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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 adequptely defined in existing standards.

Priorto

requirems

Code for P

were

the development of the ASME Standards for Nonmetallic Pressure Piping Systems, nonmetallic pressure

at all. Othgr standards and codes, such as ASME RTP-1 and the ASME Boiler and Pressure Vessel Code\(BPVC), Sec

included 1

biping

nts were contained within several existing standards. The nonmetallic piping requirements ofthe"ASME B31
Fessure Piping varied across Sections, with some Sections having no requirements for nonmetallic compdnents

lion X,

equirements for reinforced thermoset plastic (RTP) corrosion-resistant equipment but hot for piping and

piping compiponents. ASME BPVC, Section I1I did have a few Code Cases that addressed requirements for some nonmgtallic

piping and
thermopld

Caseswas

as a centralized location for NPPS requirements and are developed by committees whose members are experts
field. The INPPS Committee’s functions are to establish requirements related to préssure integrity for the construc

nonmetall

c pressure piping systems, and to interpret these requirements wheh’questions arise regarding their

This firdt edition of ASME NM.2 provides requirements for construction*of FRP piping and piping component:

Standard 4
designed f

August 13| 2018.

piping components, including those made from glass-fiber-reinforced thermosetting resin (FRP) and|a few
stics, e.g.,, high density polyethylene (HDPE) and poly(vinyl chloride) (PVC). However, the scope of thes¢ Code
very limited, and in some cases the methodology was nearly 30 years old. The ASME NPPS Standards now{ serve

n this
ion of
ntent.
. This

ddresses pipe and piping components that are produced as standard products, and custom products tHat are
or a specific application. ASME NM.2 was approved by the(American National Standards Institute (AN[SI) on

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

vi
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CORRESPONDENCE WITH THE NPPS COMMITTEE

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

Proposing Revisions. Revisions are made periodically to the Standard to incorporate changes that appearnecessary
or degirable, as demonstrated by the experience gained from the application of the Staridard. Approved revisipns will be
publighed periodically.

Thg Committee welcomes proposals for revisions to this Standard. Such proposals should be as specific as possible,
citing|the paragraph number(s), the proposed wording, and a detailed déscription of the reasons for thg proposal,
including any pertinent documentation.

Proposing a Case. Cases may be issued to provide alternative rules\when justified, to permit early implemeéntation of
an amfroved revision when the need is urgent, or to provide rulesnot covered by existing provisions. Cases arfe effective
immefliately upon ASME approval and shall be posted on the(ASME Committee web page.

Reduests for Cases shall provide a Statement of Need and\Background Information. The request should i¢lentify the
Standprd and the paragraph, figure, or table number(s); @and be written as a Question and Reply in the samd format as
existing Cases. Requests for Cases should also indicatethé applicable edition(s) of the Standard to which thq proposed
Case gpplies.

Intgrpretations. Uponrequest, the NPPS Standards Committee will render an interpretation of any requirement of the
Standprd. Interpretations can only be rendeved in response to a written request sent to the Secretary off the NPPS
Standprds Committee.

Reduests for interpretation should-preferably be submitted through the online Interpretation Submittal [Form. The
form is accessible at http://go.asme.org/InterpretationRequest. Upon submittal of the form, the Inquirer willfreceive an
autonjatic e-mail confirming receipt.

If the Inquirer is unable tg use’ the online form, he/she may mail the request to the Secretary of the NPPS|Standards
Comnjittee 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 fequested.
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. Please provide a condensed and precise question, composed in such alway 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 drawings that are
necessary to explain the question; however, they should not contain proprietary names or
information.

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.


https://asmenormdoc.com/api2/?name=ASME NM.2 2018.pdf

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.

NG

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

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

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

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

NM.2

NM.3

Itis
to be
other
stand
suppl
instal

Cer

ASME

ardanad ey dacraacn oFf tapa i apabiien

thermosetting resin.

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

Parts:

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

recognized national or international organizations.
- NM.3.3, Nonmetallic Materials, Part 3 — Properties: This Part provides tables and data sheets fo

thermal expansion and modulus of elasticity) for nohmetallic materials.

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

ation.

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

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

nonfibrous

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

- NM.3.1, Nonmetallic Materials, Part 1 — Thermoplastic Material Specificatioinis#This Part contains th§rmoplastic
material specifications identical to or similar to those published by the "American Society for Tepting and

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

 allowable

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

bn. Factors
cability of

standards. All applicable requirements of the selected standard shall be met. For some installations, more than one
hrd may apply to different parts of therinstallation. 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

stations, industrial and institutienal plants, geothermal heating systems, and central and district heating ahd cooling

Sys
ASME
and
sent
terty

ASME
tray
reg

ems.

ninals.

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

hlating, and metering stations.

B31.3, Process Piping:This code contains requirements for piping typically found in petroleum refinerigs; onshore
offshore petroleum and natural gas production facilities; chemical, pharmaceutical, textile, paper, ore-grocessing,
jiconductor, @nd cryogenic plants; food- and beverage-processing facilities; and related processing glants and

or piping

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

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,
pressures, and temperatures covered in ASME B31.1.

Xi
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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[C 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 thoséagpects
thatare nqt specifically addressed should not be considered prohibited. While safety is the overriding consideyation, this
factor alome will not necessarily govern the final specifications for any piping installation. With few-exeeptions, the
requiremgnts do not, of practical necessity, reflect the likelihood and consequences of deterigration in sgrvice
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 Standards generally specify a simplified approach for many of theirrequirements. A designer may choose tp usea
more rigoous 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 thése.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, examinatiorn, 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.

xii
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Chapter 1
Scope and Definitions

1-1 SCOPE

(a)|This Standard provides requirements for the
design, 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,
flangds, bolting, gaskets, valves, fittings, special connect-
ing components, and the pressure-containing or pressure-
retainiing portions of other piping components, whether
manufactured in accordance with references cited in this
Standprd or specially designed. It also includes hangers
and sfipports and other items necessary to prevent over-
stressjing the pressure-containing components.

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-
facturled by contact molding, centrifugal casting,filament
windihg, and other methods. Its intent is to.provide a
unifom set of requirements for FRP pipe and piping
compgpnents that can be adopted by reference in the
varioys piping codes, including sections of the ASME
B31 Code for Pressure Piping. This-Standard is published
as a geparate 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
sections of the ASME-~B31 Code for Pressure Piping
(ASME B31.1, ASME) B31.3, ASME B31.4, ASME B31.5,
ASME| B31.8, and” ASME B31.9) and selected piping
systemns desighéd to the ASME Boiler and Pressure
Vesse| Code(BPVC), Section 111, Division 1, Subsection ND.

1-1.2 —Emm—s—mve#ed—m—ﬁhepﬁdﬂe%ﬁ—ef—a%eﬂded—]em%

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

(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 intetnal diameter [in meters| (inches)]
exceeds 1262 kPag-m (7,200 psig-in.)

(i) pipingruSed 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.

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.

bonding procedure®: the detailed methods and practices

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.

butt-and-wrapped joint: a bonded joint made by applying
plies of reinforcement saturated with resin to the surfaces
to be joined.

L This definition is from ASTM D883.
2 This definition is from ASME B31.3.
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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
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

fabrication': the manufacture of plastic products from
molded parts, rods, tubes, sheeting, extrusions, or
other forms by appropriate operations such as punching,
cutting, drilling, and tapping, including fastening plastic
parts together or to other parts by mechanical devices,
adhesives, heat sealing, or other means.

fiberglass pipe: a tubular product containing glass-fiber
reinforcement embedded in or surrounded by cured ther-
mosetting resin; the composite structure may contain

using a bipder. 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 info a cylindrical package without mechanical
twist.

corrosion parrier: a resin-rich internal or external layer
that inhibjits penetration of corrosive chemicals to the
structural|layers of the laminate. This layer is typically
reinforced with a glass or synthetic veil and one or
more layefs of chopped-strand mat.

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

cure: to change the properties of a polymeric system into a
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 to reach a speci<
fied propqgrty level.

curing agept: areactive material that when combined with
a resin mdterial initiates polymerization or reacts with a
resin to polymerize the resin; also referre@:to as a hard-
ener.

cyclic long-term hydrostatic presSure: the estimated
internal pressure of the pipidig)product that, when
applied cyflically in accordance with ASTM D2992, Proce-
dure A, will cause failure ofithe product after a specified
number of cycles. The eyclic rate, specified number of
cycles, and extrapolation-of failure results out to the speci-
fied numbgr of cycles are the same as for the cyclic long-
term hydrostatic-strength.

cyclic longttermrhydrostatic strength: the hoop stress that,

thixotropic agerts, PIigmeNnts, o ayes; trermoyetting
liners or coatings may be included.

fire-retardant resin*: a specially compounded material
combined with a resin material designed to redufe the
tendency to burn.

flexibilizer: amodifying liquid mateFialadded to a reginous
mixture designed to make the fitished component fl¢xible,
bendable, or less rigid.

hydrostatic design basis (HDB): ahoop stress develoged for
fiberglass pipe in accordance with ASTM D2992 piactice
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 stfength
to be obtaihed on a cyclic stress (Procedure A) or copstant
stress((Procedure B) basis.

hydrostatic design pressure (HDP)>: the estimated
maximum internal hydrostatic pressure that cin 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 dirction
due to internal hydrostatic pressure, as calculatdd per
ASTM D2992, that can be applied cyclically (Prodedure
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
service (design) factor to the hydrostatic design Hasis.

intrados: the inside bend radius of an elbow.

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

laminate": a product made by bonding together tivo or
more layers of material or materials. There are|three

when applied—cycticatty at25cyctes/mim s catcutatedto
cause the failure of the pipe in a selected number of cycles.
diluent*: a reactive or nonreactive modifying material,
usually liquid, that reduces the concentration of a resin
material to facilitate handling characteristics and
improve wetting.

extrados: the outside bend radius of an elbow.

3 This definition is from ASME RTP-1.
*This definition is from ASME B31.1.

types, as follows:
(a) Type I. See ASME NM.3.2, SC-582.
(b) Type II. See ASME NM.3.2, SC-582.
(c) Type IIl. See Mandatory Appendix IV.

5This definition is from ASTM D2992.
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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
the strand during a stranding operation.

lay up®: in reinforced plastics, to assemble layers of resin-
impregnated material for processing.

reinforced thermoset resin pipe: aterm used synonymously
with FRP pipe.

reinforcement’: glass fibers having the form of chopped
roving, continuous roving, fabric, or chopped-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 or portion

lay-uf: 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.

liner: |see corrosion barrier.

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

long-term hydrostatic pressure (LTHP): the estimated
internal 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 failure of the pipe in a specified number of 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.

pressyre design basis (PDB): an internal pressure devel-
oped ffor a fiberglass piping product and multiplied by
a service (design) factor to,ebtain a hydrostatic design
pressyire. The PDB is the Jong-term hydrostatic pressure
deterLined in accordance” with ASTM D2992; ASTM
D2992 allows the lofig-term hydrostatic pressure to be
obtained on a cygclio stress (Procedure A) or constant
stress| (Proceduré B) basis.

pressyre rating-(PR): the estimated maximum pressure in
a piping component that can be exerted continuously with
a high|degree of certainty that failure of the piping compo-

thereof that includes no rhnngpc in direction and is
restrained from axial movement.

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

stiffness factor*: the measurement of a pipe’q ability to
resist deflection, cas{ determined in accordance with
ASTM D2412.

surfacing veil~a-thin mat of fine fibers used primarily to
produce & smooth surface on a reinforced pldstic.

thermoset resin: a plastic that, after having beep cured by
heat, or other means, is substantially infusiblg and inso-
luble.

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

thixotropic agent: a material added to resin to impart high
static shear strength (viscosity) while retaining|the resin’s
low dynamic shear strength.

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

ultraviolet absorber: a material that when contbined in a
resin mixture will selectively absorb ultraviolef radiation.

unlisted components: piping components notl manufac-
tured in accordance with the specificationq listed in
Table 4-1.1-1.

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

1-3 ABBREVIATIONS

nent will not occur.

Procedure Qualification Record (PQR): a record of the
bonding data used to bond a test piece. The PQR is a
record of variables recorded during the bonding of the
test pieces. It also contains the test results of the
tested specimens. Recorded variables normally fall
within a small range of the actual variables that will
be used in production bonding.

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

Abbreviation Term
BPS [Note (1)]
EP [Note (2)]
FF [Note (2)]
FRP Glass-fiber-reinforced thermosetting resin
HDB [Note (3)]

HDP [Note (3)]

Bonding Procedure Specification
Epoxy, epoxide

Furan-formaldehyde resin

Hydrostatic design basis

Hydrostatic design pressure
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Table continued

Abbreviation

Term

ASME NM.2-2018

NOTES:
(1) Abbreviation is in accordance with ASME B31.3

HDS [Note (4)]
LTHP [Note (3)]
LTHS [Note (4)]
PDB [Note (4)]
PQR [Note (1)]
RTP [Note (5)]
RTR

Hydrostatic design strength
Long-term hydrostatic pressure
Long-term hydrostatic stress
Pressure design basis
Procedure Qualification Record
Reinforced thermoset plastic

Reinforced thermoset resin

(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, but the quali-
ficatigns and experience required of the designer will
deperid on the complexity and criticality of the system.
The owner’s approval shall be documented if the indivi-
dual does not meet at least one of the following criteria:

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

(b) |professional engineering registration, recognized
by thé¢ local jurisdiction, and at leastS.yr of experience
in the| design of related pressure piping

(c) |completion of an accredited‘engineering technician
or asgociate’s degree requiring.the equivalent of at least
2yr of study, plus a minimum-ef 10 yr of experience in the
design of related pressure“piping

(d)| 15 yr of experi€rnice in the design of related pressure
piping

Experience in‘the design of related pressure piping is
satisfied by pipinlg design experience that includes design
calculptiofis,for pressure, sustained and occasional loads,
and pjping flexibility.

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

(c) When a pipe is separated intd individualized pres-
sure-containing chambers (jacketed ‘piping, blanks, etc.),
the partition wall shall be designed on the basis ¢f the most
severe coincident temperatute (minimum or maximum)
and differential pressure‘between the adjoining chambers
expected during service, except as prg¢vided in
para. 2-2.2.3.

2-1.2.2 Required Pressure Containment oi Relief

(a) Provision shall be made to safely contair] or relieve
any expected pressure to which the piping may be
subjected. Piping that is not protected by a|pressure-
relieving device or that can be isolated from a pres-
sure-relieving device shall be designed for af least the
highest pressure that can be developed.

(b) Sources of pressure to be considerdd include
ambient influences, pressure oscillations anpd 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 temperatur¢ of each
component in a piping system is the tempgrature at

2-1.2 Design Pressure
2-1.2.1 General

(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.

which, under the coincident pressure, the greatest thick-
ness is required in accordance with para. 2-1.2.

NOTE: To satisfy the requirements of para. 2-2.2, different
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 anal-
ysis.

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 mgximum sustained operating temperature to
which the piping components can be exposed in
service. The maximum operating temperature, along
with the ¢oincident 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 subjectedto-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 bejtakgn into
account in the design of exposed piping,.The arfalysis
considerations and loads may be as, déscribpd in
ASCE/SEI7. 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 loads”anay be as describpd in
ASCE/SEI7. Authoritative’tocal seismological data may
also be used to define\or refine the design earthguake
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 desfigned,
agranged, and supported so as to withstand repction
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 foi 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
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.

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
flexibjlity 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

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

of pipling.

2-2 DESIGN CRITERIA

Section 2-2 states pressure-temperature design
criterfa, stress criteria, design._Jallowances, 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
materjial and its ‘manufacture, considering at least the
following:

(a) |long=<or short-term tensile, compressive, flexural,
and s$hear)strengths, and modulus of elasticity, at
desigi_témperature

(b) The maximum design pressure is estaplished in
accordance with para. 2-2.3.6.

2-2.2.2 Unlisted Components. FRB, pipinfg compo-
nents not manufactured in accordance-with the specifica-
tions listed in Table 4-1.1-1 but ‘for which|allowable
stresses have been established in accordgnce with
para. 2-2.3.3 or para. 2-2.3:4<hall be tested in dccordance
with para. 2-2.3.6 to 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:,"Qccasional variations of pressufe and/or
temperature may occur in a piping system. Such|variations
shallbe 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 variations plus the
total number of temperature variations 3gbove 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 perrissible to
exceed the pressure rating or the allowable stress for pres-
sure design at the temperature of the increased condition

(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

lLl_y llUt IIIUIrcT t}ldll
(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.
(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.
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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
conditions are connected, the valve segregating the
two services shall be rated for the more severe service
condition. For piping on either side of the valve,

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

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

[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
used to determine S,(;:.13, and Design Method C (see
para. 2-2.3.4) could be used to determine S4¢.1).

(c) Particular types of FRP laminates have greater

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 succegsful in-service experience, proof-of-design
testing, apd 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 hlighest design factors. This Standard recognizes
the followjing methods of design:

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

(2) Method B — Design by Long-Term Testing. Allgw-
able stresges are determined based on the results.efleng-
term prespure testing.

(3) Method C — Design by Short-Term Testing. Allow-
able stresges are determined based on theresults of short-
term testipg.

(4) Method D — Design by Stress, Analysis. Allowable
stresses arje determined based onthe Tesults of short-term
testing or|using strain limits,

(b) FRH is, in general, @wnon-isotropic, non-homoge-
neous material. The strength of the material in one direc-
tion, e.g,, the longitudinaldirection, depends on the stress
in the orthogonaldirection, e.g., the hoop direction. To
account fgr thissbehavior, an allowable stress envelope
as shownih Figlire 2-2.3.1-1 is used to define the allowable
stresses. The@llowable stress envelope defines the allow-

erpngfh in the hoop direction than in the ]nngif 1dinal
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 these types|of lamfinates
solely to resist pressure loads could resultin a pipg with
insufficient capacity to withstand longitirdinal loadd other
than pressure. Consideration shallbe given therefpre to
providing additional longitudidal load-carrying capacity.

Regardless of the design method used to determipe the
pipe thickness required«for’ pressure design, the pipe
thickness shall be increased beyond that requir¢d for
pressure by the following factor:

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

where Ky, <8067 and
Sa(o0:1), = allowable longitudinal stress with no ¢oinci-
dent hoop stress

Suz:1y = allowable hoop stress with coincident|longi-
tudinal stress equal in magnitude to orje-half

that of the hoop stress

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 lited in
ASME NM.3.3 are based on not greater than one-eighth of
the lower deviated value (LDV) of the laminate tensile
strength. The LDV is defined as the test mean|value
less two standard deviations. Pressure design of piping
components shall be in accordance with section 2-3.

2-2.3.3 Design Method B — Design by LongfTerm
Testing. Allowable stresses for pressure desigh per
Design Method B are to be determined in accorfdance
with the procedures described in ASTM D2992. The allow-
able stresses so determined are defined as the hydr¢static
dpcign stresses (HDQ) and shall be in accordance with the

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) Saco:1) the allowable longitudinal tensile stress
with no coincident hoop stress

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

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
cycles. If the static LTHS is used as per ASTM D2992,
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Figure 2-2.3.1-1 Allowable Stress Envelope
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Hure B, the design number 6f hours shall not be less
| 75200 h.

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

(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.

(D) If the cyclic)LTHS is used, the service (design) (e) Su(z:1) shall be taken as not greater than the HDS.
factor] shall not ‘exceed 1.0. Sacz:1) shall be taken as not greater than HIPS/2.
(£) If thestatic LTHS is used, the service (design) (f) Strain in lieu of stress may be used when data is
factor] shall-not exceed 0.5. analyzed in accordance with ASTM D2992. The LTHS
Thd designer should select the service (design) factor and HDS in this case would be strain valyes rather
after evatuating fuily the service conditions and tie engt= TITam Stress Values.

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.

(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,
Saz: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,

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) ghall 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.B.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 Hetermining other points on the allowable
stress enyelope. Therefore, short-term test methods
shall be @ised to supplement the long-term pressure
testing in|order to construct the full allowable stress
envelope.

2-2.3.4

eration. S¢

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 (allowable 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

Saco:1), shall be determined in accordance with [ASTM
D638, ASTM D2105, ASTM D3039, or ASTMND5(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 parax 3-2.4, the allowable
stresses (or strains) are valid<{only for the maferials
and laminate constructions-used in the test specimens.
Except as provided in para;i“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 miaterials and shall have the same larinate
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 A
sis. Design Method D consists of two steps: first, a

Fature

naly-
iaxial

two standprd deviations. stress analysis of the component to determine the stress
(a) The|hoop tensile strenigth under biaxial pressure,  state at points of concern in the component as deterpnined

SH(2:1), shpll be deternmined in accordance with ASTM by the designer, and second, the application of the|quad-

D1599, Prpcedure A.ox Procedure B, as the hoop stress ratic interaction criterion to demonstrate that the [stress

(or strain) at mdximum pressure. Free end closures state is within permissible limits.

shall be ysed forithis testing. For either Procedure A (a) Biaxial Stress Analysis

or Procedure B, it is permissible to exceed the 70-s (1) Various methods of stress analysis may b¢ used

time to rebehthe-burst pressure- to—determine—thebiaxtal-stress—state—in—the comp nent.

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 anal-

ysis 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 =
(or a fombination 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 Mandatory
Appendix II, with stress limits calculated from the
strain| limits using the appropriate modulus of elasticity
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 betess
than 6.
(#) The stress limits are applicable to the(tempera-
ture rhnge 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 atno less than the
design temperature.

2-2|13.6 Proof-of-Design Testing of Piping Compo-
nents} Except as noted in{ (¢) below, proof-of-design
testing is required to establish or verify the maximum
design pressure of pipingcomponents for which the allow-
able gtresses have/been determined in accordance with
Design 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-6041 or ASME SD-5685, as applicable, shall
be increased by the following factors:

Number of Components Tested Proof Test Factor

1 1.2
2 1.1
>3 1.0

(c) Theranges of componentsizes that may be qualified
by proof testmg are shown in Table 2-2.3.6-1.
designte atHbeconglucted ata

temperature in the range of 15°C to 25°C (603F to 77°F).
The maximum design pressures established by the testing
are suitable for the design temperature/ranggs listed in
Table 3-3.1-1. For design temperatures in|excess of
thoselisted in Table 3-3.1-1, the{esting shall be conducted
at no less than the design temperature.
(e) Proof-of-design testitig’shall not be refjuired for
piping components complying with any of the(following:
(1) Piping components have been designed in accor-
dance with DesigniMethod A.
(2) Allowable” stresses have been detefmined in
accordance 4vith Design Method B or Design [Method C,
and the piping components have been designefl in accor-
dance with the requirements in section 2-3.
(3) Piping components have been manufactured in
aceordance with a specification listed in Table 4-1.1-1, the
allowable stresses have been determined in gdccordance
with Design Method B, and the components have been

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

DN (NPS) DN (NPS)

50 (2) 20-150 (0.79-6)

80 (3) 25-200 (1-8
100 (4) 40-300 (1.5-12)
150 (6) 50-450 (2-1%)
200 (8) 65-600 (2.524)
250 (10) 125-600 (5-24)
300 (12) 150-600 (6-24)
350 (14) 200-700 (8-2§)
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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designed in accordance with the requirements in
section 2-3.

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

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):
thy=t+c (2-3-1)

where
¢ = sum of mechanical allowances (thread or groove

depth}vluscorrosion-barrierand-erosiona -
depth)plus-corrosion-barrierand-erosienllow

pressure trd-other-sustainmeddoadssuch=s vvcisht dare-das
stated in gection 2-4.

(2) Operating Loads. Limits of stress due to sustained
loads plus |operating loads such as those due to restraint of
thermal expansion/contraction are as stated in section 2-4.

(b) Extérnal 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
determingd 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: Winfl and earthquake forces need not be considered as
acting condurrently.

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

2-2.3.9 [Allowances. The minimum(reguired thickness
of a piping component shall includ€ allowances for corro-
sion, erodion, and thread or_groove depth. See also
section 2-p.

