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Foreword

The FM Approvals certification mark is intended to verify that the products and services described will meet FM
Approvals’ stated conditions of performance, safety and quality useful to the ends of property conservation. The
purpose of Approval Standards is to present the criteria for FM Approval of various types of products and services,
as guidance for FM Approvals personnel, manufacturers, users and authorities having jurisdiction.

Products submitted for certification by FM Approvals shall demonstrate that they meet the intent of the Approval
Standard, and that quality control in manufacturing shall ensure a consistently uniform and reliable product.
Approval Standards strive to be performance-oriented. They are intended to facilitate technological development.

For examining equipment, materials and services, Approval Standards:

a) must be useful to the ends of property conservation by preventing, limiting or not causing damage i
under the conditions stated by the Approval listing; and

b) must be readily identifiable.
Continuance of Approval and listing depends on compliance with the Approval Agreement, satisfactory performance
in the field, on successful re-examinations of equipment, materials, and services as appropriate, and on periodic

follow-up audits of the manufacturing facility.

FM Approvals LLC reserves the right in its sole judgment to change or revise its standards, criteria, methods, or

procedures.
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1. INTRODUCTION

1.1  Purpose

1.1.1  This standard states Approval requirements for plastic pipe and fittings in light hazard occupancies for use
in automatic wet sprinkler fire protection systems.

1.1.2  Approval criteria may include, but are not limited to, performance requirements, marking requirements,
examination of manufacturing facility(ies), audit of quality assurance procedures, and a follow-up program.

1.2  Scope

1.21  This standard encompasses the design and performance requirements for plastic pipe and fittings in light
hazard occupancies for use in automatic wet sprinkler fire protection systems. The intent is to determine:

« That specific pipe and fittings are capable of maintaining sprinkler system integrity and performance
during a fire.

« If one of the intended uses of the plastic pipe and fittings is in a hybrid sprinkler system using internally
coated steel pipe (i.e. plastic pipe connected to internally coated steel pipe), evaluation of the plastic
pipe and fittings under this standard shall include chemical compatibility testing with all FM Approved
manufacturer applied internally coated steel pipe (i.e. internally coated by the manufacturer).

1.2.2  Approval standards are intended to verify that the product described will meet stated conditions of
performance, safety, and quality useful to the ends of property conservation.

1.2.3  Plastic pipe and fittings examined in accordance with this standard may be FM Approved for unexposed or
exposed service in light hazard occupancies.

1.23.1  Products FM Approved for unexposed use require a permanently installed non- combustible
barrier with a minimum 15 minute rating in accordance with ASTM E119-10b. Alternatively,
pipe and fittings discussed in this standard may be used with a fire resistant barrier FM
Approved in accordance with Approval Standard 1636, “Fire Resistant Barriers for use with
CPVC Pipe and Fittings in Light Hazard Occupancies”. Only plastic pipe and fittings tested
with a specific fire resistant barrier in accordance with Standard 1636 may be used.

1.2.3.2  Products FM Approved for exposed use may be used exposed when installed in accordance with
the manufacturer’s installation instructions and FM Global Loss Prevention Data Sheets.

1.2.4  Plastic pipe and fittings FM Approved to this standard are not permitted in seismically active areas in
accordance with FM Global Loss Prevention Data Sheet 2-8.

1.3  Basis for Requirements

1.3.1  The requirements of this standard are based on experience, research and testing, and/or the standards of
other organizations. The advice of manufacturers, users, trade associations, jurisdictions and/or loss control
specialists was also considered.

1.3.2  The requirements of this standard reflect tests and practices used to examine characteristics of plastic pipe
and fittings for the purpose of obtaining Approval. Plastic pipe and fittings having characteristics not
anticipated by this standard may be FM Approved if performance equal, or superior, to that required by this
standard is demonstrated, or if the intent of the standard is met. Alternatively, plastic pipe and fittings which
meet all the requirements identified in this standard may not be FM Approved if other conditions that
adversely affect performance exist or if the intent of this standard is not met.
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1.4  Basis for Approval
Approval is based upon satisfactory evaluation of the product and the manufacturer in the following major areas:
1.4.1  Examination and tests on production samples shall be performed to evaluate:

o  Suitability of the product;

« Performance of the product as specified by the manufacturer and required by FM Approvals; and, as far
as practical,

« Durability and reliability of the product.

1.4.2  Aninitial Facilities and Procedures Audit (F&PA) shall be conducted to evaluate the manufacturer’s ability
to consistently produce the product that was examined and tested as part of the Approval project. The audit
shall review the facility and in-place quality control procedures used in the manufacturing of the product.
Typically, areas of review are incoming inspection, work in progress, production testing, final quality
control, marking, calibration of equipment, shipping procedures, and document and drawing control. These
examinations are repeated periodically as part of FM Approvals’ product follow-up program. (Refer to
Section 6.2, Facility and Procedures Audit.)

