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FOREWORD

In 2011, The American Society of Mechanical Engineers (ASME) established the Committee on Nonmetallic Pressure
Piping Systems (NPPS) to develop standards for the construction of nonmetallic pressure piping systems. This Commit-
tee’s goal was to specify construction’ requirements for nonmetallic piping and piping products: such requirement

not adequ

Priorto
requirems
Code for P
at all. Othe
included 1

piping conmpiponents. ASME BPVC, Section 111 did have a few Code Cases that addressed requirements for some nonm

piping and
thermopld
Caseswas
as a centrg
field. The ]
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ASME NM.2 provides requirements for construction of FRP piping and piping components. This Standard add

pipeand p
applicatio
August 13

The 207
methods t
has been 1
sample pif
systems. H

Followi
National §

were

ately defined in existing standards.
the development of the ASME Standards for Nonmetallic Pressure Piping Systems, nonmetallic pressure

ressure Piping varied across Sections, with some Sections having no requirements for nonmetallic compg
r standards and codes, such as ASME RTP-1 and the ASME Boiler and Pressure Vessel Code\(BPVC), Sec
equirements for reinforced thermoset plastic (RTP) corrosion-resistant equipment but nhot for pipin

piping components, including those made from glass-fiber-reinforced thermosetting resin (FRP) and|
stics, e.g., high-density polyethylene (HDPE) and poly(vinyl chloride) (PVC). However, the scope of thesg
very limited, and in some cases the methodology was nearly 30 years old. The ASME NPPS Standards now
lized location for NPPS requirements and are developed by committees whose members are experts
NPPS Committee’s functions are to establish requirements related to préssure integrity for the construc
c pressure piping systems, and to interpret these requirements wheh’questions arise regarding their

ping components that are produced as standard products, and«custom products that are designed for a sj
n. ASME NM.2-2018 (first edition) was approved by the American National Standards Institute (AN
2018.

0 edition includes revisions to Mandatory Appendix-II*that add example calculations, cautionary notg
b compute classical lamination theory (CTE) of lamina’and laminates. Additionally, Nonmandatory Appe
eorganized and revised, and section A-5 has been added. Section A-5 includes a simplified stress analys
eline and illustrates the application of the design approach, equations, and physical properties of NM-2

urther, the 2020 edition revises and clarifies figures, definitions, and nomenclature for NM-2 piping sy
g approval by the ASME NPPS Standards Committee, ASME NM.2-2020 was approved by the Am
tandards Institute (ANSI) on December 9, 2020.

biping

nts were contained within several existing standards. The nonmetallic piping requirements ofthe"ASME B31

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

vi


https://asmenormdoc.com/api2/?name=ASME NM.2 2020.pdf

ASME NPPS COMMITTEE
Nonmetallic Pressure Piping Systems

(The following is the roster of the Committee at the time of approval of this Standard.)

STANDARDS COMMITTEE OFFICERS

C. Henley, Chair
D. McGriff, Vice Chair
C. Ramcharran, Secretary

leby, Consultant

well, Dudley Burwell Consulting
polley, INEOS Composites

s, Consultant

. Eiseman, Maverick Applied Science, Inc.

nqslkemier, Cargill

TR W >
L R — e~
S O

, RPS Composites, Inc.

ey, Kiewitt Engineering Group, Inc.
ton, Plasticwelding, LLC

ler, Dow Chemical Co.

SrEFOmWETRARWOR
-]
EETD
g3

~
o
o]

J. Eiseqman, Chair, Maverick Applied Science, Inc.
, Vice Chair, RPS Composites, Inc.

A. Cariion, Secretary, The American Society of Mechanical. Engineers

M. Benjeteau, Owens Corning

J. L. Bystillos, Bustillos & Associates, LLC
. R. Cplley, INEOS Composites

. W. Cowley, FRP Consulting, LLC

. Crawford, Consultant

. Davjs, Consultant

rrAE-A®W

STANDARDS COMMITTEE PERSONNEL

UBCOMMITTEE ON GLASS-FIBER-REINFORCED THERMOSETTING-RESIN PIPING (SC-

W. Lundy, U.S. Coast Guard

D. McGriff, ISCO Industries; Inc.

T. Musto, Sargent & Lundy, LLC

C. Ramcharran, The*American Society of Mechanical §

C. W. Rowley,/Flie Wesley Corp.

L. G. VetterySargent & Lundy, LLC

F. Volgstadt,\Volgstadt & Associates, Inc.

V. D. Holehan, Contributing Member, U.S. Department of]
tion * Pipeline and Hazardous Materials Safety Adr

C. W. Rowley, The Wesley Corp.
R.]. Vatovec, Design Engineering, Pressure Vessels, Pipin]
Metal and FRP

H. T. Wells, Albemarle Corp.

W. Britt, Jr., Contributing Member, Britt Engineering
L. J. Craigie, Contributing Member, Consultant

D. Diehl, Contributing Member, Hexagon PPM

H. L. Gower, Contributing Member, Shell Projects and
L. E. Hunt, Contributing Member, L. E. Hunt and Assoc
F. Z. Krmpotich, Contributing Member, Sage Engineers

ingineers

Transporta-
hinistration

FRP)

gand Tanks,

[echnology
ates, LLC

ms
onsored By

and Power
yision

M. Engelkemier, Cargill

P. K. Gilbert, NOV Fiber Glass,Systems W. Mauro, Contributing Member, Consultant

T. E. Haber, Maverick Applied‘\Science, Inc. C. Moore, Contributing Member, NOV Fiber Glass Syste

C. Henley, Kiewit Engineeriiig Group, Inc. B. Shelley, Contributing Member, Allsourcepps (sp|

D. L. Kleeler, Dow Chemi¢al Co. Chemours)

D. H. McCauley, The . Ehemours Co. Z. Siveski, Contributing Member, Bechtel Infrastructur

D. Mikulec, Maveriek Applied Science, Inc. F. Worth, Contributing Member, Air Logistics, FACS Dij
SC-FRP SUBGROUP ON DESIGN

D. L. Keeler, Chair, Dow Chemical Co. J. L. Kendall, RPS Composites, Inc.

D. Mikulec, Vice Chair, Maverick Applied Science, Inc. D. H. McCauley, The Chemours Co.

A. Bausman, VSP Technologies G. L. Patrick, Sr., Belding Tank Technologies

T. Chen, The Chemours Co. B. F. Shelley, Allsourcepps (sponsored by The Chemours Co.)

P. W. Craven, Composites USA R.].Vatovec, Design Engineering, Pressure Vessels, Piping and Tanks,

D. Diehl, Hexagon PPM Metal and FRP

J. Eisenman, Maverick Applied Science, Inc.
M. Engelkemier, Cargill

B. Hebb, RPS Composites, Inc.

R. A. Johnson, Russcor Engineering, Inc.

vii

R. Wacker, Inertech, Inc.
S. L. Wagner, Finite Composites Consulting, LLC
W. Britt, Jr., Contributing Member, Britt Engineering


https://asmenormdoc.com/api2/?name=ASME NM.2 2020.pdf

SC-FRP SUBGROUP ON FABRICATION AND EXAMINATION

T. E. Haber, Chair, Maverick Applied Science, Inc.
A. K. Yuen, Vice Chair, Ershigs, Inc.

M. W. Arthur, Consultant

M. S. Brown, Industrial Plastic Systems

T. W. Cowley, FRP Consulting, LLC

R. Crawford, Consultant

W. Daugherty, Beetle Plastics, LLC

D. Naugle, Composites USA

J. R. Richter, SENCON, Sentinel Consulting, LLC

H. T. Wells, Albermarle Corp.

E. Wesson, AOC Resins

R. Moubarac, Contributing Member, Experco Composites, Inc.

Z. SiveskKi, Contributing Member, Bechtel Infrastructure and Power

P. K. Gilbert, Chair, NOV Fiber Glass Systems

G. A. Van BpeKk, Vice Chair, Southern Company Services
M. Beneteap, Owens Corning

D. S. Brown, Interplastic Corp.

J. L. Bustill¢s, Bustillos & Associates, LLC

B. R. Colley} INEOS Composites

L. J. Craigie} Consultant

NPPS NM-2-FRP AND NM-3-NMM SUBGROUP ON MATERIALS

R. Davis, Consultant

B. L. Hutton, Lubrizol

J. Ness, AOC, LLC

D. Olson, Daniel Co.

C. W. Rowley, The Wesley Corp.
K. Wachholder, Consultant

L. E. Hunt, Contributing Member, L. E. Hunt and Associates,{LLC

viii


https://asmenormdoc.com/api2/?name=ASME NM.2 2020.pdf

CORRESPONDENCE WITH THE NPPS COMMITTEE

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

revisi

Pro

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

Secretary, NPPS Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

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

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

Thd

citing
includ

an ap
imme

Req
Stand
existi
Case

ing any pertinent documentation.

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

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

pplies.

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

bns will be

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

bntation of

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

lentify the

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

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

Stand
Stand
Req
form i
auton
Ift
Com

hrds Committee.

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

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

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

Form. The
receive an

Standards

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

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

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

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

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

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

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

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

gs that are

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

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

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

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

» o«

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

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

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

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

NM.2

NM.3

Itis
to be
other
stand
suppl
instal

Cer
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hardened by decrease of temperature.

thermosetting resin.

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

Parts:

material specifications identical to or similar to those published by the American Society for Te
Materials (ASTM International) and other recognized national of international organizations.

recognized national or international organizations,

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

thermal expansion and modulus of elasticity)*for nonmetallic materials.

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

ation.

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

sys
ASME

ems.

netallic

materials that, for processing purposes, are capable of being repeatedly softened by increase of tempgrature and

Glass-Fiber-Reinforced Thermosetting-Resin Piping Systems: This Standard contains requizements forpiping and
piping components that are produced using glass-fiber reinforcement embedded in or strrounded by cured

nonfibrous

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

- NM.3.1, Nonmetallic Materials, Part 1 — Thermoplastic Material Specifications: This Part contains thdrmoplastic

sting and

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

 allowable

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

bn. Factors
cability of

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

fain piping within a facility may be subject to other codes and standards, including but not limited to the|following:

enerating
nd cooling

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

and offshore petroleum and natural gas production facilities; chemical, pharmaceutical, textile, paper, ore-grocessing,

semiconductor, and cryogenic plants; food- and beverage-processing facilities; and related processing glants and
terminals:
ASME| B31.4, Pipeline Transportation Systems for Liquids and Slurries: This code contains requirements

or piping

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

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

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

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,

pre

ssures, and temperatures covered in ASME B31.1.

Xi

(20)
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ASME B31.12, Hydrogen Piping and Pipelines: This code contains requirements for piping in gaseous and liquid hydrogen
service, and pipelines in gaseous hydrogen service.

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

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

NFPA Fire Protection Standards: These standards contain requirements for fire protection systems using water, carbon
dioxide, halon, foam, dry chemicals, and wet chemicals.

The ASME NPPS Standards specify engineering requirements deemed necessary for safe design and construction of
nonmetall[cC pressure piping. These standards contain mandatory requirements, specitic prohibitions, and nonmjanda-
tory guidapce for construction activities. These Standards do not address all aspects of these activities, and theseagpects
thatare nqt specifically addressed should not be considered prohibited. While safety is the overriding consideydtion, this
factor alome will not necessarily govern the final specifications for any piping installation. With few-exeeptions, the
requirem¢nts do not, of practical necessity, reflect the likelihood and consequences of deterigration in service
related to| specific service fluids or external operating environments. These Standards are not'design handbooks.
Many decifions that must be made to produce a safe piping installation are not specified in detail within these Stanfards.
These Stanpdards do not serve as substitutes for sound engineering judgment by the owner and the designer. The ghrase
engineering judgment refers to technical judgments made by knowledgeable designers experienced in the application of
these Standards. Engineering judgments must be consistent with the philosophy of these,Standards, and such judgments
must nevqr be used to overrule mandatory requirements or specific prohibitionsof-these Standards.

To the greatest possible extent, Standard requirements for design are stated ifi-terms of basic design principles and
formulas. These are supplemented as necessary with specific requirements to‘ensure uniform application of prirfciples
and to guifle selection and application of piping elements. These Standards ptohibit designs and practices knowrj to be
unsafe angl contain warnings where caution, but not prohibition, is warranted.

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

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

These Standards do not fully address-telerances. When dimensions, sizes, or other parameters are not specifiefl with
tolerances, the values of these parameters are considered nominal, and allowable tolerances or local variances mpay be
consideredl acceptable when based-en engineering judgment and standard practices as determined by the dedigner.

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

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

It is int¢nded that/editions of the ASME NPPS Standards not be retroactive. Unless agreement is specificallymade
between cpntracting parties to use another edition, or the regulatory body having jurisdiction imposes the use of ajother
edition, the latest edition issued atleast 6 months prior to the original contract date for the first phase of activity cov¢ringa
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
latest edition of material specifications adopted by ASME as well as other editions considered by ASME to be identical for
ASME construction.

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

Following approval by the ASME NM Committee and ASME, and after public review, ASME NM.2-2020 was approved by
the American National Standards Institute on December 9, 2020.

ASME| NM.2-2020 includes the following changes identified by a margin note, (20).

Page Location Change
xi Introduction Updated
1 1-2 (1) Definitions of assembly, erectionylower deviated valde (LDV),

may, manufacturing, pipe-supporting elements, shall, shprt-term
hydrostatic strength (STHS)\should, and supporting structures
added
(2) Definitions of corrosion barrier and fabrication revised
(3) Definition of liner. deleted

4 1-3 (1) Abbreviations\of'LDV (lower deviated value) and STHf (short-
term hydrostatic strength) added
(2) Abbreviation of LTHS (long-term hydrostatic stress)| revised

5 2-1.1 Revised

7 2-2.2.1 Subparagraph (a) revised
8 2-2.3.1 Subparagraph (a)(4) revised
8 2-2.3.2 Revised

11 2-2.3.6 Subparagraphs (b) and (e)(3) revised
12 2-3.2.1 Revised

12 2-3.2.2 Revised

13 2-3.2.3 Revised

13 2-3.3.1 Revised

21 2-3.8.2 Subparagraph (b) revised
23 2-44.1 Subparagraph (c) revised
23 2-4.4.2 Revised

24 2-444 Revised

25 2-4.5 Revised

26 2-5.1 Revised

28 2-5.9.1 Subparagraph (a) revised
33 4=373 Revised

43 5-3.1.2.4 Added

45 Figure 5-3.1.2.4-1 Added

54 Figure 1-2.3-1 Revised

53 [-3.1 Revised

55 [-3.3 Revised

57 Figure [-3.3-1 Revised

Xiii
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Page Location Change

63 Mandatory Appendix II Revised in its entirety
73 Figure 11-4-3 Revised
107 Nonmandatory Appendix A Revised and section A-5 added

Xiv


https://asmenormdoc.com/api2/?name=ASME NM.2 2020.pdf

ASME NM.2-2020

Chapter 1
Scope and Definitions

1-1 SCOPE

(a)| This Standard provides requirements for the
desigm, materials, manufacture, fabrication, installation,
examination, and testing of glass-fiber-reinforced thermo-
setting-resin (FRP) piping systems.

(b) | FRP piping, as used in this Standard, includes pipe,
flanges, bolting, gaskets, valves, fittings, special
connecting components, and the pressure-containing or
pressyire-retaining portions of other piping components,
whet{ler manufactured in accordance with references
cited in this Standard or specially designed. Italso includes
hangg¢rs and supports and other items necessary to
prevent overstressing the pressure-containing compo-
nents

1-1.1|Content and Coverage

(a)| This Standard addresses pipe and piping compo-
nents|that are produced as standard products, as well
as cugtom products that are designed for a specific appli-
cation. It covers FRP pipe and piping components manu-
factured by contact molding, centrifugal casting, filament
winding, and other methods. Its intent is(to provide a
unifoym set of requirements for FRP pipe and piping
comppnents that can be adopted by.reference in the
varioQis piping codes, including sections of the ASME
B31 Code for Pressure Piping. This-Standard is published
as a separate document to reduce duplication between
piping codes.

(b) |Requirements of.this'Standard apply to FRP piping
systems typically used-within the scope of the various
sectigns of the ASME B31 Code for Pressure Piping
(ASME B31.1,,ASME B31.3, ASME B31.4, ASME B31.5,
ASMH B31.8ahd ASME B31.9) and selected piping
systemns designed to the ASME Boiler and Pressure
Vesse| Code (BPVC), Section 111, Division 1, Subsection ND.

(e) products with fiber-reinforcement niaterials that
are not made from glass

(f) nonmetallic pressure vessels, valves, angl specialty
components covered by other ASME'codes and standards,
such as ASME BPVC, Section X and-ASME RT}-1

(g) piping for which the maximum internall pressure
exceeds 1700 kPa (250 psi)

(h) piping for which.the algebraic product pf internal
pressure [in kilopaseals-gauge (pounds per square inch
gauge)] and intefnal diameter [in meters|(inches)]
exceeds 1262 kPag-m (7,200 psig-in.)

(i) piping-uSed as ductwork conveying aif or other
gases at pfessures within 6.89 kPag (1 psig) of the pres-
sure of'the surrounding atmosphere

1-20TERMS AND DEFINITIONS

Commonly used terms relating to FRP piping are
defined below. Some terms are defined with spdcific refer-
ence to piping. The definitions generally agree with those
in ASME BPVC, Section X; ASME RTP-1; ASTM [D883; and
ASTM F412. Definitions taken unchanged from ¢ther stan-
dards are indicated by a footnote.

adhesive: a material designed to join together|two other
component materials by surface attachment (ponding).

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

assembly: synonymous with fabrication.

binder": in a reinforced plastic, the continuous phase that
holds together the reinforcement.

bloom®: avisible exudation or efflorescence on the surface
of a material.

bonder?: one who performs a manual or semjautomatic
bonding operation.

1-1.2 Exclusions

This Standard does not provide requirements for the
following:

(a) metallic pipe

(b) thermoplastics, ceramics, and other nonmetallic
materials used to fabricate pipe and piping components

(c) dual laminate construction that combines thermo-
plastic linings with FRP pipe and fittings

(d) reinforced polymer mortar pipe

bonding procedureﬁ: the detailed methods and practices
involved in the production of a bonded joint.

Bonding Procedure Specification (BPS): a document
providing in detail the required variables and procedures
for the bonding process to ensure repeatability in the
bonding procedure.

L This definition is from ASTM D883.
2 This definition is from ASME B31.3.
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butt-and-wrapped joint: a bonded joint made by applying
plies of reinforcement saturated with resin to the surfaces
to be joined.

chalking: (plastics) a powdery residue on the surface of a
material resulting from degradation or migration of an
ingredient, or both.

chopped roving: a collection of noncontinuous glass
strands gathered without mechanical twist. Each
strand is made up of glass filaments bonded together

diluent*: a reactive or nonreactive modifying material,
usually liquid, that reduces the concentration of a resin
material to facilitate handling characteristics and
improve wetting.

erection: the installation of piping components and piping
subassemblies into an entire piping system in its final
installed location, including supports and other acces-
sories as designated by the engineering design.

extrados: the outside bend radius of an elbow.

with a finish or size for application by chopper gun.

chopped-strand mat*: reinforcement made from randomly
oriented glass strands that are held together in mat form
using a bihder. Each strand has a sizing.

composite|': a solid product consisting of two or more
distinct phases, including a binding material (matrix)
and a particulate or fibrous reinforcement material.

continuoug roving: a collection of continuous glass strands
wound into a cylindrical package without mechanical
twist.

corrosion parrier: a thermosetting, resin-rich internal or
external layer that inhibits penetration of corrosive
chemicals|to the structural layers of the laminate, inhibits
erosion, and prevents leakage under strain. This layer is
typically reinforced with a glass or synthetic veil and one
or more layers of chopped-strand mat.

creep: the|time-dependent part of strain resulting from
stress.

cure: to change the properties of a polymeric system intoa
more stable, usable condition by the use of heat, radiation,
or reaction with chemical additives.

cure time: the period of time that a reacting thermosetting
material i exposed to specific conditions toreach a speci-
fied propqgrty level.

curing agept: areactive material thatwhen combined with
a resin mdterial initiates polymeftization or reacts with a
resin to polymerize the resin;also referred to as a hard-
ener.

cyclic long-term hydnostatic pressure: the estimated
internal pressure, efsthe piping product that, when
applied cyflically in@ccordance with ASTM D2992, Proce-
dure A, will causefailure of the product after a specified
number of ¢yclés. The cyclic rate, specified number of

fabrication: the process of preparing and joining\two or
more manufactured components into piping-subassem-
blies by processes such as bonding and bolting.

fiberglass pipe: a tubular product containing glasg-fiber
reinforcement embedded in or surrountded by cured ther-
mosetting resin; the composite structure may c¢ntain
thixotropic agents, pigments,or dyes; thermosgtting
liners or coatings may be ificluded.

fire-retardant resin®: a specially compounded material
combined with a resifi)material designed to redufe the
tendency to burp.

flexibilizer: a modifying liquid material added to areginous
mixture designed to make the finished component flgxible,
bendable, 0r less rigid.

hydrostatic design basis (HDB): ahoop stress develoged for
fiberglass pipe in accordance with ASTM D2992 pifactice
and multiplied by a service (design) factor to obftain a
hydrostatic design stress. The HDB is the long-term hydro-
static strength determined in accordance with ASTM
D2992 that allows the long-term hydrostatic strfength
to be obtained on a cyclic stress (Procedure A) or copstant
stress (Procedure B) basis.

hydrostatic design pressure (HDP)®: the estithated
maximum internal hydrostatic pressure that can be
applied cyclically (Procedure A) or continuously (Proce-
dure B) to a piping component with a high degfee of
certainty that failure of the component will not o¢cur.

hydrostatic design stress (HDS): the estimated magimum
tensile stress in the wall of the pipe in the hoop dirpction
due to internal hydrostatic pressure, as calculatgd per
ASTM D2992, that can be applied cyclically (Progedure
A) or continuously (Procedure B) with a high degree
of certainty that failure of the pipe will not occut. This
stress is usually established by applying an approjpriate

cycles, andextrapotatiomrof faiture resuttsout totirespeci=
fied number of cycles are the same as for the cyclic long-
term hydrostatic strength.

cyclic long-term hydrostatic strength: the hoop stress that,
when applied cyclically at 25 cycles/min, is calculated to
cause the failure of the pipe in a selected number of cycles.

3 This definition is from ASME RTP-1.

service (design) factor to the hydrostatic design basis.
intrados: the inside bend radius of an elbow.

knuckle area: in reinforced plastics, the area of transition
between sections of different geometry.

laminate’: a product made by bonding together two or
more layers of material or materials. There are three
types, as follows:

*This definition is from ASME B31.1.
5This definition is from ASTM D2992.
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(a) Type I. See ASME NM.3.2, SC-582.

(b) Type Il. See ASME NM.3.2, SC-582.

(c) Type IIl. See Mandatory Appendix IV.
lay*:

(a) thelength of twist produced by stranding filaments,
such as fibers, wires, or roving; length of twist of a filament
is usually measured as the distance parallel to the axis of
the strand between successive turns of the filament.

(b) the angle that such filaments make with the axis of

(b) structural attachments: structural attachments
include elements that are bonded, bolted, or clamped
to the pipe, such as clips, lugs, rings, clamps, clevises,
straps, and stanchions.

pressure design basis (PDB): an internal pressure devel-
oped for a fiberglass piping product and multiplied by
a service (design) factor to obtain a hydrostatic design
pressure. The PDB is the long-term hydrostatic pressure
determined in accordance with ASTM D2992; ASTM

the stramdduring a stranmding operation:

lay up[': in reinforced plastics, to assemble layers of resin-
impreignated material for processing.

lay-upj*: in reinforced plastics, an assembly of layers of
resin-impregnated material ready for processing.

NOTE:| Within this Standard, the noun lay-up is hyphenated to
differentiate it from the verb lay up.

listed |components: piping components manufactured in
accordlance with the specifications listed in Table 4-1.1-1.

long-term hydrostatic pressure (LTHP): the estimated
interpal pressure of the piping product that, when
appligd continuously in accordance with ASTM D2992,
Proceflure B, will cause failure of the product after a speci-
fied nimber of hours. The specified number of hours and
the extrapolation of failure results out to the specified
numbkr of hours are the same as for the long-term hydro-
static|strength.

long-term hydrostatic strength (LTHS): the hoop stress
that when applied continuously is calculated to*cause
the fdfilure of the pipe in a specified number ef-hours,
as set by the product standard. These strengths are
usually obtained by extrapolation of log-log’regression
equatjons or plots of actual failure times for a range of
stresses out to the selected interval.

lower|deviated value (LDV): the_test‘/mean value less two
standard deviations [see para;2:2.3.3(c)].

may: lised to denote permission; neither a requirement
nor a|recommendation:

manufacturing: theproduction of piping components by
combijning constituént materials using processes such as
conta¢t molding, filament winding, compression molding,
and centrifugal casting.

pipe-§upporting elements: pipe-supporting elements

D2692attowsthe tong-termm hydrostatic prespure to be
obtained on a cyclic stress (Procedure A)Of constant
stress (Procedure B) basis.

pressure rating (PR): the estimated maximum gressure in
a piping component that can be exérted continufously with
a high degree of certainty that failuire of the piping compo-
nent will not occur.

Procedure Qualification“Record (PQR): a recprd of the
bonding data used te. bond a test piece. Th¢ PQR is a
record of variables recorded during the bonding of the
test pieces. It also contains the test resuflts of the
tested specimens. Recorded variables norjmally fall
within a §mall range of the actual variableg that will
be used\in production bonding.

reinforced thermoset resin pipe: aterm used syngnymously
with’ FRP pipe.

reinforcement’: glass fibers having the form df chopped
roving, continuous roving, fabric, or choppled-strand
mat. These fibers are added to the resin matrix to
strengthen and improve the properties of the| resin.

resin’: the matrix of the laminate.

restrained piping system: a piping system gr portion
thereof that includes no changes in directjon and is
restrained from axial movement.

service (design) factor: a number not greater thpn 1.0 that
is multiplied by the long-term hydrostatic stfength (or
long-term hydrostatic pressure) to obtain the Hydrostatic
design stress (or hydrostatic design pressure).[The factor
may vary depending on the service conditiogs, hazard,
length of service desired, and properties of the pipe.

shall: "shall" or "shall not" is used to indicate that a provi-
sion or prohibition is mandatory.

short-term hydrostatic strength (STHS): the lowgr deviated

consist of fixtures and structural attachments as follows:

(a) fixtures: fixtures include elements that transfer the
load from the pipe or structural attachment to the
supporting structure, tank, vessel, or equipment. They
include hanging-type fixtures, such as hanger rods,
spring hangers, sway braces, turnbuckles, struts,
guides, and anchors; and bearing-type fixtures, such as
saddles, bases, brackets, and sliding supports.

value (I.DV) of the tensile strength of the pipe ih the hoop
direction when the pipe is tested in accordance with ASTM
D1599 [see para. 2-2.3.3(c)].

should: "should" or "itis recommended" is used to indicate
that a provision is not mandatory but recommended as
good practice.

stiffness factor®: the measurement of a pipe’s ability to
resist deflection, as determined in accordance with
ASTM D2412.


https://asmenormdoc.com/api2/?name=ASME NM.2 2020.pdf

ASME NM.2-2020

supporting structures (not covered by this Standard): struc-
tures that permit the transfer of piping forces through
pipe-supporting elements. They consist of

(a) independent structures: free-standing structures
include T-poles, frames, bents attached to grade.

(b) building or nonbuilding structures, tanks, vessels,
and equipment: these structures can be made of concrete,
steel, or other materials.

(c) auxiliary steel: this includes brackets, beams, or
frames welded or bolted ta hni]ding or nnnhnilding struc-

woven roving: a glass-fiber fabric-reinforcing material
made by the weaving of glass-fiber roving.

1-3 ABBREVIATIONS

The following abbreviations may be used in this Stan-
dard to replace lengthy phrases in the text:

Abbreviation Term

tures, tanks, vessels, or equipment.

surfacing veil: a thin mat of fine fibers used primarily to
produce ajsmooth surface on a reinforced plastic.

thermoset|resin: a plastic that, after having been cured by
heat or other means, is substantially infusible and insol-
uble.

thermosetting: capable of being changed into a substan-
tially infugible or insoluble product when cured by heat or
other means.

thixotropi¢ agent: a material added to resin to impart high
static shealr strength (viscosity) while retaining the resin’s
low dynarpic shear strength.

trim piping: piping that is attached to vessels or equip-
ment, such as, but not limited to, overflows, vents, and
drains.

ultraviolef absorber: a material that when combined in a
resin mixtjire will selectively absorb ultraviolet radiation.

unlisted cpmponents: piping components not manufae‘
tured in accordance with the specifications listed-in
Table 4-11-1.

BPS [Note (1)]
EP [Note (2)]
FF [Note (2)]
FRP Glass-fiber-reinforced thermbosetting r¢sin
HDB [Note (3)]
HDP [Note (3)]
LDV Lower deviated value
HDS [Note (4)]
LTHP [Note (3)]
LTHS [Note (4)]
PDB [Note (4)]
PQR [Note (1)]
RTP [Note (5)]

Bonding Procedure Specification
Epoxy, epoxide

Furan-formaldehyde resin

Hydrostatic design_basis

Hydrostatic design pressure

Hydrostatic_design strength
Long-4term hydrostatic pressure
Long-term hydrostatic strength
Pressure design basis
Procedure Qualification Record

Reinforced thermoset plastic

RTR Reinforced thermoset resin
STHS Short-term hydrostatic strength
NOTES:

(1) Abbreviation is in accordance with ASME B31.3
(2) Abbreviation is in accordance with ASTM D1600.
(3) Abbreviation is in accordance with ASTM D2992.
(4) Abbreviation is in accordance with ASTM F412.
(5) Abbreviation is in accordance with ASME RTP-1.
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Chapter 2
Design

2-1 DESIGN CONDITIONS

Thif section states the qualifications of the designer;
defings the pressures, temperatures, and forces applicable
to the|design of piping; and states the considerations to be
given fo various effects and their consequentloadings. See
also section 2-6.

2-1.1| Qualifications of the Designer

Thq designer is the person in charge of the engineering
design of a piping system. The designer shall be experi-
enced|in the design of FRP piping systems and in the use of
this Standard. The designer shall meet at least one of the
following qualifications:

(a) |completion of an engineering degree, accredited by
an independent agency such as the Accreditation Board
for Engineering and Technology (ABET), requiring the
equivalent of at least 4 yr of study that provides exposure
to furldamental subject matter relevant to the design of.
piping systems, plus a minimum of 5 yr of experience
in the| design of related pressure piping

(b) |professional engineering registration, récognized
by th¢ local jurisdiction, and at least 5 yr of experience
in the design of related pressure piping

(c) |completion of a science-based degree, an accredited
engineering technician’s or assocjate’s degree or certifi-
cate r¢quiring the equivalent of at least 2 yr of study, plus a
minimum of 10 yr of experience/in the design of related
pressyire piping

Experience in the designof related pressure piping is
satisfied by piping deSigh experience that includes design
calculptions for préssure, sustained and occasional loads,
and pjping flexibility.

2-1.2| Design Pressure
2-1{2.1 General

(c) When a pipe is separated into individualized pres-
sure-containing chambers (jacketed piping, blanks, etc.),
the partition wall shall be designed on the basis ¢f the most
severe coincident temperature (minimum or fnaximum)
and differential pressure between thé adjoining chambers
expected during service,“exCept as prdvided in
para. 2-2.2.3.

2-1.2.2 Required Pressure Containment oif Relief

(a) Provision shall be made to safely contair] or relieve
any expected/pressure to which the piping may be
subjected. Riping that is not protected by a[pressure-
relieving‘device or that can be isolated frojm a pres-
sure-relieving device shall be designed for af least the
highestpressure that can be developed.

{(b) Sources of pressure to be consideregd include
ambient influences, pressure oscillations aﬂ:d surges,
decomposition of unstable fluids, static head, and
failure of control devices.

(c) The allowances of para. 2-2.2.3(d] shall be
permitted, provided that the other requir¢ments of
para. 2-2.2.3 are also met.

2-1.2.3 Maximum Operating Pressure. The|maximum
operating pressure for the piping system is the|maximum
sustained operating pressure to which the pipihg compo-
nents can be exposed in service. The maximum operating
pressure, along with the coincident temperature, shall be
used in the pipe stress analysis (see section 2-4).

2-1.3 Design Temperature

2-1.3.1 General. The design temperatuie of each
component in a piping system is the temp¢rature at
which, under the coincident pressure, the gredtest thick-
ness is required in accordance with para. 2-1|2.

NOTE: To satisfy the requirements of para. 2-2.P, different

(a) The design pressure of each component in a piping
system shall be not less than the pressure at the most
severe condition of coincident internal or external pres-
sure and temperature (minimum or maximum) expected
during service, except as provided in para. 2-2.2.3.

(b) The most severe condition shall be that which
results in the greatest required component thickness
and the highest component rating.

components in the same piping system may have different
design temperatures.

In establishing design temperatures, the designer shall
consider, at minimum, the fluid temperatures, ambient
temperatures, solar radiation, heating or cooling
medium temperatures, and the applicable provisions of
para. 2-2.3.
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2-1.3.2 Minimum Design Temperature. The minimum
design temperature is the lowest component temperature
expected in service. This temperature can establish special
design requirements and material qualification require-
ments. See also para. 2-1.4(d).

2-1.3.3 Uninsulated Components. The component
design temperature for uninsulated components shall
be the fluid temperature, unless a higher temperature
will result from solar radiation or other external heat

(d) Low Ambient Temperature. Low-ambient-tempera-
ture conditions shall be considered in the pipe stress
analysis.

2-1.5 Dynamic Effects

Dynamic effects include the following:

(a) Impact. Impact forces caused by external or internal
conditions (including changes in flow rate, hydraulic
shock, liquid or solid slugging, flashing, and geysering)

sources, of unless calculations, tests, or service experience
based on|measurements support the use of another
temperatyre.

2-1.3.4 |Externally Insulated Piping. The component
design temperature for externally insulated components
shall be thg fluid temperature unless calculations, tests, or
service experience based on measurements support the
use of andther temperature. If piping is to be heated or
cooled by tracing or jacketing, this effect shall be consid-
ered in esfablishing component design temperatures.

2-1.3.5 |Internally Insulated Piping. The component
design temperature for internally insulated components
shall be based on heat transfer calculations or tests.

2-1.3.6) Maximum Operating Temperature. The
maximum|operating temperature for the piping system
is the makimum sustained operating temperature to
which thle piping components can be exposed in
service. The maximum operating temperature, along
with the doincident pressure, shall be used in the pipe
stress an:rysis (see section 2-4).

2-1.4 Ambient Effects

For piping systems in which fluids can be trapped (e.g.,
in double{seated valves) and subjected to-heating and
consequer]t expansion, pressure relief shall be provided
or means $hall be provided to enahle the system to with-
stand the [pressure buildup.

(a) Cooling: Effects on Pressure. The cooling of a gas or
vapor in g piping system can‘reduce the pressure suffi-
ciently to| create an iptétnal vacuum. In such a case,
the piping shall be capable of withstanding the external
pressure gt the lowertemperature, or provision shall be
made to break the*vacuum.

(b) Fluid Expansion Effects. Provision shall be made in
the desigr ta enable the system either to withstand or

shall be taken INto account in the design of piping.

(b) Wind. The effect of wind loading shall be-takgn into
account in the design of exposed piping,The”anfalysis
considerations and loads may be as, describled in
ASCE/SEI17. Authoritative local meteorological data
may also be used to define or refine the'design wind(loads.

(c) Earthquake. The effect of earthquake loading shall
be taken into account in the deSign of piping. The anjalysis
considerations and loadsymay be as describled in
ASCE/SEI7. Authoritative’tocal seismological dath may
also be used to define\or refine the design earthuake
loads.

(d) Vibration."\Piping shall be designed, arrangefl, and
supported so asto eliminate excessive and harmful ¢ffects
of vibratign;which can arise from such sources as ifpact,
pressure, pulsation, turbulent flow vortices, resonapnce in
compressors, and wind.

(e) "Discharge Reactions. Piping shall be designed,
ayranged, and supported so as to withstand reaction
forces due to let-down or discharge of fluids.

2-1.6 Weight Effects

The following weight effects, combined with loadls and
forces from other causes, shall be taken into account|in the
design of piping:

(a) Live Loads. These loads include the weight jof the
medium transported or the medium used foyq test.
Snow and ice loads due to both environmental and|oper-
ating conditions shall be considered.