2-3 PRE$SURE DESIGN OF PIPING COMPONENTS
2-3.1 General

Comporjentssmanufactured in accordance with specifi-
cations listeddn Table 4-1.1-1 shall be considered suitable

ances, mm (in.). For threaded components, the
nominal thread depth (dimensionch, of [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-in.) in additjon to
the specified depth of the‘cut. Unless othgrwise
specified by the owner,/the corrosion-barrier
thickness shall be,considered as sacrificigl and
shall not be included-for structural contribytions.
t = pressure design.structural thickness, mm (in.), as
calculatedin ‘accordance with para. 2-3.2.2 for
pipe under internal pressure or para. 4-3.2.3
for pipe under external pressure. For piping
with\vboth internal and external pr¢ssure
design requirements, minimum structural [thick-
ness shall be taken as the maximum |value
required. Minimum structural thickness| 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, dypamic
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-dirpction
strength for loads other than pressure, it is necgssary
to include provisions for additional axial strength capacity
in the initial internal pressure design equation§. The

for use at their respective maximum design pressures in
accordance with para. 2-2.2.1. The requirements in
paras. 2-3.2 through 2-3.9 are intended for uniform
static pressure design of components not covered by
the specifications 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.

trtermat—pressure dcaigu structurat—thickmess—t' shall
not be less than that calculated by eq. (2-3-2), using
stress values listed in the appropriate table in ASME

NM.3.3 or determined from qualification testing:
PD
t= I<l_
28

(2-3-2)

where

)
1l

inside diameter of pipe structural wall, mm (in.)
(Di + 2¢)
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sum of allowances defined in
para. 2-3.2.1, mm (in.)

D; = inside diameter of pipe, mm (in.)

c

where

= hoop tensile modulus of stiffener, MPa (psi)
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
= 1.67 for Type III laminates parallel to the axis of the cylinder, mm (in.)
= 0.67(Su(z2:1)/Sa(0:1y) + 0.33 for all other laminates,
where (Sy2:1)/Sac0:1)) shall be taken as greater The external pressure design structural thickness, ¢,
than or quln] to 1.0 but need not exceed 2.0 shall be not less than that calculated hy &q. (2_3_5)
Sac0:1) = allowable longitudinal tensile stress using elastic modulus and Poisson’s ratio(values listed
with no coincident hoop stress, MPa in the appropriate table in ASME NM.3.3-er as|calculated
(psi) using lamination analysis in ac¢cordajce with
Sh2:1) = allowable hoop stress with coinci- Mandatory Appendix II, but need not exceed| the value
dent longitudinal stress equal in calculated using eq. (2-3-3). For\laminate types other
magnitude to one-half that of the than Type I, II, or III, in the absence of appropjriate Pois-
hoop stress, MPa (psi) son’s ratio values, the productof Poisson’s ratiofs, vy, * Vig,
P |= internal design gauge pressure, MPa (psi) may be taken as zero for conservatism in thq following
S [ design stress from applicable table in ASME equation:
NM.3.3 or from qualification testing, MPa (psi) 3/2 2/
- . PLL ) L (&) F a
2-3|2.3 Straight Pipe Under Uniform External Pres- oS ah”ha “\2 (2-3-5)
sure 08531KD y B>/ * B,/
(a) | Without Qualified Rib Stiffeners. The external pres-
sure dlesign structural thickness, ¢, 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
using|elastic modulus and Poisson’s ratio values listed = 1.0 for Type I, Type II, and Type III Jaminates
in the|appropriate table in ASME NM.3.3 or as calculated = 0.84 for all other laminate types
using [lamination analysis in accordance with Mandatory L. = greatest center-to-center distance befween any
Appendix II. For laminate types other than Type I;II; or I1I, two adjacent stiffener rings, mm (in.
in the| absence of appropriate Poisson’s ratie ‘values, the t = external pressure design structural |thickness,
produyct of Poisson’s ratios, v, x v, may be taken as zero mm (in.)
for conservatism in the following equation. A design y = reduction factor to better correlate theoretical
factor} F, of at least 4.0 for external pfessure shall be used: predictions and test results
3 = 1-0.001Z, if Z, < 100
o 3\/ FRDy"(1 — Zaha) (2-3-3) = 09 if Z, > 100
2By Ehf3/4 Eatl/z b ch
Zp = ) (1 — yppa) D
wherg Eqf (—"t)
D,|= outside diameter of pipe, mm (in.) 2
Epf|= pipe hoop-direction flexural modulus, MPa (psi) . ) .
F|= design factor; F is 2 4.0 wh_ere E,afls tk_le g)ﬂal ﬂext_lral r_nodglus MPa (psi)
P.|= external or vacuum design gauge pressure, MPa Vah = P°¥SSOH,S ratio in the axial direction
(psi) Vhe = Poisson’s ratio in the hoop direction
Vg, = Pofsson's Tatio i theaxtatdirection 3 )
Vhe = Poisson’s ratio in the hoop direction 2-3.3 Curved and Mitered Segments of Pipe
2-3.3.1 Smooth Radius Elbows Under Uniform
(b) With Qualified Rib Stiffeners. Qualified rib stiffeners Internal Pressure. To ensure that smooth radius

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

_ BLD,F
T 24E,

(2-3-4)
S

13

elbows have adequate hoop-direction strength capacity
for combined stresses due to internal pressure and
bending, it is necessary to include provisions for addi-

tional strength capacity in the initial internal

pressure

design equations. The minimum required thickness, t,,
of a smooth radius elbow shall be determined in
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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
requirements in (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.

%
\Extrados

-
~
-
-

accordancg with eq. (2-3-1), with pressure design struc-
tural thickness, t, calculated using eq. (2-3-6):

PD

t = Kym— (2-3-6)
28
where
D = injside diameter of pipe structural wall, mm (in.)
= (B + 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 for
lopds other than pressure

= 1 for Type I and Type II laminates

m = pressure stress multiplier for location on elbow:
P = internal design gauge pressure, MPa (psi)

S = dg¢sign stress from applicable table in\ASME
NM.3.3 or from qualification testing, MRa (psi)

At the iptrados (inside bend radius) and\the extrados
(outside Bend radius), m = 1.0 and(is determined as
follows:
At the intrados
o 4(Ry/D) 1 237)

4(Ry/DP) — 2

At the extrados
4(Ry/D) + 1

N KD 41 (2-3-8)
4(Ry/D) + 2

(aJ Multiple-Miter Elbows. The maximum allojwable
internal pressure, P,,, shall be the lesser valuejcdlefilated
from eqgs. (2-3-9) and (2-3-10). These equations afe not
applicable when angle 0 exceeds 22.5 deg:

p,= 2 ! 2-3-9)
|t + 0.643 tan Oy/rot
p = S RiZn (2-3-10)
m 1‘2 RI - 0.5?‘2

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

(b).Single-Miter Elbows
() The maximum allowable internal pressufe, P,
for'a single miter bend with angle 0 not greater than
22.5 deg shall be calculated by eq. (2-3-9).
(2) The maximum allowable internal pressufe, P,

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

p = St t (2-3-11)
" |t 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
tan O(R; —19)

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

teh—For-alt-miter-elbows—for-which—the—inside5joint 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.

2-3.3.3 Curved and Mitered Segments of Pipe Under
Uniform External Pressure. The wall thickness of curved
and mitered segments of pipe subjected to external
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Figure 2-3.3.2-1 Nomenclature for Mitered Elbows

Ly, = 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)
So. = tensile strength of reinforcement (minimum of
hoop and axial strengths), MPa (psi)
Ssp = shear strength of secondary bond on branch
pipe, MPa (psi)

X

alnal

-

|
o]

GENERAL NOTE: Corrosion barrier not shown for clarity.

presstire may 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. A pipe having
abrarlch connection is weakened by the opening that must
be made in it, and unless the wall thickness of the pipe is
sufficiently in excess of that required to sustain'the pres-
sure, it is necessary to provide added reinforcement. The
desigin of branch connections shall be based on the
following, except as provided in,paras. 2-3.4.2 and
2-3.4.8.
(a)| Nomenclature. The followingnomenclature is used
in the equations for pressureydésign of branch connec-
tions:
Ay = area of reinforcement required on each side of
branch, mm?-(in.?); Ap 2 Ar/2
A4 = total areaofreinforcementrequired on run pipe,
mm?%(in.%)
D| = inside"diameter of run pipe, mm (in.)
d = inside diameter of branch pipe, mm (in.)
Eo;] =(tensile modulus of the reinforcement (minimum

S#—= shear ch'pngfh of secandarv bhond on run pipe,
MPa (psi)

Syp = tensile strength of the run pipe (m3ximum of
hoop and axial strengths), MBa{psi)

t, = thickness of reinforcement on branch pipe, mm
(in)

T, = thickness of run pipe*required fon pressure
rating, mm (in.)

T, = thickness of reinforcement pad on run pipe, mm
(in)

T,; = thickness<of'reinforcement pad on ingide of run
pipe, mmv (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¢nnections
for which d/D < 0.5. Branch connections for Wwhich d/D
> 0.5 shall be designed by Design Method B, C, or D
(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 run pipe is =
45 deg.

(3) For all branch connections for which|the inside
joint is accessible, 30% to 50% of the required|reinforce-
ment shall be applied as an inside lay-up. Afcorrosion
barrier shall be applied over the inside joint. The require-
ment for an inside lay-up is mandatory for brangh connec-
tions where D =2 600 mm (24 in.) and d = 200 jam (8 in.).

(4) These procedures are intended to address pres-
sure design only. Additional thicknesses may bf required
for external loads.

(5) When any two or more branches are[so closely
spaced that their reinforcements overlap, each branch

of hoop and axial moduli), MPa (psi)

Ep = tensile modulus of the run pipe (maximum of
hoop and axial moduli), MPa (psi)

F = design factor

10.0 minimum

L, = length ofreinforcement onbranch pipe, mm (in.)

longest chord length of opening, mm (in.)

width of reinforcement pad on run pipe, mm (in.)

Lp; = width of reinforcement pad on inside of run pipe,
mm (in.)

~
a
I

~
<
1

connection shall be reinforced as required by (c)
and (d). No portion of the reinforcement shall be consid-
ered as applying to more than one branch connection.
(c) Reinforcement of the Run Pipe
(1) The total area for reinforcement of the run pipe
shall not be less than that determined by eqgs. (2-3-12)
and (2-3-13):
A > KL (2:3-12)
SoL
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Ep
AT 2 KILcThE— (2-3-13)

OL

where
K, = 1.5ifreinforcementis applied only to the outside
of the joint. See Figure 2-3.4.1-1, illustration (a).
= 1.0 if reinforcement is applied to the inside and
outside of the joint. See Figure 2-3.4.1-1, illustra-

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,
(-d) Resin putty shall be used at the intersection 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

tion (b). (1) The minimum length of reinforcement on the
branch pipe shall not be less than that determined by
Iftesgdata are notavailable for the tensile strengthof  ¢q. (2-3-16):

the run pipe, Syp, it is permissible to use 0.015Ep. If test
data are not available for the tensile strength of the re-
inforcemept, 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

Ap

>
(3) The minimum width of reinforcement pad on the
run pipe |shall not be less than that determined by
eq. (2-3-1p):
_™LP (2-3-15)
P 4(sg/F)
um width of reinforcement pad shall not be less
m (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 insife and outside reinforcement shall not\be-less
than that determined by eq. (2-3-15). The length’of the
inforcement shall not be less thant30% of that

The minin{
than 75 nj

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.).

(-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

16

> _Pd (2-3-16)
~ 4(Sw/F)

(-a) No more than 50% of the taper length shall be
included as contributing to the mihimum reinforcement
length on the branch, L,. Thésminimum reinforcgment
length of the branch pipe ghall not be less than 75 mm
(3.0 in.).

(-b) The secondary bond shear strength
branch pipe, Sy, shall not be taken to be greate
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):

n the
" than

KyPd

e (2-3-17)

~ 2(SoL/F)
where

K, = 1.5ifreinforcementis applied only to the o

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).

ltside

(-a) The full thickness reinforcement oh 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 fensile
strength of the reinforcement, Sy, it is permissiple to
use 0.010E;.

(-c) The minimum thickness of the reinforc
shall not be less than 6 mm (0.25 in.). The reinforc
on the branch pipe shall be applied before the ru

Pment
Pment

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
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.
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Figure 2-3.4.1-1 Detail for Fabricated Branch

=4
——11 typical I'T,,

S

f

=2 in.
L,/3 Taper length/2
L

p

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

=4
1 typical [Th

S
A !
f =3in | eeer
Toi / Ly D
le— =2 in.—— -——T?per h/;
engt
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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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):

(2-3-18)

(5) For Dg > 0.25Dk, 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 not beless than (Dg+ Dg) or [Dg +
200 mm (8 in.)], whichever is greater. See Figure
2-3.4.3-1, illustration (b).

(6) The requirements of para. 2-3.4.3 are intended
to achieve sufficient thickness and length of the reinforced
regions to manage pressure stresses at the junction of the

where
Dr = irlside diameter of the main run structural wall,
mm (in.)
m = pressure stress multiplier for integral tees
= 1[42,0%5

The geometry factor, A, is given by the following equa-

(1) Fpr equal tees, Dg = D
Dr

A —
z 2tg

(2-3-19)

(2) Fpr unequal or reducing tees, Dg < Dp
2
’1z = |=]]1==
where

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

tg = mlinimum structural thickness of the tee branchy
mm (in.); see Figure 2-3.4.3-1

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

(2-3-20)

(b) Thelfollowing general provisions andirequirements
apply to the design of molded tees:
(1) The designapproach is applicable only to molded
tees made|of Type I or Type II laminates where Dy < 600
mm (24 in}) and the run and branch regions are integrally
formed with continuous lamindtes. Fabricated tees con-
structed from separate‘run and branch pipe joined
together

runand branch _The dimensions ofthe ﬁﬂ'ing mavneed to
be increased to allow for joining methods or thigkness
transitions. Refer to para. 2-3.4.4 for additienal dlesign
considerations for tees.

2-3.4.4 Additional Design Considerations. The re-
quirements of paras. 2-3.4.1 through\2-3.4.3 are intpnded
to ensure satisfactory performance of a branch connpction
subjected only to uniform static”pressure loading. The
designer shall also considér-the following:

(a) In addition to statiC” pressure loadings, external
forces and moments are applied to a branch connpction
by dynamic unbaldnced pressure, thermal expansign and
contraction, dead.and live loads, and movement of piping
terminals and“supports. Branch connections shpll be
designed ¢o“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 determiged 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 concav¢ side
shall be as calculated in eq. (2-3-21):

shall be < qualified in accordance with fm =1t (321
paras. 2-3|4.1 or 243.9.2, as applicable. where
(2) The minimum thickness of the reinforced region ¢ = sum of allowances defined in para. 2-3.2.], mm
at the junctior-efithe run and branch shall not be less than (in.)
1.5tg. See |Figure 2-3.4.3-1. t = pressure design structural thickness calctilated

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

(4) For Dg < 0.25Dg, the minimum diameter of the
reinforced thickness of the run region shall not be less
than 3Dp or [Dp + 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).

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

r&w

Lg= 0.5Dgor 100 mm (4 in.), " 1.5t min. 4:1 taper min.
whichever is greater v R ¥
\ /
) . ﬁ ,
R6 mm ) s
(0.25 in.) S~ -7
min.
Dr
3Dp, or Dg + 200 mm (8)in.),
whichever is greater
(a) Dg<.0.25Dp
Dg
~— tg
LB= 05DB or
100 mm (4 in.), 1.5t min. .
whichever S tr J/ 4;:] t:per
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.sstress 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 adequate axial-direction strength
and stiffness for loads other than pressure. The minimum
structural thickness of the butt-joint laminate, ¢, shall also
not be less than that determined by eqs. (2-3-26)
and (2-3-27):

E
2-3.6.1 General tj= th}; (2-3-26)
(a)|Flanges not in accordance with paras. 2-3.1,
2-3.6.2, or (b) shall be qualified as required by Sp
para. P-3.9.2. tj > tp? (2-3-27)
(b) |Flat-face flanges for use with full-face, flat-ring j
gaskets shall be designed in accordance with
Mandptory Appendix I. where . o
E; = minimum axial modulus of butt-joint|structural
2-3/6.2 Blind Flanges. Blind flanges not in accordance wall, MPa (psi)

with para. 2-3.1 shall be designed in accordance with

eq. (213-25). Otherwise, they shall be qualified as required
by pafa. 2-3.9.2.
ty = DpcAJ025P/S + ¢ (2-3-25)

wherg

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 erosion
allowances, mm (in.)

2-3.7| Reducers

Reducers not in accordance with® para. 2-3.1 shall
satisfy the minimum thickness requirements specified
for straight pipe in para. 2°3y2"based on the diameter
atany|corresponding pointalong the length of the reducer.

» = maximum axidl-modulus of pipe strudtural wall,
MPa (psi)
S; = minimum-axial strength of butt-joint
wall, MPa (psi)
S, = makimum axial strength of pipe strugtural 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 ;.
minimum required structural thickngss of the
butt-joint laminate, mm (in.)
t, = minimum required structural thicknpss of the
pipe, mm (in.)

structural

The minimum full thickness joint length pei 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 syfficient 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-
2-3.8 Joints nate on each side of the joint centerline, L shall not
2-3{8.1 General:  Joints or joining components,  be less than that determined by eq. (2-3-28):
including adhésive joints, not in accordance with Sp
paras|2-3-1,2*3.6, or 2-3.8.2 shall be qualified as required Lj = tLpS_ (2-3-28)
by pafat2:3.4.2. s
2-3.8.2 Butt Joints where = N .
L; = minimum required joint bond length, per side,
(a) Joints not in accordance with para. 2-3.1 shall mm (in.)
satisfy the minimum thickness requirements specified Sss = minimum secondary bond shear strength, MPa

for straight pipe in para. 2-3.2 using the appropriate
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.

21

(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
barrier lay-up is mandatory for butt joints where the
pipe diamgter is = 600 mm (24 in.).

(3) The requirements of para. 2-3.8.2 are intended
to providelJadequate performance of buttjoints 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.

The requirement for an inside corrosion-

2-3.9 Other Components

2-3.9.1 |Listed Components. Pressure-containing
components manufactured in accordance with specifica-
tions in Table 4-1.1-1 but not covered elsewhere in

section 2-3 may be used in accordance with para. 2-2.2.1.
2-3.9.2|Unlisted Components. Pressure design of

unlisted cqmponents and joints to which the requirements

elsewhere|in section 2-3 do not apply shall be verified by

proof testing 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 system design shall
prevent ekpansion or contraction{ pressure expansion,
or movement of piping supports and terminals, or any
other loads from causing

(1) fdilure 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 piping.
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. Fabrifation
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 displacements
shall be controlled by system layout, proper support,
special joints, and/or expansion devices (see para. 2-4.7).

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

Cold spring is an acceptable means of contgolling
thermal loads and displacements in FRP sy$tems.
However, special consideration should be given fo the
design and system layout when cold spring is pilesent,
including loads on connections. Consideration ghould
be given to the effects of construction methods apd en-
vironmental conditions on the accuracy of cold-$pring
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-
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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 expansion
and contraction fhrnncrhmlf the piping system and are

of loading 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 fil-
amen{-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.

2-413.4 Allowable Stresses. FRP is an orthotropic
materfial with properties that are not necessarily the
same |in the axial and hoop directions. However, Type-I
and Type Il FRP laminates are considered quasi-isotropic
materjials, since they typically have the same properties in
the hpop and axial directions. Proper analysis\of 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
laminpte 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
analysis calculations. Corrosion barrier should be
included for weight and thermal considerations although
it is njot considered a structural component.

2-4.4 Analysis

selected and installed in accordance w1th manllfacturer S
instructions. As FRP piping has a lower stiffness than
metallic piping, expansion joints with™ lower spring
rates for ease of activation shall be selected.

2-4.4.2 Methods of Analysis: For a piping system 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 analysis 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 expansion and contraction. The anglysis may
be based on table or chart data, such as |for spans
between supports or cantilevered transitions{ The anal-
ysis should determine the minimum number|of anchor
points needed to ensure system stability. A frge-floating,
anchor-free system is not permitted. The simplified anal-
ysis should also determine a regular occurrenge of guide
restraint to ensure reasonable lateral support pnd stabil-
ity. A piping system suitable for a simplified pnalysis is
characterized by the following features:

(1) There are short to moderate lengths
between changes in direction or terminal poipts.

(2) The piping system displays reasonablg flexibility
with areas of isolated restraint, which would ledd to a pure
compressive stress condition between rigid [restraints,
anchors, or terminal points.

(3) There is limited opportunity for thermal expan-
sion, i.e, the differential temperature is less [than 40°C
(75°F) between ambient conditions and the|minimum
or maximum operatmg temperature

of piping

A nnrnvrmnf—

(h) i
{b)App able for an

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.
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approximate evaluation is characterized by the following
features:

(1) Therearelong pipinglengths between changesin
direction or terminal points.

(2) There is a significant differential temperature
between an ambient condition and the minimum or
maximum operating temperature.

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


https://asmenormdoc.com/api2/?name=ASME NM.2 2018.pdf

ASME NM.2-2018

(-a) The piping system is substantially restrained i;n = stress intensification factor, hoop stress due to
by periodic rigid anchors that maintain the straight in-plane moment (see Mandatory Appendix III)
lengths of piping in a pure tensile or compressive i,n = stress intensification factor, hoop stress due to
stress condition between anchor points, isolating terminal out-of-plane moment (see
points and changes in direction from excessive strain. Mandatory Appendix III)

(-b) The piping system includes flexible joints or i, = torsional stress intensification factor (see
other expansion-absorbing devices that are located in a Mandatory Appendix III)
manner to ensure a minimized stress state in the m = pressure stress multiplier (see
piping system. Where flexible joints and expansion- Mandatory Appendix III)
absorbing devices are imp]pmpnh:d, sufficient anchor M, = in-plnnp moment N-mm (in -]h)
and guidg supports shall be incorporated to ensure M, = out-of-plane moment, N-mm (in.-1b)
that the piping movementis directed into the flexible joint. M, = torsional moment, N-mm (in.-lb)

(c) Coniprehensive. A comprehensive piping system P = pressure, MPa (psi)
analysis shall be performed using a formal pipe stress T, = corrosion-liner thickness, mm (in.)
analysis pfrogram. The comprehensive piping system anal- Ty = nominal thickness of compenént, mm (in})
ysis shall |nclude 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) aftual orthotropic material properties that Zs = section modulus;.mm?® (in.*)

concisely [represent the specified piping materials and = n[(D,* - (D, %2T5)*]/32D,

constructipn, including resin type, wind angle, and

glass contg
ical test d

nt. Material properties may be based on histor-
hta or calculated properties.

(3) stress intensification factors and flexibility
factors baped on tested data or calculated values.

(4) estimated stiffness of pipe supports and
supporting structures.

(b) Longitudinal, Stress (Axial Tensile Stress). Fo
load case, the applied longitudinal stress (axial stre
shall be calculated using eq. (2-4-2a), (2-4-2b), (24

r each
S)! SA:
4-3a),

or (2-4-3bJ;“as applicable.

(L)<For All Piping Systems Other Than Restrained

Piping'Systems

(5) eftimated stiffness of terminal points and con- PD..2 E
necting equipment. Results shall be carefully evaluated (-a) For ﬁ +-520
: - D> - D; Ag
to verify that they are realistic for the FRP system. ? s
(6) an evaluation of all design conditions, including 5 — 2
occasional loading and transient events, if known. PDj + Eix 4 (iM;)"+(i,M,)
Allowable stresses values shall be based on the D2 -D A Zg (2-4-2a)
methods defined in para. 2-2.3. Sa= 2
2-4.4.3|Basic Assumptions and Requirements. The +(lt24t)
designer ghall treat the piping system as a whole. The s
designer ghall recognize the significance of all parts of 5
the line and of all restraints( introduced to reduce (-b) For PD; " Fax <0
moments |and forces on equipment or small branch 2 — Di2 s
lines, and [the restraint intreduced by support friction. 3
[0 N2 g \2
2-4.4.4|Pipe Stress.Analysis Requirements PD;* e _ N OM)H(oMo)”
. D, _Di52 As Zs (2-4-2b)
(a) Hodgp Stress. Edr each load case, the applied hoop Sa=
stress, Sy,|shallbe calculated using eq. (2-4-1): +(itMt )2
r 12 Zs
mPDy, + \/(iihMi) +(iol’tM0)
2T, Z, where
S = 5 (2-4-1) A, = area, mm? (in.%)
+(ﬂ) = n[D,* - (D, - 2T5)*1/4
Z, D;s = inside diameter of structural wall, mm (in.)
= Do - ZTS
where F.x = axial force (excluding pressure), N (Ib)
D,, = mean diameter of component, mm (in.) I; = stressintensification factor, axial stress due to in-
=D,-Ts plane moment (see Mandatory Appendix III)
D, = outside diameter of component, mm (in.)

