZ Manufacturjng Co.”

12. Certification

12.1 See Annex Al for certification requirements.

13. Keywords

13.1 certification; chemical resistant; contact|molded;
fiberglass; fittings; glass—fiber—reinforced thermosettig plastic;
pipe

AY.155When agreed upon in writing between the purchaser and the seller, a certification shall be made on the [basis of

4. tariol
acceptancematreriar

Al.2 Certification shall consist of a copy of the manufacturer’s test report or a statement by the seller (accompanied by a copy
of the test results) that the material has been sampled, tested, and inspected in accordance with the provisions of the specification.

A1.3 Each certification so furnished shall be signed by an authorized agent of the seller or manufacturer.

Al.4 When original identity cannot be established, certification can only be based on the sampling procedure provided by the

applicable specification.
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APPENDIXES

(Nonmandatory Information)

X1. INSTALLATION

X1.1 Pipe Hangers—Hangers shall be band type hangers
contacting a minimum of 120° of the pipe surface. The width
of the hanger band shall be based on the pipe diameter and wall

thickness

X1.2 1
must be
mended t
design pr

X1.3 H
pipe is se
be given
linear exf

X2.1 17
handling

X2.2 H
times. Ho
to preven|

X2.3
allowed t
when usi

any fitting.

X247
any other

Underground Installation—Special consideration
piven to installing pipe underground. It is recom-
hat the manufacturer be consulted for installation and
bcedures.

xpansion—Since the expansion rate of this plastic
eral times that of steel, proper consideration should
fo any pipe installation to accommodate the overall
ansion.

he following normal precautions should be taken in
he pipe at the destination:

roper rigging practices should be observed at all
isting equipment operators should attach a guide line
pipe from swinging out of control.

Inder no conditions should chains or cables be
p contact a pipe. Full protection shall be provided
g chains or cables. Do not attach lifting devices to

b

he pipe should not be dropped or allowed.te strike
object. Damage caused by dropping or striking other

X1.4 Bolts, Nuts, and Washers—Bolts, nuts, and washers

shall be furnished by the customer. Metal washers shall be
under all nut and bolt heads. All nuts, bolts, and washers

X1.5 Gaskets—Gaskets shall be furnished by the cust
Recommended gasketing materials shall be a minimum
in. (3 mm) in thickness with a suitable chemical resistan|
the service environment. Gaskets should haye a Shore
Shore A2 Hardness of 40 to 70.

X2. HANDLING

objects may reswltin cracking the inner corrosion-res
liner as well ag the’ structural portion of the pipe.

X2.5 Theypipe should not be rolled or slid on rough gr
Never set pipe upon a fitting or other protrusion that m:
attached to it.

X2.6 In working around pipe care should be exercis
prevent tools, scaffolding, or other objects from strikin
pipe or being dropped on or inside the pipe. Soft-soled
should be worn by workmen entering large pipe.

used
shall
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ASME NM.3.2-2020 SF-477

SPECIFCATION FOR ELASTOMERIC SEALS (GASKETS)
FOR JOINING PLASTIC PIPE

@g@ SF-477

(Identical with ASTM F477-14 except for revisions.tovparas. 7.11, 11.1; addition of paras. 2.3, 9.2, and Annex Al; an
editorial changes.)
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