(b) Dead Loads. These loads consist of the weight of
piping components, insulation, and other superimjposed
permanent loads supported by the piping.

2-1.7 Thermal Expansion and Contraction Effects

The following thermal effects, combined with loa;]ls and
forces from other causes, shall be taken into account]in the

relieve increased pressure caused by the heating of
static fluid in a piping component.

(c) Atmospheric Icing. If the design minimum tempera-
ture of a piping system is below 0°C (32°F), the possibility
of moisture condensation and buildup of ice shall be
considered and provisions made in the design to avoid
any resultant malfunctions. This applies to surfaces of
moving parts of shutoff valves; control valves; pressure
relief devices, including discharge piping; and other
components.

design of piping. Thermal expansion and contraction shall
be accounted for, preferably by the use of elbows, offsets,
or changes in direction of the pipeline.

(a) Thermal Loads Due to Restraints. These loads
consist of thrusts and moments that arise when restraints
or anchors prevent free thermal expansion and contrac-
tion of the piping.

(b) Loads Due to Temperature Gradients. These loads
arise from stresses in pipe walls resulting from large,
rapid temperature changes or from unequal temperature
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distribution as may result from a high heat flux through a
comparatively thick pipe or bowing of the line caused by
stratified two-phase flow.

(c) Loads Due to Differences in Expansion Characteris-
tics. These loads result from differences in thermal expan-
sion that occur when materials with different thermal
expansion coefficients are combined, as in double-
containment or metallic-nonmetallic piping.

2-1.8 Effects of Support, Anchor, and Terminal

2-2.2 Pressure-Temperature Design Criteria

2-2.2.1 Listed Components Having Established (20)

Ratings. FRP piping components manufactured in accor-
dance with the specifications listed in Table 4-1.1-1 are
acceptable for use in accordance with this Standard,
provided they comply with one of the following:

(a) The hydrostatic design stress (HDS) or hydrostatic
design pressure (HDP) is determined in accordance with
para. 2-2.3.3, Design Method B, and the components are

Movements

Thd effects of movements of piping supports, anchors,
and cpnnected equipment shall be taken into account in
the design of piping. These movements can result from the
flexibility and/or thermal expansion of equipment,
suppdrts, or anchors, and from settlement, tidal move-
mentg, or wind sway.

2-1.9| Reduced Impact Resistance

Thd harmful effects of reduced impact resistance shall
be taken into account in the design of piping. The effects
can, fqr example, result from low operating temperatures,
including the chilling effect of sudden loss of pressure on
highly volatile fluids. Low ambient temperatures expected
during operation shall be considered.

2-1.10 Cyclic Effects

Thd effects of pressure cycling, thermal cycling, and
other|cyclic loadings shall be considered in the désign

of pipjing.

2-2 DESIGN CRITERIA

Sedtion 2-2 states pressure-temperature design
criteria, stress criteria, desigh_allowances, and
mininum design values, together with permissible varia-
tions pf these factors as applied/to the design of piping.

2-2.1| General

Theg designer shallbesatisfied as to the adequacy of the
material and its ‘manufacture, considering at least the
following:

(a) |long<or short-term tensile, compressive, flexural,
and gheatstrengths, and modulus of elasticity, at
desigi_témperature

designed in accordance with the requirementd of section
2-3.

(b) The maximum design pressure~isestaplished in
accordance with para. 2-2.3.6.

2-2.2.2 Unlisted Components.'FRP pipinjg compo-
nents not manufactured in accordance with the specifica-
tions listed in Table 4-1:3€¥ but for which [allowable
stresses have been established in accordfnce with
para. 2-2.3.3 or para.i2-2:3.4 shall be tested in qccordance
with para. 2-2.3.6 tg.establish maximum design[pressures.
These components’ are referred to as “unlist¢d compo-
nents” throughout this Standard.

2-2.2:3 Allowances for Pressure and Temperature
Variations. Occasional variations of pressufre and/or
temperature may occur in a piping system. Such|variations
shall be considered in the selection of design pré¢ssure (see
para. 2-1.2) and design temperature (see para. £-1.3). The
most severe coincident pressure and temperature shall
determine the design conditions unless all of th¢ following
criteria are met:

(a) In no case shall the increased pressure ¢xceed the
test pressure specified in section 6-3 for the piping system.

(b) Combined longitudinal stresses shall notexceed the
limits established in section 2-4.

(c) The total number of pressure variatiorls plus the
total number of temperature variations 3bove the
design conditions shall not exceed 1,000 during the life
of the piping system.

(d) Occasional variations above design condjtions shall
remain within the following limits for pressyre design.
The designer shall determine, using methods acceptable
to the owner, that the effects of such variations yvill be safe
over the service life of the piping system.

Subject to the owner’s approval, it is permissible to
exceed the pressure rating or the allowable stress for pres-

(b) creep rate at design conditions

(c) design stress and its basis

(d) ductility and plasticity

(e) impact and thermal shock properties

(f) temperature limits

(g) transition temperature: melting and vaporization
(h) porosity and permeability

(i) testing methods

(j) methods of making joints and their efficiency

(k) possibility of deterioration in service

stre dcoisu atthe tCllllJCl atureof theinereased condition
by not more than

(1) 20% for no more than 1 h at any one time and no
more than 10 h/yr, or

(2) 10% for no more than 10 h atany one time and no
more than 100 h/yr

(e) The combined effects of the sustained and cyclic

variations on the serviceability of all components in
the system shall have been evaluated.


https://asmenormdoc.com/api2/?name=ASME NM.2 2020.pdf

(20)

ASME NM.2-2020

(f) The application of pressures exceeding pressure-
temperature ratings of valves may under certain condi-
tions cause loss of seat tightness or difficulty of operation.
The differential pressure on the valve closure element
should not exceed the maximum differential pressure
rating established by the valve manufacturer. Such appli-
cations are the owner’s responsibility.

2-2.2.4 Junction of Different Services. When two
services that operate at different pressure-temperature

(2) Saz:1y the allowable longitudinal tensile stress
with coincident hoop stress equal in magnitude to
twice that of the allowable longitudinal stress

Additional points may be used to develop a more
complex allowable stress envelope.

It is permissible to use -Su(.1) for Ssco:.-13-

[t is permissible to use more than one design method
to determine the points of the allowable stress envelope.
For example, Design Method B (see para. 2-2.3.3) could be

conditionfs are connected, the valve segregating the
two servides shall be rated for the more severe service
condition. For piping on either side of the valve,
however, ¢ach system shall be designed for the conditions
of the seryice to which it is connected.

2-2.3 Allowable Stresses and Other Design Limits

2-2.3.1 |General

(a) Both prescriptive and performance-based methods
may be uspd to determine the allowable stress values for
FRP piping materials; these methods include application
of succespful in-service experience, proof-of-design
testing, ajnd detailed stress analysis using laminate
theory with a quadratic interaction failure criterion.
The magniitude of the design factors used depends on
the level of confidence of the material properties. Compo-
nents qualified with the highest level of confidence have
the lowest design factors, and components designed by
prescriptipn methods and with lower levels of confidence
have the hiighest design factors. This Standard recognizes
the followjing methods of design:

(1) Method A — Design by Rules. Allowable stresses
are listed fin ASME NM-3.3 for defined materials.

(2) Method B — Design by Long-Term Testing. Allow-
able stresges are determined based on thetesults of long-
term prespure testing.

(3) Method C — Design by Short-Term Testing. Allow-
able stresges are determined baséd'on the results of short-
term testipg.

(4) Method D — Desig:by Stress Analysis. Allowable
stresses are determined-based on the results of laminate,
layer, or macrolayer,_testing or from using strain limits.

(b) FRHis, in gereral, a nonisotropic, nonhomogeneous
material. The strength of the material in one direction, e.g.,
the longitudinal’ direction, depends on the stress in the
orthogonlal{direction, e.g., the hoop direction. To

used to determine QAL".l,
2-2.3.4) could be used to determine Syg.1).

(c) Particular types of FRP laminates haye-greater
strength in the hoop direction than in the|longitfidinal
direction. An example of such a laminate is filament-
wound pipe with a winding angle of.55 'deg to the pipe
axis. Designing the thickness of thése types of lamfnates
solely to resist pressure loads €etld result in a pipg with
insufficient capacity to withstand longitudinal loadqd other
than pressure. Consideration’shall be given therefpre to
providing additional longitudinal load-carrying capacity.

Regardless of therdesign method used to determipe the
pipe thickness required for pressure design, the¢ pipe
thickness shall/bé increased beyond that requirgd for
pressure by the following factor:

K = 0.67 X SH(Z:I)/SA(O:I) + 0.33

and npcign Method C (cpp para.

where K; < 1.67 and
Sac0:1) = allowable longitudinal stress with no
dent hoop stress
Sh(z:1y = allowable hoop stress with coincident|longi-
tudinal stress equal in magnitude to orje-half
that of the hoop stress

oinci-

2-2.3.2 Design Method A — Design by Rules. Allow-
able stresses have been established for standard materials
as listed in ASME NM.3.3. The allowable stresses lidted in
ASME NM.3.3 are based on not greater than one-eighth of
the laminate strength. Pressure design of piping c¢mpo-
nents shall be in accordance with section 2-3.

2-2.3.3 Design Method B — Design by LongiTerm
Testing. Allowable stresses for pressure design per
Design Method B are to be determined in accordance
with the procedures described in ASTM D2992. The allow-

able stresses so determined are defined as the hvdrostatic

account for this behavior, an allowable stress envelope
as shownin Figure 2-2.3.1-1 is used to define the allowable
stresses. The allowable stress envelope defines the allow-
able longitudinal stress as a function of the coincident
hoop stress.

Regardless of the design method used, a minimum of
two points must be determined to develop the allowable
stress envelope. The two points are

(1) Sa(o:1), the allowable longitudinal tensile stress
with no coincident hoop stress

design stresses (HDS), and shall be in accordance with the
following requirements and limits:

(a) For the purposes of this Standard, the long-term
hydrostatic strength (LTHS) is defined as the lower
95% prediction limit of the estimated tensile stress in
the wall of the pipe in the hoop direction due to internal
hydrostatic pressure that will cause failure of the pipe
after the design life of the piping. If the cyclic LTHS is
used as per ASTM D2992, Procedure A, the design
number of cycles shall not be less than 262800000
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Figure 2-2.3.1-1 Allowable Stress Envelope

Sa
A
Sa:1)
~
SA /
_ ~
Sa:1) /
~
/A'I
- 2
> Sy
P
Sy 270 Shay
//
e
~
~
~
~
~
~
~
7~
~
~
~
~
~
~
~
~
P
~
~
//
Sao—1n4~

cycleg

. If the static LTHS is used'asper ASTM D2992, Proce-

dure B, the design number-of hours shall not be less than

1752
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(
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¢

facton

0 h.

The HDS is detefmined by multiplying the LTHS by a
le service (design) factor.

[) If the cyclic LTHS is used, the service (design)
shall neot.exceed 1.0.

P) 1f the static LTHS is used, the service (design)
shall'not exceed 0.5.

(d) The HDS is valid in the temperature ran
Table 3-3.1-1. For design temperatures in exce

re listed in
5s of those

listed in Table 3-3.1-1, the testing shall be condjicted at no

less than the design temperature.
(e) Sh(z:1) shall be taken as not greater tha
Sacz:1) shall be taken as not greater than HI|
(f) Strain in lieu of stress may be used wh
analyzed in accordance with ASTM D2992.
and HDS in this case would be strain valy

n the HDS.
S/2.

en data is
The LTHS
es rather

Thedestgnershoutd setect the service (design) factor
after evaluating fully the service conditions and the engi-
neering properties of the specific material under consid-
eration. See also section 2-6.

(c) The HDS shall not be taken as greater than one-
quarter of the short-term hydrostatic strength (STHS)
of the pipe. The STHS is defined as the LDV of the
tensile strength of the pipe in the hoop direction when
the pipe is tested in accordance with ASTM D1599.
The LDV is defined as the test mean value less two stan-
dard deviations.

tham Stress values.

(g) Pressure in lieu of stress may be used when data is
analyzed in accordance with ASTM D2992. The long-term
hydrostatic pressure (LTHP) is defined as the lower 95%
prediction limit of the estimated pressure that will cause
failure of the pipe after the design life of the piping. When
the cyclic LTHP is used as per ASTM D2992, Procedure A,
the design number of cycles shall not be less than
262800000 cycles. When the static LTHP is used as
per ASTM D2992, Procedure B, the design number of
hours shall not be less than 175200 h.
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The hydrostatic design pressure (HDP) is determined
by multiplying the LTHP by a suitable service (design)
factor.

(1) When the cyclic LTHP is used, the service
(design) factor shall not exceed 1.0.

(2) Whenthe staticLTHP is used, the service (design)
factor shall not exceed 0.5.

The designer should select the service (design) factor
after evaluating fully the service conditions and the engi-
neering properties af the cppr‘iﬁr‘ material under consid-

(c) The axial tensile strength under biaxial pressure,
Sacz:1), shall be determined in accordance with ASTM
D1599, Procedure A or Procedure B, as the axial
stress (or strain) at maximum pressure. Free end
closures shall be used for this testing. For either Proce-
dure A or Procedure B, the 70-s time to reach the burst
pressure may be exceeded.

NOTE: S4(0:1y [see (d)] may be used for S4(2.1.

(d) The axial tensile strength under uniaxial loading,

eration. S¢e also section 2-6.

(h) ThelHDS (or HDP) is valid only for the materials and
laminate |constructions used in the test specimens.
Changes tp materials or laminate constructions require
retesting|to establish alternative allowable stresses
(strains).

(i) Components that have been designed using the HDS
(or HDP) shall be constructed of the same materials and
laminate cpnstructions as those used in the long-term test
specimensd.

(j) Components for which the allowable stresses have
been detefmined in accordance with Design Method B and
that have peen designed in accordance with the rules in
section 2-B do not need to be tested in accordance with
para. 2-2.3.6. All other components shall be tested in
accordance with para. 2-2.3.6.

Currently, there are no long-term test methods avail-
able for determining other points on the allowable
stress enyelope. Therefore, short-term test methods
shall be ysed to supplement the long-term pressure
testing in|order to construct the full allowable stress
envelope.

2-2.3.4(Design Method C — Design by Short-Term
Testing. Allowable stresses per Design Méthod C shall
be deternjined using the results from short-term tests
as described below. In all cases, the @@llowable stresses
shall be nqt greater than one-sixth ¢f the LDV of the mate-
rial strength. The LDV is defined as the test mean value less
two standprd deviations.

(a) The

or Proced

Sa(o:1), shall be determined in accordance with [ASTM
D638, ASTM D2105, ASTM D3039, or ASTM D5(83.

NOTE: The axial bending strength of filament-wdund pipelcan be
greater than the axial tensile strength. That additional bpnding
strength may be used for pipe bending loads.

(e) Except as provided in parax3-2.4, the allowable
stresses (or strains) are valid{only for the materials
and laminate constructions-used in the test specimens.
Except as provided in para:“3-2.4, changes to materials
or laminate constructions shall require retesting to pstab-
lish alternative allowable stresses (strains).

(f) Componentsythat have been designed using|these
allowable strésses (or strains) shall be constructed of
the same materials and shall have the same laninate
constructiens as those used in the short-term test|speci-
mens,

(g)~The allowable stresses are valid in the tempe
range as listed in Table 3-3.1-1. For design temperatures
in excess of those listed in Table 3-3.1-1, the testing shall
be conducted at no less than the design temperature.

(h) Components for which the allowable stressep have
been determined in accordance with Design Method C and
that have been designed in accordance with the refguire-
mentsinsection 2-3 do not need to be tested in accorfdance
with para. 2-2.3.6. All other components shall be teqted in
accordance with para. 2-2.3.6.

2-2.3.5 Design Method D — Design by Stress
Analysis. Design Method D consists of two steps first,
a biaxial stress analysis of the component to detefrmine

Fature

hoop tensile sprength under biaxial pressure,  the stress state at points of concern in the complonent
Sh(2:1), shpll be deternritied in accordance with ASTM  asdetermined by the designer, and second, the applifation
D1599, Procedure AcoxProcedure B, as the hoop stress  of the quadratic interaction criterion to demonstrafe that
(or strain)) at maximum pressure. Free end closures the stress state is within permissible limits.
shall be used forsthis testing. For either Procedure A (a) Biaxial Stress Analysis

ure B, it is permissible to exceed the 70-s (1) Various methods of stress analysis may b¢ used
time to rebeh-the-burst pressure- to—determine—thebiaxtal-stress—state—inthe component.

NOTE: For quasi-isotropic materials such as Type I or Type Il
laminates, Sy(1.0) [see (b)] may be used for Sy(2.1).

(b) The hoop tensile strength under uniaxial loading,
Sh(1:0) shall be determined in accordance with ASTM
D638; ASTM D2290, Procedure A; ASTM D3039; or
ASTM D5083.

NOTE: SH(Z:l) may be used for SH(I:O]-

10

These include

(-a) finite element analysis

(-b) application of closed-form solutions that yield
the complete biaxial stress state

(-c) back calculation of the biaxial state of stress
using strain gauge data

(2) The elastic constants to be used in the stress

analysis shall be determined from one of the following:

(-a) the elastic properties listed in ASME NM.3.3

(-b) testing of the laminate
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(-c) testing of the individual layers (lamina) or
macrolayers and using laminate analysis as defined in
Mandatory Appendix II

(-d) micromechanics and laminate analysis as
defined in Mandatory Appendix II

(b) Quadratic Interaction Criterion

(1) The quadratic interaction criterion requires
calculation of the strength ratio of each individual
lamina [see (2) below] for each loadlng comblnatlon
using e e
(or a pombination thereof):
(-a) testing of individual layers (lamina) or macro-
layerq (as defined in Mandatory Appendix II). Test results
shall he based on the LDV of the layer strength. The LDV is
defingd as the test mean value less two standard devia-
tions.
(-b) the strain limits listed in
Mandptory Appendix II, with stress limits calculated
from the strain limits using the appropriate modulus
of elagticity values.
(£) For quasi-isotropic materials such as Type I and
Type |l laminates, the quadratic interaction criterion may
be applied to the entire laminate rather than to the indi-
vidual layers. The stress limits in this case shall be deter-
mined by testing of the laminate.
(B) For any layer or macrolayer for which the stress
limit |has been calculated from the strain limits, the
strength ratio shall not be less than 8. For any laminate,
layer,|or macrolayer for which the stress limit has been
determined by testing, the strength ratio shall not beless
than 6.
(#) The stress limits are applicable to the(tempera-
ture range as listed in Table 3-3.1-1. For deSign tempera-
tures [n excess of those listed in Table 3-3.1-1, the stress
limits|shall be determined by testing atino less than the
design temperature.

2-23.6 Proof-of-Design Testing of Piping Compo-
nents. Except as noted in((e) below, proof-of-design
testing is required to establish or verify the maximum
design pressure of piping.components for which the allow-
able gtresses have/been determined in accordance with
Desigh Method<Bxor Design Method C. Proof-of-design
testing may alSe¢’be used to qualify individual components
desigmed by'means other than Design Method B or Design
MethqdC.-The requirements for proof-of-design testing
are asfellows

ASME SD-5421, as applicable, shall be increased by the
following factors:

Number of Components Tested Proof Test Factor

1 1.5
2 1.375
>=3 1.25

(c) The ranges ofcomponent sizes that may be qualified

(d) The proof—of deSIgn testmg shall be condlucted at a
temperature in the range of 15°C to 25°C\(60°F to 77°F).
The maximum design pressures established by fhe testing
are suitable for the design temperature ranggs listed in
Table 3-3.1-1. For design teniperatures in|excess of
thoselisted in Table 3-3.1-1, thetesting shall be conducted
at no less than the design.témperature.

(e) Proof-of-designtesting shall not be refjuired for
piping components complying with any of the|following:

(1) Piping components have been designed in accor-
dance with Desigh"Method A.
(2) Allowable stresses have been detefmined in
accordanée’with Design Method B or Design [Method C,
and the piping components have been designefl in accor-
danceé\with the requirements in section 2-3.
{3) Piping components have been designed in accor-
dance with Design Method D.

Table 2-2.3.6-1 Component Sizes Qualified
by Proof-of-Design Testing

Size of Test Component, Qualified Component Sizes,

(a) Fittings and joints shall be pressure tested in
accordance with the proof-of-design requirements in
ASME SD-6041, or in accordance with the pressure
test requirements of ASME SD-5685. Flanges shall be
tested in accordance with the performance requirements
of ASME SD-4024 or ASME SD-5421, as applicable.

(b) The minimum proof test pressure depends on the
number of components of a given type and size that are
proof tested. The proof test pressures listed in
ASME SD-6041, ASME SD-5685, ASME SD-4024 or

DN (NPS) DN (NPS)

50 (2) 20-150 (0.75-6)

80 (3) 25-200 (1-§)
100 (4) 40-300 (1.3-12)
150 (6) 50-450 (2-18)
200 (8) 65-600 (2.9-24)
250 (10) 125-600 (5-24)
300 (12) 150-600 (6-£4)
350 (14) 200-700 (8-18)
400 (16) 200-800 (8-32)
450 (18) 250-900 (10-36)
500 (20) 250-1000 (10-40)
600 (24) 300-1200 (12-48)
750 (30) 400-1500 (16-60)
900 (36) 450-1800 (18-72)

GENERAL NOTE: For test components of sizes other than those listed
above, size range of qualified components would be % to 2 times the
size of the tested component.
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2-2.3.7 Limits of Calculated Stresses Due to
Sustained and Operating Loads

(a) Internal Pressure Stresses. Limits of stress due to
internal pressure are as stated in paras. 2-2.3.2
through 2-2.3.5. The following also apply:

(1) Sustained Loads. Limits of stress due to internal
pressure and other sustained loads such as weight are as
stated in section 2-4.

(2) Operating Loads. Limits of stress due to sustained

2-3.2 Straight Pipe
2-3.2.1 General

(a) The required thickness of straight sections of pipe
shall be determined by eq. (2-3-1):
ty=1t+c (2-3-1)

where
¢ = sum of mechanical allowances (thread or groove
allow-

loads plus Joperating Toads such as those due to restraint of
thermal expansion/contraction are as stated in section 2-4.

(b) External Pressure Stresses. The stress due to
external gressure shall be considered adequate if it is
not great¢r than one-quarter of the collapse pressure
determined by test or calculation.

2-2.3.8(Limits of Calculated Stresses Due to Occa-
sional Loads

(a) Opeyation. The total stress in any component due to
the followjing loads shall not exceed the limits stated in
section 2-#:

(1) stistained loads such as pressure and weight

(2) stistained plus operating loads such as those due
to the restraint of thermal expansion and/or contraction

(3) ofcasional loads such as wind or earthquake

NOTE: Winf and earthquake forces need not be considered as
acting condurrently.

(b) Test. Stresses due to test conditions are subject to
the limitatjions in (a). It is not necessary to consider other
occasional loads, such as wind and earthquake, as o¢dur-
ring concyrrently with test loads.

2-2.3.9 [Allowances. The minimum required thickness
of a piping component shall include allowances for corro-
sion, erogion, and thread or groove. 'depth. See also

section 2-p.

2-3 PRESSURE DESIGN OF-PIPING COMPONENTS
2-3.1 Ge

Comporjents manufactured in accordance with specifi-
cations listed in Table4-1.1-1 shall be considered suitable
for use at fheir respective maximum design pressures in
accordanck with/para. 2-2.2.1. The requirements in paras.
2-3.2 throligh 2-3.9 are intended for uniform static pres-

neral

depth)plus-corrosion-barrierand-erosion
ances, mm (in.). For threaded components, the
nominal thread depth (dimensionh lef ASME
B1.20.1) shall apply. If the tolerance! of maghined
surfaces or grooves is not specified, it shall be
assumed to be 0.5 mm (0.02.jn-) plus the spgcified
depth of the cut. Unless otherwise specified py the
owner, the corrosion-bdarrier thickness shall be
considered as sacrificial and shall not be inqluded
for structural contributions.
pressure design.structural thickness, mm (jn.), as
calculated/in accordance with para. 2-3.4.2 for
pipe under internal pressure or para. 2}3.2.3
for pipe Under external pressure. For piping
withiboth internal and external prefsure
design requirements, minimum structural [thick-
ness shall be taken as the maximum alue
required. Minimum structural thicknesq shall
not be less than 2.0 mm (0.080 in.).

t,, = minimum required thickness, mm (in.), including
the corrosion-barrier and mechanical and erosion
allowances

The measured total pipe wall thickness, T, for the manu-

factured pipe shall not be less than t,,. In additign, the
measured thickness of the structural wall shall got be
less than t.

(b) The requirements of para. 2-3.2 are intended to
address uniform static pressure design only. Addjtional
thickness may be required for other loadings, dyhamic
effects, or stability as required by section 2-4.

2-3.2.2 Straight Pipe Under Internal Pressure. To
ensure that straight pipe has adequate axial-dirgction
strength for loads other than pressure, it is nec¢ssary
to include provisions for additional axial strength capacity
in the initial internal pressure design equations. The

sure design of components not covered by the specifica-
tions in Table 4-1.1-1, but may be used for a special or
more rigorous design of such components, or to satisfy
requirements of para. 2-2.2.2. Designs shall be checked
for adequacy of mechanical strength under applicable
loadings as described in section 2-1.

12

triterratpressure dcaigu structurat-thickmess— shall
not be less than that calculated by eq. (2-3-2). The
stress values for eq. (2-3-2) shall be taken from the appro-
priate table in ASME NM-3.3 or determined from qualifi-
cation testing.

PD

t=K— (2-3-2)
28
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where _ PLD,’F (2-3-4)
D = inside diameter of pipe structural wall, mm (in.) § 24E,
= (D; + 2¢)
¢ =sum of allowances defined in where
para. 2-3.2.1, mm (in.) E; = hoop tensile modulus of stiffener, MPa (psi)
D; = inside diameter of pipe, mm (in.) L; = one-half the distance from the centerline of the
K; = factor to provide additional available axial stiffener to the next stiffener on one side plus one-
strength for loads other than pressure halfthe centerline distance to the next stiffener on
= 1.0 for Type I and Type II laminates the other side of the stiffener, both measured
= 167 for Tvpp III laminates p:\rn”p] to the axis of the r‘ylinﬂnr’ m (11’1)
= 0.67(Su(z2:1)/Sac0:1)) + 0.33 for all other laminates,
where (Sy(2:1)/Sac0:1)) shall be taken as greater The external pressure design structural/thickness, t,
than or equal to 1.0 but need not exceed 2.0 shall be not less than that calculated ‘by eq. (R-3-5) but
Sac0:1) = allowable longitudinal tensile stress need not exceed the value calculated by eq. (2-3-3).
with no coincident hoop stress, MPa  The elastic modulus and Poissen’s ratio valyes for eq.
(psi) (2-3-5) shall be taken from“the appropriatle table in
Shz:i1y = allowable hoop stress with coinci- ASME NM-3.3 or calculatéd, by lamination gnalysis in
dent longitudinal stress equal in  accordance with Mandatory Appendix II. For laminate
magnitude to one-half that of the  types other than Type,[], or III, in the absenc¢ of appro-
hoop stress, MPa (psi) priate Poisson’s ratio values, the product off Poisson’s
P |= internal design gauge pressure, MPa (psi) ratios, vg, x vy, may be taken as zero for cogservatism
S [ design stress from applicable table in ASME in the following equation:
NM.3.3 or from qualification testing, MPa (psi) 3 2/5
N . B(1 — i) L (&> F a
2-3|2.3 Straight Pipe Under Uniform External Pres- R\ e ah”ha c\2 (2-3-5)
sure 0.8531KD 7 Ej>/* B!/
(a) | Without Qualified Rib Stiffeners. The external pres-
sure dlesign structural thickness, t, shall be established where
following the procedures outlined in ASTM D2924, ‘or E, = pipe axial tensile modulus, MPa (psi]
shall not be less than that calculated by eq. (2<3-3). KD = a knockdown factor to cover all datd points
The elastic modulus and Poisson's ratio valuestfor eq. = 1.0 for Type I, Type II, and Type III |Jaminates
(2-3-3) shall be taken from the appropriate table in = 0.84 for all other laminate types
ASME NM-3.3 or calculated by lamination-analysis in L. = greatest center-to-center distance befween any
accorglance with Mandatory Appendix\ll. For laminate two adjacent stiffener rings, mm (in.
types jother than Type I, II, or I1], in the absence of appro- t = external pressure design structural [thickness,
priatq Poisson’s ratio values, the product of Poisson’s mm (in.)
ratios| vy, % v, may be taken as‘zero for conservatism y = reduction factor to better correlate theoretical
in the following equation. A design factor, F, of at least predictions and test results
4.0 for external pressure shall be used: = 1-0.001Z, if Z, < 100
e n = 09if Z, > 100
f= 3 D5 (1 — tappg) (2-3-3) B 3/4 g 12 2
2nf A A RV S
p D) ahVha D
Eaf (—at)
wherd 2
D,|=rputside diameter of pipe, mm (in.) ]
E, t— et - o oot ot fosi} where F'ufiQ the axial flexural modulus} MPa (psi)
hf — PIPE [TOOP-UITECLIoT 11 ; PsT) . A o . . .
F = design factor; F is = 4.0 Van = Po¥sson S rat¥o in the axial dllrectl-on
P. = external or vacuum design gauge pressure, MPa Vha = Poisson’s ratio in the hoop direction
si
Vap = g;is)son’s ratio in the axial direction 2-3.3 Curved and Mitered Segments of Pipe
Vha = Poisson’s ratio in the hoop direction 2-3.3.1 Smooth Radius Elbows Under Uniform
Internal Pressure. To ensure that smooth radius
(b) With Qualified Rib Stiffeners. Qualified rib stiffeners elbows have adequate hoop-direction strength capacity

are defined as circumferential stiffener rings that meet the
requirements for minimum moment of inertia, I, as calcu-
lated by eq. (2-3-4):

13

for combined stresses due to internal pressure and
bending, it is necessary to include provisions for

(20)
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Figure 2-3.3.1-1 Nomenclature for Smooth Radius
Elbows

Intrados —,—\

e

the end tangents and extrados shall not be less than the
requirements of para. 2-3.2 for straight pipe (m 2 1.0).

2-3.3.2 Mitered Elbows Under Uniform Internal Pres-
sure. Acceptable methods for pressure design of multiple
and single miter bends are given in (a) and (b), where the
requirementsin (c) and (d) apply. Refer to Figure 2-3.3.2-1
for nomenclature used in egs. (2-3-9) through (2-3-11) for
the internal pressure design of mitered elbows.

(a) Multiple-Miter Elbows. The maximum allowable

%
\ Extrados

-
~
-
-

additional|strength capacity in the initial internal pressure
design eqyations. The minimum required thickness, t,,,, of
a smooth ffadius elbow shall be determined in accordance
with eq. (B-3-1), with pressure design structural thick-
ness, t, calculated using eq. (2-3-6):

PD

t= Kym— (2-3-6)
28

D = injside diameter of pipe structural wall, mm (in.)
= (i + 20)
¢ =sum of allowances defined in
para. 2-3.2.1, mm (in.)
D; = inside diameter of pipe, mm (in.)
K, = factor to provide additional available strength fer:
lopds other than pressure
= 1 for Type I and Type II laminates
m = pyessure stress multiplier for location on'elbow
P = internal design gauge pressure, MPa_(psi)
S = design stress from applicable~table in ASME
NM.3.3 or from qualification ¢esting, MPa (psi)

At the intnados (inside bend radius)

m= M > 1.0 (2-3-7)
4(Ry/DYX A2
At the extrados (outSide bend radius)
meAR/D) 1 (2-3-8)
4(Ry/D) + 2

internal pressure, P,,, shall be the Tesser value calchilated
from eqgs. (2-3-9) and (2-3-10). These equatiens-afe not
applicable when angle 0 exceeds 22.5 deg:

p,= 2 ! 2-3-9)
|t + 0.643 tan Oy/rot
p = Stfimn (2-3-10)
m 1‘2 RI - 0.51‘2

where
S = designstress from applicable table in ASME NM.3.3
orfrom qualification testing, MPa (psi)

(b)»Single-Miter Elbows
(1) The maximum allowable internal pressufe, P,

for a single miter bend with angle 6 not greater than
22.5 deg shall be calculated by eq. (2-3-9).
(2) The maximum allowable internal pressufe, Py,

for a single miter bend with angle 6 greater than 22.5
deg shall be calculated by eq. (2-3-11):

p = St t (2-3-11)
" plt 4+ 125tan 0/t

(c) The miter pipe wall thickness, ¢, used in eqs. (R-3-9)
through (2-3-11) shall extend a distance not less than M
from the inside crotch of the end miter welds, whlere M
equals the larger of the following:

2.5(ryt)%>

or

where
R; = bend radius of elbow, mm (in.); Ry =2 D

At the sidewall on the elbow centerline radius, m = 1.0.
Thickness variations from the intrados to the extrados
and along the length of the elbow shall be gradual. The
thickness requirements apply at the midspan of the
elbow, y/2, at the intrados, extrados, and elbow centerline
radius (see Figure 2-3.3.1-1). The minimum thickness at

tar HRT=773)

(d) For all miter elbows for which the inside joint is
accessible, 30% to 50% of the required miter joint
shall be applied as an inside lay-up. A corrosion
barrier shall be applied over the inside joint. The require-
ment for an inside lay-up is mandatory for miters where
D; 2 600 mm (24 in.) diameter.
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Figure 2-3.3.2-1 Nomenclature for Mitered Elbows L,; = width of reinforcement pad on inside of run pipe,
mm (in.)
L,, = width of reinforcement pad on outside of run
pipe, mm (in.)
P = design pressure, MPa (psi)
S = design stress from applicable table in ASME
NM.3.3 or from qualification testing, MPa (psi)
Sor = tensile strength of reinforcement (minimum of
hoop and axial strengths), MPa (psi)
S4—= shear erpngfh aof secondarv bond on branch
X pipe, MPa (psi)
Ssn = shear strength of secondary bend,or run pipe,
MPa (psi)
it il Syp = tensile strength of the run/pipe (m3gximum of
t T hoop and axial strengths); MPa (psi)
t, = thickness of reinforceément on branclf pipe, mm
‘ (in.)
S T, = thickness of ¥Un pipe required for| pressure
|<—D—>‘ rating, mm«(in<
T, = thicknessofreinforcement pad on runp pipe, mm

GENERAL NOTE: Corrosion barrier not shown for clarity.

2-3|3.3 Curved and Mitered Segments of Pipe Under
Unifofm External Pressure. The wall thickness of curved
and njitered segments of pipe subjected to external pres-
sure 1hay be determined as specified for straight pipe in
paras| 2-3.2.1 and 2-3.2.3.

2-3.4 Branch Connections

2-3/4.1 Fabricated Branch Connections. Apipé having
abrarch connection is weakened by the opening that must
be mdde in it, and unless the wall thickness of the pipe is
sufficlently in excess of that required-ta sustain the pres-
sure, it is necessary to provide added-reinforcement. The
desigh of branch connections shall be based on the

(in.)

T,; = thickness of reinforcement pad on ingide of run
pipe; mm (in.)
T,, =.thickness of reinforcement pad on outside of run

pipe, mm (in.)

(b) General Provisions and Requirements. Th¢ following
general provisions and requirements apply to [the proce-
dures presented in (c) and (d) for pressure|design of
branch connections:

(1) These procedures apply to branch c
for which d/D < 0.5. Branch connections for
> 0.5 shall be designed by Design Method
(see paras. 2-2.3.3 through 2-2.3.5).

(2) These procedures apply for branch c¢nnections
for which the angle between the branch and ruhn pipe is =
45 deg.

nnections
which d/D
B, C, or D

the inside
reinforce-
corrosion

ress pres-

following, except as providedin'paras. 2-3.4.2 and 2-3.4.3. (3) For all branch connections for which
(a) | Nomenclature. ThefolJlowing nomenclature isused  joint is accessible, 30% to 50% of the required
in thd equations for pressure design of branch connec-  ment shall be applied as an inside lay-up. A
tions: barrier shall be applied over the inside joint. The require-
A,| = area of reinforcement required on each side of ment for an inside lay-up is mandatory for branfh connec-
branch, mm® (in.?); 4, = A7/2 tions where D = 600 mm (24 in.) and d = 200 thm (8 in.).
Aq4{ = totalarea of reinforcement required on run pipe, (4) These procedures are intended to add
mm? (in.%) sure design only. Additional thicknesses may b required
D| =\inside diameter of run pipe, mm (in.) for external loads.
d = inside diameter of branch pipe, mm (in.) (5) When any two or more branches are so closely
Ep; = tensile modulus of the reinforcement (minimum spaced that their reinforcements overlap, each branch
of hoop and axial moduli), MPa (psi) connection shall be reinforced as required by (c) and
Ep = tensile modulus of the run pipe (maximum of (d). No portion of the reinforcement shall be considered
hoop and axial moduli), MPa (psi) as applying to more than one branch connection.
F = design factor (c) Reinforcement of the Run Pipe
= 10.0 minimum (1) The total area for reinforcement of the run pipe
L, = length of reinforcement on branch pipe, mm (in.) shall not be less than that determined by eqgs. (2-3-12) and
L. = longest chord length of opening, mm (in.) (2-3-13):
L, = width of reinforcement pad on run pipe, mm (in.)