24
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i, = stress intensification factor, axial stress due to Shmax = maximum allowable hoop stress (see
out-of-plane moment (see Mandatory para. 2-2.3), MPa (psi)
Appendix III)
(d) Stresses Due to Occasional Loads. The total stress
(2) For Restrained Piping Systems due to sustained loads and occasional loads such as
(-a) For ”hl& y PD,, + Fax >0 wind or earthquake shall meet the following criteria:
Bno 2L A S < BSHmax
l P Y 2 Sa < bSaallow
[m Eq  PDy , Fau | NGM)™+ (M) ]
l "E, 21, A, Z J (2-43a)  woere
Sa = N k. = 1.20 for occasional loads acting for.io' [more than
i;M; 8 h at any one time and no merejtharn 800 h/yr
Z, = 1.33 for occasional loads acting'for no more than
1 h at any one time and no.more thaph 80 h/yr
(b) For ”hl& « PD,, N Eix <0 = 1.33 for pressure testihg.and leak testing loads
E, 2T, A,
> It is not necessary to consider wind loads, garthquake
a2 . a2 loads, or testing loads(as acting concurrently.
yhlﬂ PDn 4 Fax _ M (e) Displacement Stresses. Stresses due to displacement
Sy = By 2L A Z (2-4-3b) strains such as those induced by thermal expafsion shall
2 be calculated tising the modulus of elasticity 4t ambient
+ (ifMt] temperature\ or the modulus of elasticity |at design
Z temperatufe, whichever is higher.
(f)«Thermal Expansion/Contraction. Thermal expan-
wherg siop, shall be calculated using the maximum|operating

E, |= axial modulus of elasticity, MPa (psi) témperature and the minimum expected ipstallation

Ej, [F hoop modulus of elasticity, MPa (psi) temperature. Thermal contraction shall be [calculated

v |= Poisson’s ratio for hoop stress causing longitudi- using the minimum operating or ambient temperature

nal strain and the maximum expected installation tempgrature.
(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
restrdined piping system and therefore edtces the strain due to pressure elongation shall be calculated using
compfessive axial stress when there, are positive eq. (2-4-4):
changes in temperature. The possibilitjrof low pressure Sa D
during such load cases shall be conSidered. = i A h— (2-4-4)

estrained piping systems shall also be checked for E 2TsEp

column-type buckling in accordance with
Nonmlandatory Appendix A! where . .

(c) |Stresses Due to Sustained Loads. The stresses due to En = h°°9 mgdulus O,f elasticity, MPa (pSln_ )
sustained loads such as,pressure and weight shall meet the Ey = longltudlnal (axial) modulus of elasticity, MPa
following criteria: (pSl), ) )

Sap = longitudinal (axial) stress due to pregsure, MPa
S < k1SHmax (psi)
Sa < kiSpallow & = longitudinal (axial) strain due to pressure

Y =

Poisson’s ratio for hoop stress causing longitu-
dinal strain T

1.0 for sustained loads excluding the effects of
displacement loads such as those induced by
thermal expansion

1.1 for sustained loads including the effects of
displacement loads such as those induced by
thermal expansion

allowable longitudinal stress, MPa (psi). The
allowable longitudinal stress depends on the
magnitude of the applied hoop stress, Sy (see
para. 2-2.3).

SAallow
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2-4.5 Reactions

Reaction forces and moments are used in design of
restraints and supports for a piping system, and in evalua-
tion of the effects of piping displacements on connected
equipment.
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2-4.5.1 Maximum Reactions for Simple Systems. For
a two-anchor piping system, the maximum values of reac-
tion forces and moments may be estimated from simpli-
fied stress analysis [see para. 2-4.4.2(a)].

2-4.5.2 Maximum Reactions for Complex Systems.
For multianchor piping systems and for two-anchor
systems with intermediate restraints, forces and
moments may be determined by comprehensive stress
analysis [see para. 2-4.4.2(c)] and to a lesser extent,

tures, vibration, wind, earthquake, shock, and displace-
ment strain (see para. 2-4.2.1).

The weight of liquid may be excluded from the weight
calculations for piping containing gas or vapor if the
designer has taken specific precautions to prevent
liquid from entering the piping, and if the piping is not
to be subjected to hydrostatic testing at initial construc-
tion or subsequent inspections.

2-5.1.1 Layout Considerations

approximdte stress analysis [see para. 2-4.4.2(b]]. Each
case shall|be studied to estimate location, nature, and
extent of Ipcal overstrain, and its effect on stress distribu-
tion and reactions.

2-4.5.3 | Dynamic Reactions. Where dynamic loads are
identified,|the piping shall be evaluated for those defined
loads. Dyrlamic reactions due to pumps or valve actions
should be|evaluated. Proper restraints shall be added if
required By stress analysis.

2-4.6 Mgvements

Special
ment or r

httention shall be given to movement (displace-
tation) of piping with respect to supports and
points of cJose 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 pgel when it is exposed to large displacements.
Torsional movements should be evaluated.

2-4.7 Mdans of Increasing Flexibility

Piping layout often provides adequate inherént"flex-
ibility thrpugh changes in direction, wherein displace-
ments prdduce chiefly bending and torsienal strains of
low magnjtude. The amount of tension! oy 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 giping lacks inherentflexibility or is unbalanced,
additional|flexibility may/be*provided by one or more of
the following means:_élbows, loops, or offsets; flexible
joints; bellows expafision joints; or other devices permit-
ting angujar, rotational, or axial movement. Suitable
anchors, tles, or.other devices shall be provided as nec-
essary to [resist end forces produced by fluid pressure,

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

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

(2) leakage at joints

(3) excessive thrusts and‘yhoments on connected
equipment (such as pumps.andturbines)

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

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

(6) excesSive’interference with thermal expgnsion
and contraction in piping that is otherwise adeqgpately
flexible

(Z)<unintentional disengagement of piping fr
supperts

(8) excessive distortion or sag of piping

(9) excessive deflection of pipe-supporting elements

(b) Piping shall be supported, guided, and anchared 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 off auto-
mated actuators at valves and other in-line compgnents
and from the cantilever moments created by the actfiators
shall be evaluated in the piping and support system design.
The actuators shall be independently supportpd as
needed.

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

(e) Pipe-supporting elements shall be designed to

(or

vibra-

bm its

recommendationg for

frictional resistance to Movement, and other causes.

2-5 PIPING SUPPORT

2-5.1 General

The design of support structures (not covered by this
Standard) and of 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 tempera-
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accommodate the expected pipe movement at supporting
structures.

(f) Where there are long runs, the low modulus of the
material may be sufficient to accommodate axial expan-
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 supported to
ensure that the attachment of hoses at locations such
as utility or loading stations does not result in the pipe
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being pulled in a manner that could overstress the mate-
rial.

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

2-5.1.2 Analysis of Pipe Support ELements. In general,
the location and design of pipe-supporting elements may
be based on simple calculations and engineering judg-
ment. However, when a more refined analysis is required

2-5.4 Threads

Screw threads shall conform to ASME B1.1 unless other
threads are required for adjustment under heavy loads.
Turnbuckles and adjusting nuts shall have the full length of
internal threads engaged. Any threaded adjustment shall
be provided with a locknut, unless locked by other means.

2-5.5 Fixtures
2-5.5.1 Anchors and Guides

and a piping analysis, which may include support stiffness,
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 usqd for the base metallic materials of all parts of pipe-
suppdrting elements.

(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
valueg 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 material specification may be used.

(c) |For a steel material of unknown specificatien, or ofa
specification not listed in MSS SP-58, an allowable stress
value|of 30% of yield strength (0.2% offset) at room
tempgrature may be used. The yield strength shall be
determined through a tensile test offa~specimen of the
materfial and shall be the value goerresponding to 0.2%
permanent strain (offset) of the.specimen. The allowable
stress|values for such materials'shall not exceed 65.5 MPa
(9,500 psi).

2-5.3 Materials

(a) |Permanent:supports and restraints shall be of
materjial suitdble’ for the service conditions. If steel is
cold-fprmedito a centerline radius less than twice its thick-

ness, |t shall be annealed or normalized after forming.
(b) Puctile and-malleableiron may beusedfor pipn and

(a) A supporting element used as an anch¢r shall be
designed to maintain an essentially fixéd)posjtion.

(b) To protect terminal equipment or other (weaker)
portions of the system, restraints,(such as arjchors and
guides) shall be provided where* necessary [to control
movement or to direct expansion into thos¢ portions
of the system that are_designed to absorb them. The
design, arrangement, (and location of restrdints shall
ensure that expansjonjoint movements occur i1 the direc-
tions for which the\joint is designed. In addition to the
other thermald4oerces 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
ofivanchors and guides.

2-5.5.2 Inextensible Supports Other Than Anchors
and Guides

(a) Supporting elements shall be designed|to permit
the free movement of piping caused by 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 be based on the ropt area of
the threads.

(c) Sliding supports (or shoes) and brackets shall be
designed to resist the forces caused by friction jn addition
to the loads imposed by bearing. The dimensjons of the
support shall provide for the expected movenjent of the
supported piping.

2-5.5.3 Springs
(a) Spring supports shall be designed tp exert a

beam clamps, hanger flanges, clips, brackets, and swivel
rings.

(c) Wood or other materials may be used for pipe-
supporting elements, provided the supporting element
is properly designed, with consideration given to its
strength, durability, and suitability for the intended envi-
ronment.

(d) Attachments bonded to the piping shall be of a
material compatible with the piping and service. For
other requirements, see para. 2-5.6.2.
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supporting force, at the point of attachment to the
pipe, equal to the load as determined by weight
balance calculations. They shall be provided with
means to prevent misalignment, buckling, or eccentric
loading of the springs, and to prevent unintentional disen-
gagement of the load.

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

2-5.5.4 Hydraulic Supports. A hydraulic cylinder may
be used to give a constant supporting force. Safety devices
and stops shall be provided to support the load in case of
hydraulic failure.

2-5.6 Structural Attachments

2-5.9 Pipe-Support Contact Surface
2-5.9.1 General

(a) Supportsin all cases should have sufficient width to
support the piping without causing significant localized
stress and should be lined with an elastomer or other suit-
able soft material. The minimum saddle width should be
the greater of one nominal pipe diameter or 75 mm (3 in.)
unless another width is justified by analysis. Large loads

External_and internal attachments to piping shall be shall be addressed on a r‘ncp-hy-{‘qcp basis for de ign of
designed po that they will not cause undue flattening  saddle width along the axis of the pipe.
of the pipe, excessive localized bending stresses, or (b) Clamping forces, where applied, shalk 1ot |cause

harmful thermal gradients in the pipe wall. It is important
that attachments be designed to minimize stress concen-
tration, pdrticularly 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
to the pipq 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 bopded to the pipe.

2-5.6.2|Integral Attachments. Integral attachments,
such as anfhors, lugs, shoes, shear collars, and stanchions,
are compgnents that are bonded to the piping. Integral
attachmerts shall be of a compatible material [see
para. 2-5.3(d) for material requirements]. Consideration
shall be given to the localized stresses induced in the
piping component by bonding the integral attachment;
and to the differential thermal displacement strains
between the attachment and the component fo,which
it is attached.

Intermeldiate pads, integral reinforcement, complete
encirclement reinforcement, or other means of reinforce-
ment bongled or built up on the piping’may be used to
distribute|stresses.

2-5.7 Stnuctural Connections

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

significant localized stress. Manufacturing, tolefances
for the outer diameter should be provided by th¢ pipe
manufacturer. All clamps shall have*'an elastqmeric
liner to protect the pipe.

(c) Supportsshould be locatedon straight pipe sections
rather than at fittings or joints.

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

2-5.9.3 Anchors and Axial Stops. The anchor angl axial
stops shall be capable of transferring the required axial
loads _tocthe pipe without causing overstress of the FRP
pipe material. Shear collars shall be placed on one ofr both
sides of 360-deg anchor clamps as required; the[shear
collar shall be equal in thickness to the outer diameter
of the clamp and long enough to develop shear stgength
to resist the anchor load.

2-6 SPECIAL CRITERIA

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

2-6.1 Chemical Environment and Erosive Senvices

bnsid-
envi-

2-6.1.1 Chemical Environment. The following c
erations shall be given to the effect of the chemica
ronment on the piping material:

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

(b) The FRP pipe material suppliers shou
consulted about the selection of materials.

(c) A wide body of knowledge in the form of both test

r and

d be

2-5.8 Support Spacing

Supports shall be spaced to avoid excessive sag or defor-
mation at the design temperature and within the design
life of the piping system. Reduction in the modulus of elas-
ticity with increasing temperature and creep of material
with time shall be considered, when applicable. The coef-
ficient of thermal expansion shall be considered in the
design and location of supports. See
Nonmandatory Appendix A.
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results and actual case histories is available for the perfor-
mance of specific materials in many chemical environ-
ments.

(d) If the chemical environment is known to degrade
the integrity of the piping materials over the life of the
piping system, additional consideration shall be given
to enhancing the construction of the liner and increasing
the design factors of the piping.
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2-6.1.2 Erosive Services. For services in which erosive
fluids come in contact with internal or external surfaces of
the pipe, consideration shall be given to enhancing the
erosion resistance of the corrosion/erosion barrier by

(a) using alternative surfacing veils

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

(c) increasing the thickness of the liner

(d) reducing fluid velocities by increasing diameter

(2) vehicular traffic loads designated by the Amer-
ican Association of State Highway and Transportation Offi-
cials (AASHTO)® as axle loads HS-20 or HS-25, or similar
vehicular loads designated by other applicable standards

(3) buoyant loads from high water table or local
flooding

(4) surge pressures from operation

(5) internal pressure

(6) frost line

and/
changes and angled fittings for intersections

r nfi]i7ing lrmgm' radius ﬁffingc for directional

2-6.2
2-6
(a) | FRP piping should not be used in compressed gas

servides with a design pressure greater than 100 kPa (15

psig).
(b)

than
given

Compressed Gas Services
2.1 Limitations of Use

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

2-6

(a) |Pneumatic testing shall be performed only when
one of the following conditions exists:
(1) Pipingsystems are to be used in services in which
traceq of the testing medium cannot be tolerated.
(£) Liquids from a hydrostatic test could,damage
liningf within the pipe.
(B) Piping systems or supporting structutres are so
desigmed that the pipe cannot be filled,with water.

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

(c) |A risk assessment and-appropriate pneumatic test
procefure shall be developedbased on criteria outlined in
ASME| PCC-2, Article 501\

2.2 Pneumatic Testing

2-6.3 Buried Piping

Dedign and installation of buried FRP pipe is well docu-
ment¢d in AWWA M45 and in piping manufacturer litera-

ture. It is.not the intent of this section to provide details or
step-Dy-step. dncign andinstallation prnr‘nr]nrnc butrather

(7) thermal expansion

(8) vacuum condition

(9) differential settlement

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

(c) Thedesign approachint AWWA M45 uses
the pipe.

(1) For FRP pipe for which an HDB has
established, buried pipe design shall take in
a maximum straiw’ or stress for the design
being considered.

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

(d)<Strain or stress limits, along with deflection limits,
shallbe agreed upon between the supplier ajd the end
user.

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

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

(e) When butt and strap jointing is used for assembly of
underground FRP piping, thrust blocks m3y not be
required.

(1) Thrustblocks or anchors may be used|at connec-
tions to sumps, 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
which areas of the piping require additional
ment to address high stresses, such as t
branch connections, tees, and elbows.

the HDB of
not been

0 account
conditions

f the liner

bd as occa-

determine
reinforce-
hose near

to provide a high-level overview of what is required, iden-
tify some potential pitfalls, and provide acceptable refer-
ences for the design and installation of underground 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 shall account for
(1) external earth loads

29

(2) If the stress analysis determines that additional
flexibility is required at branch connections, the pipe may
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 loads that

¢ 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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are applied to the flanges. Analysis of these loads on the
flanges may be undertaken using the equivalent pressure
analysis method or an alternative analysis methodology.

2-6.3.2 Installation. The designer should refer to
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

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

NOTE: During rainstorms, the trenches can fill up and the empty
pipe can lift out of the trenches, potentially damaging the pipe
and surrounding equipment.

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

used in irﬁtallatlon shall comply with that used for the
design ang analysis.

(b) A detailed outline of the requirements for founda-
tion, haurjches, embedment, and final backfill shall be
provided and followed.

(c) Durjng 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 hydrptested, and shall be examined during the test.

(1) Lpng sections of pipe without joints may need to
be buried| to secure the pipeline and prevent it from
moving during hydrotesting.

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

(1) Environmental conditions shall be consjdered
when laying and joining pipe.
(2) Procedures outlined in AWWA M45 shpll be
followed to prevent damage to pipe during“installation.
(g) A tracer wire on the top of the ERP*pipe shopld be

installed prior to final burial.

NOTE: The tracer wire will aid in loeating the pipes atalatpr date
and can help prevent damage to the'pipe by external probes that
might otherwise be required telocate the pipe.

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

(i) Consideration should be given to fitting structural
sleeves around buried pipes installed 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

Listed constituent materials are shown in
Table|3-2.1-1. Quality assurance procedures related to
these| constituent raw materials may be found in
Mandgtory Appendices V and VI.

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

(1) Changes to coenstituent materials, procedures,
and pfocessing-aid-materials used in the manufacturing
of component produets shall not require complete requa-
lificat]on as long as they are “replacement in kind.”

(£) Towqualify 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 constituént materfials 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 andl function-
ally equivalent to the cofistituent materials on|which the
original design was based.
(2) A functiohally equivalent determindtion 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 Data. Consti-
tuent (cured) physical property data shall Qe at least
90% of the original constituent material data
(-¢) Verification. A functionally equivalent deter-
mination shall be verified by a short-term|test (e.g.,
ASTM D1599) using a construction identigal to the
construction originally built to verify component proper-
ties. The resulting values shall be at least 9096 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 dnticipated
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

Polymeric Material

Temperature Limits

(5) All other requirements of this Standard are satis-

fied.

3-3.2 Temperature Limits of Listed and Unlisted

[Note (1)] Lower Upper [Note (2)] Polymeric Materials
Unsaturated polyester  -40°C (-40°F) G'Tg - 17°C (30°F) or
resin (polymer) HDT - 17°C (30°F) Table 3-3.1-1 shall be used for polymeric materials for
system which the elastic or storage modulus glass transition
Vinyl ester resin -40°C (-40°F)  G'Ty-17°C(30°F) or temperature (G'Tg) or heat deflection temperature
(polymer) system HDT - 17°C (30°F) (HDT) has been supplied by the resin (polymer) provider.
Epoxy resif{potymer)——20°C(=40°F) G T = 22°CtH0°Fyor . .
system (fmine or HDT - 22°C (40°F) 3-3.2.1 Temperature Limits for Polyesters and|Vinyl
anhydridg) Esters. If more than 3% (by weight) of any combination of
GENERALNOTE: Therequirementsin this Table are in addition to the non-styrene materials is added to the resin systeth that
requirements of the applicable material specification. was not provided by the resin vendor, the G'T or HDT of
NOTES: the resin system shall be determined,and Table 3}-3.1-1
(1) See parh. 3-3.2 for limitations on resin systems. may be used to determine the upper temperature limit.
(2) See pard. 3-3.2 for definitions of G'Tgand HDT, and para. 3-3.3 for Styrene additions up to 3% (by weight) may be|made
determipation of G'T, and HDT. without G'Tg or HDT testing:
3-3.2.2 Temperature Limits for Epoxy Resin Systems.
If more than 2% of any¢ombination of materials is pdded
(-b} The use of such materials is not prohibited to the resin systemyor the stoichiometric ratios vary t.)y
elsewherd in this Standard. more than 2%-from those recommended by the| resin
) . (polymer) werdor, the G'T, or HDT of the |resin
(-c] The user’s acceptance of the material shall be g .
documentpd prior to its use. (polymer) . ysystem shall be detgrmlned and
(b) Unlisted Materials. Materials other than those Table 3'3'1'1_ shall be used to determine the upper
meeting the requirements of (a)(1) and (a)(2) shall be tempgrature limit.
consider.e | unlisted material§ and may be used provided 3-3.3 Determination of Temperature Limits
they satisfy all of the following requirements:

(1) Unlisted materials shall be certified by the mate; G'Tgor HDT is the onset of loss of modulus with a fise in
rial manufpcturer as satisfying the requirements of a spec* temperature. The G'T, or HDT for polymeric materials
ification ligted in the applicable section of ASME NM.2"or may be determined as follows:
the applicable section of the ASME B31 Code for(Pressure (a) G'T4shall be determined in accordance with|ASTM
Piping. D4065.

(2) The allowable stresses of the unlisted materials (b) HDT shall be determined in accordance with|ASTM
shall be dgtermined in accordance with-the'requirements D648. When ASTM D648 is used, specimen thicknesk shall
of para. 2{2.3. be a nominal 3.2 mm (* 4 in.) with a loading of 1.8 MPa

(3) Unlisted materials shall-be.qualified for service (264 psi).
within a stpted range of minimumand maximum tempera- If the both G'Tg and HDT for the polymeric systgm are
tures basef on data associatedwith successful experience, available from the resin (polymer) provider, then either of
tests, or apalysis, or a cofnbination thereof. the two values may be used for determining tempefature

(4) The designer, shall document the user’s accep- limits per Table 3-3.1-1.
tance of the unlistediimaterial for use.

32
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Chapter 4
Standards for Piping Components

4-1 [
4-1.1

(a)
Table
Table
Table

(b)
nents

(c)
ment{
or spd
take

4-1.2
Pip

)JIMENSIONS AND RATINGS OF COMPONENTS

Listed Piping Components

Specifications for piping components are listed in
4-1.1-1, and related test methods are listed in
4-1.1-2. (Procurement information is provided in
4-1.1-3)

The pressure-temperature ratings of listed compo-
shall meet the requirements of para. 2-2.2.1.
When conflicts exist between the specific require-
of this Standard and those of referenced standards
cifications, the requirements of this Standard shall
recedence.

Unlisted Piping Components

ng components not manufactured in compliance

with the specifications listed in Table 4-1.1-1 shall

(a)
para.
(b)
in paf
(¢)

descr
4-1.3
(a)

othery
or sp
the af

(b)
ments
and sy
take

conform to the of.
P-2.2.2

meet the pressure design requirements described
a. 2-2.3.3 or para. 2-2.3.4
meet the mechanical

bed in para. 2-2.3.6

applicable provisions

strength fequirements

Threads

The dimensions of piping connection threads not
wise covered by a governing component standard
bcification shall conform to the requirements of
plicable specification listed in Table 4-1.1-1.
When conflictsé€Xist between the specific require-
of this Stanidard and those of referenced standards
ecificationg; the requirements of this Standard shall
recedence.

4-2 REEERENCES

fications shall be used only in the contextCof
specifications in which they appear.

4-3 QUALITY ASSURANCE AND CONFOHR

4-3.1 Manufacturing Quality Assurance

The degree of cure and thefeinforcement co
be verified using the @ppropriate ASTM stai
Table 4-1.1-2).

4-3.2 Final Component Inspection

(a) Visdal'and dimensional inspection for ea
nent shall be performed per the requireme
appropriate ASME specification (see Table 4-

(6) Absent an inspection criteria in the g
Specification or other agreement with the d

the listed

MANCE

htent shall
dard (see

ich compo-
hts of the
1.1-1).

omponent
wner, the

inner surface, interior layer, and structural layer of

each component shall comply with the Level }
defined in Table 4-3.2-1.

4-3.3 Labeling

At minimum, the components should be labe
requirements of ASME SD-6041.

4-3.4 Conformance

(a) Ifrequested, the manufacturer shall cert
material conforms to the applicable specific

b standard

ed per the

fy that the
htion. The

certification shall consist of a copy of the manfifacturer’s

test report or a statement (accompanied by a ¢
test results) that the material has been sampl|
and inspected in accordance with the provisi
specification.

opy of the
ed, tested,
ons of the

(b) Each certification furnished as described

in (a) shall

be signed by an authorized agent of the mamtlfacturer.

The specifications listed in Table 4-1.1-1 contain refer-

ences
Table

to codes, standards, and specifications not listed in
4-1.1-1. Such unlisted codes, standards, and speci-

33

£ an PP : o .
[§%) Wihemror TgTTal Taentity of tire matertar cannot be

established, certification shall be based on

ly on the

sampling procedure provided by the applicable specifica-

tion.
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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 Elastomeri¢ 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 for Buildings and Other Structures
ASME B1.1 Unified Inch Screw Threads (UN and UNR Thread Form)
ASME B1.20.1 Pipe Threads, General Purpose (Inch)

ASME 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

B3i1.8 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 Components
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 Edgewise 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
Stahdard 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 D583 Standard Test Method for Tensile Properties of Reinforced Thermosetting Plastics Using Straight-Siddd
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 Corresivé Servide
ASTM F412 Standard Terminology Relating to Plastic Piping Systems
MSS SP-58 Pipe Hangers and Supports — Materials, Design, Manufacture, Selection, Application, 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 Information
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
(800) 548-2723 (www.awwa.org)
(www.asce.org)
MSS Manufacturers Standardization Societly of
ASME The American Society of’Mechanical the Valve and Fittings Industry, Ing.
Engineers 127 Park St. NE
Two Park Avenue Vienna, VA 22180-4602
New York, NY 10016-5990 (www.msshq.org)
(www.asime.org)
NBIC National Board of Boiler and Pressurg
ASQ Ameriean Society for Quality Vessel Inspectors
P:0"Box 3005 1055 Crupper Avenue
Milwaukee, WI 53201 Columbus, OH 43229
(www.asq.org) (www.nationalboard.org)
ASTM American Society for Testing and Materials PFI Pipe Fabrication Institute

100 Barr Harbor Drive

P.0. Box C700

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

511 Avenue of the Americas, No. 601
New York, NY, 10011
(www.pfi-institute.org)
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Table 4-3.2-1 Visual Inspection Acceptance Criteria

r':aA;lllulll SiLU aud Cuulu:ativt: Sulll Uf :lllpcl fcbt;uua A::UWG'IJ:C {Aftl‘:l chd;l- SUC Gcllcl a: l‘"U es (a)
Definition of Visual Inspection [Levels and (b). Imperfections Subject to Cumulative Sum Limitation Are Highlighted With an Asterjsk.]
(to Be Specified by User or User’g Agent): Interior Layer
Level (1) = Critically Corrosion :!;Esistant Inner Surface Veil(s), (~0.125 in. Thick) Mat or Structural Layer Balanc¢ of Laminate
Level (2) = Standard Corrosion Resistant Surfacing Mat Chopped-Strand Spray Layers (Including Outer Surface)
Imperfection Definition|of
Name Imperfection Lével (1) Level (2) Level (1) Level (2) Level (1) Level (2) Notes
Burned areas Showing evidende of None None None None None Never in more than | Discoloration
thermal deconjposition ong ply and not only, never
through discoloration to fexceed 16 in.2 delamination
or heavy distortion in pny vessel or
decomposition
Chips (surface) | Small piecesbroKen offan | *'%4 in. diameter max. | *%; in..diameter max. *1/, in. diameter or | *%, ip. diameter or
edge or surfade by 30% of veil(s) by /50% of veil(s) Y in. length max. 1 in. length max.
thickness max. thickness max. by Y6 in. deep by|“s in. deep
Cracks Actual ruptures pr None None None None None Nond Not to include
debond of porftions areas to be
of the structutge covered by
joints
Crazing Fine cracks at the None None Max. 1 in. long by Max.|2 in. long by
(surface) surface of a laminate Y4 in. deep, max. %A in. deep, max.
density three in depsity five in
any square foot any square foot
Delamination Separation of th¢ layers | None None None None None *Non in three
(internal) in a laminate plips adjacent to
interior layer,
nohe larger than
1 in.2 total area
Dry spot Area of surface where the | None None None Nong
(surface) reinforcement|has not
been wetted wfith resin
Edge exposure | Exposure of mulfiple None None None Nong Edges exposed to
layers of the contents shall
reinforcing mgtrix be covered
to the vessel dontents, with same
usually as a rgsult of number of veils
shaping or cufting a as inner
section to be surface
secondary borjded
(interior of vegsel only)

8T0Z-Z'NN NSV
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Table 4-3.2-1 Visual Inspection Acceptance Criteria (Cont’d)

Maximum Size and Cumulative Sum of Imperfections Allowable [After Repair. See General Notes (a)

and (b). Imperfections Subject to Cumulative Sum Limitation Are Highlighted With an Asterjsk.]

Definition of Visual Inspection|Levels
(to Be Specified by User or User’y Agent): Interior Layer
Level (1) = Critically Corrosion Resistant Inner Surface Veil(s), (~0.125 in. Thick) Mat or Structural Layer Balanc¢ of Laminate
Level (2) = Standard Corrosion Rlesistant Surfacing Mat Chopped-Strand Spray Layers (Including Outer Surface)
Imperfection Definition|of
Name Imperfection Leyel (1) Level (2) Level (1) Level (2) Level (1) Level (2) Notes
Foreign Particles includef in a *3,6 in. Jong max. by | *Y, in. long max. by | *% in.longmax. by | *% in.long max. by | *Dime size, never to | *Niclfel size, never | Shall be fully
inclusion laminate that pre dia. or thickness dia. or thickness | dia. or thickness | dia. or thickness penetrate to [penetrate resin wetted
foreign to its not more‘than not more than not more than not more than lamination to larpination to and
composition (fot a 30% of veil(s) 50% of veil(s) 30% of 50% of lamination larhination encapsulated
minute speck pf dust) thickness thickness interior layer interior layer
thickness thickness
Gaseous Air entrapment ithin, *Max. diameter % | *Max/diameter *Max. diameter | *Max. diameter | *Max. diameter *Max diameter Shall not be
bubbles or on, or between plies in. by 30% of veil AT, by 50% of Y in. Y in. %6 in. Y lin. breakable with
blisters of reinforcemept, 0.015 (s) thickness deep veil(s) thickness a sharp point
in. diameter and larger deep
Refer to User’s Specification for quantity limitations
Pimples Small, sharp, corfical *Max. height or *Max. height or No limit Shall be fully
(surface) elevations on the diameter Y, in. diameter %; in. resin filled and
surface of a laminate wetted;
generally,
captured
sanding dust
Pit (surface) Small crater in thp surface | *% in. diameter max. | *% in. diameter max. *1/ in. diameter *Y, ih. diameter No fibers may be
of a laminate by 30% of veil(s) by 50% of veil(s) max. by % in. mdx. by %, in. exposed
thickness max. thickness max. deep max. degp max.
Porosity Presence of numerous None more than 30% | None more than None to fully penetrate the| exterior No fibers may be
(surface) visible tiny pifs of veil(s) thickness 50% of veil(s) gel coat or gel-coated exferior veil; exposed
(pinholes), thickness no quantity limit
approximate
dimension 0.0P5 in.
(for example, five in
any square in¢h)
Scratches Shallow marks, grooves, | *None *None *None more than *None more than No fibers may be
(surface) furrows, or channels 6 in’long 12(in. long exposed
caused by imgroper
handling

8T0Z-Z'NN NSV
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Table 4-3.2-1 Visual Inspection Acceptance Criteria (Cont’d)

Maximum Size and Cumulative Sum of Imperfections Allowable [After Repair. See General No

es (a)

Definition of Visual Inspection |Levels and (b). Imperfections Subject to Cumulative Sum Limitation Are Highlighted With an Asterjsk.]
(to Be Specified by User or User’y Agent): Interior Layer
Level (1) = Critically Corrosion Rlesistant Inner Surface Veil(s), (~0.125 in. Thick) Mat or Structural Layer Balanc¢ of Laminate
Level (2) = Standard Corrosion Resistant Surfacing Mat Chopped-Strand Spray Layers (Including Outer Surface)
Imperfection Definition|of
Name Imperfection Level (1) Level (2) Level (1) Level (2) Level (1) Level (2) Notes
Wet blisters Rounded elevatiqns of the | *None over44 in. *None over ¢ in. No limit Shall be fully
(surface) surface, someyvhat diameter by ¥ ¢/in. diameter by ¥4 in. resin filled, not
resembling a Blister in height in height drips loosely
on the human|skin; glued to
not reinforced| surface, which
are to be
removed
Wet-out Resin has failed fto None None None None Dry mat or prominent and dy woven roving | Split tests on
inadequate saturate reinfqrcing pattern not acceptable; discernible but cutouts may be
(particularly vwoven fully saturated woven paftern acceptable used to discern
roving) degree of
saturation on
reinforcing
layers
Wrinkles and Generally linear,|abrupt | Max. deviation 20% | Max. deviation 20% Max. deviation 20% of wall or % in., Not to cause a
creases changes in sugface of wall or % in., of wall or % in., whichever is less cumulative
plane caused Hy laps of | whichever is less whichever is less linear defect
reinforcing layers, (outside defect
irregular mold shape, adding to
or Mylar overlap inside defect)
Allowable Maximum allowgble in 3 5 3 5 5
cumulative any square fogt
sum - Maximum allowgble in | 15 20 20 30 30 40
of highlighted | 5, square yald
imperfections
Maximum The maximum allowable | 3% 10% 3% 10% 3% to structural, 10%|to structural, Debond tests
% repairs area of repairg made no limit to outer no|limit to outer required prior
in order to paps surface’ yépairs sufface repairs to inner
visual inspectipon surface repairs

GENERAL NOTES:
(a) Above acceptance criteria app
(b) Noncatalyzed resin is not perj
(c) See Nonmandatory Appendix

y to condition of laminate after repair.
nissible to any extent in any area of the laminate.
[ for guidance on repairs.

8T0Z-Z'NN NSV
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Chapter 5
Fabrication, Assembly, and Erection

5-1 GENERAL

Manufag¢tured 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 gs 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 examiinations 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) tgols 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 qualified
BPS has been ‘prepared and executed by a respopnsible
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 Oghers.
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 qualifi¢ation,
and the date the bonder or bonding operatof last
bonded pressure piping under such performance qualifi-
cation.

= i i 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
subje¢ted to a burst test in accordance with ASTM
D1599, Procedure B. The burst pressure shall be, as a
minimum, 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
bondihg 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 uséd
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 ¢xperience
in the use of the applicable BPS and have satisfactorily
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 ir]
5-2|3.1-Materials neering design, each pressure-containing
. adjacent area shall be stenciled or otherwide 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.

41

mmarked withrthe dentificatiorsymbuotof 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

R
|

7 77 T

TE: Figure is for illustrative purposes only.

forcement from the fluid service. See Figure 5-2.5.
fabricated branch connection shall be made by ins

3-1.A
erting

the branch pipe into a hole in the run pipe and applying

reinforcement to the run pipe and attachment lay
the branch pipe.

5-2.6 Bonding Repair

-up to

Defective material, joints, and other workmanship that

fail to meet the requirements of this Standard and

of the

For Adhesive Joints

redure. Adhesive joints shall be made in accor-
h the qualified BPS. Application of adhesive to
bs to be joined and assembly of these surfaces
lice a continuous bond between them and shall
hll cuts to protect the reinforcement from the
ce. See Figure 5-2.5.2-1.

hich Connections. The cut edges of the hole in the
hall be sealed with adhesive at the same time the
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-

\\/(\*~ N

Figure 5-2.5.3-1 Wrapped Joints

RN NB
K~

engineering design shall be repaired or repiaced, a
new work shall be examined to the same extentand
of the same methods and acceptance critéria as
required for the original work.

5-2.7 Seal Bonds

Threaded joints may be seallbonded only to p1
leakage of a joint and only _if.it*has been demons
that there will be no deletefious effect on the ma
bonded. The work shalkbeldone by qualified bonde
all exposed threads shall be covered by the seal H

d the
by use
were

event
trated
erials
s, and
ond.

GENERAL NO

\ 1]
| |
| |
| |
| |
| |
A LA -

(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-

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

Bolting torque sequence and limits shall be specified by
the manufacturer for a particular flange and approved by
the designer. Type of compound or lubricant shall directly
relate to specified torqueing values and gasket material.

5-3.2.1 Preparation for Assembly. Any damage to the
gasket seating surface that would prevent gasket seating

medidte or overall) shall apply to the face-to-face, face-to-
end, and end-to-end measurements of fabricated straight
pipe |and headers; center-to-end or center-to-face
measyrements 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
prepalration, and rotation of flanges are shown in
Figur¢ 5-3.1.2.1-1.

5-3{1.3 Closer Tolerances. When closer tolerances
than those given in paras. 5-3.1.2.1 through 5-3.1.2.3
are rlecessary, they shall be subject to agreement

betwden the designer and the fabricator.

5-3}1.4 Flanged Joints. Unless otherwise specified in
the engineering design, flanged joints shall bealigned as
follows:

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

(b) | The flanged joint shall be jcapable of being bolted
such that the gasket contactsurfaces bear uniformly on the
gasket.

(c) |[Flange bolt holes shall be aligned within 3 mm (%
in.) maximum offsgt.

5-3}1.5 Irregutarities. Irregularities (i.e., gap, angular
defledtion, «and misalignment) between two field-
conngcted” pipes and/or alignment of flange facings
shall beWwithin the tolerances as set in the engineering

shall be repaired, or the flange shall be replated.

5-3.2.2 Bolting Torque

(a) During assembly of flanged joints, the ghasket shall
be uniformly compressed to the proper designh loading.
(b) Bolts shall be tightenedtea'predetermined torque.
(c) Narrow flat washers{(see ASME B18.211, Type A)
shall be used under all bolt heads and nuts.

5-3.2.3 Bolt Length. Bolt length should copsider the
presence of washeérs, nut height, and required thread
protrusion. Nuts should engage the bolt thredds for the
full depth ofthe hut. The nut may be considered acceptably
engaged ifithe 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
diafneter 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. Nomore than one gasketshall 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 gaskets| 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 sfrains, and
occasional loads described in Chapter 2.
(b) When mating raised-face to flat-face flanges, the
following shall occur:
(1) The flange connection shall be design
stand the stresses during bolt-up.
(2) The appropriate spacer or filler ring
used to prevent overstressing of the flat-face
(c) An appropriate bolt-up sequence shall b¢ specified.
(d) Appropriate bolt-up torque limits specified by the

bd to with-

s shall be
flange.

documentation and approved by the owner.

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 50-70
Shore A durometer. When other combinations of flanges
and gaskets are used, the additional requirements of
para. 5-3.2.5 shall be considered.

43

manufacturer shall be approved by the designer, and those
limits shall not be exceeded.

5-3.3 Threaded Joints

Where threads may be exposed to fluids that can attack
the reinforcing material, threads shall be coated with sulffi-
cient resin to cover the threads and completely fill the
clearance between the pipe and the fitting.

Threaded joints shall conform to the following:
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Figure 5-3.1.2.1-1 Assembly Tolerances and Alignment

X

A

Squareness end preparation shall not

. . . e
deviate from indicated position

by more than 1.0 mm (¥s2in.)

npn
/
An |
. wpn _
' Rotation of flange from
j%\ indicated position 2.0 mm
- AN measured as shown, 2.:0.mm “ i)
\‘\; R (716 in.) max. :

._—% Il

N |
N \

Igp!
TN
\

upn
J Section X-X
upn Before bolting, mating gasket
contact surfaces shall be aligned
to each other within 1 mm/200 mm
(%6 in./ft) when measured
across any diameter
A"
wpn
—
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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(a) External threads shall be factory cut or molded on
special thick-walled pipe ends.

(b) Matching internal threads shall be factory cut or
molded in the fittings.

(c) Threading of plain ends is not permitted, except
where such threads are limited to the function of a
mechanical lock to matching internal threads factory
cut or molded in the bottom portions of fittings with
deep sockets.

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 inju-
rious imperfections.

(b) Any lubricant used to facilitate joint assembly shall
be compatible with the joint components and the intended
service.

(d] Factory-cut or factorv-molded threaded nipp]pc
couplings, or adapters bonded to plain-end pipe and
fittings may be used where it is necessary to provide

connections to threaded metallic piping.

5-3}3.1 Thread Compound or Lubricant. Compound or
lubricpant shall be used on threads, shall be suitable for the
servide 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.

5-3
sealb
joint ¢
testin
provi

5-3|3.3 Tools. Either strap wrenches or other full-
circurhference wrenches shall be used to tighten threaded
pipe jpints. Tools, equipment, and other devices used to
hold dr apply forces to the pipe shall function in a manner
that does not score or deeply scratch the pipe surface.

3.2 Joints for Seal Bonding. A threaded joint to be
bnded shall be made up without thread compound. A
ontaining thread compound that leaks during leak
b may be seal bonded in accordance with para. 5-2.7,
led all compound is removed from exposed threads.

5-3.4) Special Joints

5-3
assenm
tions,
taken

5-314.2 Packed Joints. If 2 packed joint is used to
absorp thermal expansidn, proper clearance shall be
provigled at the bottom ofithe socket to permit this move-
ment.

4.1 General. Special joints shall be installed and
bled in accordance with the manufacturer’s instruc-
as modified by the engineering design. Care shall be
to ensure adequate engagement of joint members.

(r) Properjoint clearances and piping restraints (if not
integral in the joint design) shall be providéd,fo prevent
joint separation when expansion can occur duefto thermal
and/or pressure effects.

5-3.5 Handling of Piping

FRP piping shall be handled and supported i[Ia manner
that prevents scratching ofiand mechanical danpage to the
piping. Any scratched(or chipped components shall be
examined or inspected for compliance with [applicable
acceptance criterja defined in this Standard.

5-3.6 Cleaning of Piping

Piping.shall be cleaned per the manufacturdr’s recom-
mendation.

5-3.7 Identification of Piping

Each pipe section, fitting, and accessory shal
marked with the following information:

(a) manufacturer’s name or trademark ard identity
code

(b) date of manufacturing

(c) nominal pipe size, pipe classification, an
series

(d) pressure class

(e) manufacturer’s examination mark
See also para. 5-2.5.1(c).

be clearly

1 diameter
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Chapter 6
Inspection, Examination, and Testing

6-1 INSIlIIECTION

This Standard distinguishes between examination (see
section 6-P) and inspection. Inspection applies to func-
tions performed for the owner by the owner’s Inspector
or the Inspector’s delegates. References in this Standard to
the “Inspeftor” are to the owner’s Inspector or the Inspec-
tor’s delegates.

6-1.1 Responsibility for Inspection

It is thel owner’s responsibility, exercised through the
Inspector,|to verify that all required examinations and
testing haye been completed and to inspect the piping
to the extpnt necessary to be satisfied that it conforms
to all applicable examination requirements of this Stan-
dard.

6-1.2 Rights of the Owner’s Inspector

The owper’s Inspector and the Inspector’s delegates
shall haveg access to any place where work is being
performed. This work shall include manufacture, fabrica-
tion, assembly, erection, installation, examination,~and
testing of |the piping. They shall have the right\to audit
any examihation, to inspect the piping using any-examina-
tion method specified by the engineering-design, and to
review all|certifications and records n€cessary to satisfy
the ownerl's responsibility stated imr para. 6-1.1.

6-1.3 Qualifications of the Owner’s Inspector

(a) The|lnspector shallbe'designated by the owner and
shall be th¢ owner, an ehployee of the owner, an employee
of an engineering <o scientific organization, or an
employee| of a «r'écognized insurance or inspection
company [acting\as the owner’s agent. The Inspector
shall not represént nor be an employee of the piping man-

6-2 EXAMINATION

Examination applies to quality control) functions
performed by the manufacturer (for compohents [only),
fabricator, or erector. Reference in this.Standard|to an
examiner shall be to a person who. performs duality
control examinations.

6-2.1 Responsibility for_Examination

Inspection shall not&relieve the manufacturer, |fabri-
cator, or erector of the'responsibility for

(a) providing materials, components, and workman-
ship in accordance‘with the requirements of this Stapdard
and of the engineering design

(b) performing all required examinations

(c). preparing suitable records of examinations 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 workmalnship,
shall be examined in accordance with the applicalple re-
quirements of section 6-2. The type and extent of any addi-
tional examination required by the engineering design,
and the acceptance criteria to be applied, shall be [speci-
fied. Joints not included in examinations requirgd by
para. 6-2.3 or by the engineering design may be acdepted
if they pass the leak test required by section 6-3.

6-2.2.2 Acceptance Criteria

(a) The acceptance criteria for imperfections in ponds
shall be as listed in Table 6-2.2.2-1.
(b) Acceptance criteria should be defined in thq engi-
neering design or other agreement with the owngr. For
cases in which failure or substantial leakage o¢f the

ufacturer, fabricator; orerectorumniess the owner isaiso
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-
accredited 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.

nininag canld naco high wicl- +a tha haalth Ar cafatyg f er-
P E-€otha PSS HEHSKtothHe-Reart-8F-5atety-olI p

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

Incomplete joint makeup None permitted

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:

6-2,2.4 Progressive Sampling for Examination. When
requited spot or random examination reveals a defect, the
following steps shall be used:

Step 1. Two additional samples of the same kind (if
bondgd joints, by the same bonder) shall be given the
same [type of examination.

Step 2

(@) If the items examined as required by Step 1 are
acceptable, the defective item shall be repaired or
replaged. The repaired or replaced item shall be reexam-
ined af specified in para. 6-2.2.3, and all items represented
by thése two additional samples shall be accepted.
(b) Ifany 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 thdt sampling.

Step 3
(@) Ifall the items examined as required by Step2(b)
are adceptable, the defective item(s) shall be repaired or
replaged. The repaired or replaced item shall.be.reexam-
ined af specified in para. 6-2.2.3, and all item's represented
by th¢ additional sampling shall be aceepted.

(b) If any of the items examined*as required by
P(b) reveals a defect, all /itéems represented by
fogressive sampling shall be”either

(1) repaired or replaced and reexamined as
ed, or

(2) fully examined and repaired or replaced as
necesgary, and reexdmined as necessary to meet the re-
quirements of this\Standard

Step 4. If any of the defective items are repaired or
replaged and\‘then reexamined, and a defect is again
detected ‘in) the repaired or replaced item, continued
progrgssive sampling in accordance with Steps 1, 2(b),

Step
the p

requir

(1) examination of materials and ,components,
selected at random, to satisfy the examiner|that they
conform to specifications and are free~from defects.

(2) examination of at least 20% of fabri¢ation. For
bonds, each type of bond madethy each bopder shall
be represented.

(3) examination of 100% ‘of fabrication
other than circumferential:

(4) random examination of the assembly of
threaded, bolted, and\other joints to satisfy thg examiner
that they conforfm*to the applicable requirgments of
section 5-3. When pneumatic testing is to be gerformed,
all threaded, bolted, and other mechanical joirfts shall be
examined.

(5)yrandom examination during erection
including checking of alignment, supports,
spring.

(6) examination of erected piping and
joints for evidence of defects that would req
or replacement, and for other evident deviaf
the intent of the design.

(b) Other Types of Examination

(1) Not less than 5% of all bonded joings shall be
examined by in-process examination in dccordance
with para. 6-2.7.4.

(2) The joints to be examined shall be delected to
ensure that the work of each bonder and bondinfg operator
making the production joints is examined.

(c) Certifications and Records

(1) The examiner shall be assured, by exarhination of
certifications, records, and other evidence, thaf the mate-
rials and components are of the specified grad¢s and that
they have received the required manufacturingfprocesses,
examination, and testing.

(2) The examiner shall provide the Inspe
certification that all the quality control requir

for bonds

of piping,
and cold

hssembled
lire repair
ions from

'tor with a
ements of
have 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
to the 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 Examinationsto Resolve Uncertainty.—Any
method oflexamination may be used to resolve uncertainty
of results|from the required examinations. Acceptance
criteria shiall be those for the required examination.

6-2.5 Expmination Personnel
6-2.5.1

(a) Examiners shall have training and experience
commensyrate with the needs of the specified examina-
tions.

(b) The

Personnel Qualification and Certification

employer shall certify records of the examiners
employed) showing dates and results of personnel quali-
fications, 4gnd maintain them and make them available to
the Inspedtor.

6-2.5.2|Personnel for In-Process Examinations. In-
process examinations shall be performed by personnel
other thar those performing the production work.

6-2.6 Expmination Procedures

(a) Anylexamination shall be performed in accordance
with a wilitten procedure that conforms to one.of the
methods |[specified in para. 6-2.7, including  special
methods defined in para. 6-2.7.1(b).

(b) Thelemployer shall certify records of.the examina-
tion procedures employed, showing dates)and results of
procedure qualifications, and maintain/them and make
them available to the Inspector.