15
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Sup
Ar 2 KL Ty — (2-3-12)

Sor,

Ep
Ar > KL.T— (2-3-13)

Eor

where
K; = 1.5ifreinforcementis applied only to the outside
o oint. . 41l . '
= 1.0 if reinforcement is applied to the inside and
ouyitside of the joint. See Figure 2-3.4.1-1, illustra-
tipn (b).

If testidata are not available for the tensile strength of
the run pipe, Syp, it is permissible to use 0.015Ep. If test
data are njot available for the tensile strength of the re-
inforcemeht, Sy;, it is permissible to use 0.010E;.

(2) The area of run pipe reinforcement on each side
of the brapch shall not be less than that determined by
eq. (2-3-14):

Ar

Ar (2-3-14)
2

APZ

(3) The minimum width of reinforcement pad on the
run pipe |shall not be less than that determined by
eq. (2-3-1p):

5 P (2-3-15)
b= 4(Ssh/F)
The mininfum width of reinforcement pad shall not be less
than 75 mm (3.0 in.).

The spcondary bond shear strength on the run pipe,
Ssn shall npt be taken to be greater than 7 MPa\(1,000 psi).

For jdints with inside reinforcement, the total length
of the insifde and outside reinforcementshall not be less
than that Hetermined by eq. (2-3-15).'The length of the
inside reipforcement shall not.be less than 30% of that
determingd by eq. (2-3-15). The/inside and outside rein-
forcements shall each bemo-less than 75 mm (3.0 in.).

For jdints with reinforcement only on the outside, no
less than 66% of A, shallbe applied within the first third of
L, from the branch<¢pipe. The thickness of this portion of
the reinfqrcement shall not be less than 24,/L,. The
remainder of.the reinforcement shall taper uniformly

(-c) Not less than 50% of the total external rein-
forcement thickness shall extend up the branch pipe.
These layers shall have a minimum length-to-thickness
taper of 4:1 beginning above the run pipe reinforcement
pad. For joints with inside reinforcement, it is permissible
to include the reinforcement that extends into the branch
pipe as contributing to the inside reinforcement of the run
pipe. The maximum length of the reinforcement that can
be considered as run pipe reinforcement is Ty, + T,

= i i tion to
form a smooth lay-up surface. The finished radius [of the
putty shall not exceed 10 mm (% in.).
(d) Reinforcement of the Branch Pipe
(1) The minimum length of reinforicement g¢n the
branch pipe shall not be less than that determined by
eq. (2-3-16):
> _PA N (2-3-16)
— 4(SgAF)

(-a) No more than 50% of the taper length shall be
included as contributing to the minimum reinforcement
length on the bfanch, L,. The minimum reinforc¢ment
length of the bfanch pipe shall not be less than 7[5 mm
(3.0 in.).

(-b)> The secondary bond shear strength ¢n the
braneh\pipe, Sy, shall not be taken to be greatef than
14 MPa (2,000 psi).

(2) The minimum thickness of the reinforcemgnt on
the branch pipe shall not be less than that determined by
eq. (2-3-17):

KPd

i (2-3-17)

~ 2SoL/F)
where

K, = 1.5ifreinforcementis applied only to the ojtside

of the joint. See Figure 2-3.4.1-1, illustrati¢n (a).

= 1.0 if reinforcement is applied to the inside and

outside of the joint. See Figure 2-3.4.1-1, illustra-

tion (b).

(-a) The full thickness reinforcement dn the
branch pipe shall extend a minimum of 50 mm (2.0
in.) onto the run pipe, beyond the resin putty, followed
by a minimum length-to-thickness taper of 4:1.

(-b) If test data is not available for the tensile

to the end
taper of 4:1.

(4) The following general provisions and require-
ments apply to the reinforcement of the run pipe:

(-a) A maximum of 50% of the length of the
tapered reinforcement may be considered as contributing
to the required area of reinforcement.

(-b) The minimum structural thickness, not
including the corrosion barrier, of the inside or outside
reinforcement shall not be less than 6 mm (0.25 in.).

£ L . H H 1 41 4 elas ol
Ul L4p dl 4d HIHITIITUHD ITIHHGUITLUTUTICRIITS S

Strength of the reinforcement, 5oy, it 15 permissible to
use 0.010E;.

(-c) The minimum thickness of the reinforcement
shall not be less than 6 mm (0.25 in.). The reinforcement
on the branch pipe shall be applied before the run pipe
reinforcement layers are applied or shall be uniformly
interspersed with the run pipe reinforcement layers.

2-3.4.2 Branch Connections Using Listed Fittings. It
may be assumed, without calculation, that a branch
connection has adequate strength to sustain the internal
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Figure 2-3.4.1-1 Detail for Fabricated Branch

=4
——11 typical I'T,1

S

f

=2in.
L3 Taper length/2
L

P

(a) Reinforcement on Outside Only [Note (1)]

=4
—1 typical [Th

S
= 1
f >3in || reeer
fergthi2
Tpi Ae,/ Ly D
le— =2 in.—— -——T?Per h/-—
ength/2
Lpo

(b) Reinforcement on Inside and Outside [Note (2)]

GENERAL NOTE: Corrosion barrier not shown for clarity.
NOTES:

(1) Ap = Ay + Ay

(2) Ap = A1 + A, +A3 + Ay
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and external pressures that will be applied to it if it uses a
listed fitting (a tee, lateral, or cross) in accordance with
para. 2-3.1.

2-3.4.3 Integrally Molded Tee Fittings

(a) The minimum required pressure design structural
thickness, t, of the main run and branch regions of a
molded tee shall be determined in accordance with
eq. (2-3-18):

(4) For Dg < 0.25Dg, the minimum diameter of the
reinforced thickness of the run region shall not be less
than 3Dp or [Dy + 200 mm (8 in.)], whichever is
greater, followed by a minimum length-to-thickness
taper of 4:1. See Figure 2-3.4.3-1, illustration (a).

(5) For Dg > 0.25Dp, the reinforced thickness of the
main run, tg, shall encompass the entire circumference of
the run pipe. The minimum length of the reinforced thick-
ness of the main run shall notbeless than (Dg+ Dg) or [Dg+

200 mm (R in )] whicheveris greater See Fignrp 2-34.3-1,

t= mﬂ (2-3-18)  jllustration (b).
28 (6) Therequirements of para. 2-3.4.3 are-intenfded to
where achieve sufficient thickness and length of the Treinforced
Dy = irlside diameter of the main run structural wall, regions to manage pressure .stresses at th junctionfof the
mm (in.) run_and branch. The d1men§1c_)n_s of the fitting may _need to
m = pfessure stress multiplier for integral tees be increased to allow for joining‘fmethods or thidkness
= 142,025 transitions. Refer to para. 2-3.4¢4 for additional design

The geometry factor, A, is given by the following equa-
(1) Fpr equal tees, Dg = D

Ay = E (2-3-19)
2tp

(2) Fpr unequal or reducing tees, Dg < Dg

2
DB ZtR
L=|—||—
[2fB] [DR]
where

Dgp = irlside diameter of the tee branch structural wall,
mm (in.)

tp = mlinimum structural thickness of the tee branch,
mm (in.); see Figure 2-3.4.3-1

tg = nlinimum structural thickness of the main run of
the tee, mm (in.); see-Figure 2-3.4.3-1

(2-3-20)

(b) Thelfollowing generalprovisions and requirements
apply to the design of molded tees:

(1) Thedesignapproach is applicable only to molded

tees made|of Typelor Type Il laminates where Dy < 600

mm (24 in}) and-the run and branch regions are integrally

formed with~€ontinuous laminates. Fabricated tees

considerations for tees.

2-3.4.4 Additional Design Considerations. The re-
quirements of paras. 23*4.1 through 2-3.4.3 are intpnded
to ensure satisfactory performance of a branch connpction
subjected only-te_ uiniform static pressure loading. The
designer shall also consider the following:

(a) In addition to static pressure loadings, exfernal
forces and ‘moments are applied to a branch conngction
by dyhamic unbalanced pressure, thermal expansign and
contraction, dead and live loads, and movement of piping
términals and supports. Branch connections shiall be
designed to withstand these forces and moments.

(b) Adequate flexibility shall be provided in a small line
that branches from a large run, to accommodate thermal
expansion and other movements of the larger ling.

(c) If ribs, gussets, or clamps are used to stiff¢n the
branch connection, their areas shall not be counted as
contributing to the reinforcement areas determifed in
paras. 2-3.4.1 and 2-3.4.3.

2-3.5 Closures
2-3.5.1 General

(a) Closures not in accordance with para. 2-3.1 jor (b)
shall be qualified as required by para. 2-3.9.2.
(b) Ellipsoidal (2:1), hemispherical, and torispHerical
closures with internal pressure on the concave side
shall be as calculated in eq. (2-3-21):
b= tte (2-3-21)

constructed Irom separate run and branch pipe joined
together shall be qualified in accordance with
para. 2-3.4.1 or para. 2-3.9.2, as applicable.

(2) The minimum thickness of the reinforced region
at the junction of the run and branch shall not be less than
1.5tz. See Figure 2-3.4.3-1.

(3) The length of reinforced thickness of the branch
region, Lp, shall be greater than or equal to half of the
branch diameter, 0.5Dp, but shall not be less than 100
mm (4.0 in.).

where

¢ = sum of allowances defined in para. 2-3.2.1, mm
(in.)

t = pressure design structural thickness, calculated
for the type of closure using eq. (2-3-22),
(2-3-23), or (2-3-24), mm (in.)

tn, = minimum required thickness, including the corro-
sion-barrier and mechanical and erosion allow-
ances, mm (in.)
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Figure 2-3.4.3-1 Detail for Integrally Molded Tees

riwrs

Lg= 0.5Dgor 100 mm (4 in.), " 1.5tz min. 4:1 taper min.
whichever is greater v R ¥
\ /
) . ﬁ ,
R6 mm ) s
(0.25in.) S~ -7
min.
Dg
3Dp, or Dg+ 200 mmi (8)in.),
whichever is greater
(a) Dg<.0.25Dp
Dg
— tg
LB= 05DB or
100 mm (4 in.), 1.5tz min. .
whichever S tr J/ 4.n1'1 tnaper
is greater A — :
A R6 mmA
(0.25 in.) min.
Dg

Dg + Dg, or Dg+ 200 mm (8 in.),
whichever is greater

(b) Dg > 0.25D,

GENERAL NOTE: Corrosion barrier not shown for clarity.
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Figure 2-3.5.1-1 Knuckle Reinforcement for Torispherical Closures

Full reinforcement
thickness

Taper to
closure

62 deg

Joint line

(1) Fpr an ellipsoidal (2:1) closure, congave to pres-

sure
_ P (2-3-22)
28
where
D = inpide diameter of.pipe structural wall, mm (in.)

= D)+ 2¢
D; = inpide diameter-of pipe, mm (in.)
P = infernal désign gauge pressure, MPa (psi)
S = dgsign.stress from applicable table in ASME
NM.3.32or from qualification testing, MPa (psi)

MPR,
t= (2-3-24)
28
where
M = %[3 + (Re/)*]
r = head knuckle radius, mm (in.); r = 0.06R,
R. = head crown radius, mm (in.); R, < D

For torispherical closures, the knuckle radius shall be
externally reinforced in accordance with Figure 2-3}5.1-1.
The reinforcement thickness shall be equal to the|thick-
ness of the closure as calculated in eq. (2-3-24). Thelthick-
ness of a joint overlay near the knuckle radius tangept line

(2) Forahemispherical closure, concave to pressure
PR
28

- (2-3-23)

where
R; = inside spherical radius, mm (in.)

(3) For a torispherical closure, concave to pressure

contributes to the knuckle reinforcement.
(c) Joint overlays for connections to closures are
subject to the requirements of para. 2-3.8.2.

2-3.5.2 Openings in Closures. A closure is weakened
by an opening, and unless the thickness of the closure is
sufficiently in excess of that required to sustain pressure, it
is necessary to provide added reinforcement.
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(a) For openings not larger than one-half the inside
diameter of the closure, the amount of reinforcement
required shall be determined in accordance with
para. 2-3.4.1.

(b) All other openings in closures shall be qualified as
required by para. 2-3.9.2.

2-3.6 Flanges

(b) In addition to meeting the requirements of (a) for
hoop-direction pressure loading, the butt-joint structural
thickness shall provide axial-direction strength and stiff-
ness that is no less than that of the components being
joined. The minimum structural thickness of the butt-
joint laminate, t; shall also not be less than that deter-
mined by eqs. (2-3-26) and (2-3-27):

2-3.9.p.

E
r
2-3.6.1 General fj= by (2-3-26)
1
(a)|Flanges not in accordance with para. 2-3.1, para.
2-3.6J2, or (b) shall be qualified as required by para.
S
(b)|Flat-face flanges for use with full-face, flat-ring tj> tps—p (2-3-27)

gaskets shall be designed in accordance with
Mandatory Appendix 1.

2-3/6.2 Blind Flanges. Blind flanges not in accordance
with para. 2-3.1 shall be designed in accordance with eq.
(2-3-35). Otherwise, they shall be qualified as required by
para. P-3.9.2.

ty = DpcAJ025P/S + ¢ (2-3-25)

c| = sum of allowances defined in para. 2-3.2.1, mm
(in.)

Dp.| = bolt circle diameter, mm (in.)

P| = internal design gauge pressure, MPa (psi)

S| = design stress from applicable table in ASME
NM.3.3 or from qualification testing, MPa (psi)
tm| = minimum required thickness, including the
corrosion-barrier and mechanical and €rosion
allowances, mm (in.)

2-3.7

Reducers notin accordance with'para. 2-3.1 shall satisfy
the nlinimum thickness requirements specified for
straight pipe in para. 2-3.2 based on the diameter at
any c¢rresponding point along the length of the reducer.

Reducers

2-3.8| Joints

2-3.8.1 Geperal. Joints or joining components,
inclufling adlesive joints, not in accordance with
para. R-3.4 para. 2-3.6, or para. 2-3.8.2 shall be qualified

E; = minimum axial moddlus of butt-joint|structural
wall, MPa (psi)

E, = maximum axial modulus of pipe strudtural wall,
MPa (psi)

S; = minimum axial strength of butt-joint|structural
wall, MPa (psi)

S, =.maximum axial strength of pipe strudtural wall,
MPa (psi). If test data are not available(for S,,, it is
permissible to use 0.015E),. If the pip¢ and joint

are constructed of the same structurgl laminate
type and sequence, S, may be taken as pqual to ;.

t; = minimum required structural thickness of the
butt-joint laminate, mm (in.)

t, = minimum required structural thicknless of the
pipe, mm (in.)

The minimum full thickness joint length per side shall
not be less than 50 mm (2.0 in.).

Beyond the full thickness length, the butt-joirjt laminate
shall taper at a minimum length-to-thickness 1fatio of 6:1
on each side.

The length of the butt-joint overlay shall be stfficient to
provide average secondary bond shear strength at least
equal to the axial tensile strength of the weakef part. The
minimum secondary bond length of the butt-joint lami-
nate on each side of the joint centerline, L;| shall not
be less than that determined by eq. (2-3-28):

4 -3-
as redquired by para. 2-3.4.2. Li=ty— (2-3-28)
2-3.8.2 Butt Joints
where
(a) Joints not in accordance with para. 2-3.1 shall L; = minimum required joint bond length, per side,
satisfy the minimum thickness requirements specified mm (in.)
for straight pipe in para. 2-3.2 using the appropriate Ss;s = minimum secondary bond shear strength, MPa

design stress, S, and other material properties for the
joint laminate type from the applicable table in ASME
NM.3.3 or from qualification testing.

(psi). Sss shall not be taken to be greater than
10 MPa (1,500 psi).

No more than 50% of the taper length may be included
in the calculations for minimum secondary bond length, L;.
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(c) The following general provisions and requirements
apply to the design of butt joints:

(1) For all butt joints for which an inside joint is not
accessible, a corrosion-barrier laminate shall be applied
before the structural joint.

(2) For all butt joints for which an inside joint is
accessible, 30% to 50% of the required joint structural
thickness shall be applied as an inside lay-up. A corrosion
barrier shall be applied internally, over the inside struc-

oping sufficient flexibility outlined in para. 2-4.7. See also
para. 2-4.2.2(b).

2-4.2 Concepts and Definition of Pipe Stress
Analysis

Concepts of pipe stress analysis are covered in
paras. 2-4.2.1 through 2-4.2.3. Special consideration is
given to displacements (strains) in the piping system,
and to resultant bending and torsional stresses.

tural joint The requirement for an inside corrosion-
barrier lay-up is mandatory for butt joints where the
pipe diamgter is = 600 mm (24 in.).

(3) Therequirements of para. 2-3.8.2 are intended to
provide adequate performance of butt joints connecting
two sectigns of straight pipe. For butt joints connecting
pipe to fitt]ngs, or connecting fittings, additional structural
thickness or length may be necessary to account for other
loadings of to satisfy the system analysis requirements as
defined in| section 2-4.

2-3.9 Ot

2-3.9.1| Listed Components. Pressure-containing
components manufactured in accordance with specifica-
tionsin Taple 4-1.1-1 but not covered elsewhere in section
2-3 may He used in accordance with para. 2-2.2.1.

2-3.9.2
unlisted cq
elsewhere
proof test

her Components

Unlisted Components. Pressure design of
mponents and joints to which the requirements
in section 2-3 do not apply shall be verified by
ng in accordance with para. 2-2.2.2.

2-4 PIPH STRESS ANALYSIS

2-4.1 Design Considerations

(a) Piping systems shall be designed to*function and
perform gs intended. The piping syistem design shall
prevent expansion or contraction{ pressure expansion,
or movemnjent of piping supports and terminals, or any
other loads from causing

(1) fjilure of piping-ot-supports from overstrain,
point loads, or fatigue

(2) ldakage at joints

(3) dptrimental stresses or distortion in piping or in
connected| equipment (e.g., pumps) resulting from exces-
sive thrustssand’ moments in the piping

(b) Sec

lon 2-4. pr‘nxn‘r‘ac gnir“anr‘n‘ r‘nn{‘npfc’ and-data

2-4.2.1 Displacement Strains. The concepts(f [strain
imposed by restraint of expansion or contragetion gnd by
external movement apply in principle to|FRP pliping.
Stresses throughout the piping system may be preflicted
from these strains as fully elastic behavior is valid yithin
the defined working range of the ‘fmaterial.

The piping system should include suitable ancho
guides; the low moduli of the piping materials may 4
the system to absorb the-displacement strains.

I's and
nable

2-4.2.2 Displacement Stresses

(a) Elastic Behavior. Displacement strains will produce
a sufficiently wide range of proportional stresses to Justify
an elastic stress analysis for FRP piping. Fabrigation
methods and laminate types of pipe and fittings can
vary between manufacturers. The designer should ynder-
stand-the construction of components when applying
elastic properties for a piping system.

(b) Overstrained Behavior. Strain and displace
shall be controlled by system layout, proper su
special joints, and/or expansion devices (see para.

ments
bport,
p-4.7).

2-4.2.3 Cold Spring. Cold spring is the intenfional
deformation of piping during assembly to produce a
desired initial displacement and stress. Cold spifing is
beneficial in that it serves to balance the magnitide of
stress under initial and extreme displacement condjtions.

Cold spring is an acceptable means of contrplling
thermal loads and displacements in FRP sysftems.
However, special consideration should be given fo the
design and system layout when cold spring is present,
including loads on connections. Consideration should
be given to the effects of construction methods and en-
vironmental conditions on the accuracy of cold-gpring
design. Cold spring shall not be used for alignmpnt of
the piping system during construction.

to assist the designer in ensuring adequate flexibility in
piping systems. As the behavior of FRP differs consider-
ably from that of metals, care shall be taken to define the
specific laminate to be used and the material properties
required.

(c) Piping systems should be designed and laid out so
that stresses resulting from displacement due to expan-
sion, contraction, and other movement are minimized.
This concept requires special attention to supports, term-
inals, and other restraints, and to the techniques for devel-

22

2-4.3 Properties for Pipe Stress Analysis

Paragraphs 2-4.3.1 through 2-4.3.5 deal with properties
of FRP piping materials and their application in piping
stress analysis.

2-4.3.1 Thermal Expansion Data. ASME NM.3.3 lists
coefficients of thermal expansion for FRP materials.
More precise values in some instances may be obtained
from manufacturers of components. If these values are to
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be used in stress analysis, the thermal displacements shall
be determined as stated in para. 2-4.4.

2-4.3.2 Modulus of Elasticity. ASME NM.3.3 lists
representative data on the tensile and flexural
modulus of elasticity, E, in the hoop and axial directions
for the defined FRP laminate types as obtained under
typical laboratory rate of strain (loading) conditions.
More precise values of the short-term and working esti-
mates of effective moduli of elasticity for given conditions

(b) The piping system is nearly identical in system
arrangement, piping materials, and operating conditions
to an existing system that can readily be judged adequate
by comparison with previously analyzed systems.

(c) The piping system is laid out with an inherent flex-
ibility that can be judged adequate for the given design
conditions, or uses joining methods or expansion joint
devices, or a combination of these methods, that are
intended to absorb the majority of thermal displacement

fhrmlghnnf the piping system and are selected and

of lo‘jldmg and temperature may be obtained from the
manufacturer. The modulus can also vary with the
fiber ¢ontent and orientation and type of resin. Addition-
ally, the modulus can vary with the orientation of the
specithen during testing, especially for laminates with fila-
ment{wound reinforcement.

2-413.3 Poisson’s Ratio. The Poisson’s ratio for FRP
pipe and fittings can vary depending on a number of
factorg, including type of resin, fiber content, orientation
of thelfiber reinforcement material, and temperature. For
that r¢ason, simplified formulas used in stress analysis for
metalf are not generally valid for FRP. More precise values
in some instances may be obtained from component
manufacturers. Values for standard materials are listed
in ASME NM.3.3.

2-4.3.4 Allowable Stresses. FRP is an orthotropic
matetial with properties that are not necessarily the
same [in the axial and hoop directions. However, Type-1
and Type Il FRP laminates are considered quasi-isotropic
materjials, since they typically have the same properties in
the hpop and axial directions. Proper analysistof FRP
piping shall account for differences in materjal'properties.

(a) | The analysis approach herein uses allowable stress
envelppes, which relate the allowable axial stress to the
appligd hoop stress.

(b)|See ASME NM.3.3 for allowable stresses of listed
laminate types for use with Design Method A (see
para. P-2.3.2).

2-413.5 Dimensions. Neminal thicknesses and outside
diamqters of pipe andfittings shall be used in pipe stress
analyj$is calculatighs,/Corrosion barrier shall be included
for weight and’thermal considerations although it is not
considered a‘structural component.

2-4.4 Analysis

installed in accordance with manufacturer’s inftructions.
As FRP piping has a lower stiffness than~ietallic piping,
expansion joints with lower spring rates,for egse of acti-
vation shall be selected.

2-4.4.2 Methods of Analysis:.For a piping sjstem that
does not meet the criteriaof para. 2-4.4.1, the designer
shall demonstrate that.the'piping system is| adequate
for the service by simplified, approximate, or cgmprehen-
sive piping system analysis, using a method that can be
shown to be valid-for the specific case. Any anglysis shall
consider the effects of all sustained loads (welight, pres-
sure, etc.) withiand without thermal effects, and pccasional
loads (wind, seismic, etc.).
(a).Simplified. The simplified analysis should include
consideration of the piping system'’s flexipility and
thermal displacement. The analysis may be| based on
table or chart data, such as for spans between supports
or cantilevered transitions. The analysis shoulddetermine
the minimum number of anchor points needed to ensure
system stability. A free-floating, anchor-free system shall
notbe used. The simplified analysis should alsodetermine
a regular occurrence of guide restraint to ensulre reason-
able lateral support and stability. A piping systegm suitable
for a simplified analysis is characterized by th¢ following
features:
(1) The piping system displays reasonablg flexibility
with areas of isolated restraint, which would ledd to a pure
compressive stress condition between rigid festraints,
anchors, or terminal points.
(2) There is limited opportunity for thermal dis-
placement, i.e., the differential temperature i§ less than
40°C (75°F) between the installation temperature and
the minimum or maximum exposure temperdture.
(b) Approximate. A piping system that is suitpble for an
approximate evaluation is characterized by th¢ following

faaturac:

2-4.4.1 Analysis Not Required. No formal analysis is
required for a piping system that meets any of the
following conditions:

(a) The piping system duplicates or replaces, without
change to materials, method of construction, system
arrangement, and operating conditions, a system oper-
ating with a successful service record.

23

Teotute5e

(1) There is a significant differential temperature
between the installation temperature and the mini-
mum or maximum exposure temperature.

(2) The piping system complies with either of the
following:

(-a) The piping system is substantially restrained
by periodic rigid anchors that maintain the straight
lengths of piping in a pure tensile or compressive
stress condition between anchor points, isolating terminal
points and changes in direction from excessive strain.
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(-b) The piping system includes flexible joints or
other displacement-absorbing devices that arelocated ina

i, = torsional stress intensification factor (see
Mandatory Appendix III)

manner to ensure a minimized stress state in the piping m = pressure stress multiplier (see Mandatory
system. Where flexible joints and displacement-absorbing Appendix I1I)
devices are implemented, sufficient anchor and guide M; = in-plane moment, N-mm (in.-1b)
supports shall be incorporated to ensure that the M, = out-of-plane moment, N-mm (in.-1b)
piping movement is directed into the flexible joint. M, = torsional moment, N-mm (in.-lb)
(c) Comprehensive. A comprehensive piping system P = pressure, MPa (psi)
analysis shall be performed using a formal pipe stress T, = corrosion barrier thickness, mm (in.)
ana]ysis program The rnmprphpncivp piping system T»—= nominal thickness of component, mm (in)
analysis shall include the following elements: = Ts+ Ty
(1) ah accurate model of the piping system routing Ts = structural wall thickness of component,min (in.)
and all components, including weights and dimensions. =Ty-T,
(2) alctual orthotropic material properties that Zs = section modulus, mm?® (in.%)
concisely [represent the specified piping materials and = n[(D,* - (D, - 2T5)*]/32Dy
constructiion, including resin type, wind angle, and
glass cont¢nt. Material properties may be based on histor- (b) Longitudinal Stress (Axigl<Tensile Stress). Fof each
ical test dpta or calculated properties. load case, the applied longitudinal stress (axial stress), S,
(3) stress intensification factors and flexibility shall be calculated using-eg? (2-4-2a), eq. (2-4-2b), eq.
factors baped on tested data or calculated values. (2-4-3a), or eq. (2-4-3b), as applicable.
(4) gstimated stiffness of pipe supports and (1) For All Piping’ Systems Other Than Restfained
supporting structures. Piping Systems
(5) estimated stiffness of terminal points and D.2
connecting equipment. Results shall be carefully evalu- (-a) Eor ﬁ +-520
. - D,” = Djs As
ated to vefify that they are realistic for the FRP system.
(6) ah evaluation of all design conditions, including )
occasional loading and transient events, if known. PD, 2 E, M) +(3i,M, )
Allowable stresses values shall be based on the D2_p.2 + TS"' T
methods defined in para. 2-2.3. Sp= ° ‘52 (P-4-2a)
2-4.4.3| Basic Assumptions and Requirements. The +(itMt)
designer ghall treat the piping system as a whole,-The Zs
designer ghall recognize the significance of all-parts of
the line 4nd of all restraints introduced to~reduce pDiSZ E,
moments|and forces on equipment or _small branch (-b) For 2_ 52 + A <0
lines, and [the restraint introduced by sgpport friction. ? . ’
2-4.4.4|Pipe Stress Analysis Requirements D2 By A GM) (M) g
(a) Hodp Stress. For each load.case, the applied hoop 5 = D2 -D A Z (2-4-2b)
stress, Sy,|shall be calculated\using eq. (2-4-1): A= T )
ieM
= %]
mPDy, lipM)”™ + (ippM,) l s
St S K % (2-4-1) where
YAy A, = area, mm? (in.?)
+(7] = n[D,” - D;*]/4
' D;; = Inside diameter of structural wall, mm (1n.)
where = Do - 2Ts _
D,, = mean diameter of component, mm (in.) F“f‘ = axial fgrce (?)_(Clu,dmg pressur.e), N (Ib) .
=D, - Ts i; = stressintensification factor, axial stress d}leto in-
D, = outside diameter of component, mm (in.) . plane r.nomel.lt. (sge Mandatory.Appendlx i
e . e i, = stress intensification factor, axial stress due to
i;n = stress intensification factor, hoop stress due to
: . out-of-plane moment (see Mandatory
in-plane moment (see Mandatory Appendix III) .
i,n, = stress intensification factor, hoop stress due Appendix I11)

to out-of-plane moment (see Mandatory
Appendix III)
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(2) For Restrained Piping Systems

(d) Stresses Due to Occasional Loads. The total stress

E, PD,,  E, due to sustained loads and occasional loads such as
(-a) For vp— X +-——=2=20 . . . o
E, 2T, A, wind or seismic shall meet the following criteria:
——— S < k2SHmax
B P B NGMO™+ (M) S < BSallow
Sy = B 2L A % (2-4-33)  where
M, 2 k. = 1.20 for occasional loads acting for no more than
(7] 8 h at any one time and no more than 800 h/yr
N = [.33Tor occasional loads acting for no jmore than
E D F 1 h at any one time and no more-thap 80 h/yr
(-b) Forvp—= X —2 + = <0 = 1.33 for pressure testing and leak ‘testing loads
E, 27T, A,
> [tis notnecessary to consider wind Yoads, sei$mic loads,
(N2 L /:oar 2 or testing loads as acting concuirrently.
Vhl%x% % - M (e) Displacement Stresses/Stresses due to displacement
Sy= 1 h s s s (2-4-3b) strains such as those indtced by thermal displacement
‘ 2 shall be calculated using the modulus of elpsticity at
+ (’fo] ambient temperatuké-or the modulus of elasticity at
Zs design temperature; whichever is higher.

(f) ThermakDisplacement. Thermal expansi¢n shall be
whers calculated using the maximum exposure tempefature and
E, [= axial modulus of elasticity, MPa (psi) the minimtim expected installation temperaturg. Thermal
Ej [ hoop modulus of elasticity, MPa (psi) contraction shall be calculated using the minirhum expo-
v [= Poisson’s ratio for hoop stress causing longitudi-  sure temperature and the maximum expected ipstallation

nal strain

temperature.

(g) Elongation Due to Pressure. Elongation of{the piping
Internal pressure produces tensile stress in-.a due to pressure shall be considered in the anjlysis. The
restrained piping system and therefore reduces the®  strain due to pressure elongation shall be calculated using
compressive axial stress when there are positive eq. (2-4-4):
changes in temperature. The possibility of low pkessure Sa PD
during such load cases shall be considered. g = AP vy —2 (2-4-4)
Restrained piping systems shall also be-éhecked for E 2T5Ey
column-type buckling in accordance with Nonmandatory
Appendix A. where o )

(c) |Stresses Due to Sustained Loads: The stresses due to Ey = hoop modulus of elasticity, MPa (psi)
sustained loads such as pressunéand weight shall meet the E; = longitudinal (axial) modulus of elasficity, MPa
following criteria: (psi)

Sap = longitudinal (axial) stress due to pregsure, MPa
Sa'< kiSaallow & = longitudinal (axial) strain due to pressure
vp = Poisson’s ratio for hoop stress causing longitu-
wherg dinal strain
ki1 = 10for sustained loads excluding the effects of
displacem.ent loads such as those induced by 2-4.5 Reactions
thermal displacement
= T.Ifor sustained loads Including the effects of Reactiom forces—amdmomrents—are used—i design of
displacement loads such as those induced by restraints and supports for a piping system, and in evalua-
thermal displacement and settlement tion of the effects of piping displacements on connected

Ssalow = allowable longitudinal stress, MPa (psi). The equipment. See para. 2-4.4.2 for analysis methods to

allowable longitudinal stress depends on the determine reactions.

magnitude of the applied hoop stress, Sy (see Where dynamic loads are identified, the piping shall be

para. 2-2.3). evaluated for those defined loads. Dynamic reactions due
Sumax = maximum allowable hoop stress (see to pumps or valve actions should be evaluated. Proper

para. 2-2.3), MPa (psi)

25

restraints shall be added if required by stress analysis.
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2-4.6 Movements

Special attention shall be given to movement (displace-
ment or rotation) of piping with respect to supports and
points of close clearance. Movements of the run pipe at the
junction of a small branch connection shall be considered
in determining the need for flexibility in the branch pipe.
Large axial movements into a joined fitting can cause the
pipe to peel when it is exposed to large displacements.
Torsional movements should be evaluated.

(5) resonance with imposed or fluid-induced vibra-
tions

(6) excessive interference with thermal expansion
and contraction in piping that is otherwise adequately
flexible

(7) unintentional disengagement of piping from its
supports

(8) excessive distortion or sag of piping

(9) excessive deflection of pipe-supporting elements

2-4.7 Mdans of Increasing Flexibility

Piping layout often provides adequate inherent flex-
ibility thrpugh changes in direction, wherein displace-
ments prdduce chiefly bending and torsional strains of
low magnjtude. The amount of tension or compression
strain (which can produce larger reactions) usually is
small. However, due to FRP piping’s large coefficient of
expansion| large displacements are possible.

Where piping lacks inherent flexibility or is unbalanced,
additional|flexibility may be provided by one or more of
the following means: elbows, loops, or offsets; flexible
joints; bellows expansion joints; or other devices permit-
ting angular, rotational, or axial movement. Suitable
anchors, tles, or other devices shall be provided as nec-
essary to fesist end forces produced by fluid pressure,
frictional fesistance to movement, and other causes.

2-5 PIPING SUPPORT

2-5.1 Ge

The deslgn of supporting structures (not covered by this
Standard)jand of pipe-supporting elements shall be based
on all concurrently acting loads transmitted into such
supports.|These loads, defined in section*2-1, include
weight effects and loads introduced by service pressures
and temperatures, vibration, wind, €anthquake, shock, and
displacempnt strain (see para. 2-4)2.1).

The weight of liquid may be.excluded from the weight
calculatiops for piping centaining gas or vapor if the
designer |has taken spegific precautions to prevent
liquid from entering-the piping, and if the piping is not
to be subj

heral

2-5.11

(h) Piping shall be cnppnrtpd gnidnd and anchored in
such a manner as to prevent damage to the piping] Point
loads and narrow areas of contact between-piping and
supports shall be avoided. Suitable padding shpll be
placed between piping and supports, where damage to
piping may occur.

(c) Valves and equipment that may transmit excpssive
loads to the piping shall be independently supported to
prevent such loads. The effects from the weight of auto-
mated actuators at valves.and other in-line compgnents
and from the cantilever'moments created by the actfiators
shall be evaluated in thepiping and support system design.
The actuators shall be independently supported as
needed.

(d) Piping.manufacturer’s recommendations for
support should be considered.

(e) Pipe-supporting elements shall be designed to
accommodate the expected pipe movement at suppprting
structures.

(f) Where there are long runs, the low modulus|of the
material may be sufficient to accommodate axial gxpan-
sion, thus eliminating the need for expansion joints.

(g) FRP pipe shall not be used to support other piping
unless agreed to by the owner.

(h) FRP piping should be adequately suppor
ensure that the attachment of hoses at locationg
as utility or loading stations does not result in th
being pulled in a manner that could overstress the
rial.

(i) Where grounding of the pipeline is required) addi-
tional design may be needed to provide a proper path to
earth.

ed to

such
P pipe
mate-

2-5.1.2 Analysis of Pipe Support ELements. In ggneral,

bcted to‘hydrostatic testing at initial construc- the location and design of pipe-supporting elements may
tion or supsequent inspections. be based on simple calculations and engineering|judg-
. . ment. However, when a more refined analysis is required
LayOUt conSIderatlons andapivineanalysis—which-mav-incdudesupportstdf
ping chmayincludesuppertstiffness,

(a) The layout and design of piping and its supporting
elements shall be directed toward preventing the
following:

(1) piping stresses in excess of those permitted in
this Standard

(2) leakage at joints

(3) excessive thrusts and moments on connected
equipment (such as pumps and turbines)

(4) excessive stresses in the supporting (or
restraining) elements

26
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is performed, the stresses, moments, and reactions deter-
mined thereby shall be used in the design of supporting
elements.

2-5.2 Allowable Stress Values for Metallic Pipe
Support Elements

(a) Allowable stress values tabulated in MSS SP-58 may
be used for the base metallic materials of all parts of pipe-
supporting elements.
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(b) If allowable stress values for a metallic material
specification are not listed in MSS SP-58, allowable
stress values from ASME BPVC, Section II, Part D,
Tables 1A and 1B may be used, provided allowable
stress values in shear shall not exceed 80% of the
values listed and shall not exceed 160% of the values
listed in bearing. If there are no stress values given in
BPVC Section II, Part D, Tables 1A and 1B, an allowable
stress value of 25% of the minimum tensile strength given
in the

tions for which the joint is designed. In addition to the
other thermal forces and moments, the effects of friction
in other supports of the system shall be considered in the
design of such anchors and guides.

(c) If expansion joints exist in the piping system, the
designer shall consider the effects of pressure thrusts
on anchors and guides.

2-5.5.2 Inextensible Supports Other Than Anchors
and Guides

material specification may be used

For a steel material of unknown specification, or of a
cation not listed in MSS SP-58, an allowable stress
of 30% of yield strength (0.2% offset) at room
température may be used. The yield strength shall be
determined through a tensile test of a specimen of the
materjial and shall be the value corresponding to 0.2%
permgnent strain (offset) of the specimen. The allowable
stress|values for such materials shall not exceed 65.5 MPa
(9,500 psi).

(c)
speciff
value

2-5.3 Materials

(a)| Permanent supports and restraints shall be of
mateifial suitable for the service conditions. If steel is
cold-fprmed to a centerline radius less than twice its thick-
ness, |t shall be annealed or normalized after forming.

(b) | Ductile and malleable iron may be used for pipe and
beam|clamps, hanger flanges, clips, brackets, and swivel
rings.

(c)
suppd
is prd
streng
ronm

(d)
matel
other

Wood or other materials may be used for pipe-
rting elements, provided the supporting element
perly designed, with consideration given-to its
th, durability, and suitability for the intehded envi-
ent.

Attachments bonded to the piping’ shall be of a
ial compatible with the pipifighand service. For
requirements, see para. 2-5.6;2.

2-5.4 Threads

bw threads shall conform to ASME B1.1 unless other
threadls are required for adjustment under heavy loads.
TurnHuckles and adjusting nuts shall have the full length of
internal threads‘enigaged. Any threaded adjustment shall
be pravided with'a locknut, unless locked by other means.

Scr

2-5.5 Fixtures

(a) Supporting elements shall be designed|to permit
the free movement of piping caused b{“eXpansion and
contraction.

(b) Hangers include pipe and beam clamps, clips,
brackets, rods, straps, chains,~and other devjices. They
shall be proportioned for all required loads. [Safe loads
for threaded parts shall bé based on the ropt area of
the threads.

(c) Sliding supports-(or shoes) and brackefs shall be
designed to resist the forces caused by friction {n addition
to the loads iniposed by bearing. The dimensjons of the
support shall provide for the expected movenjent of the
supported\piping.

2-5.5:3 Springs

o exert a
nt to the
y weight
ded with
eccentric
nal disen-

(a) Spring supports shall be designed f{
supporting force, at the point of attachmg
pipe, equal to the load as determined b
balance calculations. They shall be prov
means to prevent misalignment, buckling, oy
loading of the springs, and to prevent unintenti
gagement of the load.

(b) The designer shall consider the variatipn of load
from empty to full fluid conditions. Meang shall be
provided to prevent overstressing by the spring supports
due to excessive deflections. It is recommendgd that all
spring supports be provided with limit| stops to
prevent overstressing the pipe in its empty cpndition.

2-5.5.4 Hydraulic Supports. A hydraulic cy
be used to give a constant supporting force. Safg
and stops shall be provided to support the load
hydraulic failure.

inder may
ty devices
in case of

2-5.6 Structural Attachments

External and internal attachments to pipid

g shall be

2-5.5.1 Anchors and Guides

(a) A supporting element used as an anchor shall be
designed to maintain an essentially fixed position.

(b) To protect terminal equipment or other (weaker)
portions of the system, restraints (such as anchors and
guides) shall be provided where necessary to control
movement or to direct expansion into those portions
of the system that are designed to absorb them. The
design, arrangement, and location of restraints shall
ensure that expansion joint movements occur in the direc-
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designed so that they will not cause undue flattening
of the pipe, excessive localized bending stresses, or
harmful thermal gradients in the pipe wall. It is important
that attachments be designed to minimize stress concen-
tration, particularly in cyclic services.

2-5.6.1 Nonintegral Attachments. Nonintegral attach-
ments, in which the reaction between the piping and the
attachmentis by contact, include clamps, slings, cradles, U-
bolts, saddles, straps, and clevises. All metal attachments
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to the pipe shall be cushioned with an elastomeric liner. If
the weight of a vertical pipe is supported by a clamp, the
clamp shall be located below a flange, a fitting, or shear
collars bonded to the pipe.

2-5.6.2 Integral Attachments. Integral attachments,
such as anchors, lugs, shoes, shear collars, and stanchions,
are components that are bonded to the piping. Integral
attachments shall be of a compatible material [see
para. 2-5.3(d) for material requirements]. Consideration

2-5.9.2 Supports Permitting Pipe Movement. Any
support that allows movement inside the support shall
have wear protection for the pipe in the form of
saddles, wear-resistant materials, or sheet metal.

2-5.9.3 Anchors and Axial Stops. The anchor and axial
stops shall be capable of transferring the required axial
loads to the pipe without causing overstress of the FRP
pipe material. Shear collars shall be placed on one or both
sides of 360-deg anchor clamps as required; the shear

shall be gfiven to the Tocalized stresses induced in the
piping component by bonding the integral attachment,
and to thp differential thermal displacement strains
between the attachment and the component to which
it is attached.

Intermddiate pads, integral reinforcement, complete
encirclemént reinforcement, or other means of reinforce-
ment bonged or built up on the piping may be used to
distribute|stresses.

2-5.7 Structural Connections

The load from piping and pipe-supporting elements
(including|restraints and braces) shall be suitably trans-
mitted to p pressure vessel, building, platform, support
structure,|or foundation, or to other piping capable of
bearing the load without deleterious effects.

2-5.8 Support Spacing

Supports shall be spaced to avoid excessive sag or defor-
mation at|the design temperature and within the designi
life of the piping system. Reduction in the modulus of elas-
ticity with| increasing temperature and creep of material
with time phall be considered, when applicable. The coef-
ficient of thermal expansion shall be considered in the
design and location of supports. See Nontmandatory
Appendix [A.

2-5.9 Pipe-Support Contact Surface

2-5.9.1 |General

(a) Supjports in all cases-should have sufficient axial
length to $upport the\piping without causing significant
localized stress and should be lined with an elastomer or
other suithble soft.material. The minimum saddle axial
length shojuld bejthe greater of one nominal pipe diameter
or 75 mm [3'in:) unless another axial length is justified by

collar shall be equal 1n thickness to the outer diameter
of the clamp and long enough to develop sheat stitength
to resist the anchor load.

2-6 SPECIAL CRITERIA

Section 2-6 provides requirements, guidance, and rec-
ommendations for specific sexrvice conditions.

2-6.1 Chemical Environment and Erosive Senvices

2-6.1.1 Chemical Environment. The following cpnsid-
erations shall be given to the effect of the chemical envi-
ronment on the,piping material:

(a) The FRP'pipe materials shall be suitable fd
compatible with the specific application.

(b) TFhe FRP pipe material suppliers should be
consuilted about the selection of materials.

(c¢) A wide body of knowledge in the form of both test
tesults and actual case histories is available for the gerfor-
mance of specific materials in many chemical enyiron-
ments.

(d) If the chemical environment is known to dggrade
the integrity of the piping materials over the life pof the
piping system, additional consideration shall be(given
to enhancing the construction of the liner and incr¢asing
the design factors of the piping.

r and

2-6.1.2 Erosive Services. For services in which efosive
fluids come in contact with internal or external surfjces of
the pipe, consideration shall be given to enhancing the
erosion resistance of the corrosion/erosion barriqr by

(a) using alternative surfacing veils

(b) adding erosion-resistant fillers, such as dilicon
carbide, to the resin

(c) increasing the thickness of the liner

(d) reducing fluid velocities by increasing diameter
and/or utilizing longer radius fittings for direcfional

analysis. Large loads shall be addressed on a case-by-case
basis for design of saddle length along the axis of the pipe.

(b) Clamping forces, where applied, shall not cause
significant localized stress. Manufacturing tolerances
for the outer diameter should be provided by the pipe
manufacturer. All clamps shall have an elastomeric
liner to protect the pipe.

(c) Supportsshould belocated on straight pipe sections
rather than at fittings or joints.
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changes and angled fittings for intersections

2-6.2 Compressed Gas Services
2-6.2.1 Limitations of Use

(a) FRP piping should not be used in compressed gas
services with a design pressure greater than 100 kPa (15

psig).


https://asmenormdoc.com/api2/?name=ASME NM.2 2020.pdf

ASME NM.2-2020

(b) For applications with a design pressure greater
than 100 kPa (15 psig), special consideration shall be
given to the risks associated with the release of
process fluid and stored energy, including the potential
for injury from fragments, shock waves, or other conse-
quences due to pressurized system failure.

2-6.2.2 Pneumatic Testing

(a) Pneumatic testing shall be performed only when

(b) Required information for proper design involves
knowledge of the native earth in which the pipe will
be installed. ASTM D2487 may be used to classify the
soil types for design purposes.

(c) Thedesign approachin AWWA M45 uses the HDB of
the pipe.

(1) For FRP pipe for which an HDB has not been
established, buried pipe design shall take into account
a maximum strain or stress for the design conditions

one o
() Pipingsystems are to be used in services in which
traceq of the testing medium cannot be tolerated.

(£) Liquids from a hydrostatic test could damage
liningp within the pipe.

(B) Piping systems or supporting structures are so
designmed that the pipe cannot be filled with water.

(b)| The test pressure and holding time shall be the
same(as the minimum requirements for hydrostatic
testing defined in section 6-3.

(c) |A risk assessment and appropriate pneumatic test
proceflure shall be developed based on criteria outlined in
ASME| PCC-2, Article 501.

) £-11 . L ;e
LT lUllUVVllls CUITUILIUILS TAISLS.

2-6.3

Dedign and installation of buried FRP pipe is well docu-
mentg¢d in AWWA M45 and in piping manufacturer litera-
ture. It is not the intent of this section to provide details or
step-Hy-step design and installation procedures but rather
to provide a high-level overview of what is required, iden+
tify sqme potential pitfalls, and provide acceptablerefer-
ences|for the design and installation of undergreund FRP
piping.

2-6/3.1 Design

(a) | The designer should consult AWWA M45, Chapter
5, for the design of buried FRP pipe. The design of buried
pipe ghall account for
(1) external earth loads
(£) vehicular traffie.Joads designated by the Amer-
ican Association of State' Highway and Transportation Offi-
cials (AASHTO)® ag axle loads HS-20 or HS-25, or similar
vehicyllar loads designated by other applicable standards

(B) buoyant loads from high water table or local
floodipg
(#)vsurge pressures from operation

Buried Piping

hping considered

(2) The AWWA M45 equations shall be nllodified to
meet the criteria for the strain- or stress-limiting design.

(d) Strain or stress limits, along with|deflection limits,
shall be agreed upon between the supplier and the end
user.

(1) For corrosive applications, the strain
can be the limiting factorfef, overall design.

(2) Each load case-shall be clearly identifi
sional load or sustained-load.

(e) When buttahd strap jointing is used for assembly of
underground, FRP piping, thrust blocks mpy not be
required.

(1) Thrustblocks or anchors may be used|at connec-
tions tasumps, valves, or other control devicgs.

(2) Underground piping connections|to valves
should incorporate provisions to allow for mgintenance
and gasket replacement.

(f) Astress analysis of the buried piping syst¢m shall be
performed to demonstrate that the design strain or stress
levels are not exceeded.

(1) The stress analysis should be used to |[determine
which areas of the piping require additional |reinforce-
ment to address high stresses, such as those near
branch connections, tees, and elbows.

(2) If the stress analysis determines that
flexibility is required at branch connections, th
be wrapped with compressible material.

(3) Flanged connections should not be used exceptin
valve pits where they can be inspected and serviced as
needed. Flanged connections may require a more
robust design due to the bending and axial Joads that
are applied to the flanges. Analysis of thes¢ loads on
the flanges may be undertaken using the equivalent pres-

f the liner

bd as occa-

additional
P pipe may

sure analysis method or an alternative analy$is metho-
dology.
2 d refer to

(5-internal-pressure

(6) frost line

(7) thermal expansion
(8) vacuum condition

(9) differential settlement

¢ American Association of State and Highway Transportation Officials
(AASHTO), 444 North Capitol Street N.W., Suite 249, Washington, DC
20001 (www.transportation.org)
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AWWA M45, Chapter 6, for information on buried FRP
pipe. The following installation requirements shall be
considered to ensure successful performance of the
piping system:

(a) The bedding, embedment, compaction, and backfill
used in installation shall comply with that used for the
design and analysis.

(b) A detailed outline of the requirements for founda-
tion, haunches, embedment, and final backfill shall be
provided and followed.
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(c) During installation, personnel shall inspect the site
to confirm trench condition, haunch condition, compac-
tion, and installed-pipe deflection. The parties responsible
for the installation shall maintain a written record of the
inspections and the findings.

(d) Underground joints not pressure tested prior to
installation shall remain visible until after they have
been hydrotested, and shall be examined during the test.

(1) Long sections of pipe without joints may need to
be buried to secure the pipeline and prevent it from

(f) All trenching activities shall follow safe excavation
procedures to prevent collapse and maintain worker
safety.

(1) Environmental conditions shall be considered
when laying and joining pipe.

(2) Procedures outlined in AWWA M45 shall be
followed to prevent damage to pipe during installation.

(g) A tracer wire on the top of the FRP pipe should be
installed prior to final burial.

moving dyring hydrotesting.
(2) The hydrotest procedure shall address the provi-
sions desdribed in (1).

(e) Caution shall be exercised when installing under-
ground plipe and when open trenches are present
during raipstorms.

NOTE: During rainstorms, the trenches can fill up and the empty

pipe can liff out of the trenches, potentially damaging the pipe
and surrouhding equipment.

NOTE-Thetracerwirewittaidimiocating the pipesatatater date
and can help prevent damage to the pipe by externalprobes that
might otherwise be required to locate the pipe.

(h) Where FRP pipe penetrates concrete valve boxes or
sumps, the pipe should be anchored using'a water stop or
other suitable method.

(i) Consideration should be giyen to fitting structural
sleeves around buried pipes_ihstalled under roadways,
railways, and areas that are-difficult access.

30
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Chapter 3
Constituent Materials

3-1 GENERAL

Chdpter 3 states limitations and required qualifications
for copstituent materials based on their inherent proper-
ties. Their use in piping shall be subject to requirements
and limitations in other parts of this Standard.

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

Lis":]?e’d constituent materials are shown in Table 3-2.1-1.

Quality assurance procedures related to these constituent
raw npaterials may be found in Mandatory Appendices V
and V[..

3-2.2| Unlisted Constituent Materials

Corlstituent materials not listed in Table 3-2.1-1 may be
used provided they conform to a published specification
covering chemistry, physical and mechanical properties,
and qyality control, and otherwise meet the requirements
of thi$ Standard.

3-2.3| Unknown Constituent Materials

Materials of unknown specification shall not be used for
pres]ﬁe-piping components.

3-2.4 Constituent Material Changes

(a)| General

(I) Changes to constituent materials, procedures,
and pfocessing-aid-materials used in the manufacturing
of compiponent produets shall not require complete requal-
ificatipn as lodg as they are “replacement in kind.”

(£) Toqualify a material or procedure as a replace-
ment|in kind, the manufacturer shall show that the

replacement is identical to the original in forjm, fit, and
function and that it satisfies the designrequirements.
(b) Substitution of Constituent Materials
(1) Substitution of constituent matetials shall
require verification by the manufacturer, to the satisfac-
tion of the designer and the owner, that the alternative
constituent material is a replacement in kind anfl function-
ally equivalent to the cofistituent materials on|which the
original design was based.
(2) A functiohally equivalent determingtion shall
require the following:
(-a) Fithess for Use. The constituent maferial shall
be deemedstiitable for use via testing or experience, or
judged aeceptable by a qualified individual.
¢*b) Constituent Material Supplier Daga. Consti-
tuent (cured) physical property data shall he at least
90% of the original constituent material data
(-c) Verification. A functionally equivalent deter-
mination shall be verified by a short-term|test (e.g.,
ASTM D1599) using a construction identifal to the
construction originally built to verify component proper-
ties. The resulting values shall be at least 90%6 of those
originally determined.
(-d) Record Keeping. The manufacturer §hall main-
tain records substantiating the substitution of donstituent
materials.

3-3 TEMPERATURE LIMITATIONS

The designer shall verify that materials meeting all
other requirements of this Standard are syitable for
service throughout the design temperature fange, the
operating temperature range, and any arjticipated
temperature excursions.

3-3.1 General

Table 3-2.1-1 Listed Constituent Materials

Quality Assurance

Constituent Material Appendix Reference
E or E-CR glass

Unsaturated polyester resins

See Mandatory Appendix V
See Mandatory Appendix VI

Vinyl ester resins See Mandatory Appendix VI

(a) Listed Materials

(1) Upper and lower temperature limits for listed
materials are provided in Table 3-3.1-1 and detailed in
para. 3-3.2.

(2) Listed materials whose temperature limits lie
outside those in Table 3-3.1-1 may be used, provided
all of the following conditions are satisfied:

(-a) Test results shall be provided showing that
the physical and mechanical properties meet or exceed
the design requirements.
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Table 3-3.1-1 Temperature Limits for Acceptable
Polymeric Materials

Temperature Limits

Polymeric Material
[Note (1)]

Lower Upper [Note (2)]

Unsaturated

Vinyl ester resin (polymer) system

Epoxy resin

polyester resin (polymer) system

(polymer) system (amine or anhydride)

-40°C (-40°F)
-40°C (-40°F)
-40°C (-40°F)

G'T, - 17°C (30°F) or HDT - 17°C (3
G'T, - 17°C (30°F) or HDT - 17°C (3

0°F)
0°F)

G'T, - 22°C (40°F) or HDT - 22°C (40°F)

GENERAL NOTE: The requirements in this Table are in addition to the requirements of the applicable material specification.

NOTES:
(1) See par:
(2) See par:

(-b)
elsewhere
(-c
document
(b) Unl
meeting t
considere
they satisf
(1) U
rial manuf]
ification li
the applic
Piping.
2) T
shall be de
of para. 2
3) U
within a st
tures base
tests, or a
(4) T
tance of tl
(5) A
fied.

3-3.2 Te
Po

Table 3
which the
temperat
(HDT) has

h. 3-3.2 for limitations on resin systems.

The use of such materials is not prohibited
in this Standard.

The user’s acceptance of the material shall be
ed prior to its use.
isted Materials. Materials other than those
he requirements of (a)(1) and (a)(2) shall be
| unlisted materials and may be used provided
y all of the following requirements:
nlisted materials shall be certified by the mate-
hcturer as satisfying the requirements of a spec-
sted in the applicable section of ASME NM.2 or
ble section of the ASME B31 Code for Pressure

he allowable stresses of the unlisted materials
termined in accordance with the requirements
2.3.

nlisted materials shall be qualified for service
hted range of minimum and maximum tempera-
d on data associated with successful experience,
halysis, or a combination thereoft

he designer shall document the user’s accep-
e unlisted material for use:

Il other requirements of this Standard are satis-

mperature Limits of Listed and Unlisted
lymeric Materials

3.1-1 shalkbe used for polymeric materials for

elastie.6r’storage modulus glass transition
ire (G'T,) or heat deflection temperature
beensupplied by the resin (polymer) provider.

h. 3-3.2 for definitions of G’Tg and HDT, and para. 3-3.3 for determination of G'Tg and HDT.

3-3.2.1 Temperature Limits for Polyesters and
Esters. If more than 3% (by weight)of any combina
non-styrene materials is added to’ the resin syster
was not provided by the resinwendor, the G'Tg or K
the resin system shall be\détermined, and Table 3
may be used to determine the upper temperature
Styrene additionscup to 3% (by weight) may be
without G'T, or<HDT testing.

3-3.2.2 Temperature Limits for Epoxy Resin Sys
If more than)2% of any combination of materials is
to the nésin system, or the stoichiometric ratios v
more_than 2% from those recommended by the
(polymer) vendor, the G'T, or HDT of the
polymer) system shall be determined
Table 3-3.1-1 shall be used to determine the
temperature limit.

3-3.3 Determination of Temperature Limits

G'Tgor HDT is the onset of loss of modulus with a
temperature. The G'T, or HDT for polymeric maf
may be determined as follows:

(a) G'Tgshall be determined in accordance with
D4065.

(b) HDT shall be determined in accordance with
D648. When ASTM D648 is used, specimen thicknes
be a nominal 3.2 mm (* 4 in.) with a loading of 1.8
(264 psi).

If the both G'T, and HDT for the polymeric syst¢
available from the resin (polymer) provider, then eif
the two values may be used for determining tempe

Vinyl
ion of
n that
DT of
-3.1-1
limit.
made

tems.
hdded
ry by
resin
resin

and

ipper

rise in
erials

ASTM

ASTM
5 shall
P MPa

m are
her of
rature

limits per Table 3-3.1-1.
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Chapter 4
Standards for Piping Components

4-1 DIMENSIONS AND RATINGS OF COMPONENTS
4-1.1

(a) |Specifications for piping components are listed in
Table}4-1.1-1, and related test methods are listed in Table
4-1.142. (Procurement information is provided in Table
4-1.18))

(b) | The pressure-temperature ratings of listed compo-
nents|shall meet the requirements of para. 2-2.2.1.

(c) [When conflicts exist between the specific require-
mentq of this Standard and those of referenced standards
or spécifications, the requirements of this Standard shall
take grecedence.

Listed Piping Components

4-1.2| Unlisted Piping Components

Pipjng components not manufactured in compliance
with the specifications listed in Table 4-1.1-1 shall

(a)| conform to the applicable provisions aof.
para. 2-2.2.2

(b) |meet the pressure design requirements described
in patfa. 2-2.3.3 or para. 2-2.3.4

(c)|meet the mechanical strength réquirements
described in para. 2-2.3.6

4-1.3

(a) [ The dimensions of piping connection threads not
otherise covered by a governing component standard
or specification shall cofiform to the requirements of
the applicable specification listed in Table 4-1.1-1.

(b) [When conflicts€Xist between the specific require-
mentq of this Stanidard and those of referenced standards
and specifications; the requirements of this Standard shall
take grecedence.

Threads

4-2 REEERENCES

4-3 QUALITY ASSURANCE AND CONFORMANCE

4-3.1 Manufacturing Quality Assdrance

The degree of cure and the reinforcément coptent shall
be verified using the appropriate ASTM stanjdard (see
Table 4-1.1-2).

4-3.2 Final Component Inspection

(a) Visual and diménsional inspection for each compo-
nent shall be petformed per the requirements of the
appropriate ASME specification (see Table 4-1.1-1).

(b) Absent’/an inspection criteria in the cbmponent
specification or other agreement with the dqwner, the
innef surface, interior layer, and structurdl layer of
eachcomponent shall comply with the Level 2 standard
defined in Table 4-3.2-1.

4-3.3 Labeling

Components shall be labelled at least oncq in such a
manner that the information remains legiple under
normal handling and installation practices. Cdmponents
shall be labelled with ASME NM.2-X, nominal| pipe size,
design pressure, and manufacturer's name or frademark,
where X represents the design method for the component,
i.e. 4, B, C,or D as defined in para. 2-2.3. Components may
also be marked according to the requirements pssociated
with the applicable component specificationf listed in
Table 4-1.1-1.

4-3.4 Conformance

(a) Ifrequested, the manufacturer shall certify that the
material conforms to the applicable specifichtion. The
certification shall consist of a copy of the man{llfacturer’s

test report or a statement (accompanied by a qopy of the

The specifications listed in Table 4-1.1-1 contain refer-
ences to codes, standards, and specifications not listed in
Table 4-1.1-1. Such unlisted codes, standards, and speci-
fications shall be used only in the context of the listed
specifications in which they appear.
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test u:bulta) that-themmateriathasbeen balupled, tested,
and inspected in accordance with the provisions of the
specification.

(b) Each certification furnished as described in (a) shall
be signed by an authorized agent of the manufacturer.

(c) When original identity of the material cannot be
established, certification shall be based only on the
sampling procedure provided by the applicable specifica-
tion.

(20)
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Table 4-1.1-1 Component Specifications

Designati

on

Title

ASME SC-58

2

ASME SD-1763
ASME SD-2517
ASME SD-2996
ASME SD-2997
ASME SD-3517

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

Specification for Epoxy Resins

Specification for Reinforced Epoxy Resin Gas Pressure Pipe and Fittings

Specification for Filament-Wound “Fiberglass” (Glass-Fiber-Reinforced Thermosetting-Resin) Pipe
Specification for Centrifugally Cast “Fiberglass” (Glass-Fiber-Reinforced Thermosetting-Resin) Pipe

Specification for “Fiberglass” (Glass-Fiber-Reinforced Thermosetting-Resin) Pressure Pipe

ASME SD-3754

Specification for "Fihprglncc” (Glass-Fiher-Reinforced Thprmncpth’ng-Rpcin) Sewer and Industrial Pressure Pipe

ASME SD-4(J24  Specification for Machine Made “Fiberglass” (Glass-Fiber-Reinforced Thermosetting Resin) Flanges

ASME SD-4161 Specification for “Fiberglass” (Glass-Fiber-Reinforced Thermosetting-Resin) Pipe Joints Using Flexible Elastomeéri¢ Seals

ASME SD-5421  Specification for Contact Molded “Fiberglass” (Glass-Fiber-Reinforced Thermosetting Resin) Flanges

ASME SD-5477  Specification for Fiberglass (Glass-Fiber-Reinforced Thermosetting-Resin) Pipe and Pipe Fittings, Adhesive Bonddd Joint
Type, for Aviation Jet Fuel Lines

ASME SD-5485  Specification for “Fiberglass” (Glass-Fiber-Reinforced Thermosetting-Resin) Pressure Pipe Eittings

ASME SD-6(J41  Specification for Contact-Molded “Fiberglass” (Glass-Fiber-Reinforced Thermosetting Resift), €orrosion Resistant PJpe and
Fittings

ASME SF-47]7 Specification for Elastomeric Seals (Gaskets) for Joining Plastic Pipe

ASME SF-913 Specification for Thermoplastic Elastomeric Seals (Gaskets) for Joining Plastic Pipe

ASME SF-11|73 Specification for Thermosetting Resin Fiberglass Pipe Systems to Be Used for Marine Applications

AWWA C95 Fiberglass Pressure Pipe

AWWA M45 Fiberglass Pipe Design

GENERAL NPTES:

(a) See ASMIE NM.3.2 for the ASME specifications.

(b) See Taby

le 4-1.1-3 for procurement information.
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Table 4-1.1-2 Test Methods and Other Standards

Designation Title

ASCE/SEI 7 Minimum Design Loads and Associated Criteria for Buildings and Other Structures
ASME B1.1 Unified Inch Screw Threads (UN, UNR, and UN]J Thread Forms)
ASME B1.20.1 Pipe Threads, General Purpose (Inch)
ASME B18.21.1 Washers: Helical Spring-Lock, Tooth Lock, and Plain Washers (Inch Series)
ASME B31 ASME Code for Pressure Piping

B31.1 Power Piping

B31.3 Process Piping

Bi1.4 Pipeline Transportation Systems for Liquids and Slurries

B31.5 Refrigeration Piping and Heat Transfer Components

B31.8 Gas Transmission and Distribution Piping Systems

B31.9 Building Services Piping
ASME BPVC ASME Boiler and Pressure Vessel Code

Sefction 11 Materials, Part D — Properties

Section II1
Section X
ASME NM.3.2
ASME NM.3.3
ASME PCC-2
ASME RTP-1

ASQ[z1.4

ASTM C581

ASTM D638
ASTM D648
ASTM D695
ASTM D696

ASTM D790

ASTM D883

ASTM D1598
ASTM D1599
ASTM D1600

ASTM D2105
[Njote (1)]

ASTM D2143
ASTM D2290
ASTM D2412

Rules for Construction of Nuclear Facility Components; Division I —-Stbsection ND, Class 3 Conponents
Fiber-Reinforced Plastic Pressure Vessels

Nonmetallic Materials, Part 2 — Reinforced Thermoset Plastic\Material Specifications
Nonmetallic Materials, Part 3 — Properties

Repair of Pressure Equipment and Piping

Reinforced Thermoset Plastic Corrosion-Resistant Equipment

Sampling Procedures and Tables for Inspection’by Attributes

Standard Practice for Determining Cliemical Resistance of Thermosetting Resins Used in Glass-Fjber-
Reinforced Structures Intended-for Liquid Service

Standard Test Method for Tensile Properties of Plastics
Standard Test Method for Deflection Temperature of Plastics Under Flexural Load in the Edgewisge Position
Standard Test Method-for. Compressive Properties of Rigid Plastics

Standard Test Method'for Coefficient of Linear Thermal Expansion of Plastics Between -30°C and 3¢°C With a
Vitreous Silica\Dilatometer

Standard TestMethods for Flexural Properties of Unreinforced and Reinforced Plastics and Electrical [nsulating
Materials

Standard Terminology Relating to Plastics

Standard Test Method for Time-to-Failure of Plastic Pipe Under Constant Internal Pressure
Standard Test Method for Resistance to Short-Time Hydraulic Pressure of Plastic Pipe, Tubing, anjd Fittings
Standard Terminology for Abbreviated Terms Relating to Plastics

Standard Test Method for Longitudinal Tensile Properties of “Fiberglass” (Glass-Fiber-Reinforce
Thermosetting-Resin) Pipe and Tube

Standard Test Method for Cyclic Pressure Strength of Reinforced, Thermosetting Plastic Pipe
Standard Test Method for Apparent Hoop Tensile Strength of Plastic or Reinforced Plastic Pipe
Standard Test Method for Determination of External Loading Characteristics of Plastic Pipe by Parpllel-Plate

ASTM D2487
ASTM D2563
ASTM D2583
ASTM D2584
ASTM D2924

ASTM D2925

ASTM D2992

1 i
toading
Standard Practice for Classification of Soils for Engineering Purposes (Unified Soil Classification System)
Standard Practice for Classifying Visual Defects in Glass-Reinforced Plastic Laminate Parts
Standard Test Method for Indentation Hardness of Rigid Plastics by Means of a Barcol Impressor
Standard Test Method for Ignition Loss of Cured Reinforced Resins
Standard Test Method for External Pressure Resistance of “Fiberglass” (Glass-Fiber-Reinforced Thermosetting-
Resin) Pipe
Standard Test Method for Beam Deflection of “Fiberglass” (Glass-Fiber-Reinforced Thermosetting Resin) Pipe
Under Full Bore Flow

Standard Practice for Obtaining Hydrostatic or Pressure Design Basis for “Fiberglass” (Glass-Fiber-Reinforced
Thermosetting-Resin) Pipe and Fittings
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Table 4-1.1-2 Test Methods and Other Standards (Cont’d)

Designation

Title

ASTM D3039/D3039M

Standard Test Method for Tensile Properties of Polymer Matrix Composite Materials

ASTM D3567 Standard Practice for Determining Dimensions of “Fiberglass” (Glass-Fiber-Reinforced Thermosetting Resin)
Pipe and Fittings
ASTM D3681 Standard Test Method for Chemical Resistance of “Fiberglass” (Glass-Fiber-Reinforced Thermosetting-Resin)
Pipe in a Deflected Condition
ASTM D4065 Standard Practice for Plastics: Dynamic Mechanical Properties: Determination and Report of Procedures
ASTM D5083 Standard Test Method for Tensile Properties of Reinforced Thermosetting Plastics Using Straight-Sided
Specimens
ASTM E84 Standard Test Method for Surface Burning Characteristics of Building Materials
ASTM F336 Standard Practice for Design and Construction of Nonmetallic Enveloped Gaskets for Corrosive.Servide
ASTM F412 Standard Terminology Relating to Plastic Piping Systems
MSS SP-58 Pipe Hangers and Supports — Materials, Design, Manufacture, Selection, Applicatien,»and Installation
NBIC National Board Inspection Code
PFI ES-3 Fabricating Tolerances
GENERAL NPTE: See Table 4-1.1-3 for procurement information.
NOTE: (1) $ee Nonmandatory Appendix B for alternative requirements.
Table 4-1.1-3 Procurement _Iriformation
Organization Contact Information Organization Contact Information
ASCE American Society of Civil Engineers AWWA American Water Works Association
1801 Alexander Bell Drive 6666 West Quincy Avenue
Reston, VA 20191 Denver, CO 80235
(www.asce.org) (www.awwa.org)
ASME The American Society of Mechanical MSS Manufacturers Standardization Societly of
Engineers the Valve and Fittings Industry, Ing.
Two Park Avenue 127 Park St. NE
New York, NY 10016-5990 Vienna, VA 22180-4602
(www.asme.org) (www.msshg.org)
ASQ American Sogiety for Quality NBIC National Board of Boiler and Pressurp
P.0. Box 3005 Vessel Inspectors
Milwaukee, WI 53201 1055 Crupper Avenue
(www.asq.org) Columbus, OH 43229
(www.nationalboard.org)
ASTM American Society for Testing and Materials
100 Barr Harbor Drive PFI Pipe Fabrication Institute

P.0. Box C700
West Conshohocken, PA 19428-2959

511 Avenue of the Americas, No. 607
New York, NY, 10011

(WWW.ASUILOTE )

(WWW.DIT-IIISTITULE.OT'g )
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Chapter 5
Fabrication, Assembly, and Erection

5-1 GENERAL

Manufagtured FRP piping materials and components
are assembled and joined by one or more of the
methods ¢overed in this Chapter. The materials used
shall be as defined in Chapter 3. Only manufacturing
processes|as defined in Chapter 1 shall be used.

5-2 BONDING

Bonding shall conform to paras. 5-2.1 through 5-2.6 and
shall comply with other applicable requirements of this
Standard.

5-2.1 Bopding Responsibility

Each employer is responsible for the bonding done by
its personhel and, except as provided in paras. 5-2.2 and
5-2.3, shall conduct the required performance qualifica-
tion tests fo qualify the Bonding Procedure Specifications
(BPSs) angl bonders.

5-2.2 Bopding Qualifications
5-2.2.1 |Qualification Requirements

(a) Qualification of the BPS to be used.and of the
bonders’ performance is required. Qualification of a
BPS requires that all tests and examinations specified
therein and in para. 5-2.2.5 be conipleted successfully.

(b) In addition to the procedurefor making the bonds,
the BPS shall include the folléwing information:

(1) all materials and supplies (including storage re-
quirements)

(2) tpols and fixtures (including instructions for
proper care and handling)

(3) environmental requirements (e.g., temperature,
humidity, and“methods of measurement)

(4) jdi i joi
joint surfaces, sealed cut surfaces, required surface
profile)

(5) dimensional requirements and tolerances (e.g.,
squareness of ends, gap width, offset and angular align-
ment, strap thickness and width)

(6) required cure time

(7) methods for protection of work

(8) testsand examinations other than those required
by para. 5-2.2.5

(9) acceptance criteria for the completed test
assembly
(c) Aseparate BPS is required when onefor/any dombi-
nation of the following thermoset resins|is used:
(1) polyester
(2) vinyl ester
(3) epoxy

5-2.2.2 Procedure Qualification by Others. Subject to
the specificapproval of theInspector, a BPS qualified by an
organization other than the employer may be| used
provided

(a) the Inspettor verifies that the proposed quhlified
BPS has been prepared and executed by a respohsible
recognized organization with expertise in the field of
bonding

(b)NDby signature, the employer accepts as its owh both
the\BPS and Procedure Qualification Record

(c) the employer currently employs at least one bonder
who, while working for the employer, has satisfagtorily
passed a performance qualification test using the
proposed qualified BPS

5-2.2.3 Performance Qualification by Others.
Without the Inspector’s specific approval, an employer
shall not accept a performance qualification test{made
by a bonder for another employer. If approval is [given,
itislimited to work on piping using the same or equiyalent
BPS. An employer accepting such performance qudlifica-
tion tests shall obtain a copy of the performance qudlifica-
tion test record from the previous employer showipg the
name of the employer by whom the bonder or bdnding
operator was qualified, the date of such qualifidation,
and the date the bonder or bonding operatofr last
bonded pressure piping under such performance qualifi-
cation.