6-2.7 Ty
6-2.7.1
(a) Methods Specified in This Standard. Except as

provided in (b), any examination required by this Stan-

dard, the fengineering design, or the Inspector shall be
performed insaccordance with one of the methods speci-

pes of Examination
General

(b] Method. Visual examination shall be perforrhed in
accordance with the following:

(1) During the course of fabrication,~assemH
erection, the examiner shall make all sueh checks
sary to ensure that laminate imperfections (as defi
Table 4-3.2-1) are within the requirements of thig
dard.

(2) The Quality Control Program shall include proce-
dures and forms to be used te-control the ongoing process
oflamination so as to ensurethat imperfections are yithin
required tolerances prior to the final inspection.

(3) Visual exdmination shall be made before pn ex-
terior pigmented, coating or insulation is applied fo the
piping system and/or components. If exterior pigmenta-
tion or insulation has been specified, the fabricator, qwner,
and Inspector shall discuss and agree on visual mgthods
and afrange for closely timed and scheduled inspeg¢tions.

(c) Acceptance Criteria

(1) Thevisual acceptance criteria shall be as st3
Table 4-3.2-1.

(2) In general, the acceptable quality level shojld be
Level 2, as defined in Table 4-3.2-1.

(3) For cases in which failure or substantial ldakage
of the piping could pose high risk to the health or safety of
personnel or cause significant economic loss, the defigner
or owner should consider specifying the acceptable
quality level as Level 1, as defined in Table 4-3.241.

(d) Records. Records of individual visual examinptions
shall not be required, except for those of in-process pxam-
ination as specified in para. 6-2.7.4.

ly, or
heces-
ned in

Stan-

tedin

6-2.7.3 Degree of Cure

(a) Method. The degree of cure shall be determined by
Barcol hardness in accordance with ASTM D2583
(b) Criteria. The reported Barcol hardness valug¢ shall
be atleast 90% of resin manufacturer’s specified hajjdness

fied hereirn:

(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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oI the curea resin.

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 ensure tightness. The test shall be a hydrostatic
leak t¢stin accordance with para. 6-3.4, except as provided
herein.

(a)|At the owner’s option, a piping system may be
subje¢ted to an initial service leak test in accordance
with para. 6-3.6 in lieu of the hydrostatic leak test.

(b)|If the owner considers a hydrostatic leak test
impracticable, a pneumatic test in accordance with
para. |6-3.5 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 |much higher risks than those for metallic pipe
becauke FRP material by its nature possesses less ductility
than gteel.

NOTE:[ See ASME PCC-2, Article 501 for detailed guidance on
pneunjatic testing.

(¢)
drains
closed

Lines open to the atmosphere, such as vents or
downstream of the last shutoff valve, should be
with temporary end closures and leak tested.

6-3.2
6-3
(a)

cated

the cd

(b)
tained
subje
avoid

General Requirements for Leak Test
2.1 Limitations on Pressure

Pressure Limits. Test pressure limits'shall be as indi-
in para. 2-2.3.8(b) or as agreed to-by the owner and
ntractor.

Test Fluid Expansion. If a pressure test is to be main-
for aperiod of time and-thetest fluid in the system is
t to thermal expansien,precautions shall be taken to
excessive pressure;

(c) |Preliminary Prngumatic Test. A preliminary test
usingfair at no mote than 70 kPa (10 psi) gauge pressure
may He made prior'to hydrostatic testing to locate major
leaks.

6-3(2:2..0ther Test Requirements

be required to be retested In accordance with para. 6-3.1.

(c) Closure Bonds. The final bond conmeeting piping
systems or components that have been sificcessfully
tested in accordance with section 6-3-shall not be required
to be tested provided the bond is examined in{process in
accordance with para. 6-2.7.4,

6-3.2.4 Externally Pressured Piping. Unjacketed
piping designed for extetnal pressure shall b¢ tested at
an internal gauge pressure 1.5 times the extefnal differ-
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 affectéd piping shall be retested, except that for
minor.repairs or additions the owner may waive retest
requirements when precautionary measures|are taken
to_ensure sound construction.

6-3.2.6 Test Records. The following informpation 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 comipletion of

the test if the owner retains the Inspector’s cgrtification
that the piping has satisfactorily passed thg pressure
testing required by this Standard.
6-3.3 Preparation for Leak Test

6-3.3.1 Joints Exposed

(a) All joints and bonds (including strug¢tural and

attachment bonds to pressure-containing components)
shall be left uninsulated and exposed for eamination
during leak testing, except that joints ahd bonds

(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.

49

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-

designed [fo resist the pressure thrust forces at the .

requ%red Lest pressure, pfor that portion of the test dance with ASME B31.3, para. 345.4.2(b).

yvhen thf: pressure exc_eeds 150% of Fhe _egpansion 6-3.5 Pneumatic Leak Test

joint design pressure, either the expansion joint shall

be temporarily removed or temporary restraints shall (a) Pneumatic leak tests shall be permitted only with

be added fo resist the pressure thrust forces. the owner’s approval and as allowed by the referenced
(b) Exceptas limited in (c), a piping system containing code.

self-restrained expansion joints shall be leak tested in
accordancg with section 6-3.

(1) Alself-restrained expansion joint previously shop
tested by the manufacturer in accordance with applicable
provisiong of ASME B31.3, Appendix X, may be excluded
from the system to be leak tested, except when a sensitive
leak test ip accordance with para. 6-3.7 is required.

(2) Restraint hardware for all types of expansion
joints shall be designed for the pressure thrust forces
at the test| pressure.

(c) Whg¢n a bellows expansion joint is installed in a
piping system that is subject to a leak test and the leak
test prepsure determined in accordance with
section 6-B exceeds the pressure of the test performed
by the manufacturer in accordance with applicable provi-
sions of ASME B31.3, Appendix X, the required leak test
pressure shall be reduced to the manufacturer’s test pres-
sure.

6-3.3.4 | Limits of Tested Piping. Equipment that is not
to be testefl shall be either disconnectedfrom the piping or
isolated by blinds or other means-during the test. A valve
may be uged provided the valve-(including its closure
mechanisip) is suitable forcthe*test pressure.

6-3.4 Hydrostatic Leak Test
6-3.4.1

or the prol

(b) In general, with the exception of testing low}pres-
sure piping systems, pneunatic testing should be avpided.
(c) For gas fluid requirements and limitationf, see
section 2-6.

6-3.5.1 Precautions

(a) Pneumatic testing involves the hazard that gnergy
stored in,compressed gas could be released.

(b) Particular care shall be taken to minimige the
changeof brittle failure during a pneumatic leak fest.

(c) "Material properties and test temperature sHall be
considered when the hazards associated with pneymatic
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 detailed gulidance
on pneumatic testing.

relief
pres-

6-3.5.2 Pressure Relief Device. A pressure
device having a set pressure not higher than the tes
sure shall be provided.

6-3.5.3 Test Fluid. The gas used as test fluid, if ot air,
shall be nonflammable, noncombustible, and nontoxic.

6-3.5.4 TestPressure. Unless otherwise defined py the
governing code, the test pressure shall not be less thian 1.1

times the design pressure and shall not exceed 1.33|times
Test Fluid, The test fluid for a hydrostaticleak  the design pressure.
test shall e wateriinless there is the possibility of damage
due to fredzingor to adverse effects of water on the piping 6-3.5.5 Procedure
ess—In fthP cases nnnfhpr Q”H—thp nontoxic SLC[} 1 T‘ll€ lJl Co5UIc b‘lldll bC 51 dL‘llell_y iIlLI tfdbCL‘l ntll a

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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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

6-3.7SensitiveLeakTest

(a) | The test pressure shall be in accordance with the
following:
() The test pressure shall be at least the lesser of
105 KPa (15 psi) gauge or 25% of the design pressure.
(£) 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
checklshall be made. Then the pressure shall be gradually
incredsed in steps until the test pressure is reached; at
each ptep, the pressure shall be held long enough to
equaljze piping strains.

(b) |Options of one or more of the test methods from
ASME|BPVC, Section V, Article 10, which allow the engi-
neering design to modify specified requirements of the

6-4.1 Responsibility

It shall be the responsibility of the piping'designer, man-
ufacturer, fabricator, and erector, as applicable, to prepare
the records required by this Standard, the governing code,
and the engineering design.

6-4.2 Retention of Records

Unless otherwise spécified by the engineer
the following records shall be retained for atlea
the record is generated for the project:

(a) examination procedures

(b) exatnination personnel qualifications

(c) examination data

ng design,
t5yrafter
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MANDATORY APPENDIX I
DESIGN OF INTEGRAL FLAT-FACE FLANGES

I-1 SCORE

This Appendix provides a design method for integral
flat-face FRP flanges that use full-face gaskets. These re-
quirements may be used to design flanges having ASME
B16.5 or ASME B16.47 bolt circle and bolt hole diameters
or to custdqm design flanges not meeting those standards.

NOTE: The| design method herein is derived from a design
method giveén in ASME BPVC, Section X, and Section VIII, Division
1, Mandatopy Appendix 2.

1-2 LIMITATIONS

1-2.1 Siz¢ and Pressure

There i§ no size or pressure limitation for this design
method, byt in a larger flange at higher pressures the spot
facing for the washers on the back side of the flange may
thin out the hub more than 1.5 mm (0.06 in.), which is
unacceptaple. For custom designs of such flanges, the
use of dtress analysis procedures such as finite
element apalysis, found in ASME BPVC, Section VIII, Divi-
sion 2, Par} 2, using the allowable stresses for FRP-given in

ASME NM]|3.3 shall be considered.
1-2.2 Hardness

Only full-face, soft elastomeric-type-gaskets with or
without re¢inforcement and with-a_maximum hardness

of Shore A60 + 5 shall be used/for flanges designed
per section I1-3. Harder gaskets are acceptable only if
stress andlysis methods<are used to design the flange
and empirjical testing.is used to verify leak tightness.

NOTE: When the flange is assembled, the guidelines outlined in
ASME PCC-1 shouldbé followed.

1-2.3 Construction

f the
illus-

extending from the outside diameter (0.D.))-g
flange to the inside of the pipe. See Figure [-2.3-1
tration (a).

(b) Flanges also may be integrally mdlded, including a
pipe neck. See Figure I-2.3-1, illustration (b).

1-2.4 Material

Flanges greater than or equalto DN 100 (NPS 4) shall be
constructed of Type II lainiitates using alternate plies of
chopped-strand mat and.woven roving. Flanges lesk than
DN 100 (NPS 4) mayg,beconstructed of Type I all-mat lami-
nates or Type [l lamihates. Compression molding, filament
winding, or tap€ winding shall not be used to manufacture
flanges designed in accordance with this Appendik.

1-2.5 -Adhesives

Flanges that require the use of adhesives shall ot be
permitted.

1-2.6 Hub Reinforcement

For all flanges manufactured using Type II laminates,
the hub reinforcement shall consist of alterhating
layers of mat and woven roving that are contihuous
from the hub to the 0.D. of the flange.

1-2.7 Ring Plies
For all types of flange construction, the ring plies frqm the
0.D.totheinside diameter (I.D.) of the flange shall be|inter-
spersed between the reinforcement plies that extendl from
the hub to the 0.D. of the flange.

I1-3 DESIGN OF FLANGES

I-3.1 Nomenclature

Flange construction shall be of either of the following
styles:

(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

52

The following symbols are used in the equations for the
design of flat-face flanges employing full-face gaskets (see
Figure [-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 2018.pdf

ASME NM.2-2018

Figure 1-2.3-1 Typical Flange Designs

Flange hub
thickness =t/3

[Note (1)]

—_— |

o= = =
(7~ F =
(s 71— C -

Flange hub
thickness =t/3
~— [Note (1)]

N
N

NOTES]

(1) Hyb reinforcement thickness shall be calculated, but in no case shall it be less thant/3.
(2) Hyb length, h, shall be greater than or equal to 3t and shall have a minimurn3:1 slope.

(a) Typical Integral Flange on Pipe Design

|
i AR
|||Il'l |||1|||l |
| iy . . . g : |
] 6 mm (Y4in.) radius (min.) 6 mm (1,in.) LI
| i bl ! b radius (min.) ‘3‘.'": ! |
I
H
(E [NOte (2)] [Note (2)] (l:_
Flange
|
—] <—tp
SN

(b) Typical Integrally Molded Flange Design

d = shape factor for integral-type flanges H'g, = compression load required to sg¢at gasket
= (U /V)hoo? outside G diameter, N (Ib)
‘( /V) Ogo‘ H, = total joint-contact-surface compregsion load,
d; = bolt hole diameter, mm (in.) N (Ib)
e = shape factor 2bnGmp
= F/ho H', = total adjusted joint-contact-surfacg compres-
F = shape factor (see Figure [-3.3-3) sion for full-face gasketed flange, N (Ib)
f = hub stress correction\\ factor (see (hG/h/G)Hp
Figure 1-3.3-4) ) )
- 1 for calculated value€ 1ess than 1 Hr = difference between total hydrostati¢ end force
G = diameter of gasket(load reaction, mm (in.) and the hydrostatic end force area inside of
do = thickness of hublat)small end, mm (in.) flange, N (Ib)
41 = thickness of hub/at back of flange, mm (in.) H N Hp . i )
H = hydrostatie'end force, N (Ib) hr = radial distance from bolt circle td circle on
h = length offfub, mm (in.) which Hr acts, mm (in.) _
Ro = factoe K = ratio ofinside flange diameter to outfide flange
= (B4g)%® diameter
Hp =-hydrostatic end force on area inside of flange, L len_gth of flange 1.nclud1ng hub, mnq (in.)
N (Ib) M = unit load, operating, N (Ib)
hp—=—radial-distance—frombolt—eirele—to——cirele—on Myax/B
which Hp acts, mm (in.) m = gasket factor _ ,
H; = difference between bolt load and hydrostatic 0 to 0.50 for S_Oft gaskets; use manufacturer’s
end force, N (Ib) recommendations
hg = radial distance from bolt circle to circle on M, = total moment .
which H acts, mm (in.) M, = moment under bolt-up conditions
h'; = radial distance from bolt circle to gasket load Mp = component of moment due to Hp
reaction, mm (in.) M = component of moment due to Hg
h"¢ = flange lever arm, mm (in.) Munax = max(Mo, M)
Hg, = bolt load for gasket yielding, N (Ib) Mr = component of moment due to Hr
N = number of bolts

bnGy
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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-

(c) Determine the gasket dimensions:
G=C-2hg

b= (C-B)/4

(d) Determine loads:

(1-3-3)

(1-3-4)

(1-3-5)

SFo

VA

1-3.2 All

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.)

pipe wall thickness, mm (in.)

=| shape factor (see Figure 1-3.3-5)
=| shape factor (see Figure 1-3.3-2)

flange design bolt load, N (Ib)

minimum bolt loading for 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)

345kPato 1379 kPa (50 psito 200 psi) for soft
gaskets; use manufacturer’s recommendations
shape factor (see Figure 1-3.3-5)

pwable Flange Stress

The fla)jge thickness shall be designed.such that the

allowable
stress giv¢

1-3.3 Cal

Calculat]
Figures I-
(a) Det

(b) Det
parts of th

H = Cz‘rrp/A

Hy

= 2brGmp
H), = (h/WG)H,

W,

m

1=HP+H+HP

HGy = bTCGy
Héy = (hg/hg )HGy
Wia = HGy + H/Gy
(e} Determine the bolting requirements:
Ap = W1/ Sp
Ay =Wa/S,
A, = greater of A; or A,.

W, = 1.25 (greater of W,,; or W,,,).

NOTE: To ensure that the flange is not overstressed, th

(1-3-6)

(1-3-7)

(1-3-8)

(1-3-9)

1-3-10)

1-3-11)

[-3-12)

E bolts

Str.eszgl\(;és l\rlllslt;g(ceed the alloj¥able flexural shall be tightened using a procedure that controls torqfie in a
nim o manner that ensures W, is not exceeded.
culation Procedure (f) Determine flange load, moments, and lever arms:
ion procedures<are” as follows (see also 5 [-3-13)
.3-1 through [£3:3-5, and Table 1-3.3-1): Hp = nB"p/4
brmine design_¢onditions, material properties,
and dimensions of/flange, bolts, and gasket. Hr=H - Hp [-3-14)
brmine the lever arms of the inner and outer
e gasket: hp = R + 0.5 [-3-15)
hy = 0.5(R + g + hg) (I-3-16)
C-B)2B+ C
he = (€-B)(2B+C) (1-3-1)
6(B + C) Mp = Hphp (1-3-17)
MT = HThT (1'3'18)
We = “-00ea+0 (1-3-2) My = Mp + My (1-3-19)

6(C + A)

54
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(g) Determine flange moment at gasket seating condi- (i) Calculate stress and compare to allowable stress:
o S MG iowab (1-3-23)
= — 1-3-20 RAD = allowable -3-
H;=W-H (1-3-20) 2(xC — Ndy)
heh
hG = G—G/ (1-3-21) Sy = M/)Lgl2 < allowable (1-3-24)
I’lG + hG
_ 2 1-3-25
Mg = Hght (1-3-22) Sg = fM/It* <allowable (I-3-25)

where [ and A are defined in Figure I-3.3-1 and M =

(h)|Assume a flange thickness, t. M, ../B.

55
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Figure 1-3.3-1 Design of Flat-Face Integral Flanges

Design Conditions Gasket and Bolting Calculations
Design pressure, p MPa (psi) | Gasket details G C-2hg
Design temp. CCF) b (Cc-B1/4
Atmospheric temp. °C (°F) | Facing details Y
Flange material m
Bolting material b o C=BI2B+ O _ p L AZ0RAY O
A = B = c = CTT e(B+ O ¢ o(C+A
Allowgble| Oper. temp. Sh MPa (psi) | Hy = 2bmGmp = Hey = bmGy =
bolt|
streps | Atm. temp. Sa MPa (psi) | H = Gmp = / hg
4 HGy = ﬁ_’ HGy =
G
Allowgble| Oper. temp. Sko MPa (psi) hg
flanpe o = He o = Wina = Hgy+ Hiy =
streps | Atm. temp Ska MPa (psi) Y 2
Wi = Ho+ H+ H', =
An = t f% d%— Ag = W, = 1.25 ter of W, or W)
Bolti g requirement m = greater O Sb an Sa = B = a = . greater o 'm1 'm2

Flange Moment at Operating Conditions

Flange Loads (Operating Condition) Lever Arms Flange \Moments (Operating Condition)
Hp g wB%l/4 = hp = R+ 0.59; = Mp =Ny X hp =
Hr o H-Hp, = hr = 0.5(R+ g1 + hg) = Mays="Hr x hy =
My = Mp+ My =
Flange Moment at Gasket Seating Conditions
Flange Load (Bolting-Up Condition) Lever Arm Flange Moment (Bolting-Up Condition)
HG = Wa -H = /7”5 = hgh’g/(hg + /'1'6) = MG = HG X /I”G =
w B - W Sro (Equivalent to checking for\M, at allowable flange i
max = greater of M, or M, X Sk stress of Sg, and separately for M, at allowable M= ;ax =
flange stress of Sg,)
Stress Calculation Shape Constants
Longifudinal hub stress S, = fM/)\gl2 K = AIB = /7O = /By, =
Radia| flange stress Sg = BM/\t? T = = Why =
Tangeptial flange stress Sy = (MY/It?) Z5% Z = = F =
Greatgr of 0.5(Sy + Sg) or 0.5(Sy + Sp) Yy = = V=
. . 6Mg U = = f =
Radia| stress at bolt circle Sgap = vyl —
t(mC - Nd,) alg, = e = F/h
- U 2
»r—lkgo = d= v hOgO =
t (assumed)
lje==3A = L~ 91 = _
L\ a j/ _ a = te+1
h B = Yste+ 1
w y = afT
T 5 = tyd
t I~ hD _>I A =7v+96
| -
, ~nr 44 Hr
h G—> | hG-><—G=
Hg Hg
N = No. bolts =

dy = Dia. bolt holes

56



https://asmenormdoc.com/api2/?name=ASME NM.2 2018.pdf

ASME NM.2-2018

Figure 1-3.3-1 Design of Flat-Face Integral Flanges (Cont’d)

Stress Calculation

Shape Constants

Longitudinal hub stress Sy = f/W)\gl2 K = AIB = hy = /590 =
Radial flange stress Sp = BM/\t? T = = Why =
Tangential flange stress S = (MVY/t?) ZSg 7 = = F =
Greater of 0.5(Sy + Sg) or 0.5(Sy + Sp Y = = vV =
Radial stress at bolt circle Sgap = "
Tt C—"vroT M = e = F/hy
- U 2
«»I"‘I« 9= —— d=1 %
t (assumed)
— A=___ g1=
g A j & B a = fe+1
h = B = Yste + 1
w y = ofT
1 5 = tyd
~1 o= A=y+3d
| -
. ~—nr4—A
h G—> <-hG-><—G=
H'g Hg
N =_No."bolts =

oy =\Dia. bolt holes =

GENERAL NOTE: See Table 1-3.3-1 for equations.
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Figure 1-3.3-2 Values of V (Integral Flange Factor)
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0 1 [ 200 7|
1 15 ggo = 1.967 2 25 3 35 4 45 5
9+/9
GENERAL NPTE: See Table 1-3.3-1 for equations.
Figure 1-3.3-3 Values.of F (Integral Flange Factor)
T
0.508920 010 L sassi
e 4
0.9 — .\: | 1 1 0.20 p-{——'—"—'—__‘—_-‘-_’_ 1
S 0.2 L+
= — 0.30 411111 L
— SRR
NS 030 AT TP
S~ T 40 T T 1]
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\\Kx\\\ >~ @~~ h/ho = 1.96 050
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« AN —T—+——0.70
AN T ~~— [ BEEEREEss
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A i T [ 1.00 1]
i ~11.25 B
T s ~ nEE
: - ~ 1.50 —~—_]
T ~g ~ =111
0.6 L 2.00 S
E h h - —~—
+ hy ~ JBg,
05 H ) I I | ] -
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91/90

GENERAL NOTE: See Table 1-3.3-1 for equations.
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Figure 1-3.3-4 Values of f (Hub Stress Correction Factor)

25
7
20 p 4
f =1 (minimum)
f =1 for hubs of uniform thickness (g1/ gg = 1) /
»
15 f =1 for loose hubbed flanges V4 ,1/
. ! , /j// A 7
e
A/ V.4
7 Y
VAW A4V 4
10 7 vV 7 7V Y,
77 7
9 AV AP 4
8 A VAVAVA a
L 4 4 ).
7 al V.04 / 4
© o .04V . A
| < 4
6 o P 4
.- 5 1 I /‘(\Q ol /
% BV
] DY
4 ; ‘O
v
AAAY
; AAA
25 S LA
. 727717 BV4
AL AA X T
VAV A 4
7/ V/‘i J/ })
5974235
a4V /] 4
1-5 , /
/7 [ ¥
54058
AL A LA
1 /1‘/ / D4 o
1 15 A2
ViVl | /
hfg='058 77 L 917 9
1 g1/ 9= 1.96
GENERAL NOTE: See Table I-3.371~for’ equations.
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Figure 1-3.3-5 Values of T, U, Y, and Z (Terms Involving K)

GENERAL N|

1.02 1.03  1.05 1.10
00 T T T T g Y v
80 PR\ K2 (1 +8.55246 log 1o K) —1 ]
T =
AN (1.04720 + 1.9448 K2) (K—1) ]
60 AN i
50 \\\ K2 (1 +8.55246 log 1 K) —1 ]
40 AN \\\\ U=7136136 (KZ—1) (k—=1) ]
\
30 AN A\ 1 [ K2 10g oK 1 -
- — +5.71690
\Q\u S L0.66845 5 P J
20 q
2
K2+1
\ N 2= K= %—
N N K21
2 N
S 10 7 — o _ 410
. AN Poisson’s Ratio Assumed = 0.3 ]
> N\ 8
s 8 AN AN
R N\ N
6 C N 6
5 5
4 q 4
\
3 BN R 3
\ \
N N
2 . ~ 2
T SRRY HN\ §
1.02 103 1.05 1.10 120 1.30° 1.0 2.00 3.00 5.00
K=A7B

DTE: See Table 1-3.3-1 for equations.
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Table 1-3.3-1 Flange Factors in Formula Form

Integral Flange

Factor V per Figure 1-3.3-2 is then s

Factor F per Figure I-3.3-3 is then s

Factor f per Figure I-3.3-4 is then sof

The values used in the above equation|
through (45) need not be solved.