= ificati shall
maintain a self-certified record, available to the owner
or owner’s agent and to the Inspector, showing the
BPS used, the bonders or bonding operators employed,
and the dates and results of BPS qualifications and
bonding performance qualifications.

5-2.2.5 Qualification Tests. Tests shall be performed
to qualify each BPS and the performance of each bonder.
Test assemblies shall conform to (a), and the test method
shall be in accordance with either (b) or (c).
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(a) TestAssembly. The test assembly shall be fabricated
inaccordance with the BPS and shall contain atleast one of
each different type of joint identified in the BPS. More than
one test assembly may be prepared if necessary to accom-
modate all of the joint types or to ensure that atleast one of
each joint type is loaded in both circumferential and lon-
gitudinal directions. Test assemblies shall not have been
pretested or pre-stress-relieved prior to first loadings and
testing. The size of pipe and fittings in the test assembly
shall

he as follows:

(b) Glass Reinforcement
(1) The glass shall be checked to ensure that it is the
product ordered. The glass shall have proper labeling.
(2) The glass shall be dry and clean. It shall be keptin
its packaging container until time of use.
(c) Curing Agents
(1) Curing agents shall be checked to ensure they are
the products ordered. They shall have proper labeling.

(2) Curing agents shall have no layering or separa-
tion

(1) When the largest size to be joined is DN 100 (NPS
4) or gmaller, the test assembly shall be the largest size to
be joihed.

(£) When the largest size to be joined is greater than
DN 100 (NPS 4) and less than or equal to DN 1200 (NPS
48),the size of the testassembly shall be between 25% and
1009%) of the largest piping size to be joined, but shall be a
minimum of DN 100 (NPS 4).

(B) When the largest size to be joined is greater than
DN 1200 (NPS 48), the size of the test assembly shall be
agreeql upon between the owner and the employer.

(b)| Burst Test Method. The test assembly shall be
subjected to a burst test in accordance with ASTM
D1599, Procedure B. The burst pressure shall be, as a
minithum, 6 times pipe rated pressure. The time to
burst|may be extended as indicated in ASTM D1599.

(c) |Hydrostatic Test Method. The test assembly shall be
subje¢ted to a hydrostatic pressure, Pr, for notless than 1
h with no leakage or separation of joints.

() Prshallbe 3 times design pressure for the compo-
nents|being joined.

(£) The test shall be conducted so that the joint is
loadedl in both the circumferential and longitudinal direc-
tions. [All joints tested shall be unrestrained.

5-212.6 Performance Requalification. Renewal of a
bonding performance qualification shall be performed
when

(a)
for a

(b)
ability

a bonder has not used the specific bonding process

period of 6 months_ 'er more, or

there is specifieyeason to question the individual’s
to make bonds.that meet the BPS

5-2.3.2 Equipment. Fixtures and tools ased
joints shall be in such condition as to perform
tions satisfactorily. Fixtures, tools, equipment,
devices used to hold or apply forces to'the pipe
tion in a way that does not damage the pipe

in making
their func-
and other
shall func-
surface.

5-2.4 Preparation for Bonding

Preparation shall be defined in the BPS and shall specify
the following requirements at minimum:

(a) cutting

(b) cleaning

(c) preheat

(d) end preparation

(e)<fit-up

5-2.5 Bonding Requirements
5-2.5.1 General

(a) Production joints shall be made only in dccordance
with a written BPS that has been qualified in dccordance
with para. 5-2.2. Manufacturers of piping materials,
bonding materials, and bonding equipment [should be
consulted in the preparation of the BPS. When joints
are accessible, an interior joint liner shall be cpnsidered,
and for nonaccessible joints, a liner capping|at the cut
piping edges shall be considered based on fluiid service.

(b) Production joints shall be made only by qualified
bonders who have appropriate training or gxperience
in the use of the applicable BPS and have safisfactorily
passed a performance qualification test|that was
performed in accordance with a qualified BPY.

(c) Each qualified bonder shall be assigned|an identi-
the engi-
bond or

5-2.3 Bonding Materials and Equipment fication symbol. Unless otherwise specified i
5-2|3.1-Materials neering design, each pressure-containing
. adjacent area shall be stenciled or otherwise suitably
(a) LThermoset Resins

(1) The resin shall be checked to ensure that it is the
product ordered. The resin shall be properly labeled.

(2) The resin shall be within the manufacturer’s rec-
ommended usable viscosity range. It shall be of normal
color and clarity, and free from solid or gelled particles
and dirt as determined by visual examination. There shall
be no layering or separation of the resin.

(3) The resin shall be within the manufacturer’s
specification for room-temperature gel time as deter-
mined by the manufacturer’s prescribed method.
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mmarked withrthe dentificationrsymbuotof thebohder. Iden-
tification stamping shall not be used, and any marking
paintor ink shall not be detrimental to the piping material.
In lieu of marking the bond, the bonder may be identified
on appropriate quality control records.

(d) Qualification in one BPS shall not qualify a bonder
for any other bonding procedure.

(e) Longitudinal joints shall not be used.
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Figure 5-2.5.2-1 Adhesive Joint forcement from the fluid service. See Figure 5-2.5.3-1. A
. fabricated branch connection shall be made by inserting
3 the branch pipe into a hole in the run pipe and applying
) reinforcement to the run pipe and attachment lay-up to
B B ( the branch pipe.
7 77 ] . 5-2.6 Bonding Repair

TE: Figure is for illustrative purposes only.

fail to meet the requirements of this Standard and

Defective material, joints, and other workmanship that

of the

engineering design shail be repaired or repiaced, a
new work shall be examined to the same extentand
of the same methods and acceptance critéria“as
Fedure. Adhesive joints shall be made in accor- required for the original work.

h the qualified BPS. Application of adhesive to

bs to be joined and assembly of these surfaces 5-2.7 Seal Bonds

lice a continuous bond between them and shall

For Adhesive Joints

Threaded joints may be seallbonded only to pi
hll cuts to protect the reinforcement from the leakage of a joint and only if-it-has been demons
ce. See Flgu.re 5-2.5.2-1. ) that there will be no deletefious effect on the ma
ich Connectzons-. The cut.edges of the hol.e in the bonded. The work shalkbeldone by qualified bonde
hall be sealed with adhesive at the same time the all exposed threads shall be covered by the seal b
branch pipe is bonded to the run pipe.

For Wrapped Joints. Wrapped joints shall be
cordance with the qualified BPS. Application of
inforcement saturated with catalyzed resin to
s to be joined shall produce a continuous struc-
them. Cuts shall be sealed to protect the rein-

Figure 5-2.5.3-1 Wrapped Joints

RN NB
\/(\w_ ¥ T_ \/(\

d the
by use
were

event
trated
erials
s, and
ond.

GENERAL NO

| 1]
| |
¢ «
| «
1 «
¢ «
i;n P N

(a) Overwrapped (b) Butt and Wrapped Joint  (c) Overwrapped Tapered Joint
Bell-and-Spigot Joint

TE: Figure is for illustrative purposes only.
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5-3 ASSEMBLY AND ERECTION

5-3.1 Tolerances and Alignment

5-3.1.1 Piping Distortions. Any alignment of pipe that
produces detrimental strain in equipment or piping
components shall not be permitted.

5-3.1.2 Linear, Angular, and Rotational Tolerances

5-3.1.2.1 Thetolerancesonlinear dimensions (inter-

5-3.2 Flanged and Mechanical Joints

The preferred flanged joint assembly shall be one with
two flat-face flanges with full-face gaskets having a 50 to
70 Shore A durometer. When other combinations of
flanges and gaskets are used, the additional requirements
of para. 5-3.2.5 shall be considered.

Mechanical joints that are not flanged shall be
assembled in accordance with the manufacturer’s require-
ments and as shown on engineering documents.

medidte or overall) shall apply to the face-to-face, face-to-
end, and end-to-end measurements of fabricated straight
pipe pnd headers; center-to-end or center-to-face
measfirements of nozzles or other attachments; or
center-to-face measurements of bends, as illustrated in
Figur¢ 5-3.1.2.1-1. These tolerances shall not be cumula-
tive.

513.1.2.2 When fittings or flanges are joined without
intervlening pipe segments, deviations greater than those
speciffed in Figure 5-3.1.2.1-1 may occur due to the cumu-
lative| effects of tolerances on such components; these
deviations are acceptable.

5r3.1.2.3 Angularity tolerances across the face, end
prepdration, and rotation of flanges are shown in
Figur¢ 5-3.1.2.1-1.

5r3.1.2.4 Flange face tolerances Flange face draw-
back #nd waviness shall not exceed 0.8 mm (% in.) as
measured at or inside the bolt circle. No reverse drawback
is permitted. See Figure 5-3.1.2.4-1.

5-311.3 Closer Tolerances. When closer .telerances
than those given in paras. 5-3.1.2.1 through'5-3.1.2.3
are nlecessary, they shall be subject to agreement
betwden the designer and the fabricatots

5-3}1.4 Flanged Joints. Unless'otherwise specified in
the ergineering design, flanged-joinits shall be aligned as
follows:

(a) | Before bolting, mating gasket contact surfaces shall
be aligned to each otherwithin 1 mm/200 mm (% in./ft)
measyred across any<diameter.

(b) | The flanged joint shall be capable of being bolted
such thatthe gdsket contact surfaces bear uniformly on the
gasket.

(c) |Flahge bolt holes shall be aligned within 3 mm (%
in.) maximum offset.

Bolting torque sequence and limits shall be specified by
the manufacturer for a particular flange and agproved by
the designer. Type of compound or lubricant shhll directly
relate to specified torqueing valuesrand’gaskef material.

5-3.2.1 Preparation for Assembly. Any damage to the
gasket seating surface that would prevent gasket seating
shall be repaired, or the flafige shall be replaged.

5-3.2.2 Bolting Torque

(a) During assembly of flanged joints, the gasket shall
be uniformly ¢ompressed to the proper desigh loading.
(b) Boltsshall be tightened to a predetermined torque.
(c) Narrow flat washers (see ASME B18.21l, Type A)
shall be used under all bolt heads and nuts.

5-3.2.3 Bolt Length. Bolt length should copsider the
presence of washers, nut height, and required thread
protrusion. Nuts should engage the bolt thredds for the
full depth of the nut. The nut may be considered ficceptably
engaged if the lack of complete engagement i§ not more
than one thread. The use of bolt tensioners requires that
the threaded portion of the bolt extend at leagt one bolt
diameter beyond the outside nut face on the tengioner side
ofthe joint. Galvanized or coated bolts may reqyire special
tensioner puller sleeves.

5-3.2.4 Gaskets. No more than one gasket shall be used
between contact faces in assembling a flangedl joint.

5-3.2.5 Nonstandard Flanged Joints. When other
than flat-face flanges with full-face gasketq having a
50-70 Shore A durometer are used, the following shall
apply:
(a) Consideration shall be given to the strepgth of the
flanges, and to sustained loads, displacement strains, and
occasional loads described in Chapter 2.
(b) When mating raised-face to flat-face flanges, the

5-3.1.5 Irregularities. Irregularities (i.e., gap, angular
deflection, and misalignment) between two field-
connected pipes and/or alignment of flange facings
shall be within the tolerances as set in the engineering
documentation and approved by the owner.
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following shall occur:
(1) The flange connection shall be designed to with-
stand the stresses during bolt-up.
(2) The appropriate spacer or filler rings shall be
used to prevent overstressing of the flat-face flange.
(c) An appropriate bolt-up sequence shall be specified.
(d) Appropriate bolt-up torque limits specified by the
manufacturer shall be approved by the designer, and those
limits shall not be exceeded.
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Figure 5-3.1.2.1-1 Assembly Tolerances and Alignment

X

X

Squareness end preparation shall not

. . . e
deviate from indicated position

by more than 1.0 mm (¥52in.)

"pr
/
AII |
. “pr _
' Rotation of flange from
= indicated position 3.0 mm
/TP measured as shown, 2.0, inm “ (Ysin.)
AT (Y16 in.) max. '
L

N |
N \

Igp!
TN
\

npn
J Section X-X
upn Before bolting, mating gasket
contact surfaces shall be aligned
to each other within T mm/200 mm
(%6 in./ft) when measured
across any diameter
A
" p
—
Pipe Sizes, DN (NPS) Linear Assembly Tolerances at A, mm (in.)
<300 (12) +3.0 (%)

300 (12) through 600 (24) +5.0 (+%6)
650 (26) through 900 (36) +6.0 (£%)
>900 (36) +6.0 (+%) deviating +2.0 (%) for each 300 mm (12 in.) in diameter over 900 mm (36 in.)

GENERAL NOTE: Figure adapted from PFI ES-3, Figure 1, by permission of the Pipe Fabrication Institute, New York, NY.
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Figure 5-3.1.2.4-1 Flange Tolerances

~————~— " —~——

| |

J

- -

(b) Reverse Drawback

5-3.3| Threaded Joints

Where threads may be exposed to fluids that can attack
the re|nforcing material, threads shall be coated with suffi-
cient fesin to cover the threads and completely fill the
clearance between the pipe and the fitting.

Thrleaded joints shall conform to the, following:

(a) | External threads shall be factory:eut or molded on
specidl thick-walled pipe ends.

(b) |Matching internal threads shall be factory cut or
molddd in the fittings.

(c) |Threading of plain¢ends is not permitted, except
where such threads arelimited to the function of a
mechanical lock to fmatching internal threads factory
cut or molded in the bottom portions of fittings with
deep pockets.

(d) | Factery~cut or factory-molded threaded nipples,
couplingsyor adapters bonded to plain-end pipe and
fittings may be used where it is necessary to provide

\ZFIange waviness

(a)

0.8 mm (%32 in.)

G N ) .
T

(c) Flange Drawback

5-3.3.2 Joints for Seal Bonding. A threaded|joint to be
seal bonded shall be made up without thread compound. A
joint containing thread compound that leaks during leak
testing may be seal bonded in accordance with para. 5-2.7,
provided all compound is removed from expos¢d threads.

5-3.3.3 Tools. Either strap wrenches or pther full-
circumference wrenches shall be used to tightef threaded
pipe joints. Tools, equipment, and other devides used to
hold or apply forces to the pipe shall function i) a manner
that does not score or deeply scratch the pipg surface.

5-3.4 Special Joints

5-3.4.1 General. Special joints shall be ingtalled and
assembled in accordance with the manufacturef’s instruc-
tions, as modified by the engineering design. Cqre shall be
taken to ensure adequate engagement of joint{members.

5-3.4.2 Packed Joints. If a packed joint fs used to

connections to threaded metallic piping.

5-3.3.1 Thread Compound or Lubricant. Compound or
lubricant shall be used on threads, shall be suitable for the
service conditions, and shall not react unfavorably with
either the fluid service or the piping material. The type of
compound or lubricant directly relates to specified
torqueing values.
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absorb thermal expansion, proper clearance shall be
provided at the bottom of the socket to permit this move-
ment.

5-3.4.3 Flexible Elastomeric-Sealed Joints. Assembly
of flexible elastomeric-sealed joints shall be in accordance
with the manufacturer’s recommendations and the
following:

(a) Seal and bearing surfaces shall be free from injur-
ious imperfections.
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(b) Any lubricant used to facilitate joint assembly shall
be compatible with the joint components and the intended
service.

(c) Proper joint clearances and piping restraints (if not
integral in the joint design) shall be provided to prevent
joint separation when expansion can occur due to thermal
and/or pressure effects.

5-3.5 Handling of Piping

5-3.6 Cleaning of Piping

Piping shall be cleaned per the manufacturer’s recom-
mendation.

5-3.7 ldentification of Piping

Each pipe section, fitting, and accessory shall be clearly
marked with the following information:

(a) manufacturer’s name or trademark and identity
cade

FRP pipjngshatt be handied and supported In a manner
that prevents scratching of and mechanical damage to the
piping. Anly scratched or chipped components shall be
examined|or inspected for compliance with applicable
acceptance criteria defined in this Standard.

(b) date of manufacturing

(c) nominal pipe size, pipe classification, and|diameter
series

(d) pressure class

(e) manufacturer’s examination mark
See also para. 5-2.5.1(c).
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Chapter 6
Inspection, Examination, and Testing

6-1 INSPECTION

Thif Standard distinguishes between examination (see
sectiojn 6-2) and inspection. Inspection applies to func-
tions performed for the owner by the owner’s Inspector
or the|lnspector’s delegates. References in this Standard to
the “Imspector” are to the owner’s Inspector or the Inspec-
tor’s dlelegates.

6-1.1| Responsibility for Inspection

It i3 the owner’s responsibility, exercised through the
Inspeftor, to verify that all required examinations and
testing have been completed and to inspect the piping
to thg extent necessary to be satisfied that it conforms
to all japplicable examination requirements of this Stan-
dard.

6-1.2| Rights of the Owner’s Inspector

Thg owner’s Inspector and the Inspector’s delegates
shall have access to any place where work is\being
performed. This work shall include manufacturejfabrica-
tion, assembly, erection, installation, examination, and
testing of the piping. They shall have the right to audit
any efamination, to inspect the piping using any examina-
tion method specified by the engineering design, and to
review all certifications and records niecessary to satisfy
the oyner’s responsibility stated in para. 6-1.1.

6-1.3| Qualifications of the Owner’s Inspector

(a) | The Inspector shall be designated by the owner and
shall he the owner,anemployee of the owner, an employee
of an|engineering or scientific organization, or an
emplpyee of arecognized insurance or inspection
comppnyacting as the owner’s agent. The Inspector
shall pat-répresent nor be an employee of the piping

6-2 EXAMINATION

Examination applies to quality centrol [functions
performed by the manufacturer (for, compongnts only),
fabricator, or erector. Reference tin.this Standlard to an
examiner shall be to a persohwho performs quality
control examinations.

6-2.1 Responsibility_for Examination

Inspection shallknot relieve the manufactyrer, fabri-
cator, or erector of the responsibility for
(a) providing materials, components, and workman-
ship in aceordance with the requirements of thig Standard
and of the engineering design
(b)<performing all required examinations
(¢) preparing suitable records of examingtions and
tests for the Inspector’s use

6-2.2 Examination Requirements

6-2.2.1 General. Prior to initial operation, each piping
installation, including components and workmanship,
shall be examined in accordance with the applicable re-
quirements of section 6-2. The type and extent df any addi-
tional examination required by the engineering design,
and the acceptance criteria to be applied, shall be speci-
fied.Joints notincluded in examinations required by para.
6-2.3 or by the engineering design may be accepted if they
pass the leak test required by section 6-3.

6-2.2.2 Acceptance Criteria

(a) The acceptance criteria for imperfections in bonds
shall be as listed in Table 6-2.2.2-1.
(b) Acceptance criteria should be defined in the engi-
neering design or other agreement with the gwner. For
cases in which failure or substantial leakdge of the

manufacturer, fabricator; orerector umntess the owrer
is also the manufacturer, fabricator, or erector.

(b) The owner’s Inspector shall have notless than 10 yr
of experience in the design, fabrication, examination, and
inspection of FRP pressure piping. An individual may
count each satisfactorily completed year of an ABET-ac-
credited engineering degree program as 1 yr of experi-
ence, up to a maximum of 4 yr.

(c) Alternatively, the Inspector shall meet the Inspector
qualifications of the National Board Inspection Code
(NBIC), Part 2, Supplement 4, S4.5.

pipinsecotld-pose-highrisk-te-the health-er-safety of per-
sonnel or cause significant economic loss, acceptance
criteria should comply with para. 6-2.7.2(c)(3).

6-2.2.3 Defective Components and Workmanship

(a) Anexamined item with one or more defects (imper-
fections) of a type or magnitude exceeding the acceptance
criteria of this Standard shall be repaired or replaced.

(b) The new work shall be examined to the same extent
and by use of the same methods and acceptance criteria as
required for the original work.
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Table 6-2.2.2-1 Acceptance Criteria for Bonds

Type of Imperfection Acceptance Criteria

Cracks None permitted

Unfilled areas in joint None permitted

Unbonded areas in joint None permitted

Inclusions of foreign material None permitted

Protrusion of adhesive into pipe bore, 25%

% of total pipe wall thickness

6-2.3 Extent of Examination

6-2.3.1 Required Examination. Piping and piping
components shall be examined to the extent specified
herein or to any greater extent specified in the engineering
design. Acceptance criteria shall be as stated in
para. 6-2.2.2 unless otherwise specified.

(a) Visual Examination. Visual examination in accor-
dance with para. 6-2.7.2 shall include the following at
minimum:

t they

shall

Incomplete joint makeup None permitted
(1) examination of materials and compofents,
selected at random, to satisfy the examiner tha
. . s e f t ificati d free fi defects.
6-2.2.4(Progressive Sampling for Examination. When conform to speciications and are 1ree opy wrrects
. .o (2) examination of at least 20% of-fabficatiop. For
required spot or random examination reveals a defect, the
. bonds, each type of bond made by each bonder
following kteps shall be used: be represented
Step 1. | Two additional samples of the same kind (if P )

bonded jgints, by the same bonder) shall be given the
same typd of examination.
Step 2

(a) Hfthe items examined as required by Step 1 are
acceptable, the defective item shall be repaired or
replaced. The repaired or replaced item shall be reexam-
ined as spgcified in para. 6-2.2.3, and all items represented
by these tivo additional samples shall be accepted.

(b) Iffany of the items examined as required by Step 1
reveals a defect, a double number of further samples of the
same kind|shall be examined for each defective item found
by that sampling.

Step 3

(a) Hfall the items examined as required by Step 2(b)
are acceptiable, the defective item(s) shall be repaired or
replaced. The repaired or replaced item shall be réexam-
ined as spgcified in para. 6-2.2.3, and all items represented
by the additional sampling shall be accepted.

(b) 1 any of the items examined as:required by
Step 2(b)| reveals a defect, all items represented by
the progressive sampling shall be-either

(1) repaired or replacedyand reexamined as
required, pr

(2)| fully examinedand repaired or replaced as
necessary) and reexamined-as necessary to meet the re-
quirements of this Standard

(3) examination of 100%¢0f fabrication for ponds
other than circumferential.

(4) random examination of the assembly of
threaded, bolted, and other joints to satisfy the examiner
that they conform te“the applicable requiremepts of
section 5-3. When‘pheumatic testing is to be perfgrmed,
all threaded, belted, and other mechanical joints shall be
examined.

(5) random examination during erection of piping,
including checking of alignment, supports, and cold
spring,

(6) examination of erected piping and asse
joints for evidence of defects that would require
or replacement, and for other evident deviations
the intent of the design.

(b) Other Types of Examination

(1) Not less than 5% of all bonded joints shall be
examined by in-process examination in accorflance
with para. 6-2.7.4.

(2) The joints to be examined shall be selected to
ensure thatthe work of each bonder and bonding opgrator
making the production joints is examined.

(c) Certifications and Records

(1) The examiner shall be assured, by examination of
certifications, records, and other evidence, that thelmate-
rials and components are of the specified grades anld that
they have received the required manufacturing prodesses,

mbled
repair
from

vith a

Step 4. |If any of the defective items are repaired or o .
. . . examination, and testing.
replaced and then‘reexamined, and a defect is again . .
- . . (2) The examiner shall provide the Inspector
detected In_the)repaired or replaced item, continued e . .
. o . certification that all the quality control requiremegnts of
progressiye 'sampling in accordance with Steps 1, 2(b),

been

and 3 shall not be required based on the defects found
in the repair. The defective item(s) shall be repaired or
replaced. The repaired or replaced item shall be reexam-
ined until acceptance as specified in para. 6-2.2.3. Spot or
random examination (whichever is applicable) shall then
be performed on the remaining unexamined joints.
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carried out.

6-2.3.2 Additional Required Examination. Piping
systems and associated piping components designated
in the governing Code as requiring examination
beyond that specified in para. 6-2.3.1 shall be examined
tothe extent necessary to satisfy the examiner that compo-
nents, materials, and workmanship conform to the re-
quirements of this Standard, the governing Code, and
the engineering design.
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6-2.4 Supplementary Examination

6-2.4.1 General. Any applicable method of examina-
tion described in para. 6-2.7 may be specified by the engi-
neering design to supplement the examination required
by para. 6-2.3. The extent of supplementary examination
to be performed and any acceptance criteria that differ
from those in para. 6-2.2.2 shall be specified in the engi-
neering design.

6-2.7.2 Visual Examination

(a) Definition. Visual examination is observation of the
portion of components, joints, and other piping compo-
nents that are or can be exposed to view during fabrica-
tion, assembly, erection, examination, or testing. This
examination includes verification of materials, compo-
nents, dimensions, joint preparation, alignment,
bonding, bolting, threading, or other joining method,
supports, assembly, and erection.

6-2.4.2 Examinations-to Resolve Uncertainty.—Any

hddof L. b d | . (b] Method. Visual examination shall be petformed in
methqd of examination mgy euse tlo re.so ve uncertainty accordance with the following;
of regults from the required examinations. Acceptance (1) During the course of fabricatibn, ‘asgembly, or
criterja shall be those for the required examination. erection, the examiner shall make all su¢ch checks neces-
_ N sary to ensure that laminate imperfections (as|defined in
6-2.3 Examination Personnel Table 4-3.2-1) are within the requirements of this Stan-
6-2{5.1 Personnel Qualification and Certification dard.
(a)| Examiners shall have training and experience (2) The Quality Congrl¥Program shall inclhide proce-

commjensurate with the needs of the specified examina-
tions.

(b) | The employer shall certify records of the examiners
empldyed, showing dates and results of personnel quali-
ficatidns, and maintain them and make them available to

the Inspector.

6-2.5.2 Personnel for In-Process Examinations. In-
proceps examinations shall be performed by personnel
other|than those performing the production work.

6-2.6 Examination Procedures

(a)
with
meth

Any examination shall be performed in accordance
h written procedure that conforms to.one of the
bds specified in para. 6-2.7, including special
methqds defined in para. 6-2.7.1(b).

(b) [ The employer shall certify recordsof the examina-
tion procedures employed, showing dates and results of
procefdure qualifications, and maintain them and make

dures and forms to be used to control the ongoihg process
oflamination so as to efisure that imperfectionsfare within
required tolerancges*prior to the final inspectipn.

(3) Visual,examination shall be made before an ex-
terior pigmented coating or insulation is applied to the
piping system and/or components. If exterior [pigmenta-
tion arinsulation has been specified, the fabricator, owner,
andsInspector shall discuss and agree on visugl methods
and arrange for closely timed and scheduled irf}spections.

(c) Acceptance Criteria

(1) Thevisual acceptance criteriashall be:
Table 4-3.2-1.

(2) In general, the acceptable quality leve
Level 2, as defined in Table 4-3.2-1.

(3) For cases in which failure or substantjal leakage
of the piping could pose high risk to the health ¢r safety of
personnel or cause significant economic loss, the designer
or owner should consider specifying the gcceptable
quality level as Level 1, as defined in Table 4{3.2-1.

(d) Records. Records of individual visual exgminations

sstatedin

should be

them favailable to the Inspector.
shall not be required, except for those of in-pro¢ess exam-

6-2.7| Types of Examination ination as specified in para. 6-2.7.4.

6-2{7.1 General 6-2.7.3 Degree of Cure

(a)| Methods<Specified in This Standard. Except as (a) Method. The degree of cure shall be detegrmined by
providled in (b),/any examination required by this Stan-  Barcol hardness in accordance with ASTM D2583.
dard, the engineering design, or the Inspector shall be (b) Criteria. The reported Barcol hardness yalue shall
performed-in accordance with one of the methods speci- be atleast 90% of resin manufacturer’s specifiedl hardness
fied heereim forthe cured Tesim:

(b) Methods Not Specified in This Standard. If a method
not specified herein is to be used, it and its acceptance
criteria shall be specified in the engineering design in
enough detail to permit qualification of the necessary
procedures and examiners.
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6-2.7.4 In-Process Examination

(a) Definition. In-process examination shall comprise,
but not be limited to, examination of the following:
(1) joint preparation and cleanliness
(2) fit-up, joint clearance, and internal alignment
prior to joining
(3) materials specified by the joining procedure
(4) appearance of the finished joint
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(b) Method. The in-process examination shall be a
visual examination in accordance with para. 6-2.7.2
unless additional methods are specified in the engineering
design.

6-3 TESTING
6-3.1 Required Leak Test

Prior to initial operation, each piping system shall be

6-3.2.3 Special Provisions for Testing

(a) Piping Subassemblies, Segments of System, and Full
System. The full piping system may be tested as a whole, or
subassemblies or segments of the system may be tested
individually.

(b) Flangedjoints. Flanged joints used to connect piping
components and subassemblies that have previously been
tested, and flanged joints at which a blank or blind is used
to isolate equipment or other piping during a test shall not

tested to dnsure tightness. The test shall be a hydrostatic
leak testinaccordance with para. 6-3.4, exceptas provided
herein.

(a) At the owner’s option, a piping system may be
subjected|to an initial service leak test in accordance
with paral 6-3.6 in lieu of the hydrostatic leak test.

(b) If the owner considers a hydrostatic leak test
impractidable, a pneumatic test in accordance with
para. 6-3J5 may be substituted. When such tests are
performed, consideration shall be given to the hazard
of energy|stored in compressed gas. FRP piping tests
carry mu¢h higher risks than those for metallic pipe
because FRP material by its nature possesses less ductility
than steel

NOTE: See
pneumatic

(c) Lings open to the atmosphere, such as vents or
drains downstream of the last shutoff valve, should be
closed with temporary end closures and leak tested.

IASME PCC-2, Article 501 for detailed guidance on
festing.

6-3.2 Geperal Requirements for Leak Test

6-3.2.1 |Limitations on Pressure

(a) Pregsure Limits. Test pressure limits shall be as indi-
cated in pdra. 2-2.3.8(b) or as agreed to bythe*owner and
the contrgctor.

(b) TesqFluid Expansion. If a pressuretestis to be main-
tained for 4 period of time and the testfluid in the system is
subjectto thermal expansion, precattions shall be taken to
avoid excgssive pressure.

(c) Preliminary Pneumatic Test. A preliminary test
using air gt no more than)70 kPa (10 psi) gauge pressure
may be made priorto hydrostatic testing to locate major
leaks.

6-3.2.2 Other Test Requirements

be required to be retested in accordance with para.6-3.1.

(c) Closure Bonds. The final bond connecting’/piping
systems or components that have been-succeslsfully
tested in accordance with section 6-3 shalknotbe required
to be tested provided the bond is examined in-prodgess in
accordance with para. 6-2.7.4.

6-3.2.4 Externally Pressuréd Piping. Unjacketed
piping designed for external“pressure shall be tested at
an internal gauge pressure ¥5 times the external fiffer-
ential pressure but not«at'less than 105 kPa (15 psi).

6-3.2.5 Repairs.or Additions After Leak Testing. If
repairs or additions are made following the leak test,
the affected, piping shall be retested, except that for
minor repairs or additions the owner may waive [retest
requiremehts when precautionary measures are [taken
to ensure sound construction.

6-3.2.6 Test Records. The following information shall
be recorded for each piping system tested:

(a) date of test

(b) identification of piping system tested

(c) test fluid

(d) test pressure

(e) certification of results by examiner

These records need not be retained after completion of
the test if the owner retains the Inspector’s certififation
that the piping has satisfactorily passed the prgssure
testing required by this Standard.

6-3.3 Preparation for Leak Test
6-3.3.1 Joints Exposed

(a) All joints and bonds (including structurgl and
attachment bonds to pressure-containing components)
shall be left uninsulated and exposed for examination
during leak testing, except that joints and Bhonds

(a) A leak test shall be maintained for no less than 10
min, after which time all joints and connections shall be
examined for leaks.

(b) The possibility of brittle fracture shall be consid-
ered when leak tests are conducted at low temperature.
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previously tested in accordance with this standard
may be insulated or covered.

(b) All joints and bonds may be primed and painted
prior to leak testing unless a sensitive leak test (see
para. 6-3.7) is required.

6-3.3.2 Temporary Supports. Piping designed for
vapor or gas shall be provided with additional temporary
supports, if necessary, to support the weight of test liquid.
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6-3.3.3 Piping With Expansion Joints

(a) Unrestrained expansion joints depend on external
main anchors to resist pressure thrust forces. Except as
limited in (c), a piping system containing unrestrained
expansion joints shall be leak tested without any
temporary restraints in accordance with section 6-3 up
to 150% of the expansion joint design pressure. If the
required test pressure exceeds 150% of the expansion
joint design pressure and the main anchors are not

(a) If the test pressure of piping attached to a vessel is
the same as or less than the test pressure for the vessel, the
piping may be tested with the vessel at the piping test
pressure.

(b) If the test pressure of the piping exceeds the vessel
test pressure, and itis not considered practicable to isolate
the piping from the vessel, the piping and the vessel may
be tested together at the vessel test pressure, provided the
owner approves and the vessel test pressure is not less
than 77% of the piping test pressure calculated in accor-

desighed to resist the pressure thrust forces at the
required test pressure, for that portion of the test
when| the pressure exceeds 150% of the expansion
joint fesign pressure, either the expansion joint shall
be tefnporarily removed or temporary restraints shall
be adfled to resist the pressure thrust forces.

(b) |Except as limited in (c), a piping system containing
self-re¢strained expansion joints shall be leak tested in
accordlance with section 6-3.

(1) Aself-restrained expansion joint previously shop
tested by the manufacturer in accordance with applicable
provigions of ASME B31.3, Appendix X, may be excluded
from the system to be leak tested, except when a sensitive
leak tpst in accordance with para. 6-3.7 is required.

(£) Restraint hardware for all types of expansion
joints| shall be designed for the pressure thrust forces
at the| test pressure.

(c) |When a bellows expansion joint is installed in a
piping system that is subject to a leak test and the leak
test pressure determined in accordance with
section 6-3 exceeds the pressure of the test performed
by thg manufacturer in accordance with applicable-provi-
sions jof ASME B31.3, Appendix X, the required-leak test
presstyire shall be reduced to the manufacturer’s test pres-
sure.

6-313.4 Limits of Tested Piping- Equipment that is not
to be tested shall be either disconneeted from the piping or
isolat¢d by blinds or other means during the test. A valve
may be used provided the\valve (including its closure
mechanism) is suitable.for'the test pressure.

6-3.4 Hydrostatic)Leak Test

6-3}4.1 TestFluid. The test fluid for a hydrostaticleak  the design pressure.
test shall be'water unless there is the possibility of damage
due td freezing or to adverse effects of water on the piping 6-3.5.5 Procedure
or thd process In those cases_anather suitable nontoxic

dance with ASME B31.3, para. 345.4.2(b).

6-3.5 Pneumatic Leak Test

(a) Pneumatic leak tests shall be permitted
the owner’s approval and as allowed by the 1
code.

(b) In general, with the\exCeption of testing low-pres-
sure piping systems, prieumatic testing should he avoided.

(c) For gas fluid réquirements and limitdtions, see
section 2-6.

only with
eferenced

6-3.5.1 Precautions

(a) Pneumatic testing involves the hazard t
stored, itrcompressed gas could be released.

(b) ‘Particular care shall be taken to min
cliance of brittle failure during a pneumatic 1

(c) Material properties and test temperatu
considered when the hazards associated with
testing are evaluated.

(d) See also paras. 6-3.1(b) and 6-3.2.2(b).

NOTE: See ASME PCC-2, Article 501 for more detail
on pneumatic testing.

hat energy

imize the
bak test.

e shall be
pneumatic

bd guidance

6-3.5.2 Pressure Relief Device. A presgure relief
device having a set pressure not higher than th¢ test pres-
sure shall be provided.

6-3.5.3 Test Fluid. The gas used as test fluig
shall be nonflammable, noncombustible, and

, if not air,
hontoxic.

6-3.5.4 TestPressure. Unless otherwise deflned by the
governing code, the test pressure shall not be legs than 1.1
times the design pressure and shall not exceed [1.33 times

liquid that is compatible with the pipe material may be
used.

6-3.4.2 Test Pressure. Except as provided in
para. 6-3.4.3, the hydrostatic test pressure at any point
in the piping system shall not be less than 1.33 times
the design pressure.

6-3.4.3 Hydrostatic Test of Piping With Vessels as a
System. The following provisions do not affect the pres-
sure test requirements of any applicable vessel code:
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Su:p +—The pressure shattbe BT ddudﬂ_y frreredased until a
gauge pressure that is the lesser of one-half the test pres-
sure or 105 kPa (15 psi) is attained, at which time a pre-
liminary check shall be made, including examination of
joints in accordance with para. 6-2.4.1.

Step 2. The pressure shall be gradually increased in
steps until the test pressure is reached; at each step,
the pressure shall be held long enough to equalize
piping strains.

Step 3. The test pressure should be maintained as indi-
cated in para. 6-3.2.2(a).
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Step 4. The pressure shall then be reduced to the design
pressure before the system is examined for leakage in
accordance with para. 6-3.2.2(a).

6-3.6 Initial Service Leak Test

An initial service leak test shall be applicable only when
specifically allowed by the governing code and at the
owner’s option [see para. 6-3.1(a)].

Mandatory Appendices V and VI test methods (such as
acceptability limits for system leak tightness), may be
used. Such options may be exercised only to make
these requirements more sensitive or more conservative.

(c) The design specification shall identify the accep-
tance criteria for the specified sensitive leak testing tech-
niques.

6-4 RECORDS

ec o 1 o) Toos
Isttive earK—T1est

6-3.7 Se

(a) The
following:
(1) The test pressure shall be at least the lesser of
105 kPa (|L5 psi) gauge or 25% of the design pressure.
(2) The pressure shall be gradually increased until a
gauge pressure the lesser of one-half the test pressure or
105 kPa (15 psi) is attained, at which time a preliminary
check shall be made. Then the pressure shall be gradually
increased |in steps until the test pressure is reached; at
each step} the pressure shall be held long enough to
equalize piping strains.
(b) Optjons of one or more of the test methods from
ASME BPYC, Section V, Article 10, which allow the engi-
neering d¢sign to modify specified requirements of the

test pressure shall be in accordance with the

6-4.1 Responsibility

It shall be the responsibility of the piping desjigner,
manufacturer, fabricator, and erector, as applicable, to
prepare the records required by this*Standarfl, the
governing code, and the engineering design.

6-4.2 Retention of Records

Unless otherwise specified’ by the engineering design,
the following records shall'be retained for atleast 5 yfr after
the record is generated for the project:

(a) examinatien procedures

(b) examindtion personnel qualifications

(c) examijnation data
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MANDATORY APPENDIX I
DESIGN OF INTEGRAL FLAT-FACE FLANGES

I-1 SCOPE

Thif Appendix provides a design method for integral
flat-face FRP flanges that use full-face gaskets. These re-
quiremments may be used to design flanges having ASME
B16.5|or ASME B16.47 bolt circle and bolt hole diameters
or to ¢ustom design flanges not meeting those standards.

NOTE] The design method herein is derived from a design
methof given in ASME BPVC, Section X, and Section VIII, Division
1, Mar]datory Appendix 2.

I-2 LUIMITATIONS

I1-2.1 |Size and Pressure

There is no size or pressure limitation for this design
methqd, but in a larger flange at higher pressures the spot
facing for the washers on the back side of the flange may
thin dut the hub more than 1.5 mm (0.06 in.), which is
unacdeptable. For custom designs of such flanges, the
use df stress analysis procedures such as finite
element analysis, found in ASME BPVC, Section VIH, Divi-
sion 2} Part 2, using the allowable stresses for-FRP given in
ASME| NM.3.3 shall be considered.

1-2.2

Only full-face, soft elastomerie-type gaskets with or
without reinforcement and, with a maximum hardness
of Shore A60 + 5 shall berused for flanges designed
per sg¢ction [-3. Harder'gaskets are acceptable only if
stresq analysis methiods are used to design the flange
and empirical testing is used to verify leak tightness.

Hardness

extending from the outside diameter (O.D.) of the
flange to the inside of the pipe. See Figute 1-3.3-1, illus-
tration (a).

(b) Flanges also may be integrally molded, including a
pipe neck. See Figure I-2.3-1, illustration (b).

1-2.4 Material

Flanges greater than@r,equal to DN 100 (NPS|4) shall be
constructed of Type TFaminates using alterndte plies of
chopped-strand mat.and woven roving. Flanges less than
DN 100 (NPS 4) may be constructed of Type I all-mat lami-
nates or Type I[] laminates. Compression moldinfg, filament
winding, oxtape winding shall not be used to manufacture
flanges~designed in accordance with this Appgndix.

1-2:5 Adhesives

Flanges that require the use of adhesives shall not be
permitted.

1-2.6 Hub Reinforcement

For all flanges manufactured using Type II [laminates,
the hub reinforcement shall consist of alternating
layers of mat and woven roving that are cpntinuous
from the hub to the 0.D. of the flange.

1-2.7 Ring Plies
For all types of flange construction, the ring pligs from the
0.D.totheinside diameter (I.D.) of the flange shdll be inter-
spersed between the reinforcement plies that extend from
the hub to the 0.D. of the flange.

NOTE:[When the flange is assembled, the guidelines outlined in
ASME [PCC-1 sheuld be followed. I1-3 DESIGN OF FLANGES
1-2.3 [Construction I-3.1 Nomenclature
Flange construction shall be of either of the following The following symbols are used in the equations for the
styles: design of flat-face flanges employing full-face gaskets (see

(a) Flanges may be integral with the pipe neck where
the flange is built up with laminate coming from the back
side of the flange onto the pipe and forming a secondary
bonded tapered hub on the back side to both attach the
flange to the pipe and to provide the required flange thick-
ness. The face of the flange is then covered with several
plies of mat and one or more plies of surfacing veil
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Figure 1-3.3-1):
A = outside diameter of flange, mm (in.)

A, = total required cross-sectional area of bolts; the
greater of W,,1/S, or Win2/S, mm? (in.?)
B = inside diameter of flange, mm (in.)
b = effective gasket width or joint-contact-surface
seating width, mm (in.)
C = diameter of bolt circle, mm (in.)


https://asmenormdoc.com/api2/?name=ASME NM.2 2020.pdf

ASME NM.2-2020

Figure 1-2.3-1 Typical Flange Designs

— <—g; g7—> <—

Flange hub Flange hub
reinforcement reinforcement
thickness =t/3 thickness =t/3
[Note (1)] l— —> — [Note (1)]

| |
¥ I
1 t t 1
N \
Spot face s
pot face
| [Notes (2) and (3)] [Notes (2) and (3 ] i
6 mm (/4 in.) radius (min.) ) i
| h L L h 6mm(Ygin) Rt |
¢ [Note (4)] [Note (4)] radius (min.) ¢
Flange Flange
| |
‘ —N\J< 9 9o <— ‘
SN
a ical Integral Flange on Pipe Design ical Integra olded Flange Design
(a) Typical Integral Flang Pipe Desig (b) Typical Integrally Molded Flange Desig
NOTES:
(1) Hub reipforcement thickness shall be calculated, but in no case shall it be less than t/3.

(2) Spot fag
1.5 mm|
(3) The min|
thickne
(4) Hub len|

QU
1

QU
iy
|

e =

N
I

Q
S
1l

s includes corrosion barrier

shape factor for integral-type flanges

= ‘(U/V)hogg‘

=| bolt hole diameter, mm (im)

shape factor

F/hg

shape factor (see Figure 1-3.3-3)

hub stress correction factor (see Figure
1-3.3-4)

1 for calculated values less than 1

=| diamete®, of gasket load reaction, mm (in.)

thickness of hub at small end, mm (in.)
thieKness of hub at back of flange, mm (in.)

hydrostatic end force, N (1b)

oth, h, shall be greater than or equal to 3t and shall have @ minimum 3:1 slope.

e for washers per ASME B18.21.1 Type A narrow plain washers. Spet-fdeing should not cut into the hub thickness g; by mojre than
(0.06 in.). If this is unavoidable, then reinforcement shall be added'to the flange inner diameter to compensate.
imum flange thickness t shall be taken from the flange face to the slirface of the spot face with a tolerance of +3 mm (-0 + % in.)

Flange

radial distance from bolt circle to cirgle on
which Hg acts, mm (in.)
radial distance from bolt circle to gasket load
reaction, mm (in.)

flange lever arm, mm (in.)

bolt load for gasket yielding, N (Ib)
bnGy

compression load required to seat gasket
outside G diameter, N (1b)

total joint-contact-surface compression
N (Ib)

2bnGmp

total adjusted joint-contact-surface compres-
sion for full-face gasketed flange N (lh

load,

..*.:S
Il

length of hub, mm (in.)

= factor

(Bgo)*®
hydrostatic end force on area inside of flange,

N (Ib)

= radial distance from bolt circle to circle on

which Hp acts, mm (in.)

= difference between bolt load and hydrostatic

end force, N (Ib)

Hy

hr
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(hg/H G)H,

difference between total hydrostatic end force
and the hydrostatic end force area inside of
flange, N (Ib)

H - Hp

radial distance from bolt circle to circle on
which Hy acts, mm (in.)

ratio of inside flange diameter to outside flange
diameter
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length of flange including hub, mm (in.)

unit load, operating, N (Ib)

Mmax/B

gasket factor

0 to 0.50 for soft gaskets; use manufacturer’s
recommendations

total moment

moment under bolt-up conditions
component of moment due to Hp

(b) Determine the lever arms of the inner and outer

hg

parts of the gasket:

_(C-B)2B+C)
h 6(B + C)

Lo

< S+ 9N O mox

VA

component of moment due to Hg

max (Mg, Mg)

component of moment due to Hr

number of bolts

design pressure, kPa (psi)

radial distance from bolt circle to point of inter-
section to hub and back of flange, mm (in.)
C-B)/2-g

allowable bolt stress at ambient temperature,
kPa (psi)

allowable bolt stress at design temperature,
kPa (psi)

allowable flange stress at ambient tempera-
ture, kPa (psi)

allowable flange stress at design temperature,
kPa (psi)

longitudinal hub stress, kPa (psi)

radial flange stress, kPa (psi)

radial stress at bolt circle, kPa (psi)
tangential flange stress, kPa (psi)

shape factor (see Figure 1-3.3-5)

flange thickness, mm (in.)

shape factor (see Figure 1-3.3-5)

shape factor (see Figure 1-3.3-2)

flange design boltload for operdting conditions
or gasket seating as may.apply, N (Ib)
minimum bolt loadingAor/design conditions,
N (Ib)

minimum bolt loading for bolt-up conditions,
N (Ib)

shape factor (see Figure 1-3.3-5)

gasket unit'seating load, kPa (psi)

345 kRato 1379 kPa (50 psito 200 psi) for soft
gaskets; use manufacturer’s recommendations
shapé factor (see Figure [-3.3-5)

Allowable Flange Stress

Wg

(A= 0)(2A+0)
a 6(C A 4A)

(c) Determine the gasket dimensions:

G=C-2hg

b= (C—B)/4

(d) Determine loads:

W,1=H,+ H + H,

H= Gznp/4

H, = 2bnGmp

H,y = (hg/W)H,

14 p

HGy = bTCGy

The flange thickness shall be designed such that the
allowable stress does not exceed the allowable flexural
stress given in ASME NM.3.3.

1-3.3 Calculation Procedure

Calculation procedures are as follows (see also
Figures 1-3.3-1 through I-3.3-5, and Table 1-3.3-1):

(a) Determine design conditions, material properties,
and dimensions of flange, bolts, and gasket.
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Hé‘y = (hg/hg )HGy

Wy = HGy + H/Gy

(1-3-1)

(1-3-2)

(1-3-3)

(1-3-4)

(1-3-5)

(1-3-6)

(1-3-7)

(1-3-8)

(1-3-9)

(1-3-10)
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(e) Determine the bolting requirements:
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(i) Calculate stress and compare to allowable stress:

6Mg
SRAD = 5 < allowable (1-3-23)
t3(nC — Ndy)
AL = W1/ (1-3-11) 1
Ay = W,n/S, (1-3-12) Sy =fM//1gl2 < allowable (I-3-24)
A, = greater of A; or A,.
= 1.25-fsreaterof Weror W) 3.
W, = 1.25-& T mZJ Sg = PM/t> < allowable 3-25)
NOTE: To ¢nsure that the flange is not overstressed, the bolts
shall be tightened using a procedure that controls torque in a
manner thgt ensures W, is not exceeded. 5
- _ 1-3-26)
(f) Detdrmine flange load, moments, and lever arms: St (MY/ t ) ZSg <allowable

Hp) = nB*p/4
Hy = H — Hp
hD =R+ O'Sgl

hy = 0.5(R + g+ hG)

My = Hrht

M0=MD+MT

(1-3-13)

(1-3-14)

(1-3-15)

(1-3-16)

(1-3-17)

(1-3-18)

(1-3-19)

(g) Determine flange moment at gasket seating condi-

where f, f and A are defined in Figure 1-3.3-1 and M =
Mmax/B'

tion:
Hg=W, - H (1-3-20)
he = M (1-3-21)
ng + hg
MG = HGhé (1'3'22)

(h) Assume a flange thickness, t.
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Figure 1-3.3-1 Design of Flat-Face Integral Flanges

Design Conditions Gasket and Bolting Calculations
Design pressure, p kPa (psi) | Gasket details G C-2hg
Design temp. ‘CCF) b (C-B /4
Atmospheric temp. 'C (°F) | Facing details y
Flange material m
Bolting material p =B+ 0 _ p _AZ0RA+ O
A = B = c = ET 6B+ O ¢ 6(C+A
N\|lowable| Oper. temp. Sp kPa (psi)| H, = 2bwGmp = He = bmGy =
bolt
stress | Atm. temp. Sa kPa (psi) | 4 = G*mp _ , he
4 Gy =\ Hey
G,
Mllowable| Oper. temp. Sko kPa (psi) he
flange Hy = s o = Whne = Hepd\Hsy =
stress | Atm. temp Ska kPa (psi) 4 7
Wi = Hp+ H+ H', =
A, = greater of L ang Lz _ Ag = W, =-1.25 (greater of I, or
Bolting requirement m = greater o Sh an S, & = a (A greater ot W m2
Flange Moment at Operating Conditions
Flange Loads (Operating Condition) Lever Arms Flange Moments (Operating Condition)
Hp = wB%l4 = hp = R+ 0.59; = Mos= Hp X hp =
Hr = H— Hp = hr = 0.5(R + g1 + hg) = My = Hy X hy =
My = Mp+ My =
Flange Moment at Gasket Seating Conditions
Flange Load (Bolting-Up Condition) Lever Arm Flange Moment (Bolting-Up Conditiof)
He = W,—-H = h"s = heh'gl(hg+ h'g) = Mg = Hg X h'"s =
Sro (Equivalent to checking~for M, at allowable flange
— i) M,
max = greater of M, or My X Ska stress of Sg, and_separately for M, at allowable M = E,ax =
flange stress oftSg))
Stress Calculation Shape Constants
ongitudinal hub stress Sy = fM/\g, K= AlB = hy = [Bg, =
Radial flange stress Sp = BM/\t? T = = hihy =
Fangential flange stress S; = (MY/tP~ZSg Z = = F =
Creater of 0.5(Sy + Sg) or 0.5(Sf + Sp Yy = = V=
Radial stress at bolt circle Sgag== YT
te(wC - Ndy) @l = e = F/h
— U 2
»ﬂkgo—— dzvhogoz
t (assumed)
A f T —— o= e+
h R 4 B- 4
B = "Iite+1
W, Yy = all
1 5 = tid
t I~ hD _ﬁl A=7v+396
{ —c-
, ~hr 44 Hr
h G—> < hG-><—G =
Hg Hg
N = No. bolts =
¢, = Dia. bolt holes =

GENERAL NOTE: See Table I-3.3-1 for equations.
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Figure 1-3.3-2 Values of V (Integral Flange Factor)
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GENERAL NOTE: See Table I-3.3-1 for equations.
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Figure 1-3.3-4 Values of f (Hub Stress Correction Factor)
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Figure 1-3.3-5 Values of T, U, Y, and Z (Terms Involving K)
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MANDATORY APPENDIX II

CALCULATION OF PHYSICAL AND MECHANICAL PROPERTIES

USING THE LAMINATE ANALYSIS METHOD

11-1 S

Thi
the lal
mech
integr
physi

deter]:ined, the laminate can be analyzed for various load inputs. The analysis allows the stresses and sti

deter

11-2 ¢

Tw
plateg
thelo
and W
simpl

Thd
coord|
repre
can beg
and y

Thd
angle
unidin
theref

COPE

5 Appendix details the use of micromechanics and classical lamination theory (CLT) analysis methods t|
minate properties needed for design. The application of the principals of micromechanies:allows the p}
nical properties of a lamina to be determined based on its constituent materials, The CLT method
ating the physical and mechanical properties of each lamina through the thickness‘of the laminate al
al and mechanical properties of the laminate to be determined. Once the properties of the laminate

ined, and the computation of the strength ratios of each lamina using the Tsai-Wu interaction crit

COORDINATE SYSTEMS

b coordinate systems, as illustrated in Figure I1-2-1, are used in the application of micromechanics and
. When relating to the local coordinates of a material, the principal’axes are identified as directions 1, 2, an
Fal coordinate system, direction 1 is aligned along the lengthof the fiber, direction 2 is perpendicular to g
ithin the plane of the lamina. Direction 3 is normal to the*1-2 plane. Notations for in-plane shear are
fied to direction 6.

second coordinate system relates to the global, 0t~structural coordinate system. While referencing

ent the laminate in-plane directions, and zis oriented through the thickness of the lamina or laminate.
oriented for convenience; however, it is typical in the analysis of cylinders that x is aligned with the axia
with hoop.

theta. Using the conventions deseribed above for the orientations of the global coordinate system on a
ectional layer oriented at an,angle of 0 deg would represent an axial reinforcement; an orientation of 90
ore represent a hoop reinforcement.

Figure 11-2-1 Coordinate System

Z 3

b calculate
ysical and
ronsists of
owing the
have been
ains to be
bria.

CLT of flat
d 3. Within
irection 1,
commonly

the global

nate system, the principal axes are identified-as x, y, and z. Within the global coordinate system, a‘zlis xand y

esxandy
direction,

material coordinate system can be related to the global coordinate system by conducting a rotation tlhrough the

cylinder, a
deg would

Legend:

1,23

= material coordinates

X, Y, z = piping coordinates
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11-3 DETERMINATION OF LAMINA PROPERTIES

The physical properties of a lamina can be determined by testing or when test data is not available, the physical
properties of a lamina can be predicted by the application of micromechanics. This section details the methods
that are to be used to predict the properties of a lamina in the absence of test data.

11-3.1 Volume and Weight Fractions

(a) General. Two conditions typically exist when defining a lamina; either
(1) the thickness and the fiber weight fraction are known (such as the application of a unidirectional roving), or

(2)t

e thickness and reinforcement \Arnighf are known (cnrh asa ]:\ynr of waoven rnving or r‘hnppnr‘l stran

mat)

In both
predictth

fases, information such as the lamina thickness, fiber density, and the matrix (resin) density must be knd
¢ properties of the lamina. The lamina thicknesses shall be based on measurement unless the laminahas 1

been produced. In such cases it will be necessary to estimate the expected thickness. Thicknesses shall,|howey
confirmed| once the lamina has been produced.
(b) In cpses where the lamina thickness and fiber weight fraction are known [(a)(1)], the following,approach ig

Step

1. First, determine the volume fractions from the following equations:

_ WP
pr = Wipp + Wip,,

Vi

Vi =1-V;

V¢ = vplume fraction of the fiber, dimensionless

=
|

Step

where

9™
VAf

Step

blume fraction of the matrix, dimensionless
eight fraction of the reinforcing fiber, dimensionless

v
W

pm = dpnsity of the matrix, kg/mm? (Ib/in.?)
d

ensity of the reinforcement, kg/mm? (Ib/in.%)

2. Next, determine the volume per unitiarea of the constituent materials from the following equatio

VAf = Vf(tkAu)

Vam = Ay — vAf

= Ynit area, mm?/mm? (144 in.?/ft%)

thickness of. the layer k, mm (in.)

= Yolume of the reinforcing fibers per unit area, mm®/mm? (in.?/ft?)

yolume ‘of-the matrix per unit area, mm®/mm? (in.?/ft%)

wn to
otyet
er, be

used:

1S:

3. Then, determine the reinforcement weight, W, kg/mm? (Ib/ft%)
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(c) In cases where the thickness and the reinforcement weight are known [(a)(2)], the following approach is used:
Step 1. First, determine the volume per unit area of the constituent materials
w

vAf = —
P¥
Vam = tiAy — vAf

Step 2. Next, the volume fractions are determined

Ve= A
f vAf + Vam

Vip=1-Vp

Step 3. Then the fiber weight fraction is determined
/ Viop + (1= Vi,

(d) | Determining Density of the Lamina. Once the above computations havebeen completed, the density of the|lamina, p,,
kg/mm? (Ib/in.*), can be determined

7= (1 = Vp) + Vypp

11-3.21 Mechanical Properties for a Lamina With Unidirectional Reinforcement

11-312.1 Elastic Properties
(a)|The formulas necessary to determine the elastic properties of a lamina with unidirectional reinfordement are
included herein. It should be noted that it is assumed that a uniform fiber orientation and distribution exists throughout

the thickness of the lamina.
(1) Knowingthe mechanical properties.ofithe constituent materials, the plane strain bulk moduli are first computed.

These are
The plane strain bulk modulus fot-isotropic fibers, MPa (psi)

Ef

Kp=— 9
750 - v — 257%)

he plane strair_bulk modulus for an isotropic matrix, MPa (psi)

—

Ep

K, =
a0 - U — 2 2)

wherd
Ef = the modulus of elasticity of the fiber, MPa (psi)
E,, = the modulus of elasticity of the matrix, MPa (psi)
vr = the Poisson’s ratio of the fiber, dimensionless
V,, = the Poisson’s ratio of the matrix, dimensionless

If the shear moduli of the constituent materials are not available, and they can be assumed to be isotropic, then the
following relations can be used:
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The shear modulus of the fiber, MPa (psi)

E
_ f
Gf B 2(1 — IJf)

The shear modulus of the matrix, MPa (psi)

E
1t

G, = ——
21 -y,

(2) Next, the following relations must be determined:
The glane strain bulk modulus for the lamina, MPa (psi)

Vi K| Kf + G, ) + ViKe (K, + Gy,)
K ( f ) o

star =

Vo (Kf + Gyp) + Vp-(Kyy + Gp)

To simplify the remainder of the analysis the following are used:

G
7=—f
G
Ny, = 3 — 4y
77f= 3_4l/f

A= 3'Vf'Vm2'(V - 1)~<7/ + nf) + [7"7m + 7y, — (V"Im - nf)-Vf3]-[Vf-nm-(7 - 1) = (rm, + 1)]

BfE - 3'Vf'Vm2'(7 - 1)-(y + nf) + %[}"77,,, + =DV + 1]-[(17,,, - 1)-(y + nf) - 2-<y-11m - ’Yf)'Vf3]

+ g‘(ﬂm + Oy - 1)'[7/ gt (Mm B ”f).vfs]

€= 3VyW oy - l)-(y + nf> + [y-nm + -1V + 1]-[y +ng + (r-nm - ’Yf)'Vf3]

(3) Finally, the mechanical properties of the lamina can be determined by the following:
The modulus of elasticity in the fiber direction, MPa (psi)

4'(1/f - IJm)Z-Vm-Vf
Vo V0

Kf ' Ky Gy

Ell = Em'Vm + Efo +
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The major in-plane Poisson’s ratio, mm/mm (in./in.)

v, 4 1
moy _f + —
Kf m G
The— 1 L 1.1 Mo Caei)
IIC 11T Plallc S HITdI TITUUUIUS, Vil d tybl)
vy
G12 = Gm + 1 v
m
+

(Gf - Gm) 2:Gyy
Tlhe transverse interlaminar shear modulus, MPa (psi)

—Gm~[\/4~BZ — 4AC + 2-3]

2-A

Gz =
Tlhe modulus of elasticity transverse to the fiber direction, MPa (psi)

4 Koy G23

2
4'Kt '1/12
Ktar + {1 + % 'G23

Ey =
11

Tihe minor in-plane Poisson’s ratio, mm/mm (iny/in.)

E

22
1= —E 112
11

Properties normal to the plane ofthe lamina can also be computed using the following:
Thd modulus of elasticity through-the thickness of the lamina, MPa (psi)

E33 = Ep

Thd fiber direction intérlaminar shear modulus, MPa (psi)
Giz3 = Gz

Thq fiber direetion interlaminar Poisson’s ratio, mm/mm (in./in.)
3=

Theg ttansverse interlaminar Poisson’s ratio, mm/mm (in./in.)

2
4-Kstar 212
Kgtar — [1 + B “Ga3

3=

2
4'Kt V1o
Kstar + (1 + > 3;1 'G23

The minor out-of-plane Poisson’s ratio, mm/mm (in./in.)
31 = 121
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The transverse interlaminar Poisson’s ratio, mm/mm (in./in.)
b3y = 123

11-3.2.2 Thermal Mechanical Properties. The formulas necessary to determine the thermal mechanical properties of a
lamina with unidirectional reinforcement are included herein. As indicated in para. 1I-3.2.1, it is assumed that a uniform
fiber orientation and distribution exists throughout the thickness of the lamina.

The coefficient of thermal expansion along the direction of the fiber, mm/mm/°C (in./in./°F)

_ ViEpag + (1= V) Bt

/[ \
Vfbf -+ \1 — Vf)bm

a1

The co€ffficient of thermal expansion transverse to the direction of the fiber, mm/mm/°C (in./in./°E)

ayy = Vf()lf(l + Vf) + (l - Vf)am(l + v,) — a1v12

where
ay = the coefficient of thermal expansion of the fiber, mm/mm/°C (in./in./°F)
a, = the coefficient of thermal expansion of the matrix, mm/mm/°C (in./in./°F)

11-3.3 Mechanical Properties for a Lamina With Randomly Oriented Reinforcement

When aflamina is reinforced with randomly oriented fibers, the in-plane properties can be considered isotropic. To
determinethe properties of alamina with randomly oriented reinforcements; it is necessary to first compute the proper-
ties of a rppresentative lamina with unidirectional reinforcements. Thexapproach detailed herein assumes that the
propertieq of the representative lamina with unidirectional reinforcements have already been determined.

11-3.3.1 [Elastic Properties for Lamina With Randomly Oriented(Reinforcements. The formulas necessary to feter-
mine the elastic properties of a lamina with randomly oriented reinforcement are included herein. It is important tp note
that in ordler for the formulas to remain valid, the followingiconditions must be met:
(a) Thelelastic properties of the representative lamina with unidirectional reinforcement must be of the same donsti-
tuent materials and weight fractions of the intended lamina with randomly oriented reinforcements.
(b) Thel|lengths of the glass reinforcement exceed the critical fiber length [approximately 10 mm (0.40 in.) with 2.76
GPa (400 ksi) strength in the fiber] and exceed-14-MPa (200 psi) shear strength at the fiber to resin interfade.
The in-plane modulus of elasticity, MPa (psi)

Eyy 2 4 2-Eyy-Ejq + 4Ex3%613 A + By 2 + 4B -Gy A — 40155 Eyy 2 + 8015-Exy-Gpp A
(3'E22 + 3'E11 + 2~U12'E22 + 4'G12~A) A

E=

The in-plane shear modulus, MRa“(psi)
En

G= 1.0
8 A

The in-plane Poisson’s’ratio, mm/mm (in./in.)
. Ei1+ Ey — 4'G12'A + 6'V12-E22
3-Eyy + 3-Ej1 + 2-vip-Eyy + 4'G12'A

where
A=1- V12V21

11-3.3.2 Thermal Mechanical Properties for Lamina With Randomly Oriented Reinforcements. The coefficient of
thermal expansion for alamina with randomly oriented reinforcements, « mm/mm/°C (in./in./°F), can be determined by
the following. The conditions detailed in para. I[I-3.3.1 must be satisfied for the formula below to be valid.

_uta; o= By — Ep
2 2 E;p + 1+ 2119 )Ezz
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11-3.4 Stress-Strain Relations for an Orthotropic Lamina

In the proceeding section the stress and strain behavior of an orthotropic lamina will be discussed. It is important to
note that the results of this analysis are applicable only to flat laminates subject to a state of plane stress. It is possible to
adapt this analysis for curved surfaces; however, it is the responsibility of the designer to ensure the deformations are
appropriate for the surface under review.

The response of an orthotropic lamina subject to a three-dimensional stress tensor is described by the equation below:

Sub

simpl

&1 Sit Si2 Si3 0 00 o1
€3 S12 S22 S3 0 0 0 o3
Ex (o (o (o O O O

BT _PB B 33 v v U [033
N3 0 0 0 S4 0 O 3
n3 0 0 0 0 S5 0 a3

2 o o o o o Se6 a2 Jy

fied to a condition of plane stress, i.e., 033, T3 and 73 all equal zero. The equation above is then simpl

equatjons below:

Thd

€1 Si1 S12 0 o11
29¥) = SIZ 822 0 X 022
N2, 0 0 Se), 172l

€33, = S13,011, T S28.922,

maintpin a condition of plane stress.

script k denotes that the relation applies to layer “k.” In the analysis of flat laminated thin'plates, the loadings are

fied to the

3 x 3 matrix above is commonly known as the reduced<compliance matrix. The second equation is ngcessary to

Tyglically, the strains are known, and the stresses are desited. Therefore, the equation above is then re-arrajged to the
following:
o1y Q1 QU O £
O N=1Qpy Qyy 0 | X |82
a2y 0 0 Qg na|,
Thg 3 x 3 matrix above is commonly known as the reduced stiffness matrix and it is the inverse of the reduced
compliance matrix.
Thq reduced stiffness coefficients, Q;;, MPa (psi), from the equations above can be related to Engineering constants by
the following:
En
Q=
(1 = v1o191)
Exn
Q=
(1 = v1a191)

Qi = 12Qy,

Q66 = Gpp
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The approach detailed above can be used to relate the stresses and strains of a lamina within its principal material
coordinate system. It is typical for laminates to be comprised of several layers each with their own material coordinate
system. As a result, it is necessary to define an arbitrary global coordinate system. This allows the laminate, and
comprising lamina, to be evaluated within a common coordinate system.

The stress resultants from the material coordinate system can be rotated to the global coordinate system, and vice
versa, by applying a transformation matrix as defined below:

where

The foll
is known

The tra

_611 O-xxi
02| = [Tl|%
,le k T'xy k
76xx 611-
O | =I[Tl|0o2
Txy " a2 Ik
cos 6% sin 02 2cos 0 sin 0
[T] = sin 6% cos % —2cos O sinf
—cos @ sin 0 cos @ sinf cos % — sin?

wing is produced by applying the transformation matrix to the red@i¢ced stiffness matrix. The 3 x 3 matrix
hs the transformed reduced stiffness matrix.

Cyx Qbaru Qbar12 Qbar16 Exx
Oy | = Qbar12 Qbar22 Qbar26 X iyy
T,

Yl Qbar16 Qbar26 Qbar66 k Ik

psformed reduced stiffness coefficients, Qparj»MPa (psi), can be determined by the following:
Qbar11 = Qco0s 0% + Q4,sin 0% + 2(Qy, + 2Q44)cos 0%sin 6>
2 .92 )
Q—bar12 = (QqpF Qyy — 4Qgg)c0s 7 sin 0 + le(cos 0* + sin 6’4)

4 4 2 02
Qbar22 = Qqsin 0" + Qyycos 07 + Z(Q12 + 2Q66)cos 0° sin @

Qbarm = Qcos 03 sin 0 — Q,,cos O sin 03 + (Qry +2Qg) (cos 0 sin 0> — cos 03 sin 9)

below

Qbar26 = Qqcos 0 sin 03 — Q,,cos 03 sin 0 + (Q12 + 2Q66)<cos 63 sin @ — cos 0 sin 93)

2
Qbar66 = (Qll + Qyy — 2Q12)c0s 0%sin 6% + Q66<c0s 0% — sin 92>
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11-4 CLASSICAL LAMINATION THEORY

The methods and equations detailed herein allows the response of a multilayered laminate subject to a state of plane
stress to be quantified. The results of this analysis are only applicable to a thin flat laminate subject to a state of plane stress
resulting from a uniformly distributed load. It is possible to adapt the analysis for curved surfaces; however, it is the
responsibility of the designer to ensure the deformations are appropriate for the surface under review. Other methods of
laminate analysis may be used in place of the equations herein, but it is the responsibility of the designer to prove that they
are valid.

In the preceding section the stresses of any lamina within the global coordinate system were found to be related to the
strains as detailed below.

Qbarll Qbar12 Qbar16 Exx
Y| = Qbar12 Qbar22 Qbar26 X |

Oxx

z 7,
Yl Qbar16 Qbar26 Qbar66 r Ve

Kngwing that the loads applied to the laminate are uniform, the assessment of the laminate is simplified and conducted
on a ynit length basis. After applying a series of sums and integrations, the following relationship is established for the
laminpte.

Z’“’c Al Ap Aig Bir By Big|  [Ex0
Y Ay Ay A6 By By B €0
Ny | _ |46 46 Aes Bis Bas Beg), | "0
Myx By1 By Big D11 D1y P Kax
My, | | Bz By Bys Dip DppiPs Kyy
M, Bis Bas Bss Dis Dis Dss| | v |
wherg
N}, N, N,, = the distributed force resultants as illdstrated in Figure 1I-4-1, N/mm (Ibf/in.)
M), M,,, M,, = the distributed moment resultants as illustrated in Figure II-4-2, N/mm/mm (lbf/in./jn.)

Exxr Eyyo Expo = the midplane strains of the laminate, mm/mm (in./in.)
Kxxdy Kyyo Kxyo = the midplane curvatures of(the laminate, radians/mm (radians/in.)

Thd matrix containing terms A4 through Dgg describes how a laminate will deform under the various in-plare loadings

Aj; ¥ the extensional stiffness coefficients, N/mm (lbf/in.)

Bj;  the coupling stiffness coefficients that result in out-of-plane deformations due to in-plane loads, N/mi/mm (Ibf
in./in{)

Dj; ¥ the bending stiffness_coefficients, N/mm (Ibf/in.)

Figure 11-4-1 In Place Force Resultants

Yy

/ Ny,

N,

X XX
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Figure 11-4-2 Moment Resultants

Yy

[\

A

M

XX

The stif]

<

X

fness coefficients of the laminate are determined using the following relations:

n
Ay = kz [Qbarijk[zk - Zk—l]]
=1

n

=3 2 [Qufa -1’

k=1

|

=

3 3
ij = [Qbarijk[zk = Zk-1 ”

w|>—A
~
Il
—

where
bandj|= 1,2, and 6
n |= the total number of layers
Zi |= the distance from the geometriemidplane of the laminate to the upper surface of the nth lamina, as dqtailed
in Figure I1-4-3. The geometricmidplane of the laminate is defined as z = 0. Dimension z, is the distance from
the midplane to the bottom ofthe laminate and is negative. Conversely the dimension for any lamina l¢cated
above the geometric midplane is positive.
During the design process the forces and moments are typically known and the strains are desired. It is thefefore
necessary|to invert the 6 x.6;ABD matrix. The result of this operation is detailed below:
ewo|  [a1 a2 a6 buy by bre| | DN
gpo| lany axp ax by by by| | M
Yo | _|me a6 a6 be1 ber bes| . | Ny
K bip by b diy dpp dig My
oy biy by bey dia dyy das| | Myy
| %o | |big bag bes dis dae des| | May

72


https://asmenormdoc.com/api2/?name=ASME NM.2 2020.pdf

ASME NM.2-2020

Figure 11-4-3 Notations for Ply Positions and Laminate Stacking Sequence (20)
Bottom of Laminate
1
2
25 T 3 72
Zy l 4
z
f 5 Midsurface
Zyo Z Z
12
Zk k-1 l
k-1
k
wherd
’ by by big| [ I
a1 412 46 b11 bia 016 A1 Ay Ag Bir Bjy Big
aiy a4y a6 by by bys|  |Ap Ay Ay Brp By Bag
a6 a6 466 bs1 ber bes| _ |Ate s Acs<Bis Bas Bss
biy by ber dip dia dig| |[Bir Bz Bigl D1 Do Dig
bip by bey dia dyp dag| |Brz Baa Bag Dia D Dag
big bas bes dis drs dss _Bl6 Bye™ Bes Dis Dag D66_
Onde the midplane strains and curvatures have been quastified, the strains [mm/mm (in./in.)] can be corpputed for
each lamina in the global coordinate system using the:relationship below:
Exx Exx0 ; Kxx
Eyl = w0 + (ZK + w—K) Kyy
yxy * yxyO 2 ny
wher¢ wis a term to specify the locationwithin the lamina where the strains are to be computed. Setting w to ( will allow
for th¢ computation of the lamina midplane strains. Setting wto 1 or -1 will allow for the computation of the stffains at the
upper], and lower surfaces respectively.
Repeated for convenience, the layer stresses in the global coordinate system [MPa (psi)] are then computed using the
following:
Cyx Qbarll Qbar12 Qbar16 Exx
%y| = Qbar12 Qbar22 Qbar26 X | &
T, 7,
Yl Qbar16 Qbar26 Qbar66 k Yl
Thd lamina'strains in the global coordinate system are then transformed into the material coordinate system using the
transforimation matrix as follows:

€1 cos 6% sin 6% 2cos @ sin 0 ixx
82?2 = sin 62 cos 02 —2cos @ sin @ yjjz
2 k —cos@sin® cosfsinf cos@ — sinb? k J/xy k

And finally, also repeated for convenience, the layer stresses in the material coordinate system [MPa
computed as follows:
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o1 cos 6% sin 62 2cos @ sin 6 Oxx
_ 0,
2| = sin 6> cos 6% —2cos @ sin @ b4
7 T,
12 i —cos@sinf@ cosf@sinf cos 92 — sin 92 k * I

11-4.1 Effective Laminate Elastic Properties

The following relations shall be used to determine the effective elastic properties for a symmetric laminate in the global
coordinate system:
The modulus of elasticity in the x direction, MPa (psi)

135

NOTE: This

The mo

NOTE: This

E.— — & -
XX ) XX -
tay 1 t3d;

is typically defined as the axial direction for cylinders.
Hdulus of elasticity in the y direction, MPa (psi)
1 f 12

E, = E -
W ey T Pay

is typically defined as the hoop direction for cylinders.