Ivedcby
E4
V= 1/4
(ﬂ] 1+ A0)3
Co
lved by
Eg
F=—°
(&>1/4(1+A0)3
2.73 Co
ved by
Cs6
f=
(1 +49)

5 are solved using egs. (1) through (45) below based on'thewalues g4, go, h, and hg as defined by para.I-3.1. When g, = go, F =0.908920

V=0.550103, and f=1; thus egs. (1)

Equations

(1) Ao = (91/90) - 1

(2) Co = 43.68(h/ho)*

(3) €y = 1/3 + Ag/12

(4) C, = 5/42 + 174,/336
(5) C3 = 1/210 + Ao/360

(6) C4 = 11/360 + 5940/5040 + (1
(7) Cs = 1/90 + 540/1008 - (1 + A4,
(8) Cg = 1/120 + 174,/5040 + 1/C,
(9) C; = 215/2772 + 5140/1232 +

(10) Cg = 31/6930 + 1284,/45 045
(11) Co = 533/30240 + 65340/7392
(12) €19 = 29/3780 + 34,/704 - (1
(13) €11 = 31/6048 + 17634,/665 2
(14) Cy5 = 1/2925 + 714,/300300

(15) Cy3 = 761/831600 + 9374,/16
(16) Cy4 = 197/415800 + 1034,/33
(17) Cy5 = 233/831600 + 97A4,/554

340)/Co
%/Co

60/7 + 225A0/14 + 75A0%/7 + 540°/2)/Co

- (6/7 + 1540/7 + 1240%/7 + 5A0°/11)/C,

0 + (1/2 + 3340/14 + 394,%/28 + 254,°/84)/Co

2 + 3340/14 + 814,%/28 + 1340°/12)/C,

80 + (1/2 + 6A0/7 + 1540%/28 + 540°/42)/Co
(8/35 + 184¢/35 + 1564,°/385 + 64,°/55)/Co

63200 + (1/35 + 640/35 + 114¢%/70 + 340°/70)/C,

P 640 — (1/35 + 640/35 + 1740%/70 + Ag>/10)/Co

100 + (1/35 + 340/35 + Ag?/14 + 24,°/105)/C,

(18) C16 = C1C7C12 + CoC8C3 + C3C5C

2 2 2
- (L3 L7 T lg Uy T L2 L12)

(19) C17 = [C4C7Cyz + C2CC13 + C3C8Co — (C13CC3 + CBZC4 + €120209)]/C16
(20) Cig = [C5C7C1z + C2CgC14 + C3CgC10 — (C14C7C3 + CBZCS + (1262C10)]/Ci6
(21) Ci9 = [C6C7C17 + CoCgC15 + C3CgC11 = (C15C7C3 + Cszca + (126:C11)]/Ci6

8T0Z-Z'NN NSV
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Table 1-3.3-1 Flange Factors in Formula Form (Cont’d)

Equations (Cont’d)

(22) Cz0 = [C1CoC12 + C4lsCs + C3C13
(23) C31 = [C1C19C12 + C5CgC3 + C3CY)
(24) Caz = [C1C11C12 + CoCsls + C3C4f
(25) Ca3 = [C1C7C13 + C2C9C3 + C4Cg(
(26) Cz4 = [C1C7C14 + C2C10C3 + C5CY
(27) Cas = [C1C7C15 + C2C11C5 + CoCy
(28) Cz6 = ~(Co/N'*

(29) C27 = C20 = C17 = 5/12 + C17C34
(30) Cag = Cz2z = C19 = 1/12 + C19(;
(31) Cao = ~(Co/0)"?

(32) C0 = ~(Co/0*/*

(33) Cs1 = 340/2 - C17C30

(34) C32 = 1/2 - C19C30

(35) €33 = 0.5C26C32 + C28C31C29 - (
(36) C34 = 1/12 + Cig = C21 - Cis(o
(37) €35 = ~Cra(Co/4)**

(38) C36 = (C28C35C29 — C32C34C29)/(]
(39) C37 = [0.5C26C35 + C34 C31Ca9 -
(40) E1 = C17C36 + Ci1g + C19C37

(41) Ez = C20C36 + C21 + C22C37

(42) E5 = (33036 + Coa + C35C37

(43) E4 = 1/4 + C37/12 + C36/4 - ES
(44) Es = E1(1/2 + Ag/6) + E(1/4 4
(45) Es = E5 — C36(7/120 + Ap/36 +

Co 7 (C32C9 + C13C8C; + €12C4C5)]/C16

L Co((C*C1o + C14CsC1 + C12C5C2)]/Cas
5C; = (€570 + CisCoCr + C12C6C2)1/Co
2 = (C3C764 #]CeCoCy + CZZC13)]/616

C2 — (C3CCs % (ColirCy + C2°C1a)]/Cie
C2 — (C3C7Cs + CoCinlyy + C27C15)]/Cis

.5C30C28 + €32027C29)

B3
(0.5C30C34 + C35C27C20)]/C33

5 - 3E,/2 - E
1140/84) + E5(1/70 + Ay/105)
340/Co) - 1/40 - Ag/72 - C37(1/60 + Ag/120 + 1/Cy)

8T0Z-Z'NN NSV
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MANDATORY APPENDIX II
CALCULATION OF PHYSICAL AND MECHANICAL PROPERTIES
USING THE LAMINATE ANALYSIS METHOD

11I-1 SCOPE 11-2.1 Nomenclature and Definitions

(a)|This Appendix provides the laminate analysis 11-2.1.1 Nomenclature. The ¢ symbols |used in

methqgd to be used to calculate the laminate properties section II-2 are defined as follows:

needed for design. The laminate analysis method consists A, =

of detprmining the physical and mechanical properties of E =

each layer of a laminate and using weighted averaging

techn]jques to determine the physical and mechanical

propefrties of the total laminate. E, =
(b) [Calculation of properties of individual layers (or

“lamina”) is addressed in para. II-2.2. Calculation of prop-

erties|of total laminates is addressed in paras. 1I-2.3 and

11-2.4, E, =
(c) [The simplified method in para. II-2.3 is intended for

use with Design Method A (see para. 2-2.3.2). Elasticinter-

action]s between extension and shear are taken into Ef =
accoupt by this simplified method; however, other
elasti¢ interactions between layers cannot be taken Ey =
into [account with this simplified approachs«‘ For E, =
example, the method is not valid for a laminate containing
a single oriented layer, unless the orientatien-angle is G =

either] 0 deg or 90 deg. Also, this methed does not
accoupt for elastic interaction between ‘bending and
extension or bending and shear. If~the laminate does Gz =
not comply with these limitations,,then this simplified
design method shall not be uséd.

(d) |Paragraph I1-2.4 shall be used to calculate elastic G =
propefrties of laminates for) use with Design Method D

unit area, m?/m? (in.%/ft%)
in-plane ‘miodulus of elastitity of a
randomly~" reinforced layer, e.g,
chopped-strand mat, MPa (ps})
medulus of elasticity of an orthotropic
lamina in the principal direction of the
greater modulus, generally |the fiber
direction, MPa (psi)
modulus of elasticity of an orthotropic
lamina in the principal direction of the
lesser modulus, MPa (psi)
modulus of elasticity of the 1einforcing
fiber, MPa (psi)
tensile modulus of layer k, MPa (psi)

modulus of elasticity of the refin matrix,
MPa (psi)
in-plane shear modulus of elakticity of a
randomly reinforced layer, e.g} chopped-
strand mat, MPa (psi)
shear modulus of an orthotropiclaminain
the principal coordinate sygtem, MPa
(psi)
shear modulus of elasticity of the fiber
reinforcement, MPa (psi)

(see para. 2-2.3.5). Paragraph II-2.4 may also be used Gy = in-plane shear modulus of layer k, MPa
to calpulate elastic-pfoperties for use as required with (psi)
other|design methods. G,, = shear modulus of elasticity of the resin
Thd equations defining the theory of failure for use with matrix, MPa (psi)
Desigh Methad D are given in section II-3. They give re- I, = area moment of inertia about he neutral
quirementsfor calculating the strength ratio, R, at a point axis of a unit width of layer k, mm* (in.*)
from thelstiffness coefficients and the resultant forces and k = subscript denoting layer number
moments at the point. k¢ = plane strain bulk modulus for the reinfor-
cing fibers (assumed isotropic), MPa (psi)
11-2 LAMINATE ANALYSIS METHOD K; = midplane curvature along the structural
. ) ) . . axis, mm™* (in.™Y); i = x, y, or xy
The equations prowded in this s-ectlon shall.be used t.o k,, = plane strain bulk modulus for the resin
calculate the ph.y51cal anq me.c.hamcal properties oflaml- matrix (assumed isotropic), MPa (psi)
nates when using the simplified (shorter) method, i.e., M, = moment resultant about x-axis (see
para. 1I-2.3, and when using classic laminate theory, Figure 11-2.1.1-1), N-mm/mm (in.-Ib/in.)
Le, para. I-2.4. M,, = twisting moment resultant (see

63

Figure I11-2.1.1-1), N-mm/mm (in.-lb/in.)
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moment resultant about y-axis (see
Figure 1I-2.1.1-1), N-mm/mm (in.-1b/in.)
force resultant in x direction (see
Figure 11-2.1.1-2), N-mm (lb/in.)
in-plane shear force resultant (see
Figure 11-2.1.1-2), N-mm (lb/in.)
force resultant in y direction (see
Figure 11-2.1.1-2), N-mm (lb/in.)

reduced stiffnessin the prinrip:ﬂ material

&
&

&1, €2 Y12

0

strain of alayerintheidirection;i=1,2,6
midplane strain in direction i of the lami-
nate

layer strains in the material coordinate
axis system

angle between the x coordinate axis and
the 1 coordinate axis (see
Figure 11-2.1.1-4), deg

Poisson’s ratio of a randomly reinforced
layver

Qbdr;

e

Zk

direction, defined by eqs. (II-2-26)
through (II-2-29), MPa (psi)
transformed stiffness coefficients in the
pipe (x-y) axes (off-axis directions),
MPa (psi); i,j=1,2,6

total laminate thickness, mm (in.)
thickness of the layer k (see
Figure 11-2.1.1-3), mm (in.)

volume of the reinforcing fibers per unit
area, m*/m? (in.?/ft%)

volume of the resin matrix per unit area,
m3/m? (in.3/ft?)

weight of reinforcement per unit area,
kg/m? (Ib/ft?)

= weight fraction of reinforcing fiber

weight fraction of matrix material
distance from reference surface to the
neutral axis of the laminate (see
Figure 11-2.1.1-3), mm (in.)

distance from the reference surface to the
center of the kth layer (see
Figure 11-2.1.1-3), mm (in.)

Figure 11-2.1.1-1 Moment Resultants

V12

Vf—
Vi =

Vm

pe

Pr

Pm

Oi

Q1,02 T12

Uf—

Um

principal Poisson’s ratio of a laminfa (the
negative of the ratio of the strain in} the 2
direction to the strain in the, 1 dirpction
due to stress in the 1 _direction)
Poisson’s ratio of thefiber reinforcement
Poisson’s ratio of fayer k
Poisson’s ratio ef the resin matrix |mate-
rial
density of-the composite material, kg/m>
(Ib/in.%)
density’ of the reinforcement, kg/m?
(b/in.*)
dénsity of the resin matrix material,
kg/m> (Ib/in.%)
stress in the i direction, MPa (psi); i|=1, 2,
6
layer stresses in the material coorflinate
system, MPa (psi)
shear stress in the x-y coordinate system,
MPa (psi)

volume fraction of reinforcing fibe
volume fraction of matrix material

—

[\

A

M,



https://asmenormdoc.com/api2/?name=ASME NM.2 2018.pdf

ASME NM.2-2018

Figure 11-2.1.1-2 In-Place Force Resultants

Xy

Figure 11-2.1.1-3 Geometry of an n-Layered Laminate

tN tk

f

~ Reference plane

2

2

NI

<_ Neutral axis

7}
t
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Figure 11-2.1.1-4 Coordinate System matrix materials. Ifthe laminate physically exists, the layer
thickness may be determined by polishing the edge of the
y laminate and measuring using some form of magnifica-
tion, e.g., a microscope. If the laminate does not physically

exist, assumptions will have to be made and the assump-

tions confirmed after fabrication.
(b) The volume fraction shall be determined fro
following equation:

m the

(c) Once the volumedraction is known, the weigh

1%

/ peo I 11-2-1)
J Vf + Vi,
1
where

0 w
X Vi = 2 11-2-2)

Pf
Vi = tA, 1y 11-2-3)

it frac-

LEGEND: tion of the fiber reinfofcement and the composite material
density may be detérmined from the following equdtions:
1, 2 = 1naterial coordinates vip
x, y = piping coordinates — s 11-2-4)
. vepe + (1 — vf)p
11-2.1.2 | Definition U J ¥
macrolayey: a combination of two or more individual and
layers (or|lamina). Examples include
. =0 + (1 —-vw 11-2-5
(a) a wpven roving layer fe = UfPr ( )P )
(b) a hglically wound cover, i.e., a +0 layer combined . .
(d) In some cases, it may be more appropriate to

with a -0]layer
(c) orthowound layers, e.g., hoop (filament-wolnd)
layer compined with axial unidirectional reinforcénrent
(d) a fagbmat layer, e.g, a unidirectional or-woven
roving combined with a chopped-strand mat layer

assume a weight fraction (glass content, by W
rather than a thickness. In such cases, the volume fT
may be determined as follows:

WiDy

eight)
hction

(e) a chop-hoop layer, e.g., spray-up (random) rein- of = Wiy + (1= wp)pg 1I-2-6)
forcement] combined with hoop-winding Teinforcement

Choice ¢f macrolayer configuration can affect the flex- 11-2.2.2 Elastic Properties of Unidirectionally|Rein-
ural propejrties of the layer and pdtentially also of the lami- forced Layers. The in-plane elastic properties of orfented
nate. If thq calculations for which the laminate properties glass-fiber-reinforced layers may be calculated| from
are intendgd to be used reguire the laminate flexural prop- composite material micromechanics theory. The |equa-

erties, thp maximum/~thickness of any macrolayer
employed|in a laminate-Construction shall be not more
than 20%|of the Jaminhate thickness unless the designer
can demonstrate:that the choice of macrolayer configura-
tion yieldd adéquate predictions of the laminate flexural
propertie

tions for the calculation of these properties are preg
below:
2
4(vf = yn)” X vyf
Om 01

E, =E,p, + Ef“f +

ented

11-2-7)

+ -+ —
L “

11-2.2 Lamina/Layer Properties (Micromechanics)
11-2.2.1 Preliminary Calculations

(a) To calculate the physical and mechanical properties
of alaminate, it is first necessary to determine the volume
fractions of the reinforcing and matrix materials. Typi-
cally, the weight per unitarea and form, e.g., unidirectional
or random, of the fiber reinforcement in a given layer is
known, as well as the densities of the reinforcing and resin

o6

1
(yf - Um)[k_ - ki
Um

kf k,,

V13 = Ul + Vy0p +

G

0,0
f] f (11-2-8)
1
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4k .G y = Gs/G 2
E, = star72 (11-2-9) if 1 Sm (11-2-20)
kstar + mGy
Ny = 3 — 4y, (11-2-21)
vy = 21/12 (11-2-10)
El 7’]f =3 - 4I/f (11-2-22)
vf 11-2.2.3 Lamina Reduced Stiffness Matrix Coefficients
G2 =Gy + 1 v (11-2-11)
— 4+ (a) The stress-strain relations in the principal material
(Gr = Gw) 26 directions of an orthotropic lamina are as follows:
e o1 = Qe + Qe (11-2-23)
E
k= f 5 (11-2-12) 0y = Q&1 + Qe (1l-2-24)
2[1 — v~ 2(y) ]
Ty = Q—66}/12 (I1-2-25)
E
k,, = m ) (11-2-13) (b) Thereduced stiffnessmatrix coefficients pfalamina
2[1 = U — 2(14n) ] are determined from the-elastic properties, Ey, >, G2, and
v12. These may be meaSured values, or they maly be calcu-
km(kf + G,)v,, + kf(km + Gm)’)f %ated f_rom the.equations in para. II-2.2._2. The r_equired
tar = (II-2-14)  input information for each layer is the fiber yeight per
(kf + Gy)oy + (ky + G"1)Uf unit area, the)tensile modulus of the fiber gnd of the
resin matrix, the type of reinforcement, and the fiber
4kstar”122 1215 and resin densities.
m=1+ —F (11-2-15) (¢) A step-by-step procedure for lamina with unidirec-
1 tional roving is as follows:
y Step 1. Calculate the volume fraction of fib¢r, v5 using
1/2
-G, (4B2 _ 4AC> 1 2B 11-2-18) eq. (II-2-1) or eq. (11-2-6). .
Step 2. Using the value of vy from Step 1, obtain
Gy = 2A values for E;, E; Gi and vi; using eqp. (II-2-7)
through (II-2-9), inclusive, and eq. (I1-2-11).
4 = 30 )2 ( 1) x ( ) (d) The reduced stiffness coefficients of eqch lamina
= 300" Xy = 1) X Ay 41y shall then be calculated as follows:
+ [mm + iy, — (P, — ’Yf)(“f)3] (II-2-17) Q= E (11-2-26)
1= v
x [op,(r = 1) = (my, £0)]
E
, Q= n 2 (11-2-27)
= = 30p(v) " (7 <27 + 71¢) ~ M2ha
+ l/z[mm 7 — Doy + 1] Qy = 112Qy, (11-2-28)
X - 1 + -2 - -2-
[(nm W+ ng) = 2(rm,, = np) (11-2-18) Qg = Gpy (11-2-29)
3L Y
% + =, + (-1
(Df ) ] 2 01 =1 (e) The reduced stiffness matrix coefficients in the
L ( )( )»\1 e e 1 =H rs 57 'S ( ]) Lhall +1 be deter'
X + + — o] Slrutiurdrl COuUTUIIIAalL SYOSLUTIIT A SIIAaIr uIciIr
ly f 7 AW = R0 J mined through the use of transformation equations.
The relationship between the 1-2 and x-y axis systems
C = 3Uf(Um)2(7 1) X (y+ ’7f) is shown in Figure II-2.1.1-4. The x-y system is in the
plane of the laminate and is chosen for convenience. A
+ [y;ym +(y — l)vf + 1] (11-2-19) typical choice would be to align x with the longitudinal

x [7 + g + (rny, = ﬂf)(Uf)3]

axis of the piping and y with the circumferential piping
direction.

(f) The transformed reduced stiffness matrix coeffi-
cients, Q;;, shall be calculated from the reduced stiffness
coefficients and the angle 6.
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Let m = cos 0 and n = sin 6. Then the equations for the G=U; — 1/8E1 + 1/4E2 (11-2-41)
transformed reduced stiffness coefficients are
2.2 (II-2- where
Qbar; = Qqyri’ + Qupnt + (Qy + 2Qge)2m™n” (12:30)
_3 3 1
U = /ngarH + /ngar22 + /4Qbar12 (11-2-42)
— 2.2 1
Qbar, = (Qq + Qy — 4Qge)m™n (11-2-31) + 1 Qbargg
+ le(m4 +nh
1 1 1
Us = /8Qbar11 + /8Qbar22 — /4Qbar12 (11-2-43)
Qbar — ”4 e ,”4 A a) M Va \4'”2”2 (11-2-32) P
22 T T ™ TR0z T 266/ + 17, Qbargg
Qbar; ¢ = Q11m3n _ szmn3 +(Qqy + 2Qgg) (11-2-33) (b) The reduced stiffness coefficients ofyeach lamina
3 3 with randomly oriented fibers shall then be calcplated
X (mn” — m"n) as follows:
3 3 Q1 =Qy = _E - (11-2-44)
Qbaryg F Q mn” — Qyom™n + (Q12 + 2Q66) (11-2-34) 1 <562
X (m3n - mn3)
le = 1)Q11 (I[-2-45)
22
Qbar.. = (Q;; + Qyy — 2Q;,)mn _ R
66 11 22 12 (11-2-35) Qes= G (1fi-2-46)

+ Q66(m2 - n2)2

(9) The
coordinatg

stress—strain equations for the lamina in the x-y
system are then

o, = Qbar &, + Qbarlzey + Qbarg Ty (11-2-36)
oy = Qbar,e, + Qbarzzey + Qbaryg Yy (11-2-37)
Toy F Qbag 4¢, + Qbar268y + Qbarééyxy (1:238)

(h) Inapisotropic laminate, the reduced stiffhess coef-
ficients haje the same value for any valueof0, so that the
stress-strain relation for the x-y systen has the same form
as eqs. (I1t2-23) through (II-2-25)¢

11-2.2.4
Layers

Elastic Properties(of Randomly Reinforced

(a) Lanjina with randomly oriented fibers are isotropic
in the plane of the lamihate. In an isotropic lamina, E; = E;
= E and v = v5; = These in-plane elastic properties of

11-2.2.5 Elastic Properties of Filament-Wound Macro-

layers

(a) The elastic properties of filament-wound
macrolayers may be determined from the transformed
stiffness coefficients, i.e., those in the x-y coorflinate
system, through the use of the following equations:

B - Qbar ;Qbar,, — (Q'baru)2

(FW)

(1[-2-47)

x Qbar,,
2

E, = Qbar;Qbary, — (Qbar,) (If-2-48)
Qbar

by = Qbarjy (1l-2-49)
Y Qbar,,

Gy = Qargg ([-2-50)

where Qbar;4, Qbar;,, Qbar,,, and Qbargg are the [trans-
formed stiffness coefficients of the individual layefrs.

random glassfiber-reinforced layers shall be calculated

from the |elastic properties of an oriented layer of (b) The reduced stiffness coefficients of the FW macro-
i i PR : PR £ layer are the transformed stiffness coefficients of the indi-

51m11ar COITSTruction, ey, tie Sante resir alra grass=1roet K K

reinforcementand glass content, using the followingequa- ~ vidual FW layers, i..

tions: Qbarij(macro) = Qbarij(FWIayer) (11-2-51)

5 _ AU(U — W)
U

(11-2-39)

U -2
==

v (11-2-40)

68

where ij = 1, 2, and 6, with the exception of coefficients
Qbaryg, Qbar,e, Qbarg;, and Qbarg,, which are zero due to
the balanced nature of the macrolayer.
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11-2.3 Laminate Elastic Properties

11-2.3.1 Elastic Property Predictions Using Mechanics
of Materials Approach. The laminate elastic properties

(b) Layer Physical Properties. The glass-fiber content
per square foot, Wy is calculated as follows for each
layer of the laminate:

required for simplified design shall be determined as Layer Wy Ib/ft*
follows: v 0.11/16 = 0.0069
N N MM 2 x15/16 = 0.1875
5= z Ekszk/ 2 Eity (1-2-52)  [£54]s 3 x 2 x 8 x 12/(225 x 3) = 0.8533 [Note (1)]
Pyt Py M 1.5/16 = 0.0937
R 24/(16 x 9) = 0.1667
I = t’g’/ll + (2 — Zk)2 (11-2-53) M 1.5/16 = 0.0937
NOTE: (1) Three closures, two layers per closure; 8 dtrands x 12
N strands/ft of band width; 225 yd/lb x 3)ft/yd of rpving yield.
Apparent tensile modulus = Z Exty/t (1254 The glass volume fraction and«density of each layer are
k=1 calculated using egs. (II-2-1) through (II-2-6). Results are
N N given in Table 1I-2.3.2-1.
¢) Laminate PhysicakProperties
Apparent flexural modulus = Z Bl L (1-255) ()(1] total thickr):ess =t =p2tk = 0.351 in.
k=1 k=1 (2) total glass«content = ZW, = 1.4020 1b/ft?
(3) laminate‘density = 2(t x p.)x/t = 0.0213/0.351 =
N 0.0608 1b/in>
Apparent shear modulus = Z Giti/t (11-2-56) (4) laminate weight = W =X (t x p)y x 14t in.%/ft* =
k=1 0.0213:x\144 = 3.067 Ib/ft*
(5) glass content by weight = Wy/W % 100% =
N N (1.4020/3.067) x 100% = 45.7%
Appargnt Poisson’s ratio = Etivi / Z Eyty (11-2-57) (d) Layer Mechanical Properties. Using the| fiber and
1 k

k= =1

11-2,3.2 Analysis Example (U.S. Customary Units)

(a)|Given. Assume a laminate construction«gf VMM
[£54]3 MRM.
(1) The layer of surfacing veil, V, is 0.11-0z/ft* glass-
eil.
(B) The mat layers, M, are 1.5-0z/ft% chopped-strand

fiber

mat.
(B) The filament-wound Jayer, [+54]s3, consists of
three [wind pattern closures~with a wind angle of 54
deg telative to the mandrel axis, using 225-yd/lb
roving and a roving spacing of eight strands per inch
of banid width.