The in-plane shear modulus, MPa (psi)

_ 1
s tage
The major in-plane Poisson’s ratio, mm/mm (in./in.)
Lo f Mot
Y a7 dyy
The minor in-plane Poisson’s ratio, mm/mm (in./in.)
a d
Yy = e yyxf= _ 2
a3 dyy

where
a,-j, dU 3
t

Supersd
Forthel

the terms from the inverted.6.%*6 ABD matrix
the total laminate thickness

ript f indicates flexural properties.
aminate to be symmetyic, the B matrix must be zero. This indicates that there is no coupling between extg

and bendipg.

In cases
shall be u

where the laminate is not symmetric, and the laminate is on a curved cylindrical surface, the following rel
bed:

2
Ardyy — A

nsion

htions

2
_ Andp —4Ap
7y Ay

Ag6
ny = ;
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L= An
ey =
Y Ay
A
Yy = 12
A
where
Aj; = the terms from the 6 x 6 ABD matrix
t =the total laminate thickness
11-4.2 Effective Laminate Thermal Mechanical Properties
Thd following relations shall be used to determine the effective thermal mechanical propertiesfor‘a laminate in the
global coordinate system:
Onde the thermal mechanical properties for each lamina have been determined it will bésnhecessary to[rotate the

properrties into the global coordinate system. The rotation is conducted by the following:

The

Thd

The
in./°F

Asspming the perimeter of the laminate is constrained;the loads generated by the application of a unit tempe
determined by the following.

coefficient of thermal expansion of a lamina in the global x direction, mm/mm/°C (in./in./°F)

2 . 2
Uy = a11,c087(0) + azy,;sin”“(6)

coefficient of thermal expansion of a lamina in the global y directiofy; mm/mm/°C (in./in./°F)

a

.2 2
yy, = A1y Sin 0) + 7,08 (02}

coefficient of thermal expansion for in-plane shear of a lamina'in the global coordinate system, mm/m

Oy, = 2cos (0) sin () (g L~ azzk)

n

Tq
Nxalc = z {[Q—baruaxx + Qbarlzayy + Qbarléaxy]k[zk - Zk—l]}

k=1

n

I
=D {[Qba,naxx + QO + Loyt 21~ zk—ﬂ}

m/°C (in./

rature are

k=1
n
T
Nx)li = {[Qbarléaxx + Qbarzéayy + Qbarééaxy]k [z — zk—l]}
k=1
n
T _ 1 2 2
My = 2 {[Qbarllax’c + Qbar, %y + Lbary ¥y ]k[zk B Zk_l]}
k=1
n
7 _ 1 2 2
M),)l, =3 {[Qbaruaxx + Qbarzzayy + Qbarzﬁaxy]k[zk - zk—l]}
k=1
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=

h-1 EREN
Mxy = 2 {[Qbarléaxx + Qbarzéayy + Qbarééaxy]k zf — zf_1

k=1

If the perimeter of the laminate is free to displace and the loads from above are applied to the laminate, then the
resulting strains, and coefficients of thermal expansion, can be determined by the following:

The coe

fficient of thermal expansion for the laminate in the global x direction, mm/mm/°C (in./in./°F)

The coe

The coe
(in./in./°F

X

04 = NIia11 + NTIIZV\ + NTl[h + MTih11 + MIih1ﬁ + MIih1
- KXETT VYT Xy TS XXTT YyT Xy 1O

fficient of thermal expansion for the laminate in the global y direction, mm/mm/°C (in./in./°F)

T T T T T T
ayy = Nydapy + Nyjapy + Nyjars + Myibay + Myjbyy + Myfbos

yy

fficient of thermal expansion for the laminate for in-plane shear in the global coordinatesystem, mm/n

T T
Oy = Nkag + l\fyl

Tq T T T
1126 T Najage + Mtbs1 + Myjbsy + Mybgg

1I-5 LAMINA FAILURE PREDICTION

In gener
of the fiber
pure shea

Eachlan
midplane
laminate s

Theinte
shown be

Ifthe fai
equation (
To achis
criteria to
divided by

The stré

where

al, alamina has five independent uniaxial ultimate strengths; tensile and compressive strengths in the dir
, tensile and compressive strengths in the direction transverse to thiefiber, and shear strength with respe
- stress in the principal directions. Furthermore, the five strengths can be unequal.

nina within the laminate is to be analyzed separately based on computing the lamina stresses resulting frq
Heformations of the laminate. If any lamina is found to failthe criteria, then the corresponding load
hall not be allowed.

raction between the in-plane stresses and lamina strengths is performed using the Tsai-Wu interaction ct
ow:

2 2 2
FI= 0118 + 0328 + 011 Fi# 6227Fp + 712 "Fse + 2F12011022
ure index (FI) is =2 1.0 then failure of the lamina is expected. It is useful to note that each of the terms in the
an be used to assess the relative influence that each stress term has on the index.
ve the minimum strength ratios thiat are detailed in Chapter 2, itis necessary to modify the Tsai-Wu inter

report a strength ratio, rather/than a failure index. To do so, each stress in the Tsai-Wu interaction crit]
the strength ratio to yield:

2 2 2 2
[o11F] + o IR + [011 Fi1 + 0227 Fyn + 712 Fee + 2F12011022]R -1=0

ngth ratio for eaghlamina is then determined by the following:

—H + VH? + 4G

2G

R =

m/°C

ection
cttoa

mthe
n the

iteria,

above

hction
eria is

G = o 12P11 + 022 2P’7’7 + ‘['122FAA + 2F11011022

H= o1 1F1 + 0'22F2

The strength interaction terms are detailed below:
The fiber direction second order term, 1/MPa (1/psi)

1 1
F= — — ——

T C
011 011
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The fiber direction fourth order term, 1/MPa? (1/psi%)

1
b=

T C
011 °11

The transverse direction second order term, 1/MPa (1/psi)

The _transverse direction fourth order term, 1/MPa? (1/psi%)

Thd

The
desigi

Thd
assunf

1
Fy = C
022 022
fourth order in-plane shear term, 1/MPa? (1/psi?)
1
Fes = )
S
(12°)

F1, coupling term [1/MPa? (1/psi®)] is approximated by the following expression but it is the responsil]
ler to ensure it is applicable for the lamina under evaluation:

1
Fp = - E\/F“FZZ

strength terms may be determined from a test or predicted from'the relations below. It is important to nd
ed that the tensile and compressive moduli are equal in thé relations below.

Thd ultimate in-plane shear strength, MPa (psi)
S §
12" = %o G2
Thd ultimate tensile strength in the fiber direction,"MPa (psi)
T T
o1 = & En
Thd ultimate compressive strength in the fiber direction, MPa (psi)
C C
o1 = &1 Enn
Thq ultimate tensile strength tfanpsverse to the fiber direction, MPa (psi)
T T
0 = &3 Ep
Theg ultimate compressive strength transverse to the fiber direction, MPa (psi)
C C
02 = & Ep
If t¢st datads not available, then the following strain limits may be used:
Strain Direction Randomly Oriented Fibers Oriented Fiber
eg" 0.0150 0.0200
e11° 0.0200 0.0120
22" 0.0150 0.00150
£22° 0.0200 0.0080
Y12 0.0268 0.0268

ility of the

te thatitis

[t can be seen from the table above that the permissible transverse strain limits for an oriented fiber are lower than the
limits along the direction of the fiber. As a result, if alaminate comprising of angled laminae is subject to a load that places
some of the laminae in a state of transverse stress it is likely that those laminae will govern the analysis. In such cases, if the
governing stress state for the remaining adjacent laminae is along the direction of the fiber, and the strength ratios for
these laminae comply with the requirements of Chapter 2, then the lamina under transverse stress may be exhibiting a
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state of resin crazing. This type of response is common with woven roving, axial /hoop laminates, and FW laminates, and it
is permitted.

With these types of responses, it is permissible to analyze the laminate using macro layers. A macro layer is one where
the properties of two or more lamina are combined into a single layer. To use a macro layer, the designer must demon-
strate that the layer is able to achieve the predicted load-carrying capacity for the stress state under review.
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MANDATORY APPENDIX 11l
STRESS INTENSIFICATION FACTORS, FLEXIBILITY FACTORS,
AND PRESSURE STRESS MULTIPLIERS

-1

Thi
stress
sure {
defor
Thesd
pipe t
fically

SCOPE

5 Appendix provides methods for determining the
intensification factors, flexibility factors, and pres-
tress multipliers needed to predict stresses and
mation in piping components other than pipe.
factors are applied to the results calculated for
b find relevant values for piping components. Speci-
r, the calculated stiffness of a pipe needs to be

adjusted by the appropriate flexibility factor, k, to deter-

mine
bendi
the a
deter
the pi
the p1
sure {

111-1.]

flexibi
comp
Itisu
the c

under]

stress
stress|

the stiffness of the component; the calculated
g moment on a pipe needs to be multiplied by
propriate stress intensification factor (SIF), i, to
mine the bending stress of the component; and
essure stress of a pipe needs to be multiplied by
essure stress multiplier, m, to determine the pres-
tress of the component.

Definitions

Uity factor, k: the ratio of the bending flexibility of a
bnent to the bending flexibility of an equivalent pipe.
ced to predict the magnitude of the deformation of
mponent relative to that of thetequivalent pipe
the same loading.

intensification factor (SIF), i:the ratio of the peak
in a component to the peak stress in an equivalent

pipe. It is used to predict the magnitude of the peak stress

in the
under

pressi
stress
is use]
relatiy
sure |

component relative to that in the equivalent pipe
the same loading:

re stress multiplier, m: the ratio of the pressure
in a compenent to that in an equivalent pipe. It
d to predict the pressure stress in the component
re to-that in an equivalent pipe under the same pres-
pading

In addition, historical values for fittings-that
documented to have provided successful perfol

have been
mance for

aminimum of 5 yr may be used for fittings of similar mate-

rial, construction, and geometry:
These values shall then bé incorporated in a
analysis in accordance with section 2-4.

1ll-2 ELBOWS
11I-2.1 Flexibility Factors for ELbows

(a) Dueto the ovalization of an elbow that og
the elbow*is exposed to a bending moment, thg
of an elbow is typically greater than that of an
pipe:

(b) The flexibility factor, k, of an elbow is deff
following equation, and is not less than 1.0:

k = 0/0p

where
6 = rotation of an elbow when the elbow is

a bending moment, rad

60p = rotation ofan equivalent pipe (see Note
pipe is exposed to the same bending m
= R
—M
EI
E = axial modulus of elasticity of
MPa (psi)
I = moment of inertia of total 1
(in.H
M = bending moment, N-mm (lb-i
R; = radius of bend, mm (in.); R; >
diameter of the pipe, D
a = angle of elbow in radians (e.§

hipe stress

curs when
flexibility
equivalent

ned by the

(11-2-1)

bxposed to

when the
bment, rad
total wall,

vall, mm*

n.)

the inside

., T/2)

I11-1.2 Sources of Factors

Appropriate values for k, i, and m can be determined by
several methods, including

(a)
(b)
(9

testing
finite element analysis (FEA)
methods detailed in this Appendix

NOTET AN equivatent pipe 1S one that o
modulus of elasticity, E, the same second
area, I, and the same midline length, L

s the same
moment of
=R x a, as

the elbow that it is intended to represent. These prop-
erties are the properties that should be entered into a

pipe stress analysis.

(c) The same pipe properties that are intended to be
used to represent the elbow in a pipe stress analysis shall
be used in eq. (I1I-2-1) to determine the elbow’s flexibility

factor, k.
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(d) Inthe absence of more directly applicable data, the
flexibility factor for elbows may be determined as
described in paras. I1I-2.1.1 through II1-2.1.3.

111-2.1.1 Type | and Type Il Elbows. The equations
below may be used to calculate the flexibility factor, k,
for Type I and Type II long-radius elbows that comply
with the following criteria:

(a) The diameter-to-total-thickness ratio is not greater
than 140.

1/6
[ tR /
c=
D\ (111-2-4)
()
(b) For elbows with two flanged ends

tR; /3

(111-2-5)

()

b) Thepipe size does not exceed 1200 mm (48 in.
dia(rr{eter. PP ( J where o . . )
(c) The|butt joint between the elbow and the pipe is a b= 1n51.de diameter of PIpE, mm (in.)
Type Il laminate, and the connected pipe is Type II or fila- R, = radius of bend, mm (in.)
ment-woulnd laminate. = 1'$D
For Type | elbows t. = thickness of the total Wall ofthe'elbow medsured
104 at the extrados, mm (in,)
k= o.zzy(g)[ﬁ] (I1-2-2)
t, )\ t, NOTE: k shall not be taken as’less than 1.0.
For Type |I elbows llI-2.2 Stress Intensification Factors for ELbpws
—098 (a) Due to thelovalization of an elbow that occurgwhen
e = 02 D\_, . 5 (i-2-3)  theelbow is exposed to a bending moment, the magimum
A, e, bending stress in an elbow is typically greater than that of
an equivalent pipe.
where (b) The SIF, i, of an elbow is defined as follows, pnd is
D = ingide diameter of pipe, mm (in.) not less than 1.0:
t. = thickness of the total wall of the elbow measured i = og/op (ji1-2-6)
at|the extrados [including a corrosion-barrier
thickness of at least 2.8 mm (0.11 in.)], mm (in) where
t; = thickness of the total wall of the elbow measured 0p = maximum stress in an elbow when the elbow is
atthe intrados [including a corrosion-barrier exposed to a bending moment, MPa (psi)
thickness of at least 2.8 mm (0.11 in.)], mm (in.) op = stress in an equivalent pipe (see Note) when the
y = cofrection factor for reduction in fleibility due to pipe is exposed to the same bending mgment,
inernal pressure MPa (psi)
= £1 = M/Z
g 2.531 % R10'333 r M = bending moment, N-mm (in.-Ib)
Ente £33 Z, = section modulus, mm* (in.*)
Fr = hoop modulus,of the elbow, MPa (psi) NOTE: An equivalent pipe is one that has th¢ same
P = pressure, MPa'(psi) section modulus, Z;, as the elbow that it is infended
R: = radius efithe bend, mm (in.) to represent. This is the section modulufs that
= 1.5D, should be entered into a pipe stress analysis.
r = inside' radius of the elbow, mm (in.)

NOTE: k shall'not be taken as less than 1.0.

(c) The same section modulus that is intended|to be
used to represent the elbow in a pipe stress anfalysis

11I-2.1.2 Elbows Other Than Type | and Type Il. In the
absence of more directly applicable data, the flexibility
factor, k, for elbows other than Type I and Type II
shall be taken as 1.0.

111-2.1.3 Flanged Elbows. The flexibility factor for
flanged elbows shall be reduced by multiplying k by
one of the following factors, c:

(a) For elbows with one flanged end

80

shall be used i eq. (111-2-6) To determine the elbow’s
SIF, i.

(d) The magnitudes of SIFs typically depend on direc-
tion of the applied moment, i.e., in-plane, out-of-plane, or
torsional, and are typically determined for both the hoop
and axial directions.

(e) In the absence of more directly applicable data, the
SIFs for elbows may be determined as described in
paras. I1I-2.2.1 through I1I-2.2.3.
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111-2.2.1 Type | and Type Il Elbows

(a) The following equation shall be used to calculate i
for Type I and Type II long-radius elbows for which the
diameter-to-structural-thickness ratio is not greater than
140, and for which the pipe size does not exceed 1 200 mm
(48 in.) diameter:

tis
a = 3.59 — 1.30 X (—)

es

t:
= 1.64if % > 1.50

tes

(-b) For i,

ay tis
= 111-2-7 =237 - 078 x [ £
10667 (Iit-2-7) o = 23707 (tes)
yon olis oo
Wherf — 1.ZU1I tes 1.0U
h E flexibility characteristic
= feRy (-c) For iy and i,y
2
.
r = inside radius of the elbow, mm (in.) a = 2.15 — 0.74.X (i)
R, = radius of the bend, mm (in.) fes
= 1.5Dwhere Distheinside diameter of the = 1.04 ifi > 1.50
pipe es
t,; = thickness of the structural wall of the
elbow measured at the extrados, mm  Where
(in.) tes = thickness-of the structural wall measyred at the
a, E correction factor for reduction in SIF due to extrados, mm (in.)
increased thickness at the intrados compared ti; = thickness of the structural wall measyred at the
to the extrados; see (c) below intrados, mm (in.)
y E correction factor for reduction in SIF due to
internal pressure (2) Type Il Elbows
3 -1 (-a) For iy
Pr 0333_ 1
1+253—— X R .
Ejt, £33 a = 3.03 — 1.02 X (tﬁ)
Ej, = hoop modulus of the elbow, MPa (psi) . e
P = pressure, MPa (psi) =1.50 if £ > 1.50
t, = thickness of the total wall of the elbow fes
measured at the extrados-{including a b) For i
corrosion-barrier thickness’of at least (b) For iop
2.8 mm (0.11 in.)], mm~\(in. t:
( J (in.) a = 1.70 — 0.50 X (tﬂ)
es
(b) |Five SIFs are required to quantify the stresses in an t
elbow. =095 if t—ls > 1.50
(D) longitudinal SIF due _to in-plane moment, i;. “
(£) longitudinal SIFidue to out-of-plane moment, i,. (-¢) For iy and ipy
(B) hoop SIF dueyto in-plane moment, i;,.
(#) hoop SIF due to out-of-plane moment, i,p. a = 1.62 — 0.52 X (i)
(b) shear stress SIF due to torsional moment, i,. For tes
Type [ and Type-Il elbows, i, may be taken to be 1.0. — 0.84 o Bis > 1.50
(c) |[FRP-élbows are often manufactured such that the ' t
thickness.varies uniformly around the circumference of
the etbow o a— S ados—to—3 Othe ype Il. For

maximum at the intrados. An elbow with this additional
thickness will have lower SIFs than an elbow that has a
uniform thickness around its entire circumference. For
Type I and Type II long-radius elbows, this reduction
in SIF may be accounted for using the following values
of ay:

(1) Type I Elbows
(-a) For iy
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elbows other than Type I and Type Il long-radius
elbows, the SIFs shall be determined by testing or FEA,
or by using historical values that have been documented
to have been used successfully for a minimum of 5 yr.

111-2.2.3 Flanged Elbows. The SIFs for flanged elbows
may be reduced by multiplying i by one of the following
factors, c:

(a) For elbows with one flanged end
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1/6

— tesRy /

D\ (111-2-8)
()
(b) For elbows with two flanged ends

1

_ fesRy /3

= (111-2-9)

()

(b) FRP elbows are often manufactured such that the
thickness varies uniformly around the circumference of
the elbow from a minimum at the extrados to a
maximum at the intrados. This additional thickness
will reduce the maximum hoop pressure stress of the
elbow compared to an elbow that has a uniform thickness
around the entire circumference. The following values for
az may be used for Type I and Type II elbows:

(1) a3z = 0.8 if tis/tes > 1.25

where (2) as = [-08(t/t. ) +18]if10 </t .25

D = inside diameter of pipe, mm (in.) where

R; = rddius of bend, mm (in.) t,; = thickness of the structural wall measured [at the

= 1pD extrados, mm (in.)
t.s = tHickness of the structural wall of the elbow ti; = thickness of the structural wall'measured Jat the
mleasured at the extrados, mm (in.) intrados (not less than t,), mm"(in.)

1lI-2.3 Pressure Stress Multipliers for Elbows 111-2.3.2 Elbows Other ThanType | and Type |I. For

(a) An lelbow will experience higher hoop stresses
when expgsed to pressure than will an equivalent pipe.
(b) The pressure stress multiplier, m, of an elbow is
defined ag follows, and is not less than 1.0:
m = oygp/oyp (111-2-10)
where
oyp = paximum hoop stress in an elbow when the
d¢lbow is exposed to pressure, MPa (psi)
oyp = Noop stress in an equivalent pipe (see Note)
Wwhen the pipe is exposed to the same pressure,
MPa (psi)
NOTE: An equivalent pipe is one that has the sdame
dtructural thickness, t;, as the elbow that it is ititended
to represent. This is the structural thickness that
ghould be entered into a pipe stress analysis.
(c) The|same thickness that is intefded to be used to
represent the elbow in a pipe stresganalysis shall be used

in eq. (111-2-10) for oyp to determine the elbow’s pressure
stress multiplier, m.

elbows other than Type }and Type II, the pregssure
stress multiplier shall be;determined by testing of FEA,
or by using historical values that have been docunjented
to have been used,suceessfully for a minimum of |5 yr.

1I-3 TEES

111-3.1 Flexibility Factors for Tees
The flexibility factor, k, for tees shall be taken to be 1.0.

IH-3.2 SIFs for Tees

In the absence of more directly applicable data, thg SIFs,
i, for tees may be determined as describgpd in
paras. I1I-3.2.1 and I1I-3.2.2. In no case shall i be less
than 1.0.

111-3.2.1 Type | and Type Il Tees

(a) For Type I and Type II tees and reducing tdes for
which the diameter does not exceed 600 mm (24 in.), the
SIF, i,is a function of the pipe factor, A,. The pipe factor, A, is
defined as follows:

(d) Inthe absence of mofe-directly applicable data, the Ay = 2tR (1-2-12)
pressure stress multipljiers.for elbows may be determined Dy
as describled in parasnH¥-2.3.1 and 111-2.3.2.
where
-2.3.1 Type Nntl Type Il Elbows Dr = inside diameter of the main run structural wall,
(a) Thelfollowing equation may be used to calculate m mm (in.)
for Type ILand Type II elbows: tp = thickness ofthe structurallayer of the mainjrun of
R the tee, mm (in.)
41 -1
D _2-
m=a ﬁ (11-2-11) (b) The longitudinal SIFs shall be determined by
D . . —0.5 2-
Where D lix = le = 066(/11») (HI 2 13)
D = inside di ter of elbow, in. : )
o ersridera(ljaillrlr;e;rtﬁe zlb(())\‘/\//v El:l ((llfrll)) Ry > D (c) The hoop SIFs, iy, and i,,, may be taken to be 0.0.
- ’ b d) The torsional SIF, i, be taken to be 1.5.
a3z = correction factor for reduction in m due to (@) ¢ torsiona lp My be taken to be

increased thickness at the intrados compared
to the extrados; see (b)
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111-3.2.2 Tees Other Than Type | and Type Il. For other
than Type I and Type II tees, the SIFs shall be determined
by testing or FEA, or by using historical values that have
been documented to have been used successfully for a
minimum of 5 yr.

111-3.3 Pressure Stress Multipliers for Tees

Inthe absence of more directly applicable data, the pres-
sure stress multiplier for tees may be determined as

lll-4.1 Flexibility Factors for Concentric Reducers

The flexibility factor, k, for concentric reducers shall be
taken to be 1.0.

111-4.2 SIFs for Concentric Reducers

In the absence of more directly applicable data, the SIFs,
i, for concentric reducers may be determined as described
in paras.Il1-4.2.1 and I11-4.2.2. In no case shall i be less than

1.0 exceptthatthe hoop SIFS, iy and i, mayhe taken to be

descrfped I paras. 111-3-3.1 and 111-3-3:2. I no case
shall f be less than 1.0. 0.0.
I1I-3.3.1 Type | and Type Il Tees lll-4.2.1 Type | and Type Il Concentric Redyicers. The
following values for SIFs may be usedfor Type I 4and Type Il
(a)|For Type I and Type II tees and reducing tees for  concentric reducers for which the diameter-to-$tructural-
which the diameter does not exceed 600 mm (24 in.), the thickness ratio is not greater than.120, and for{which the
presspire stress multiplier, m, is a function of the pipe  pipe size does not exceed 200 mm (48 in.) fiameter:
factor} A,.. The pipe factor, A,, is defined as follows:
(L) For equal tees, Dg = D SIF
Concentric Reducer Large Diameter Smalll Diameter
2p Type End End
Ap=— (I1-2-14) 1 2.5 13
Dr
11 2.5 1.3
(R) For reducing tees, Dg < Dy
11I-4:2.2 Concentric Reducers Other Than Type | and
2% 2 D Typell. For other than Type I and Type II concehtric redu-
Ay = (—B] “R (111-2-15) cers, the SIFs shall be determined by testing or[FEA, or by
Dg 2R using historical values that have been documented to have
been used successfully for a minimum of 5 yi.
wherd
Dp |= inside diameter of the branch structural wall,mm  ]]]-4.3 Pressure Stress Multipliers for Concentric
(in) , Reducers
Dg |= inside diameter of the main run structural wall,
mm (in.) The pressure stress multiplier, m, for concefptric redu-
tp |= thickness of the structural layel of the branch of ~ cers shall be taken to be 1.0.
the tee, mm (in.)
tr |= thickness ofthe structurallayer ofthe mainrunof  IlI-5 FLANGES
the tee, mm (in.)
111-5.1 Flexibility Factors for Flanges
(b) 'Lhe pressure stressunultiplier, m, shall be deter- Flanges shall be considered to be rigid elerhents.
mined by

= 14(2) 02 (111-2-16)

111-3.3.2-Tees Other Than Type | and Type Il. For other
than TypeTand Type Il tees, the pressure stress multiplier,

111-5.2 SIFs for Flanges

In the absence of more directly applicable datya, the SIFs,
i, for flanges may be determined as deskribed in
paras. I1I-5.2.1 and I1I-5.2.2. In no case shalll i be less
than 1.0 except that the hoap SIFs, iy and il,, may be

m, shall be determined by testing or FEA, or by using
historical values that have been documented to have
been used successfully for a minimum of 5 yr.

I11-4 CONCENTRIC REDUCERS

The minimum length for concentric reducers is 2.5
times the difference in diameters.
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taken to be 0.0.

111-5.2.1 Typeland Type Il Flanges. For Type I or Type
Il flanges designed in accordance with
Mandatory Appendix I, the SIF may be taken to be 1.0.

111-5.2.2 Flanges Other Than Type | and Type Il. For
other than Type I and Type II flanges, the SIFs shall be
determined by testing or FEA, or by using historical
values that have been documented to have been used
successfully for a minimum of 5 yr.
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11I-5.3 Pressure Stress Multipliers for Flanges

The pressure stress multiplier, m, for flanges shall be
taken to be 1.0.
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MANDATORY APPENDIX IV
SPECIFICATION FOR 55-deg FILAMENT-WOUND
GLASS-FIBER-REINFORCED THERMOSETTING-RESIN (FRP)

1DE

D
r

IV-1 SCOPE

(a)|This Appendix covers pipe fabricated by filament
winding and made of a commercial-grade polyester
resin.[[ncluded are requirements for materials, properties,
construction, dimensions, tolerances, workmanship, and
appedrance. This Appendix applies to 55-deg machine fila-
ment{wound pipe described as Type III pipe in ASME
NM.3.B.

(b) | This Appendix covers pipe made from both polye-
ster and vinyl ester resins and glass-fiber-reinforcing
matefials. See para. IV-5.2 for reinforcing materials
allow¢d in the corrosion barrier.

NOTE:[For the purposes of this Appendix, the term “polyester
resin” [includes both polyester and vinyl ester resins.

IV-2 [SAFETY

Thif specification does not purport to address-all of the
safety| concerns, if any, associated with its‘use. It is the
respqnsibility of the user to establishappropriate
safetyland health practices and determineé the applicability
of regulatory limitations prior to(use:

IV-3 REFERENCED STANDARDS

ASTM|C581, Standard.PRractice for Determining Chemical
Redistance of Thermosetting Resins Used in Glass-
Fiber-Reinforced-Structures Intended for Liquid Service

ASTM|D638, Standard Test Method for Tensile Properties
of Rlastics

ASTM|D790) Standard Test Methods for Flexural Proper-
tiesloffUnreinforced and Reinforced Plastics and Elec-

| ] g ™

ASTM D2412, Standard Test Method for Determination of
External Loading Characteristics of Plast]c Pipe by
Parallel-Plate Loading

ASTM D2583, Standard TestMethod for Indentdtion Hard-
ness of Rigid Plastids-hy Means of a Barcol [mpressor

ASTM D2584, Standard Test Method for Ignition Loss of
Cured Reinforced*Resins

ASTM D3039/D3039M, Standard Test Method for Tensile
Properties.of Polymer Matrix Composite Materials

ASTM D3567, Standard Practice for Determining Dimen-
sions\of “Fiberglass” (Glass-Fiber-Reinforced Thermo-
setting Resin) Pipe and Fittings

ASTM F412, Standard Terminology Relating|to Plastic
Piping Systems

Publisher: American Society for Testing and| Materials
(ASTM International), 100 Barr Harbor Drive, P.O.
Box C700, West Conshohocken, PA 19428-2959
(www.astm.org)

IV-4 TERMINOLOGY

IV-4.1 General

Definitions are in accordance with ASTM [D883 and
ASTM F412, and abbreviations are in accordance with
ASTM D1600, unless otherwise indicated.

IV-4.2 Definitions

complete cover: two layers of winding, one gt the plus
winding angle and one at the minus winding jangle.

fiberglass pipe: a tubular product containing glass-fiber
reinforcements embedded in or surrounded by cured

trical Insulating Materials

ASTM D883, Standard Terminology Relating to Plastics

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

ASTM D1600, Standard Terminology for Abbreviated
Terms Relating to Plastics

ASTM D2105, Standard Test Method for Longitudinal
Tensile Properties of “Fiberglass” (Glass-Fiber-Rein-
forced Thermosetting-Resin) Pipe and Tube

thermosetting resin.

filament winding: a process used to manufacture tubular
goods by winding continuous fibrous glass-strand roving,
saturated with liquid resin or pre-impregnated with
partially cured resin, onto the outside of a mandrel in
a predetermined pattern under controlled tension. The
inside diameter (I.D.) of the pipe is fixed by the
mandrel diameter, and the outside diameter (0.D.) of
the pipe is determined by the amount of material that
is wound on the mandrel.
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helical winding: filament winding where the reinforce-
ment is placed at a specified angle (other than 0 deg
or 90 deg) to the axis of rotation.

interior layer: resin-rich layer that is between the surfa-
cing veil and the structural layers of a reinforced plastic
laminate.

polyester: resin produced by the polycondensation of dihy-
droxy glycols and dibasic organic acids or anhydrides,
where atleast one component contributes ethylenic unsa-

(2) The catalyst/promoter system, diluents, flame retardants,
or thixotropic agents used in the resin can affect its chemical
resistance.

(3) Antimony compounds or other fire-retardant agents may be
added to halogenated resins for improved fire resistance, if
agreed to by the manufacturer and the purchaser. These
compounds usually impact the translucency of the resin
and do not improve the flame retardancy of nonhalogenated
resins.

IV-513 Additives for Abrasion Resistance

turation, ylielding resins that can react with styrol mono-
mers to give highly cross-linked thermoset copolymers.

structural|layer: the portion of the laminate construction
providing [the primary mechanical strength.

surfacing Veil: a thin mat of fine fibers used primarily to
produce a|smooth, corrosion-resistant, resin-rich surface
on a reinfprced plastic laminate.

vinyl ester} resin characterized by reactive unsaturation
located predominately in terminal positions that can
react with styrol monomers to give highly cross-linked
thermoset] copolymers.

IV-5 MATERIALS AND MANUFACTURE

IV-5.1 Re¢sin System
IV-5.1.1f Resin

(a) Thelresin used shall be a commercial-grade, corro-
sion-resistant polyester that has been determined to be
acceptablg for the service by either test (see ASTM C581]
or previoys documented service.

(b) Where service conditions have not been evaluated,
a suitablg resin may also be selected by agreement
between the manufacturer and the purchaser.

(c) The|use of one resin in the corrosion barrier and a
different resin in the structural layer (see section IV-7) is
permitted|if acceptable to the purchaser.

IV-5.1.2| Additives

(a) Additives such as thixotropic agents or flame retar-
dants may| be used whén agreed upon by both the manu-
facturer and the purchaser.

(b) Additional ‘styfene may be added to the resin for
viscosity dontrol:

(c) No material shall be added to the resin used in the

(a) Additives may be added to the interior and/jor ex-
terior corrosion barrier to increase abrasion.resistance as
agreed upon between the manufaeturer and the
purchaser.

(b) Additives to enhance abrasion\resistance njay be
added to the resin, up to 5%/by weight of the[resin
system in the filament winding;without impacting pallow-
able stresses per ASME NM:3.3.

IV-5.2 Fiber Reinforcements
IV-5.2.1 Surfaeing Veil

(a) The surfacing veil used in a laminate shall be a
chemical-resistant glass or organic fiber determined to
be acceptable for the chemical service by either [ASTM
C58Lor-verified case history.

(b)“The surfacing veil shall be a minimum of 0.234 mm
(L0 mils) in dry thickness.

IV-5.2.2 Chopped-Strand Reinforcements

(a) Chopped-strand reinforcements shall be E-type or
E-CR-type glass fibers 25 mm to 50 mm (1 in. to 2 inJ) long,
applied in a uniform layer with random orientatign.

(b) The fibers shall have a sizing compatible with the
selected resin.

(c) Chopped-strand reinforcements may be applied as
a mat or as continuous strand roving that is choppdd into
short lengths and sprayed onto the laminate in a process
known as “spray up.” Either form is most cominonly
applied in layers weighing 460 g/m? (1.5 oz/ft*), although
other weights are available and may be used.

IV-5.2.3 Continuous Roving

(a) Continuous roving shall be E-type or E-CR-type
glass roving, with a maximum 4400 tex (minfjmum

filament winding for the sole purpose of changing the
color or translucency of the resin.

NOTES:

(1) The addition of flame retardants and thixotropic agents can

affect laminate properties and visual inspection of laminate
quality.

yield of 110 yd/1bJ.
(b) The sizing on the roving shall be compatible with
the resin.

IV-6 LAMINATES

IV-6.1 Laminate Construction

The pipe wall shall consist of a corrosion barrier
(comprising an inner surface and interior layer), a struc-
tural layer, and an outer surface.
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IV-6.1.1 Erosion Allowance

(a) An erosion allowance shall be specified to suit the
service conditions.

(b) The erosion allowance consists of the portion of the
corrosion barrier (see para. [V-6.1.2) that is assumed to
corrode or erode away during the service life of the pipe.

(c) The thickness of the erosion allowance shall not be
included in the pipe wall thickness calculation and may be
less than the thickness of the corrosion barrier but shall

IV-6.1.3 Structural Layer

(a) The structural reinforcement shall be helical fila-
ment winding per para. IV-4.2, using resin per para.
IV-5.1 and continuous-roving reinforcement per para.
IV-5.2.3.