(#) The wovehroving layer, R, consists of 24-0z/yd?
fabric|with a 5 x\4 weave style.

(%) Theglass fiber used is E glass with a density, Dy, of
0.094B by

(p) \The resin density, D,, is 0.0468 lb/in.3

matrix elastic properties, the glass volume pdrcent, and
the orientation of the glass fiber for each layer,
sponding tensile modulus, in-plane shear mofulus, and
Poisson’s ratios are obtained from eqd (II-2-7)
through (II-2-22). For layers with oriented glass fiber,
the two elastic modulus values and Poisson’s|ratios are
obtained for each of the two principal directions of the
layer (@ for the axial direction and 90 - 6 for the hoop
direction).

(e) Lamina Distance From Reference Plan. The distance,
z, between the reference plane and the centrqgid of each
layer is calculated from the layer thickngsses (see
Figure 11-2.1.1-3).

(f) Modeling of Woven Roving. The wovenrovjnglayer is
modeled as two layers oriented at 0 deg and 90 deg. The
thickness of these two layers is proportioned wjth respect
to the weave style (% for axial and % for hoop)| However,
the distance, z, between the reference plang and the
centroid of this layer is taken to the centrpid of the

the corre-

(7) The tensile modulus of the matrix at the oper-
ating temperature is 400,000 psi.

69

total layer to prevent an unbalanced calculation of the flex-
ural properties.

(g) Summary. The layer properties are listed in
Table I1-2.3.2-2, and the products of these values, as
required in eqs. (II-2-54) through (II-2-57), are listed
in Table 1I-2.3.2-3. The laminate properties, calculated
using eqgs. (II-2-53) through (II-2-56), are listed in
Table 1I-2.3.2-4.
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Table 11-2.3.2-1 Glass Volume Fraction and Density

qu pr.‘! tx pc:
Layer t, in. 1b/ft* vf, in? Ib/in.? Ib/in.?
1 0.013 0.0069 0.039 0.0486 0.0006
2 0.086 0.1875 0.161 0.0544 0.0047
3 0.127 0.8533 0.495 0.0703 0.0089
4 0.043 0.0938 0.161 0.0544 0.0023
5 0.022 0.0926 0.315 0.0617 0.0013
6 0017 60741 0315 60617 6001t
7 0.043 0.0938 0.161 0.0544 0.0023
All layers (totals) 0.351 1.4020 N/A N/A 0.02132
GENERAL NPTE: N/A = not applicable.
Table 11-2.3.2-2 Layer Properties
E x 108, psi V12
Layer t, in. z, in. Hoop Axial G'x 10° Axial Hdop
1 0.013 -0.169 0.549 0.549 0.205 0.340 0.340
2 0.086 -0.120 1.025 1.025 0.386 0.327 0.327
3 0.127 -0.013 1.079 1.957 1.394 0.437 0.7193
4 0.043 0.072 1.025 1:025 0.386 0.327 0.327
5 0.022 0.104 3.581 0.755 0.271 0.302 0.J64
6 0.017 0.124 0.755 3.581 0.271 0.064 0.302
7 0.043 0.154 1.025 1.025 0.386 0.327 0.327
All Jayers (totals) 0.351 N/A N/A N/A N/A N/A NfA
GENERAL NPTE: N/A = not applicable.

11-2.4 LaLninate Stiffness Coefficients Using

Classical Laminate Theory

11-2.4.2 Stiffness Coefficients for the Laminate

(a) The stiffness coefficients, A, B, and Dj;, are used to
(a) Thi§ paragraph gives the equdtions required for rglate the resultant forces and mo.ments (see
calculating the stiffness coefficients) needed to design Flgu.res 11-2.1.1-1 and 1I-2.1.1-2) to the middle shrface
components constructed of any(laminate type. strains and curvatures.
(b) Othpr valid statements\of Jaminate analysis may be N, = A0 0 0
= + Ape, + A + B{1K
used in pldce of the equations-herein, but it is the respon- X 1% 12% 1672y U™ (-2-58)
sibility of [the designerto, show that they can be mathe- + B1aKy + ByeKyy
matically flerived frem.the equations herein.
11-2.4.1 |Nomenglature. In addition to the nomencla- N, = Ape’ + Azzt“yo + Azé}’xyo + B1oKy (1-2-59)
ture definpd in-para. I1-2.1.1, the following symbols are + ByKy + BygKy,
used in pqrayTi-2.4:
A;; = extensional stiffness coefficients defined by
0 0 0
eq. (11'2-64) ny = A16€x +A268y +A66}/xy + Bl6Kx (11-2-60)
B;; = coupling stiffness coefficients defined by
y + BZ6I<)/ + Béény
eq. (II-2-65)
Dj = bending stiffness coefficients defined by
2- 0 0 0
P . iqz(léz 66) Mx = Bllex + 3128y + Bléyxy + Dlle (11-2-61)
=126 + Dp5K,, + DyeKy,

70
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Table 11-2.3.2-3 Products of Layer Properties

Et x 10, Etz x 10°, Etv x 10°, Gt x 10°, 1x1073, EI x 103,
Layer psi x in. psi x in.2 psi x in. psi x in. in3 psi x in.2
Axial Direction
\' 7.137 -1.206 2.427 2.665 0.440 0.242
MM 88.15 -10.53 28.82 33.20 1.608 1.648
[+54]3 137.0 -1.782 59.89 177.0 0.270 0.291
M 44.08 3.173 14.41 16.60 0.146 0.150
R, 0 d4E 7759 87095 23743 5872 0177 623
R, 90 deg 13.09 1.621 0.838 4.697 0.206 Q.155
M 44.08 6.788 14.41 16.60 0.838 (.859
All layers (totals) 411.2 6.165 144.2 256.6 3.682 3.968
Hoop Direction
\' 7.137 -1.206 2.427 2.665 0:4120 225
MM 88.15 -10.53 28.82 33.20 1.464 1.500
[+54]3 248.6 -3.232 197.1 177.0 0.230 450
M 44.08 3.173 14.41 16.60 0.180 (.184
R, 0 d4g 16.36 1.707 1.047 5.872 0.200 Q.151
R, 90 deg 62.07 7.686 18.74 4697 0.231 (.826
M 44.08 6.788 14.41 16.60 0.916 (.939
All layers (totals) 510.5 4.383 277.0 256.6 3.629 4.275
M = BIZ€xO + B22€ 0 + 3267 0 + D121< ] = 1, 2, 6
’ . i (11-2-62) N = number of layers
+ DKy + DygKy, y
(c) The stiffness coefficients are those refjuired for
M, = B16€x0 + B26€y0 + Béé?’xyo + DigK, (T1-2-63) stress analysis.
+ DygKy + DgsKyy 11-2.4.3 Procedure for Calculating the Stiffpess Coef-
ficients. The following is a step-by-step algofithm that
(b) | The extensional stiffness coefficients shall be calcu- may be used for calculating the laminate stiffijess coeffi-
lated from the transformed reduced stiffnesses for each cients:
layer, |(@bar;),, the thicknesses, t;, and the distance, z;. The Step 1. From the known layer thicknesses|{and lami-
locatipn of the reference plane'\in'the z direction does not nating sequence, calculate t; and z; for each Jayer.
affect|the validity of the-equations in this paragraph. Step 2. For each layer, obtain values for (£1)x (E2)x
Howeper, it shall coincidevivith the plane to which the (v12)r and (G12)x from egs. (II-2-7) through (I1-2-11)
stress| resultants and moments are referred, or it shall and compute the reduced stiffnesses, (Qi1)x (Q12)w
coincide with the neutral axis as specified in para. 1I-2.2. and (Q22)x from egs. (II-2-26) through (II-R-28). For
N isotropic plies, use eqgs. (II-2-39) through (II-2-41).
Aij — Z (Qbarij) t (11-2-64) Step 3. Transfgrm the reducgd sFiffngss, (Qij}w for each
- k layer from the principal material directions to|the vessel
- directions, using eqs. (I1-2-30) through (II-2-35), to obtain
N the transformed reduced stiffiess foreach fayer, (Qbar;).
B; = Z (Qbari.) o (11-2-65) In th'e case of isotropic layers, the transformation is not
=1 1k required, because eqs. (II-2-39) through (II-2-41) are
valid for all angles.
N Step 4. Calculate the extensional stiffness coefficients,
Dy = Z (Qbar,-j)k(tkzkz + tf/lz) (11-2-66) x;lé ({?-rZ-gZ;, entire laminate from (Qbary) tx and
k=1 Step 5. Calculate the coupling stiffness coefficients, By,
where for the laminate from (@bary), t, zx, and eq. (1I-2-65).

I =

1,26

Step 6. Calculate the bending stiffness coefficients, D

for the laminate from (@bar)y, ty, Zx and eq.

71

g
(11-2-66).
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Table 11-2.3.2-4 Summary Table of Laminate Properties

each combination of stresses or stress and moment resul-
tants calculated by the requirements of para. 1I-2.3.

Property Calculation Value . .
Thickness [Note (1] 0351 in. ' (d) For the calculatlons.m paras. 11-3.2 thr(?u'gh 11-3.4,
it is assumed that the laminate stiffness coefficients and
Glass content [Note (1] 45.7% stress and moment resultants have already been calcu-
Density [Note (1)] 0.0608 Ib/in* lated for all sections and load combinations under consid-
Weight [Note (1)] 3.067 Ib/ft? eration.
Axial tensile modulus 411,200/0.351 1,172,000 psi 1-3.1 Nomenclature
[Note (2)]
Axial flexurdl modulus 3,968/0.03682 1,078,000 psi M —addition to the nomenciature defingd in
[Note (2] paras. 11-2.1.1 and 1I-2.4.1, the following symbo|s are
Hoop tensil¢ modulus 510,500/0.351 1,454,000 psi used in section II-3:
[Note (2)] F, F,
Hoop flexurpl modulus 4,275/0.003629 1,178,000 psi Fy, ny,
[Note (2]] F,, F,, = strength parameters defined in terms|of the
Shear modullus 256,600/0.351 731,000 psi five strengths
[Note (2)] S = ultimate shear_S§trength with respgct to
Axial Poisson’s ratio 144,200/411,200 0.351 shear stress ifi-the 1-2 axes, MPa (pi)
[Note (2)] S; = i~j componentof the compliance matrix [the
Hoop Poissdu’s ratio 277,000/510,500 0543 complianee matrix is the inverse of the stiff-
[Note (2)] ness {matrix defined by eqs. (I{2-58)
Axial z 6,165/411,200 0.0150 in. through (II-2-63)]
[Note (2)] w =.pdrameter that equals 1 for the jpper
Hoop z 4,383/510,500 0.0086 in. surface of a laminate and -1 for the [lower
[Note (2)] X "= ultimate tensile strength of a lamina i the 1
NOTES: (strong) direction, MPa (psi)

(1) For calqulations, see para. II-2.3.2(c) and Table 1I-2.3.2-1.
(2) For valfies used in the calculations, see Tables 1I-2.3.2-2 and
11-2.3.2-B.

11-3 THE|QUADRATIC INTERACTION CRITERION

(a) In general, a lamina has five independent uniaxial
ultimate strengths: tensile and compressive strengths in
the principal direction of greater strength, tensile and
compressive strengths in the direction’of lesser strength,
and shear|strength with respect'to/a pure shear stress in
the principal directions.

(1) Type I and Type T laminates are treated as
isotropic lerein, so any direction may be considered as
a principall direction:

(2) I othen laminates, the principal direction of
greater styength'is generally aligned with the continuous
roving, and ‘the’principal direction of lesser strength is

X. = ultimate compressive strength ofalanjina in
the 1 direction, MPa (psi)

Y = ultimate tensile strength of a lamina [in the

weak direction, MPa (psi)

Y. = ultimate compressive strength ofalanjina in
the weak direction, MPa (psi)

11-3.2 Calculation of Layer Strains and Stregses

The following is a step-by-step algorithm that npay be
used for the calculation of layer strains and stresses:

Step 1. The strains at the reference surface shall be
calculated using the force and moment resultanfs and
the inverted stiffness matrix of the laminate. The inyerted
stiffness matrix is defined as follows:

-1
Al Ay Aig Bir B Big

Ay1 Axp Ay Ba1 Bpy Bag
_|461 Ae2 Ass Bs1 Ber Bes
) |Bi1 Bia Big D11 Dip Dig

perpendictitartotheToving:
(3) The five strength values can be unequal.

(b) The quadratic interaction criterion defines the
interactions between the five strengths in cases in
which more than one component of stress is applied to
the lamina, and it defines allowable stress states in
terms of the strengths.

(c) The criterion shall be applied to each lamina sepa-
rately, and if one or more lamina fail the criterion, the
corresponding load on the component shall not be
allowed. The criterion shall be applied separately to

By1 Baa Bys D1 Dy Dag
Bs1 Bsa Bes De1 Dsr Dgg
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where i =1 to 6, and j = 1 to 6, inclusive.

Step 2. The strains and curvatures at the reference
surface shall then be calculated by eqs. (I1I-3-1)
through (II-3-6).

0
& = SNy + S2Ny + 813Ny + S14My + SisM,, (11-3-1)

(ylz)k = 2[_(€x)k + (sy)k]mknk

(11-3-12)
+ (1), (0 =)

Step 6. The corresponding stresses in each layer shall
then be calculated by egs. (II-3-13) through (II-3-15).

+ SléMx)’ (Gl)k = Qll(gl)k + le(&‘z)k (I-3-13)
e, = Sy N, + SN, + SN + Sy M, + S M (02), = Qua(&), + Qus(e2), (11-3-14)
y S B4 T S > T3-2) * ~ ~
+ S26M
xy (712);, = Q66(YI2)1¢ (11-3-15)
yxyo F S31Ny + S3oN), + S33Nyy, + S34M, + S3sM,, Step 7. The elastic properties of.thelaminatq shall then
(1I-3-3) be calculated by egs. (II-3-16) through (1I-3-19).
+ S36Mxy 1
= L (11-3-16)
Ky 3 SuNy + SNy + SiaNyy + SpaMy + S4sM,, 13-4
+ Sy6Myy plo (11-3-17)
)
Ky = SSle + SszNy + Ss3ny + 554Mx + SssMy (11_3_5)
+ Ss6Myy y = L (11-3-18)
tSe6
ny + Séle + SéZNy + 563ny + 564Mx + SGSM)/ (11-3-6) 812 310
+ Se6M, by =~ ( )
Step 3. The strains in each layer shall then be obtained 1I-3.3 Calculation of Strength Ratios
from gqgs. (1I-3-7) through (I1-3-9).
0 137 The following is a step-by-step algorithm that may be
(e = & + (2 + wtp/2)K, U-3-7) used for the calculation of strength ratios:
Step 1. The strength ratio, which is the ratio of the
(e,) =¢ 04 (2 + wi/2)K (11-3-8) stress capacity of a single layer relative to the stfess gener-
Yk Y X ated by an applied loading condition, shall be|calculated
using the stresses from eqs. (I1-3-13) through (1I-3-15)
_ .0 3. ; Py ; .
(yxy)k =Ty T (z1 + wtk/z)ny (11-3-9) and the following quadratic interaction equatjon:
R¥(Eq0; + 2Fy0,0, + Fyoy + Fof)
Step 4. If the thicknes$\of any layer is less than one- (11-3-20)
fifth qf the total laminate thickness, then the strains at + R(Eoy + Fyoy) —1=0
the mjdplane of theayer are sufficiently accurate and w
= 0. Ofherwise, the'surface strains shall be calculated by Step 2. The strength ratio, R, is then given| by
setting w = 18for’ the upper surface, or w = -1 for the I —
lower| surfice. R= _HENH + 4G (II-3-21)
Step 5., The layer strains shall then be transformed to 2G
the axis ofaeach lavar hv aae (1.2 100 thraouah (11.2 121
Mis-of eachlayer by eqs—{H-3-10) through(H-3-12). —~Fore
= z 2 11-3-10 2 2 2 3.
(e = (et + (&) 1 + (yxy>kmknk (11-3-10) G = Bo? + 2y, + Fpo? + Beo: (11-3-22)
2 2 o H=Eo,+ Fpo (11-3-23)
(ex)y = (et + () i = (yxy)kmknk (11-3-11) wox + By
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Step 3. The strength coefficients shall be calculated
using the layer strengths as follows:
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E, = (11-3-24) Step 5. The strain limits may be determined from
XX, appropriate testing of individual layers, or the following
strain limits may be used:
By = —1/2 EyFyy (11-3-25) Layer Type . . -
[Note (1)] Random Fiber Oriented Fiber
1 E1t 0.015 0.02
By = v (11-3-26) €1 0.02 0.012
¢ €2 0.015 0.0015
1 E2¢ 0.02 0.008
Fo=— (1-3-27) Y1z 0.0268 0.0268
S
NOTE: (1) Subscript t denotes tension, and subseript ¢ denotes
E = 1r_1 (11-3-28) compression.
X X,
11-3.4 Procedure for Calculatingthe StrengthRatio
1 1
E = T Y (11-3-29) The following procedure shallBe'performed for edch set
c

of superimposed resultants-required by para. I1I-2(3:
Step 1. Calculate the reference surface strains, furva-

tures, and twist using egs. (I11-3-1) through (II-3-6).[These

are in piping coordinates.
Step 2. Forthelupper and lower surfaces of each Igmina,

Step 4. | The layer strengths may be determined from
appropriate testing of individual layers, or they may be
calculated|using strain limits as follows:

X =&y (11-3-30) calculate the “strains in the piping coordinates |using
eqs. (II-3-7):through (1I-3-9).

X =&k (I1-3-31) Step 3. “Transform the strains calculated in (b) frgm the
piping~€odordinate system to the material coorflinate

Y = eyE) (II-3-32)  system (1-2) using egs. (II-3-10) through (II-3-12)).

Step 4. Calculate the stresses in the material coorflinate

Y, =¢&.E, (1I-3-33) _\'system at the top and bottom surfaces of each lamind using
eqgs. (II-3-13) through (II-3-15) and the strains feter-

S = 1,612 (11-3434) mined in Step 3.

Step 5. Calculate the strength ratio at the top and
bottom surfaces of each lamina using egs. (I1I{3-20)
and (11-3-21).
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MANDATORY APPENDIX 11l
STRESS INTENSIFICATION FACTORS, FLEXIBILITY FACTORS,
AND PRESSURE STRESS MULTIPLIERS

-1

Thi
stress
sure
defor]
These
pipe t
cifical

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
o find relevant values for piping components. Spe-
y, the calculated stiffness of a pipe needs to be

adjusted by the appropriate flexibility factor, k, to deter-

mine
bendi
the aj

the stiffness of the component; the calculated
hg moment on a pipe needs to be multiplied by
ppropriate stress intensification factor (SIF), i, to

determine the bending stress of the component; and

the pi
the p1
sure s

111-1.]

flexibi
comp
Itisu
the ¢
under]

stress
stress|

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 the\equivalent 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

pressy
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
(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,

wall, 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 AT equivatent pipe 1S one that i
modulus of elasticity, E, the same second

s the same
moment of

area, /, and the same midline length, L = 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. I11-2.1.1 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)

()

the elbow is exposed to a bending moment, the maximum

b) The[pipe size does not exceed 1200 mm (48 in.
dia(rr{eter. PP ( ) Wh(ge_ nside di £ oi )
(c) The|butt joint between the elbow and the pipe is a R i 1ns(,11. € 1falr)net§r Of p1pe, mm (in)
Type II larpinate, and the connected pipe is Type II or fil- r- ;aS ius of bend, mm (in.)
ament-wolund laminate. - '_D
t, = thickness of the total wall ofthe‘elbow megsured
For Type | elbows i
Lo4 at the extrados, mm (in,)
t]
k= 022y Dk (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
-0.98
- y{o.z(R) B 07][2) (111-2-3) (a) Due to thelovalization of an elbow that occurgwhen
te te

where
D = indide diameter of pipe, mm (in.)
t. = thickness of the total wall of the elbow measured

at|the extrados [including a corrosion-barrier
thickness of at least 2.8 mm (0.11 in.)], mm (in.)

t; = thickness of the total wall of the elbow measured
at|the intrados [including a corrosion barrier
thickness of at least 2.8 mm (0.11 in.)], mm:(in.)

y = cofrection factor for reduction in flexibjlity' due to
infernal pressure

) Pr 0.333__ 1 -
1H 2.53% X R tel‘333
Fr, = hoop modulus of the elbow, MPa (psi)
r = inside radius ‘ef the elbow, mm (in.)
R, = radius of the-bend, mm (in.)
= 1.5D
P = pressure; MPa (psi)

NOTE: k shall not'be taken as less than 1.0.

111-2.1.2 :
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

76

bending stressin an elbow is typically greater than that of
an equivalent pipe.
(b) The SIF, i, of an elbow is defined as follows,

not less than 1.0:

and is

i= UE/UP ( 11'2'6)
where

or = maximum stress in an elbow when the elpow is
exposed to a bending moment, MPa (psi)
stress in an equivalent pipe (see Note) wh
pipe is exposed to the same bending md
MPa (psi)
M/Zg

M

Zs
NOTE: An equivalent pipe is one that has th¢ same
section modulus, Z, as the elbow that it is infended
to represent. This is the section modulup that
should be entered into a pipe stress analysis.

bn the
ment,

Op

bending moment, N-mm (in.-lb)
section modulus, mm* (in.*)

(c) The same section modulus that is intended|to be

used to represent the elbow in a pipe stress arfalysis
shall be used 1 eq. -2-6) T0 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. III-2.2.1 through I11-2.2.3.
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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
= 1-2-7 =237 -078 X | —
h0.667 ( ) “ 37 ’ ( tes )
—+20-f Lis 156
wherég tos
h E flexibility characteristic
= feRy (-c) For iy and i,y
2
.
r = inside radius of the elbow, mm (in.) a =215 — 0.74.% (i)
R, = radius of the bend, mm (in.) fes
= 1.'5DWhereDisthe inside 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 Ry ¢
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 ot —a—mintmtm—s re—extrados—to—a d 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

77

elbows other than Type I and Type II 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 Than Type | 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 J'and Type II, the pr¢ssure
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 described in
paras. 111-3.2.1 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.
- ’ e d) The torsional SIF, i, be taken to be 1.5.
az = 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

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. 111-4.2.1 and I11-4.2.2. In no case shall i be less
than 1.0 except that the hoop SIFs, i;; and i,,, may be taken
to be 0.0.

llI-4.2.1 Type | and Type Il Concentric Reducers. The
following values for SIFs may be used for Type I and Type II

descriped 1 paras. 1I-3-3-1T and 111-3-3.2. In o case
shall jn be less than 1.0.

111-3.3.1 Type | and Type Il Tees

(a)|For Type I and Type II tees and reducing tees for
whichf the diameter does not exceed 600 mm (24 in.), the
pressyire stress multiplier, m, is a function of the pipe
factor} A,.. The pipe factor, A,, is defined as follows:

(L) For equal tees, Dg = D

4 = 2R (1lI-2-14)
Dr
(£) For reducing tees, Dy < Dy
2
2t D
4= 2B x 2R (1-2-15)
wherg
Dg |= inside diameter of the branch structural wall, mm
(in.)
Dg |= inside diameter of the main run structuralwall,
mm (in.)

tg [= thickness of the structural layer of the'branch of
the tee, mm (in.)
tg [= thickness of the structural layer'of the main run of
the tee, mm (in.)

(b) | The pressure stress multiplier, m, shall be deter-
mined by

m= 1401023 (111-2-16)

11I-3.3.2 Tees Qther Than Type | and Type Il. For other
than Type [ and'Type Il tees, the pressure stress multiplier,
m, shall be.detérmined by testing or FEA, or by using
historiicalévalues that have been documented to have
been pised successfully for a minimum of 5 yr.

concentricreducersforwhichthe diameter-te-gtructural-
thickness ratio is not greater than 120, and forjwhich the
pipe size does not exceed 1200 mm (48\in.) fliameter:

SIF
Concentric Reducer Large Dianieter Smalll Diameter
Type End End
I 2.5 1.3
I1 2.5 1.3

llI-4.2.2 Concentric Reducers Other Than Type | and
Type ll. For otherthan Type I and Type II conceptric redu-
cers, the SIFs-shall be determined by testing or|FEA, or by
using histerical values thathave been documented to have
been used successfully for a minimum of 5 yi.

111-4.3 Pressure Stress Multipliers for Concentric
Reducers

The pressure stress multiplier, m, for concentric redu-
cers shall be taken to be 1.0.

I-5 FLANGES
111-5.1 Flexibility Factors for Flanges

Flanges shall be considered to be rigid elerhents.

111-5.2 SIFs for Flanges

In the absence of more directly applicable datya, the SIFs,
i, for flanges may be determined as degdcribed in
paras. IlI-5.2.1 and I1I-5.2.2. In no case shal] i be less
than 1.0 except that the hoop SIFs, i and i}, may be
taken to be 0.0.

111-5.2.1 Typeland Type Il Flanges. For Type I or Type
II flanges designed in accordang¢e  with
Mandatory Appendix I, the SIF may be taken [to be 1.0.

11I-4 CONCENTRIC REDUCERS

The minimum length for concentric reducers is 2.5
times the difference in diameters.

11I-4.1 Flexibility Factors for Concentric Reducers

The flexibility factor, k, for concentric reducers shall 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.

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)

DIDE

IV-1 SCQPE

(a) Thig Appendix covers pipe fabricated by filament
winding and made of a commercial-grade polyester
resin. Inclided are requirements for materials, properties,
constructipn, dimensions, tolerances, workmanship, and
appearande. This Appendix applies to 55-deg machine fil-
ament-wolind pipe described as Type III pipe in ASME
NM.3.3.

(b) Thig Appendix covers pipe made from both polye-
ster and Vinyl ester resins and glass-fiber-reinforcing
materials.| See para. IV-5.2 for reinforcing materials
allowed in] the corrosion barrier.

NOTE: For fthe purposes of this Appendix, the term “polyester
resin” inclydes both polyester and vinyl ester resins.

IV-2 SARETY

This spdcification does not purport to address all'of the
safety conlcerns, if any, associated with its useNt is the
responsibility of the user to establish tappropriate
safety andjhealth practices and determinetheapplicability
of regulatpry limitations prior to use(

IV-3 RERERENCED STANDARDS

ASTM C581, Standard Practice*for Determining Chemical
Resistanice of Thermasetting Resins Used in Glass-
Fiber-Reinforced Structures Intended for Liquid Service

ASTM D638, Standard Test Method for Tensile Properties
of Plast]cs

ASTM D790, Stahdard Test Methods for Flexural Proper-
ties of Unreinforced and Reinforced Plastics and Elec-

™

ASTM D2412, Standard Test Method for D€termination of
External Loading CharacteristicS\ef Plastic Pipe by
Parallel-Plate Loading

ASTM D2583, Standard Test Method for Indentation|Hard-
ness of Rigid Plastics by(Means of a Barcol Imptessor

ASTM D2584, Standard Test Method for Ignition Loss of
Cured Reinforced Resins

ASTM D3039/D3089M, Standard Test Method for Tlensile
Properties of\Rolymer Matrix Composite Materigls

ASTM D3567, Standard Practice for Determining Dimen-
sions of ‘Kiberglass” (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 Drivg, 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 D88B and
ASTM F412, and abbreviations are in accordancg with
ASTM D1600, unless otherwise indicated.

IV-4.2 Definitions

complete cover: two layers of winding, one at the plus
winding angle and one at the minus winding angle.

fiberglass pipe: a tubular product containing glasg-fiber
reinforcements emhedded in or surrounded hy lcured

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 at least 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

turatipn, yielding resins that can react with styrol mono-
mers fo give highly cross-linked thermoset copolymers.

struct
provi

ral layer: the portion of the laminate construction
ling the primary mechanical strength.

surfading veil: a thin mat of fine fibers used primarily to
produce a smooth, corrosion-resistant, resin-rich surface
on a reinforced plastic laminate.

vinyl ¢ster: 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.
V-,

(a) | The resin used shall be a commercial-grade, corros
sion-riesistant polyester that has been determined to be
acceptable for the service by either test (see ASTM €581)
or previous documented service.

(b) |Where service conditions have not beenevaluated,
a suitable resin may also be selected .by”agreement
betwden the manufacturer and the purchaser.

(c) |The use of one resin in the cofrgsion barrier and a
differ¢nt resin in the structural layer (see section 1V-7) is
permitted if acceptable to the(purchaser.

|l Resin System
5.1.1 Resin

IV-4
(a)

dants

5.1.2 Additives

Additives suché@s.thixotropic agents or flame retar-
may be used when agreed upon by both the man-
ufactyrer and thepurchaser.

(b) |Additional styrene may be added to the resin for
viscodity control.

(c) [INo'material shall be added to the resin used in the

(a) Additives may be added to the interior
terior corrosion barrier to increase abrasion re
agreed upon between the manufacturer
purchaser.

(b) Additives to enhance abrasion resistanfe may be
added to the resin, up to/5% by weight of] the resin
system in the filament winding, without impacting allow-
able stresses per ASME-NM.3.3.

hind /or ex-
bistance as
and the

IV-5.2 Fiber Reinforcements
IV-5.2.1 Surfacing Veil

(a) The'surfacing veil used in a laminate [shall be a
chemical-resistant glass or organic fiber detgrmined to
be acceptable for the chemical service by either ASTM
€581 or verified case history.

(b) The surfacing veil shall be a minimum of]
(10 mils) in dry thickness.

0.254 mm

IV-5.2.2 Chopped-Strand Reinforcements

(a) Chopped-strand reinforcements shall bg
E-CR-type glass fibers 25 mm to 50 mm (1 in. to|2 in.) long,
applied in a uniform layer with random orierftation.

(b) The fibers shall have a sizing compatible with the
selected resin.

(c) Chopped-strand reinforcements may be
a mat or as continuous strand roving that is ch
short lengths and sprayed onto the laminate irj
known as “spray up.” Either form is most
applied in layers weighing 460 g/m? (1.5 oz/ft?
other weights are available and may be used.

E-type or

applied as
bpped into
a process
rommonly
,although

IV-5.2.3 Continuous Roving

(a) Continuous roving shall be E-type or
glass roving, with a maximum 4400 tex

E-CR-type
(minimum

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.

81

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. [V-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 exceedl the thickness of the corrosion barrier. wound layers shall be 60% to /5% by weight]for a
IV-6.1.2 Corrosion Barrier. The corrosion barrier resm(;/\)/lt;lhz; igf,fr? ?z)efcég(fhgl;a‘:rt};}?;lllllot laced phrallel
consists of the specified inner surface and interior layers. £S of ea y P P
and close together with little or no gaps
IV-6.1.2.1 Inner Surface (-a) No single gap within thetband or befween
. T N
(a) Thelinner surface exposed to the chemical environ- ad]acentbbarlljds 'shall e:xzt?ed 3.fmm (/6 IE')' 505 of th
ment shal] be resin rich and reinforced with at least one . ('_) hu““_g (;/.vm ll)ng’dlb mokre t '?n % d the
layer of g suitable surfacing veil in accordance with rov¥ngs In the win mg_ z?n Peax or 1_ two adjacent
para, IV-5|2.1. rovings break, the winding" shall be interrupted to
(b) Sonje chemical environments necessitate the use of replace the br(?kerll rovings. .
multiple 1gyers of surfacing veil. (4) The winding pattern shall be consistent angl shall
(c) Thid resin-rich inner surface shall contain less than produce a uniformlaminate withoutvoids or unreinforced

10% by wieight of reinforcing material and have a thick-
ness betw¢en 0.25 mmto 0.50 mm (0.010 in.and 0.020in.)
per layer.

NOTE: The |primary chemical resistance of the reinforced ther-
mosetting-fesin pipe is provided by the resin. In combination
with the cuffed resin, the surfacing veil helps determine the thick-
ness of the[resin-rich layer and reduces microcracking.

IV-6.1.2.2 Interior Layer(s)

(a) The
layer com
uous glasyq fiber.

(b) Thig reinforcement shall be applied~as chopped-
strand malt or as chopped roving (spfay-up process), in
accordance with para. IV-5.2.2, resulting in a minimum
reinforcerhent weight of 460 g/m? (1.5 oz/ft?).

(c) The|combined thickness, of the inner surface and
interior lalyer shall not beless than specified by design.

(d) Depending on the~chemical environment, multiple
layers of 4p0-g/m? (1.5-0z/ft*) chopped strand applied as
mat or spfray-up méy be used.

(e) Whén multiple layers are used, each ply of mat or
pass of chppped roving shall be well rolled to eliminate
entrappediai i icati it i
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.

inner surface layer shall be followed with a
bosed of resin reinforced only with noncontin-

82

resin pockets~that exceed acceptance criterig. See
para. [V-6.2,
(5) The,'winding pattern of each cover shpll be
complete, with the pattern closing at the conclusjon of
the cover.
(6) The structural layer shall consist of a minimum of

tWwo complete covers.

IV-6.1.4 Outer Surface

(a) The outer (exterior) surface shall be smooth with
no exposed fibers or sharp projections and shall bq resin
rich to prevent fiber prominence.

(b) A surfacing mat or similar reinforcement n
specified by the purchaser.

(c) Surface resin may be sealed by the additjon of
paraffin wax or with a sprayed, wrapped, or oyerlaid
film (as required or approved by the resin manufacfurer),
to ensure proper cure.

ay be

tdoor
b shall
rrada-

IV-6.1.5 Ultraviolet Exposure. Piping used for oy
service or otherwise subject to ultraviolet exposur
incorporate provisions to minimize ultraviolet de
tion. Suitable methods may include the following:
(a) ultraviolet absorbers or screening agents
igments in the resin-rich outer-s

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

(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 ACCEPTANCE-CRHERIA (bJ The mimimum Barcol hardness shall be 0% of the
. resin manufacturer’s published value.
IV-7.1 Proof of Design
9 NOTES:
(a) | A test pipe fitted with free-end closures to ensure (1) The use of organic reinforcing materidls can |reduce the

loading in both the hoop and axial directions shall be pres-
sure tested in accordance with ASTM D1599 except that
() only one specimen needs to be tested

(£) the pipe may be tested using water at ambient
tempgrature [10°C to 25°C (50°F to 77°F)] as a test
mediym in lieu of the conditions required by the test
methqd

(b) | The test pipe shall be made with the same laminate
type and resin used on the production pipe and shall
include any required barrier layers.

(c) [The minimum diameter of the test pipe shall be the
lesser| of the largest diameter required for the project or
100 mim (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
pressyire for 1 h without leaking or cracking of the corro-
sion Harrier; testing to destruction is not required:

(1) When pipe with a corrosion barrier is tested, the
test plressure shall be increased to stress the\structural

Barcol hardness readings without .Hecessarily
undercure.

(2) Due to the size of the Barcol impressor, taking Barcol read-
ings on the inside surfacetefsrall pipe sizes is frdquently not
possible.

(3) Acetone SensitivitysA.cenvenient check for the qurface cure
of polyester resins is an acetone sensitivity tdst. Remove
mold release or) paraffin wax, if present, anfl wipe the
surface cleafi of dust. Then rub four or five drops of
acetone~on/the laminate surface until it evapprates. Any
resulting tackiness or softening of the surface is an indica-
tion“of undercure.

indicating

IVV-8 DIMENSIONS AND TOLERANCES
IV-8.1 Standard Diameters

(a) Standard diameters, based on nominall measure-
ments, shall be as follows. Other diameters may be
produced.

wall gs if there were no corrosion barrier. Pipe Diameter, DN (NPS) Pipe Diameter, DN (NPS)
(%) The adjusted test pressure may be determined by 25(1) 350 (14
use of/lamination theory or the rule of mixtures as shown 40 (1%) 400 (1€)
in eqq. (IV-7-1) through (IV-7-3)! 50 (2) 450 (19)
ttoT = (tcp+ts) (1v-7-1) 80 (3) 500 (20))
100 (4) 600 (24)
Bror = [(tcp X Egp)+ (ts X Eg)l/tror ~ (V-72) 150 (6) 750 (39)
200 (8) 900 (39)
Prpst = 4 X PpltTor X EtoT)/(ts X Es) ~ (IV-7-3) 250 (10) 1000 (44)
300 (12) 1200 (49)
Whe}; Coorrosion-barrier modulus of elasticity. MPa (b) The tolerance on the inside diameter incjuding out-
B2 (nei) Y of-roundness shall be 1.5 mm (% in.) for pipg up to and
tpsy) T L1,
5 = vl oty Wy TSV ST (TS 0T oS T ) o
ETI?,T i g::sail lr?mll‘zz;i:eml?;;uf osfi)e lasticity, MPa (psi) 150 (NPS 6). This measurement shall be made at the
P b di gt g test ’ ka (psi) point of manufacture with the pipe in an unstrained hori-
TEST = ACjustec test pressure, xva {pst) zontal position.
tcg = corrosion-barrier thickness, mm (in.)

ts = structural wall (filament winding) thickness,
mm (in.)
tror = total thickness, mm (in.)

83

IV-8.2 Wall Thickness

(a) For pipe walls less than 32 mm (1.25 in.) thick, the
minimum wall thickness at any point shall not be less than
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
D30309.

(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 10r trim 1n the 1eld.

IV-8.4 Squareness of Ends

Pipe shdll be cut square with the axis of the pipe within 3
mm (% in|) for all diameters up to and including 600 mm
(24 in.) anfl within 5 mm (%4 in.) for all diameters greater
than 600 mm (24 in.).

IV-9 TEST METHODS

The purchaser shall specify which test methods, if any,
are required.

IV-9.1 Glass Reinforcement Content

When r¢quired by the purchaser, the glass content shall
be determlined in accordance with ASTM D2584.

IV-9.2 H

(a) Hodp tensile strength shall be determined by
testing in| accordance with ASTM D1599. Specimens
shall be tested with unrestrained end closures (which
provide bjaxial pressure loading).

(b) The| pipe may be tested at ambient temperature
using water at ambient temperature [1Q°C-to 25°C
(50°F to 7f°F)] as a test medium in lieu pf.the conditions
required By ASTM D1599.

pop Tensile Strength

IV-9.3 H

Hoop flgxural modulus shallbg’determined by testing in
accordance with ASTM D790.0or ASTM D2412 or by lami-
nation andlysis.

pop Flexural Modulus

fottowingmformmatiomr i sucha Tmamnmer—that it Temains
legible under normal handling and installation,ptagtices:
(a) ASME NM.2, with which the pipe complies
(b) nominal pipe size [e.g.,“300 mm (12 in) diameter”]
(c) pressure rating [e.g., “1 000 kPa (150 psi)”]
(d) resin identification (trade name*and numbdr)
(e) manufacturer’s name or trademark
For example, a 300-mm (12:ihd) diameter pipe yith a
pressure rating of 1000 kPa\(150 psi) would haye the
following marking: “ASME~NM.2 300 mm (12 inf) Dia.
1 000 kPa (150 psi) Polyeverlast 1234, XYZ Manufacfuring
Co”

IV-11 CERTIFICATION

(a) Théseller or manufacturer shall furnish a g
cate of‘compliance when such certification is sp¢
by the'purchaser.

(1) A signature is not required on the certifidate of
compliance, but the document shall be dated and shall
clearly identify the organization submitting the docyment.

(2) Notwithstanding the absence of a signatufe, the
certifying organization is responsible for the contgnts of
the document.

(b) The certificate of compliance shall consist of & copy
of the manufacturer’s test report or a statement by the
seller (accompanied by a copy of the test resultd) that
the material has been sampled, tested, and inspected
in accordance with the provisions of the applicabld spec-
ification.

(c) If the original identity of the material canpot be
established, certification can be based only oh the
sampling procedure provided in this Appendix.

ertifi-
cified
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MANDATORY APPENDIX V
INSPECTIONS AND TESTING OF REINFORCEMENT MATERIALS

V-1 GENERAL (3) Unit Weight. At least one roll shallchd
. . o ) ) for measurement of unit weight per ASQ.Z1.4
(a) |All inspections and tests specified in this Appendix 4 inspected roll or rolls fail the inspection

shall e performed by manufacturer personnel or an inde-
penddnt testing laboratory on the reinforcement mate-
rials.

(

S

NN NN N NN

Reinforcement materials include

[) fiberglass surfacing veil (mat)

P) organic fiber surfacing veil (mat)
B) carbon fiber veil (mat)

) fiberglass chopped-strand mat

h) fiberglass spray-up roving

b) filament winding roving

V) fiberglass woven-roving fabric

B) fiberglass unidirectional fabric

D) fiberglass nonwoven biaxial fabric
[0) fiberglass milled fibers

FIBERGLASS SURFACING VEIL (MAT),
DRGANIC FIBER SURFACING VEIL (MAT),
CARBON FIBER VEIL (MAT), AND FIBERGLASS
CHOPPED-STRAND MAT

V-2.1

Thip section specifies the minimum. inspections and
tests that shall be performed on the rolls of fiberglass
surfading veil, organic fiber surfacing veil, and fiberglass
chopped-strand mat used tofabricate glass-fiber-rein-
forced thermosetting-resin piping systems to this Stan-
dard.

Introduction

V-2.2

(a) | Acceptaheé inspection of the rolls shall include the
following;
(L)\Proper Packaging and Identification. This accep-

Acceptance/Inspection

inspected
criteria. If
criteria of
para. V-2.4.3, then each roll in the lot shall be[inspected.

(b) Form V-2.2-1 or a similar.form that contains the
provisions to record the results-of these requirled inspec-
tions and certifications, if applicable, shall be used by the
manufacturer and shallibe retained in the [nspection
records.

(1) Aseparatéform shall be used for each mat consti-
tuent material manufacturer, mat nomencldture, mat
treatment, and‘mat unit weight.

(2) Iiliet of performing the inspections required in
paras. V<2.4.2 and V-2.4.3, the fabricator may ¢btain and
acceptfrom the constituent material manufactufrer a certi-
ficdte of compliance with the requirements pnd limits
defined in paras. V-2.4.2 and V-2.4.3. Howeverj the fabri-
cator shall conduct the receiving inspections required in
para. V-2.4.1.

(3) The certificate of compliance descri
shall ensure that materials were manufactured,
and tested in accordance with the appropriatg
tions.

bed in (2)
inspected,
specifica-

V-2.3 Equipment and Measuring Tools Required

V-2.3.1 Inspection Table and Lights. An
table and adequate overhead lighting that afe suitable
for the inspection and testing of the mat shall b¢ provided.
The equipment used shall not introduce contamination to
the mat during the inspection and testing prdcess.

inspection

V-2.3.2 Linear Measuring Tools. A standprd linear
measuring tool (longer than the width of [the rolls)
that measures the roll widths with minimun accuracy
of +3 mm (+% in.) shall be used. A 305 mmh * 1 mm
(12 in. +'%, in) square template shall b¢ used to

tance mmspection 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.
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measure the samples or mat Ior imspection.

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 laminate

(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 aroll falls outside the mat consti-

(d) The| packaging of the mat shall be examined for
damage tHat renders the mat unusable.

(e) Acceptable rolls shall be indicated by recording the
date of the inspection and the inspector’s name in
Form V-2.p2-1, column 4.

(f) For packaged mats that are found to be acceptable
for furthgr inspection and tests, the reinforcement
productiop date and lot number shall be entered in
Form V-2.p-1, columns 2 and 3, respectively.

V-2.4.2

(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 r¢corded in Form V-2.2-1, column 8.

(b) Thel mat shall be uniform in color, texture, and
appearande. Imperfections and contaminants shall be
removed |n a manner that does not damage the mat,
or the se¢tion of the mat containing the defects may
be removed by making two parallel cuts across thé
width of the mat and discarding the affected section.
White or light gray binder spots shall not be considered
contamingnts.

NOTE: Exar
delaminati

unrolling. H
foreign obj

Visual Inspection of Mat

nples of imperfections are holes, cuts, thin spots, and
ns, i.e, separation of the mat jhte:layers during
xamples of contaminants are(dirt; oil, grease, and
bCts.

(c) Rolls having any of the following defects shall not be
used in laminates made to this Standard:
(1) wWet spots
(2) water contamihation
(3) bpr marks
(4) l¢gngthwise wrinkles exceeding 1.5 m (5 ft)

V-2.4.3| Weight per Square Foot of Mat

tuent material manufacturer’s specified weight range, the
roll of mat shall be rejected.
(f) The values of weighed samples for aeceptable and
unacceptable rolls shall be entered im Form V{2.2-1,
column 6. The rejected rolls shall bé\idéntified 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 inspectionfs and
tests that shall be performed on fiberglass spifay-up
roving and-filament-winding roving used to falricate

glass-fiber-reinforced thermosetting-resin biping
systems~to this Standard.
V-3.2 Acceptance Inspections
(a) Acceptance inspection of roving shall inclugle the
following:
(1) Proper Packaging and Identification. This yccep-

tance inspection shall be conducted on the unopengd roll.
Acceptance requirements and limits shall be as defiphed in
para. V-3.4.1.
(2) Imperfections and Contamination. This insppction
shall be conducted during use of the roving balls. Accep-
tance requirements and limits shall be as defirjed in
para. V-3.4.2.
(3) Roving Yield. Selected rolls shall be inspected for
measurement of roving yield per ASQ Z1.4 criteria. Accep-
tance requirements and limits shall be as defirjed in
para. V-3.4.3.
(b) Form V-3.2-1 or a similar form that contaips the
provisions to record the results of inspections sHall be
used by the manufacturer and retained in the insppction

(a) Fromtheleadingedge of eachroll of mat thatwillbe
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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I'CTCUI db.

(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.
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(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. Alaboratory balance that
measures to 0.1 g and has an accuracy of +0.05 g shall be
used to weigh the roving samples.

V-3.4 Procedures and Acceptance Limits
V-3l4.1 Roving Identification and Package Inspection

(a) [ The roving shall be packaged as shipped from the
constituent material manufacturer’s factory.

(b) | The roving shall not be repackaged in the distribu-
tion of the material after the constituent material manu-
facturer has shipped the roving.

(c) [The roving balls, as identified by the constituent
materfial manufacturer, 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 of the inspection and the name of the person
performing the inspection in Form V-3.2-1, colunin 4.

(f) [For packaged rovings that are foundto be accept-
able fpr further inspection and tests, the. réinforcement
production date and lot number for<each ball shall be
enter¢d in Form V-3.2-1, columns 2 and 3, respectively.

V-314.2 Visual Inspection of Roving

(a)|The roving ball shall-be visually inspected for
imperffections and contanmination prior to use by the man-
ufactyrer.

(1) The date ‘of)the inspection and the inspector’s
name|shall berecorded in Form V-3.2-1, column 7.

(R) If any.roving ball is rejected, the reason shall be
recordled @nythe “Comments” section of Form V-3.2-1.

(b) |[Roving balls having any of the following defects

turbed material.
(3) The sample shall be removed from.the
(4) The sample shall be doubled several
tied with a single knot.

(b) The sample shall be placed."on the
balance (see para. V-3.3.2) and\weighed to t
0.1g.

NOTE: Convert grams to ounces, if needed, by mu|
0.0352.
(1) Two speciméns from each packagg shall be
weighed, and the(average of the two weights falculated.
(2) Theavérage weightshall berecorded ajs weightA.

(c) Thersyield, in yards per pound, shall be |calculated

from the. following equation:

16 0z/Ib X length,yd
weight A, oz

wrap reel.
times and

aboratory
e nearest

tiplying by

yield,yd/Ib = (V-3-1)

le balls of
mn 5.

(d) The yields of acceptable and unacceptal
roving shall be entered in Form V-3.2-1, colu

(e) Ifthe yield of the ball of roving is outside the consti-
tuent material manufacturer’s specificafion, 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 constitue
manufacturer’s specification shall not be use
nates made to this Standard.

(g) The rejected roving balls shall be identified by the
word “rejected” written next to the yield in Foyym V-3.2-1,
column 5.

(h) The date of the yield measurement and t
the person who took the measurement shall b
in Form V-3.2-1, column 6.

t material
for lami-

he name of
b recorded

V-4 FIBERGLASS WOVEN ROVING FABR|C,
FIBERGLASS NONWOVEN BIAXIAL EABRIC,

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
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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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