(b) The required parameters for the winding process
shall be as follows:

(1) The winding angle shall be 55 deg * 2 deg.
(2) The reinforcement content of the filament-

not exceed the thickness of the corrosion barrier.

v

consis

F.1.2 Corrosion Barrier. The corrosion barrier
ts of the specified inner surface and interior layers.

1I¥-6.1.2.1 Inner Surface

(a)
ment
layer
para.

(b)

The inner surface exposed to the chemical environ-
hall be resin rich and reinforced with at least one
of a suitable surfacing veil in accordance with
[V-5.2.1.

Some chemical environments necessitate the use of
multiple layers of surfacing veil.

(c) |This resin-rich inner surface shall contain less than
10% by weight of reinforcing material and have a thick-
ness between 0.25 mmto 0.50 mm (0.010 in.and 0.020in.)
per layer.

NOTE:| The primary chemical resistance of the reinforced ther-
mosetting-resin pipe is provided by the resin. In combination
with the cured resin, the surfacing veil helps determine the thick-

ness of the resin-rich layer and reduces microcracking.

1¥-6.1.2.2 Interior Layer(s)
(a)

layer

The inner surface layer shall be follewed with a
romposed of resin reinforced only with“noncontin-
uous glass fiber.

(b)| This reinforcement shall be @pplied as chopped-
strand mat or as chopped roving (spray-up process), in
accorglance with para. IV-5.2.2, yesulting in a minimum
reinforcement weight of 460 g/m? (1.5 oz/ft?).

(c) [The combined thigkness of the inner surface and
interipr layer shall noet*be less than specified by design.

(d) |Depending omthe chemical environment, multiple
layers of 460-g/m%[1.5-0z/ft*) chopped strand applied as
mat ofr spray-up,may be used.

(e) |Whefrmultiple layers are used, each ply of mat or
pass ¢f ¢hepped roving shall be well rolled to eliminate

wound [ayers shall be 60% to 75% by welight for a
resin with a cured specific gravity of 1.1
(3) The rovings of each layer shall-be placpd parallel
and close together with little or no-gap:
(-a) No single gap within\th€ band o
adjacent bands shall exceed 3 mni (% in.).
(-b) During winding, if more than $% of the
rovings in the winding.band break or if tw¢ adjacent
rovings break, the winding shall be interfupted to
replace the broken revings.

(4) The winding pattern shall be consisterjt and shall
produce a uniférm laminate without voids or unfeinforced
resin pockets that exceed acceptance criferia. See
para. IV<6.2.

(5)yThe winding pattern of each cove
complete, with the pattern closing at the cor
the cover.

(6) The structural layer shall consist of am
two complete covers.

" between

I shall be
clusion of

inimum of

IV-6.1.4 Outer Surface

(a) The outer (exterior) surface shall be smooth with
no exposed fibers or sharp projections and shdll be resin
rich to prevent fiber prominence.

(b) A surfacing mat or similar reinforcement may be
specified by the purchaser.

(c) Surface resin may be sealed by the addition of
paraffin wax or with a sprayed, wrapped, of overlaid
film (as required or approved by the resin manpfacturer),
to ensure proper cure.

IV-6.1.5 Ultraviolet Exposure. Piping used fpr outdoor
service or otherwise subject to ultraviolet expgsure shall
incorporate provisions to minimize ultraviolef degrada-
tion. Suitable methods may include the following:

(a) ultraviolet absorbers or screening agenits

entra b) opaque pigments in the resin-rich outer-surface

forcement.

(f) The reinforcement content of the inner surface and
the interior layer combined shall be 22% to 32% by weight
of the reinforcement and resin, when tested in accordance
with para. IV-9.1.

87

layer
(c) the use of resins inherently resistant to ultraviolet
degradation
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IV-6.2 Workmanship, Finish, and Appearance

The minimum acceptable level for workmanship and
finish of the finished laminate shall be specified by the
purchaser.

NOTE: A representative laminate sample may be used for deter-
mination of an acceptable surface finish and an acceptable level
of visual defects. See Table 4-3.2-1 for acceptance criteria

IV-7 ACGEPTANCE-CRITERIA

(e) Results from previously manufactured and tested
pipe may be accepted by the purchaser provided such
pipe was manufactured with the same resin, laminate
type, and thickness range within the previous 5 yr.

IV-7.2 Degree of Cure

(a) The degree of cure of the laminate shall be deter-
mined from the Barcol hardness test specified in ASTM
D2583.

IV-7.1 Proof of Design

(a) A tgst pipe fitted with free-end closures to ensure
loading in poth the hoop and axial directions shall be pres-
sure testeql in accordance with ASTM D1599 except that

(1) ohly one specimen needs to be tested

2) tlIe pipe may be tested using water at ambient
temperatyire [10°C to 25°C (50°F to 77°F)] as a test
medium ih lieu of the conditions required by the test
method

(b) Theltest pipe shall be made with the same laminate
type and fesin used on the production pipe and shall
include any required barrier layers.

(c) Thejminimum diameter of the test pipe shall be the
lesser of the largest diameter required for the project or
100 mm (4 in.) and shall have a structural wall consisting
of a minimum of two complete covers.

(d) The test pipe shall withstand 4 times the design
pressure fpr 1 h without leaking or cracking of the corro-
sion barrier; testing to destruction is not required.

(1) When pipe with a corrosion barrier is tested, the

(bJ The mimimum Barcol hardness shall be 90%]of the

resin manufacturer’s published value.

NOTES:
(1) The use of organic reinforcing materials cdn redyce the
Barcol hardness readings without nécesSarily indjcating
undercure.
Due to the size of the Barcol impressor, taking Barcd|l read-
ings on the inside surface of small pipe sizes is frequer]tly not
possible.
A convenient check for the surface cure of polyester r¢sins is
an acetone sensitivity‘’test. Remove mold release or paraffin
way, if present, and wipe the surface clean of dust. Then rub
four or five dropsf acetone on the laminate surface juntil it
evaporates/Any resulting tackiness or softening|of the
surface issanvindication of undercure.

(2

3

IV-8 DIMENSIONS AND TOLERANCES
IV=8.1 Standard Diameters

(a) Standard diameters, based on nominal measure-
ments, shall be as follows. Other diameters mfay be
produced.

test presspire shall be increased to stress the structural Pipe Diameter, DN (NPS) Pipe Diameter, DN (NPS)
wall as if there were no corrosion barrier. 25 () 350 (14)
(2) The adjusted test pressure may be.determined by 20 (11 400 (16
use of lam|nation theory or the rule of mixtures as shown (17) (16)
in egs. (IV}-7-1) through (IV-7-3). 50(2) 450 (18)
- av-7-1) 80 (3) 500 (20)
tror = (tcp + tg) 100 (4) 600 (24)
150 (6) 750 (30)
200 (8) 900 (36)
Eror|= [(tcp X Ega)CH (ts X Eg)l/tror  (V72) 250 (10) 1000 (40)
300 (12) 1200 (48)
— 1v-7-3
Prest) = 4 XEp(troT X EToT)/ (fs X Es) ( ) (b) The tolerance on the inside diameter including out-
h of-roundness shall be +1.5 mm (% in.) for pipe up fo and
where . . . including DN 150 mm (NPS 6) and ¥6.5 mm (£ 7; 1n.) or
Ecg = corrosion-barrier modulus of elasticity, MPa . . . . .
. +1%, whichever is greater, for pipe sizes exceeding DN
(psi) .. . 150 (NPS 6). This measurement shall be made at the
Es = structural wall modulus of elasticity, MPa (psi) : - L : :
. L . point of manufacture with the pipe in an unstrained hori-
Etor = total laminate modulus of elasticity, MPa (psi) i
. . zontal position.
Pp = design pressure, kPa (psi)
Prest = adjusted test pressure, kPa (psi) IV-8.2 Wall Thickness
tcg = corrosion-barrier thickness, mm (in.)
ts = structural wall (filament Wlnd]ng) thickness, (a) For pipe walls less than 32 mm (125 in.) thick, the
mm (in.) minimum wall thickness at any point shall not be less than
tror = total thickness, mm (in.) 90% of the specified thickness. For pipe walls 32 mm
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(1.25 in.) or thicker, the minimum thickness at any point
shall not be less than 3 mm (0.125 in.) less than the speci-
fied wall thickness.

(b) Wall thickness shall be measured in accordance
with ASTM D3567.

IV-8.3 Length

The length of each piece of plain end pipe shall not vary
more than 50 mm (2 in.) from the ordered length unless

IV-9.4 Axial Tensile Strength

(a) Axialtensile strength shall be determined by testing
in accordance with ASTM D638, ASTM D2105, or ASTM
D3039.

(b) The actual laminate thickness shall be tested.

IV-10 MARKING

Pipe shall be marked at least once per section with the

arrangements are made to allow Tor trim 1n the 1eld.

IV-8.4 Squareness of Ends

Pip
mm (]
(24in
than {

e shall be cut square with the axis of the pipe within 3
g in.) for all diameters up to and including 600 mm
) and within 5 mm (% in.) for all diameters greater
00 mm (24 in.).

IV-9 (TEST METHODS

Thd purchaser shall specify which test methods, if any,
are rgquired.

IV-9.1 Glass Reinforcement Content

WhEn required by the purchaser, the glass content shall
be determined in accordance with ASTM D2584.

IV-9.

(a)| Hoop tensile strength shall be determined by
testing in accordance with ASTM D1599. Specimeéns
shall pe tested with unrestrained end closures/(which
provigle biaxial pressure loading).

(b)| The pipe may be tested at ambient\temperature
usingl water at ambient temperature [10°C to 25°C
(50°F[to 77°F)] as a test medium in liewof the conditions
required by ASTM D1599.

P Hoop Tensile Strength

IvV-9.

Hoq
accor
natioj]

B8 Hoop Flexural Modulus

p flexural modulusshall be determined by testing in
lance with ASTM D790 or ASTM D2412 or by lami-
analysis.

it remains
practices:

fottowinmg mformatiomr i sucha mmammrerthat
legible under normal handling and installation|

(a) ASME NM.2, with which the pipe{complies

(b) nominal pipe size [e.g.,“300 mm (12 in.) fliameter”]

(c) pressure rating [e.g., “1 000, kRa (150 pki)”]

(d) resin identification (tradename and nymber)

(e) manufacturer’s name-or\trademark

For example, a 300-mm\(l2-in.) diameter pipe with a
pressure rating of 1000kPa (150 psi) would have the
following marking: YASME NM.2 300 mm (1P in.) Dia.
1 000 kPa (150 psiJ-Rolyeverlast 1234, XYZ Manjufacturing
Co”

IV-11 CERTIFICATION

(a)<Fhe seller or manufacturer shall furnis
catelof compliance when such certification is
by the purchaser.

(1) A signature is not required on the ceftificate of
compliance, but the document shall be dated and shall
clearly identify the organization submitting the Hocument.

(2) Notwithstanding the absence of a sigpature, the
certifying organization is responsible for the dontents of
the document.

(b) The certificate of compliance shall consigt of a copy
of the manufacturer’s test report or a statemgnt by the
seller (accompanied by a copy of the test refults) that
the material has been sampled, tested, and |inspected
in accordance with the provisions of the appli¢able spec-
ification.

(c) If the original identity of the material cannot be
established, certification can be based orly on the
sampling procedure provided in this Appendikx.

h a certifi-
specified
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MANDATORY APPENDIX V
INSPECTIONS AND TESTING OF REINFORCEMENT MATERIALS

V-1 GENf‘RAL

(a) All inspections and tests specified in this Appendix
shall be performed by manufacturer personnel or an inde-
pendent testing laboratory on the reinforcement mate-
rials.

(b) Reinforcement materials include

(1) fiperglass surfacing veil (mat)

(2) organic fiber surfacing veil (mat)
(3) carbon fiber veil (mat)

(4) fiberglass chopped-strand mat

(5) fiberglass spray-up roving

(6) filament winding roving

(7) fiberglass woven-roving fabric

(8) fiberglass unidirectional fabric

(9) fiberglass nonwoven biaxial fabric
(10) fiberglass milled fibers

V-2 FIBHRGLASS SURFACING VEIL (MAT),
ORGANIC FIBER SURFACING VEIL (MAT),
CARBON FIBER VEIL (MAT), AND FIBERGLASS
CHOPPED-STRAND MAT

V-2.1 Introduction

This se¢tion specifies the minimum inspections and
tests that|shall be performed on the(rolls of fiberglass
surfacing Veil, organic fiber surfacifig, veil, and fiberglass
chopped-gtrand mat used to fabricate glass-fiber-rein-
forced thdrmosetting-resin pipihg systems to this Stan-
dard.

V-2.2 Acceptance_Inspection

(a) Accgptancéinspection of the rolls shall include the
following:
(1) Proper Packaging and Identification. This accep-

(3) Unit Weight. At least one roll shall be ins;Lected
for measurement of unit weight per ASQ Z1.4 crit¢ria. If
the inspected roll or rolls fail the inspection-critgria of
para. V-2.4.3, then each roll in the lot shall be insplected.

(b) Form V-2.2-1 or a similar form\that contaips the
provisions to record the results ofthese required inspec-
tions and certifications, if appli¢able, shall be used py the
manufacturer and shall be retained in the inspgction
records.

(1) Aseparate forma shall be used for each mat donsti-
tuent material manufacturer, mat nomenclatur¢, mat
treatment, and matiunit weight.

(2) Inlied of*performing the inspections required in
paras. V-2.4:2.and V-2.4.3, the fabricator may obtajn and
accept fromthe constituent material manufacturer d certi-
ficate of compliance with the requirements and [limits
definied in paras. V-2.4.2 and V-2.4.3. However, the|fabri-
cator shall conduct the receiving inspections requifed in
para. V-2.4.1.

(3) The certificate of compliance described [in (2)
shall ensure that materials were manufactured, insplected,
and tested in accordance with the appropriate spefifica-
tions.

V-2.3 Equipment and Measuring Tools Reqyired

V-2.3.1 Inspection Table and Lights. An inspgction
table and adequate overhead lighting that are syitable
for the inspection and testing of the mat shall be proyided.
The equipment used shall not introduce contamination to
the mat during the inspection and testing process.

V-2.3.2 Linear Measuring Tools. A standard |inear
measuring tool (longer than the width of the [rolls)
that measures the roll widths with minimum acduracy
of +3 mm (+% in.) shall be used. A 305 mm # [l mm
(12 in. %4, in.) square template shall be used to

tance inspéection shall be conducted on the unopened roll.
Acceptance requirements and limits shall be as defined in
para. V-2.4.1.

(2) Imperfections and Contamination. This inspection
shall be conducted during use of the rolled goods. Accep-
tance requirements and limits shall be as defined in
paras. V-2.4.2. If the inspected roll or rolls fail the inspec-
tion criteria of para. V-2.4.2, then each roll in the lot shall
be inspected.

measure the samples or mat for ispection.

V-2.3.3 Laboratory Balance. Alaboratory balance that
measures to 0.1 g and has an accuracy of +0.05 g shall be
used to weigh the samples of mat.

V-2.4 Procedures and Acceptance Limits

V-2.4.1 Roll Identification and Package Inspection

(a) The mat shall be packaged as shipped from the mat
constituent material manufacturer’s factory.
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(b) If repackaging is required, the manufacturer shall
ensure that a material certificate of compliance traceable
to the original material is provided. The original labels
may be modified in regard to number and width of
rolls only. All other documentation shall remain
unchanged.

(c) The mat rolls, as identified by the mat constituent
material manufacturer, shall be verified as having the
same nomenclature as the mat specified to produce
the la

inate

(c) Any property measurement shall be conducted by
unrolling only the quantity of material required to conduct
the test.

(d) The sample of mat shall be placed on the laboratory
balance (see para. V-2.3.3) and weighed to the nearest
0.1g.

NOTE: Convert the grams to ounces, if needed, by multiplying by
0.0352.

(e) Ifthe sample from a roll falls outside the mat consti-

(d)
dama
(e)
date
Form
0]
for fy
prody
Form

The packaging of the mat shall be examined for
be that renders the mat unusable.

Acceptable rolls shall be indicated by recording the
bf the inspection and the inspector’s name in
V-2.2-1, column 4.

For packaged mats that are found to be acceptable
rther inspection and tests, the reinforcement
ction date and lot number shall be entered in
V-2.2-1, columns 2 and 3, respectively.

V-2.4.2 Visual Inspection of Mat

(a)|As the mat is used during fabrication, it shall be
visually inspected for imperfections and contamination.
The date of the inspection and the inspector’s name
shall be recorded in Form V-2.2-1, column 8.

(b)| The mat shall be uniform in color, texture, and

appedrance. Imperfections and contaminants shall be
removed in a manner that does not damage the mat,
or the¢ section of the mat containing the defects may
be removed by making two parallel cuts across_the
width of the mat and discarding the affected\gection.
Whitd or light gray binder spots shall not be considered
contaminants.
NOTE:|Examples of imperfections are holes, cuts, thin spots, and
delamj|nations, i.e., separation of the mat\into layers during
unrolling. Examples of contaminants are”dirt, oil, grease, and
foreign objects.

(9

used

Rolls having any of the\following defects shall not be
n laminates madetto, this Standard:

(1) wet spots

() water contarination

(B) bar marks

(#) lengthivise wrinkles exceeding 1.5 m (5 ft)
-2

V-2/4.3"Weight per Square Foot of Mat

tuent material manufacturer’s specified weighfj range, the
roll of mat shall be rejected.
(f) The values of weighed samples fer.acceptable and
unacceptable rolls shall be entered in Forth V-2.2-1,
column 6. The rejected rolls shall be identifled by the
word “rejected” written next to.the recorded [weight.

V-3 FIBERGLASS SPRAY-UP ROVING AND
FILAMENT-WINDING ROVING

V-3.1 Introduction

This section ‘specifies the minimum inspe
tests that\shall be performed on fiberglass| spray-up
roving-and filament-winding roving used td fabricate
glass=fiber-reinforced thermosetting-resfin piping
systems to this Standard.

rtions and

V-3.2 Acceptance Inspections

(a) Acceptance inspection of roving shall ipclude the
following:

(1) Proper Packaging and Identification. T
tance inspection shall be conducted on the uno
Acceptance requirements and limits shall be as
para. V-3.4.1.

(2) Imperfections and Contamination. Thisfinspection
shall be conducted during use of the roving bdlls. Accep-
tance requirements and limits shall be as defined in
para. V-3.4.2.

(3) Roving Yield. Selected rolls shall be indpected for
measurement of roving yield per ASQ Z1.4 critefria. Accep-
tance requirements and limits shall be as defined in
para. V-3.4.3.

(b) Form V-3.2-1 or a similar form that contains the
provisions to record the results of inspectionjs shall be
used by the manufacturer and retained in the fnspection

|
I'CTCUTUS.

his accep-
bened roll.
defined in

(a) Fromtheleading edge of eachroll of mat that willbe
inspected in accordance with para. V-2.2,a 0.09-m? (1-ft%)
mat or 0.92-m? (10-ft?) surfacing veil sample shall be cut
using the template specified in para. V-2.3.2.

(b) Iftherollislessthan 304.8 mm (12 in.) wide, the full
width of the roll shall be used, but the length of the sample
shall be adjusted (use the linear measuring tool specified
in para. V-2.3.2).
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(1) A separate form shall be used for each roving
constituent material manufacturer, roving nomenclature,
and roving yield.

(2) Inlieu of performing the inspections required in
paras. V-3.4.2 and V-3.4.3, the fabricator may obtain and
accept from the constituent material manufacturer a certi-
ficate of compliance with the requirements defined in
paras. V-3.4.2 and V-3.4.3. However, the fabricator
shall conduct the receiving inspections required in
para. V-3.4.1.


https://asmenormdoc.com/api2/?name=ASME NM.2 2020.pdf

ASME NM.2-2020

(3) The certificate of compliance described in (2)
shall ensure that materials were manufactured, inspected,
and tested per the material supplier’s specifications.

V-3.3 Equipment and Measuring Tools Required

V-3.3.1 Wrap Reel. Equipment that provides a sample
at least 5486.4 mm (6 yd) long, measured and cut under
sufficient tension to keep the strand taut, shall be used. A
standard 914.4-mm (1-yd) or 1371.6-mm (1.5-yd) yarn

V-3.4.3 Measurement of Roving Yield

(a) From one roving ball per shipment, a sample of
roving at least 5486.4 mm (6 yd) long (length A) shall
be obtained as required by para. V-3.3.1.

(1) Roving shall be pulled from the same side of the
package as used in the manufacturer’s process.

(2) If the roving is pulled from the outside of the
package, sufficient material shall be removed and
discarded so that the sample will be taken from undis-

reel with[adjustable-Transverse, four-skein capacity
should be|used.

V-3.3.2|Laboratory Balance. A laboratory balance that
measures fo 0.1 g and has an accuracy of +0.05 g shall be
used to wgigh the roving samples.

V-3.4 Prpcedures and Acceptance Limits
V-3.4.1

(a) Thelroving shall be packaged as shipped from the
constituent material manufacturer’s factory.

(b) The|roving shall not be repackaged in the distribu-
tion of thg material after the constituent material manu-
facturer hps shipped the roving.

(c) The|roving balls, as identified by the constituent
material hanufacturer, shall be verified as having the
same nomenclature as the roving required.

(d) The|packaging of the roving shall be inspected for
damage tHat renders the roving unusable.

(e) Acceptable roving shall be indicated by recording
the date df the inspection and the name of the person
performing the inspection in Form V-3.2-1, column-4-

(f) For packaged rovings that are found to be accept-
able for fyrther inspection and tests, the reinforcement
productioh date and lot number for each ball shall be
entered in Form V-3.2-1, columns 2 and 3, respectively.

Roving Identification and Package Inspection

V-3.4.2

(a) Thg roving ball shall be‘visually inspected for
imperfections and contamination prior to use by the
manufactyrer.

(1) The date of the inspection and the inspector’s
name shall be recorded in Form V-3.2-1, column 7.

(2) U any roving ball is rejected, the reason shall be
recorded in thie~‘Comments” section of Form V-3.2-1.

(b) Roving™balls having any of the following defects

Visual Inspection of Roving

turbed material.
(3) The sample shall be removed from the wraL) reel.
(4) The sample shall be doubled sevexal)tim¢s and
tied with a single knot.
(b) The sample shall be placed @n .the laboratory
balance (see para. V-3.3.2) and weighed to the ngarest
01g
NOTE: Convert grams to ounces;-.if'needed, by multiplying by
0.0352.
(1) Two specimens{from each package shpll be
weighed, and the ayerage of the two weights calcylated.
(2) Theaveragé weightshall berecorded aswejghtA.
(c) The yield)'in yards per pound, shall be calchilated
from the following equation:

16 0z/Ib X length,yd

ield,yd/Ib =
psld yd/ weight A, oz

V-3-1)

{d) The yields of acceptable and unacceptable bplls of
roving shall be entered in Form V-3.2-1, column §.

(e) Iftheyield of the ball of roving is outside the qonsti-
tuent material manufacturer’s specification, the
remaining balls in the shipment shall be inspected per
ASQ Z1.4 criteria, following the procedure specified in
(a) through (d).

(f) Balls whoseyield is outside the constituent m
manufacturer’s specification shall not be used forj
nates made to this Standard.

(g) The rejected roving balls shall be identified
word “rejected” written next to the yield in Form V
column 5.

(h) The date of the yield measurement and the ngme of
the person who took the measurement shall be redorded
in Form V-3.2-1, column 6.

hterial
lami-

by the
3.2-1,

V-4 FIBERGLASS WOVEN ROVING FABRIC,

shall not be used for laminates made to this Standard:
(1) contamination from foreign matter such as dirt,
oil, grease, waste glass fiber, or beads of glass such that it
would detract from the performance or appearance of the
finished product
(2) water contamination

92

FIBERGLASS NONWOVEN BIAXIAL FABRIC,
AND FIBERGLASS UNIDIRECTIONAL FABRIC

V-4.1 Introduction

This section specifies the minimum inspections and
tests that are to be performed on rolls of fiberglass
woven roving fabric, fiberglass nonwoven biaxial
fabric, and fiberglass unidirectional fabric used to fabri-
cate glass-fiber-reinforced thermosetting-resin piping
systems to this Standard.
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V-4.2 Acceptance Inspections

(a) Acceptance inspection of fabric rolls shall include
the following:

(1) Proper Packaging and Identification. This inspec-
tion shall be conducted on the unopened roll. Acceptance
requirements and limits shall be as defined in
para. V-4.4.1.

(2) Imperfections and Contamination. This inspection
shall be conducted during use of the rolled goods. Accep-

V-4.4 Procedures and Acceptance Limits
V-4.4.1 Roll Identification and Package Inspection

(a) The fabric shall be packaged as shipped from the
constituent material manufacturer’s factory.

(b) The fabric shall not be repackaged in the distribu-
tion of the material after the constituent material manu-
facturer has shipped the fabric.

(c) The fabric rolls, as identified by the constituent

tance|requirements and limits shall be as defined in
para. V-4.4.2.

(B) Width, Unit Weight, and Construction. Selected
rolls ghall be inspected for measurement of width and
unit Weight and for construction of fabric per ASQ Z1.4
criterja. Acceptance requirements and limits shall be as
defingd in paras. V-4.4.3 through V-4.4.5.

(b)|Form V-4.2-1 or a similar form that contains the
provigions to record the results of these required inspec-
tions ghall be used by the manufacturer and retained in the
inspeg¢tion records. A separate form shall be used for each
fabric| constituent material manufacturer, fabric nomen-
claturg, fabric unit weight (in ounces per square yard), and
fabric| construction.

(c) |In lieu of performing the inspections required in
paras| V-4.4.2 and V-4.4.3, the fabricator may obtain
and afcept from the constituent material manufacturer
a certificate of compliance with the requirements
defingd in paras. V-4.4.2 and V-4.4.3. However, the fabri<
cator ghall conduct the receiving inspections required in
para. [V-4.4.1.

V-4.3

V-4.3.1 Inspection Table and Lights.’ An inspection
table and adequate overhead lighting:that are suitable
for the inspection and testing of\the fabric shall be
used. [The equipment used shallnotintroduce contamina-
tion tp the fabric during inspeetion and testing.

Equipment and Measuring Tools Required

V-4
Tools

(a)| A standard\inear measuring tool (longer than the
width of the €ol]) that measures the roll widths with
minium accuracy of +3.275 mm (+'% in.) shall be
used. A 76:3mm + 0.79 mm (3in. + %, in.) square template
shall be ised to measure the samples for inspection

.3.2 Linear Measuring, Marking, and Cutting

material manufacturer shall be verified as aving the
same nomenclature as the fabric required.

(d) The packaging of the fabric rolls shall.be
for damage that renders the fabric unusable.

(e) Acceptable rolls shall be indicated by redording the
date of the inspection and the\nhame of the person
performing the examination i, Form V-4.2-1,|column 4.

(f) For packaged rolls thatare found to be acceptable
for further inspection anditests, the fabric prodyction date
and lot number shall be entered in Form V-4.2-[, columns
2 and 3, respectively.

examined

V-4.4.2 Visual Inspection of Fabric

(a) Geneéral. As fabric is used, it shall b
inspected* for imperfections and contaminati
manufacturer.

(1) The date of the inspection and the ipspector’s
name shall be recorded in Form V-4.2-1, column 9.

(2) If aroll is rejected, the reason shall b¢ recorded
under the “Comments” section on Form V-4.2-1.

(b) Fiberglass Woven Roving and Fiberglass|Nonwoven
Biaxial Fabric

(1) Fabric shall be uniform in color, tekture, and
appearance. The following imperfections and/¢r contam-
inations shall be removed from fiberglass woyen roving
and fiberglass nonwoven biaxial fabric by making two
parallel cuts across the width of the fabric and discarding
the rectangular sections of fabric containing the defects:

(-a) dirtspots'4.76 mmto 19 mm (¥ ih. to % in.)
in diameter in excess of one per 3 linear m (10 linear ft)

(-b) missing ends for more than 0.61 cpnsecutive
m (2 consecutive ft) in length

(-c) fuzz clumps or loops greater than
in.) in height from the surface

(2) Fiberglass woven roving and f
nonwoven biaxial fabric having any of the
defects shall not be used for laminates made t

e visually
ns by the

25 mm (1

berglass
following
this Stan-

(b) Afine-pointfelt-tip pen and scissors shall be used to
mark and cut the samples.

V-4.3.3 Laboratory Balance. Alaboratory balance that
measures to 0.1 gwith an accuracy of +0.05 g shall be used
to weigh the samples.
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dard:

(-a) dirt spots® in excess of 19 mm (%, in.) in
diameter

(-b) more than 11 missing ends, either individual
picks or any combination of individual and multiple (2, 3,
4, or 5) ends, in any 30.48 consecutive linear m (100 con-
secutive linear ft)

L “Dirt spots” are defined as all foreign matter, dirt, grease spots, etc.
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(-c) fuzz clumps or loops that prevent the proper
lay-down of the fabric and that cannot be easily removed

(-d) water contamination

(c) Fiberglass Unidirectional Fabric

(1) Fiberglass unidirectional fabric shall be uniform
in color, texture, and appearance. The following imperfec-
tions and/or contaminations shall be removed from the
fabric by making two parallel cuts across the width of the
fabric and discarding the rectangular sections of fabric

(b) Rolls with variations greater than +12.7 mm (+%
in.) shall not be used in laminates made to this Standard.

(c) The rejected rolls shall be identified by the word
“rejected” written next to the width in Form V-4.2-1,
column 5.

(d) The date of the width, weight, and construction
measurements and the name of the person who took
the measurements shall be recorded in Form V-4.2-1,
column 8.

containing the defects:

(-a) dirtspots'4.76 mmto 19 mm (¥ in. to % in.)
in diametgr in excess of one per 3 linear m (10 linear ft)

(-b) more than one missing end per 0.3 linear m (1
linear ft) in any direction

(-c) areas of the fabric less than 152.4 mm (6 in.)
where rovjings are disoriented or looped less than 25 mm
(1 in.) in height from the surface. The number of these
areas shall not exceed two per 4.6 linear m (5 linear
yd) of fabric. If they do, the roll shall not be used for lami-
nates made to this Standard.

(-d) weft tails greater than 25 mm (1 in.) or less
than 3.2 mm (% in.) in length.

(-e] bias exceeding +10 deg from 0 deg/180 degin
a warp (machine direction) product or from 90 deg/270
deg in a weft (fill direction) product.

(2) Flberglass unidirectional fabric rolls having any
of the follpwing defects shall not be used for laminates
made to this Standard:

(-a) dirt spots® in excess of 19 mm (%, in.) in
diameter

(-b) more than one missing end per 0.3 linear m (1
linear ft) in any direction

(-c) areas of the fabric greater than 152(4 mm (6
in.) where|rovings are disoriented or looped léss than 25
mm (1 in.) in height from the surface

(-d) areas of the fabric where rovings are disor-
iented or [looped greater than 25 ,mm~(1 in.) in height
from the gurface

(-€]) contamination from water or other
substance}

V-4.4.3| Width Measure' of Fabric

(a) Thellinear measuring tool specified in para. V-4.3.2
shall be uged tomeasure the width of the fabric at a posi-
tionatleagqt 0.91m (1 yd) from the beginning (leading) edge
of the rollland at two additional positions at least 152.4

V-4.4.4 Weight per Square Yard of Fabric
V-4.4.4.1 Measuring Process

(a) The fabric shall be unrolled andlaid flat
inspection table.

(b) One fill pick shall be pulled fromi-the fabric, of
shall be marked across the width of the fabric.

(c) The linear measuring teohspecified in para. Y-4.3.2
shall be used to measure a fabvic sample 914.4 mm (B6in.)
long starting at the pulled'pick or marked line specified in
(b). Asecond pick shallbe pulled or line marked to indicate
the end of the sample.

(d) The 9144~mm (36-in.) long sample shall he cut,
using the scissors specified in para. V-4.3.2, acrops the
width of therfabric.

(e) The width of the fabric shall be measured as
described in para. V-4.4.3.

n the

aline

V-4.4.4.2 Weight Determination Process

(a) The sample shall be placed on the laboratory
balance (see para. V-4.3.3) and weighed to the ngarest
0.1g

NOTE: Convert the grams to ounces, if needed, by multiplying by
0.0352.

(b) The weight, in ounces per square yard, shall be
calculated from the following equation:

weight, oz/‘yd2 1,206 in.%/ yd2

sample weight, oz

V-4-1)

sample width, in. X sample length,

B

le the
shall

(c) Rolls whose weight per square yard is outsi
constituent material manufacturer’s specification
not be used for laminates made to this Standard.

(d) The weight per square yard of acceptable and un-
acceptable rolls shall be entered in Form V-4.2-1, column

mm (6 in.) apart.
(1) Follow the constituent material manufacturer’s
definition for the width of the particular fabric.

NOTE: Due to the methods of manufacturing fabrics, there are
different ways of describing widths of fabrics.

(2) Measure to the nearest 3.175 mm (% in.).

(3) Average the three measurements and enter the
measured width of acceptable and unacceptable rolls in
Form V-4.2-1, column 5.

94

6. The rejected rolls shall be identified by the word
“rejected” written next to the recorded weight.

V-4.4.5 Construction

(a) The following construction process shall be used:
(1) Unroll the fabric on the inspection table and lay

flat.
(2) Perform the verification of construction in an
area at least 1 yd from the beginning of the roll and
one-tenth of the width from the edge of the fabric. For
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example, on 1524-mm (60-in.) material, start at least
152.4 mm (6 in.) from one edge and 914.4 mm (1 yd)
from the beginning of the fabric.

(3) Using the template required by para. V-4.3.2,
measure a 76.2-mm (3-in.) square and count the
number of warp strands (if applicable) to the nearest
half strand in the section. Repeat this three times diagon-
ally across the fabric.

per inch in the warp of the fabric.
The construction process described in (a) shall be
repeated for the fill (weft) strands, if applicable.
Rolls whose picks per inch in either warp or fill are
outside the constituent material manufacturer’s specifica-
tion shall not be used for laminates made to this Standard.
(d) | The picks per inch in the warp and fill of acceptable
and uppacceptable rolls to the nearest 0.1 picks shall be
enterg¢d in Form V-4.2-1, column 7.

V-5 FIBERGLASS MILLED FIBERS

V-5.

Thik section specifies the minimum inspections and
tests that shall be performed on packages of fiberglass
milled fiber used to fabricate glass-fiber-reinforced ther-
mosetting-resin piping systems to this Standard.

Introduction

V-5.2

(a)|Acceptance inspections of fiberglass milled fiber
shall |nclude inspection of the milled fiber forproper
packaging and identification, and visual ifispection for
contamination.

(b)|Acceptance requirements andtlimits shall be as
defindd in paras. V-5.4.1 and V-5,4.2.

(c) |[Form V-5.2-1 or a similar ferm that contains the
provigions to record the results.of these required inspec-
tions ghall be used by the manufacturer and retained in the
inspe¢tion records. A separdte form shall be used for each
milled fiber constitdent material manufacturer, milled
fiber homenclature, and milled fiber length.

Acceptance Inspections

V-5.3 Equipment Required

Aninspection table and adequate overhead lighting that
are suitable for the inspection of the milled fiber shall be
used. The equipment used shall not introduce contamina-
tion to the milled fiber during inspection.

V-5.4 Procedures and Acceptance Limits
V-5.4.1 Package ldentification and Inspection

€ packaged as snipped from
the constituent material manufacturer’s factoty.

(b) The milled fiber shall not be repackaged in the
distribution of the material after the-constituent material
manufacturer has shipped the milled’fiber.

(c) The milled fiber, as identified by the cpnstituent
material manufacturer, shall be verified as having the
same nomenclature as thé\milled fiber required.

(d) Each package oftmilled fiber shall be examined for
damage that renders\it-unusable.

(e) Acceptable-milled fibers shall be ind
recording the{date of the inspection and th
the person.performing the inspection in For
column 4.

(f) Forpackaged milled fiber that is found to
able for further inspection, the reinforcement groduction
date and lot number for each package usefl shall be
entered in Form V-5.2-1, columns 2 and 3, refpectively.

icated by
e name of
m V-5.2-1,

be accept-

V-5.4.2 Visual Inspection of Milled Fiber

(a) As milled fiber is used, it shall be visually
for contamination by the manufacturer. The the
inspection and the inspector’s name shall bd
in Form V-5.2-1, column 5.

(b) Packages having contamination of the npilled fiber
evident in the form of water, oil, grease, or|clumping
together shall be rejected.

(c) The results of the visual inspection of ea¢h package
of milled fiber shall be recorded in the “Comments” section
of Form V-5.2-1.

inspected
date of the
recorded
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