1.5  Basis for Continued Approval
1.5.1  Continued Approval is based upon:

« Production or availability of the product as currently FM Approved,;

» The continued use of acceptable quality assurance procedures;

« Satisfactory field experience;

o  Compliance with the terms stipulated in the Master Agreement;

»  Satisfactory re-examination of production samples for continued conformity to requirements; and

« Satisfactory Facilities and Procedures Audits (F&PAs) conducted as part of FM Approvals’ product
follow-up program.

1.5.2 Also, as a condition of retaining Approval, manufacturers shall not change a product or service without
prior authorization by FM Approvals.
1.6  Effective Date
The effective date of an Approval Standard mandates that all products tested for Approval after the effective date
shall satisfy the requirements of that standard. Products FM Approved under a previous edition shall comply with the

new version by the effective date or forfeit Approval.

The effective date of this standard is September 1, 2011 for full compliance with all requirements.

1.7  System of Units

Units of measurements used in this standard are United States (U.S.) Customary units. These are followed by their
arithmetic equivalents in International System (SI) units, enclosed in parentheses. The first value stated shall be
regarded as the requirement. The converted equivalent value may be approximate. Appendix K lists the selected
units and conversions to SlI units for measures appearing in this standard. Conversion of U.S. customary units is in
accordance with the American National Standards Institute (ANSI)/Institute of Electrical and Electronics Engineers
(IEEE)/American Society for Testing Materials (ASTM) SI 10-2002, “Standard for Use of the International System
of Units (SI): The Modern Metric System.”
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1.8  Applicable Documents

The following standards, test methods, and practices are referenced in this standard or are beneficial in
understanding this standard:

IEEE/ASTM SI 10 - 2002, Standard for Use of the International System of Units (SI): The Modern Metric System
ANSI/ASME B1.20.1 - 1983 (2006), Pipe Threads, General Purpose (Inch).

ASTM D543-06, Standard Specification for Evaluating the Resistance of Plastics to Chemical Reagents

ASTM D638-08, Standard Test Method for Tensile Properties of Plastics

ASTM D883-08, Terminology Relating to Plastics

ASTM D1784-08, Standard Specification for Rigid Poly (Vinyl Chloride) (PVC) Compounds and Chlorinated
Poly(Vinyl Chloride) (CPVC) Compounds

ASTM D1598-02 (2008), Standard Test Method for Time-to-Failure of Plastic Pipe Under Constant Internal
Pressure

ASTM D1599-99 (2005), Standard Test Method for Resistance to Short-Time Hydraulic Pressure of Plastic Pipe,
Tubing, and Fittings

ASTM D2444-99 (2005), Standard Test Method for Determination of the Impact Resistance of Thermoplastic Pipe
and Fittings by Means of a Tup (Falling Weight)

ASTM D2837- 08, Standard Test Method for Obtaining Hydrostatic Design Basis for Thermoplastic Pipe Materials
or Pressure Design Basis for Thermoplastic Pipe Products

ASTM D2846/D2846M-09b, Standard Specification for Chlorinated Poly (Vinyl Chloride) (CPVC) Plastic Hot and
Cold Water Distribution Systems

ASTM D2855-96 (2002), Standard Practice for Making Solvent-Cemented Joints with Poly (Vinyl Chloride) (PVC)
Pipe and Fittings

ASTM D3915-06, Standard Specification for Rigid Poly (Vinyl Chloride) (PVC) and Chlorinated Poly (Vinyl
Chloride) (CPVC) Compounds for Plastic Pipe and Fittings Used in Pressure Applications

ASTM D4216-06, Standard Specification for Rigid Poly (Vinyl Chloride) (PVC) and Related PVC and Chlorinated
Poly (Vinyl Chloride) (CPVC) Building Products Compounds

ASTM D4396-99 06, Standard Specification for Rigid Poly (Vinyl Chloride) (PVC) and Chlorinated Poly (Vinyl
Chloride) (CPVC) Compounds for Plastic Pipe and Fittings Used in Nonpressure Applications

ASTM D5260-04, Standard Classification for Chemical Resistance of Poly (Vinyl Chloride) (PVC) Homopolymer
and Copolymer Compounds and Chlorinated Poly (Vinyl Chloride) (CPVC) Compounds

ASTM E84-09c, Standard Test Method for Surface Burning Characteristics of Building Materials
ASTM E119-2010b, Standard Test Methods for Fire Tests of Building Construction and Materials

ASTM E1354 - 97, Standard Test Method for Heat and Visible Smoke Release Rates for Materials and Products
Using an Oxygen Consumption Calorimeter

ASTM F437-09, Standard Specification for Threaded Chlorinated Poly (Vinyl Chloride) (CPVC) Plastic Pipe
Fittings, Schedule 80

ASTM F438-09, Standard Specification for Socket-Type Chlorinated Poly (Vinyl Chloride) (CPVC) Plastic Pipe
Fittings, Schedule 40

ASTM F439-09, Standard Specification for Chlorinated Poly (Vinyl Chloride) (CPVC) Plastic Pipe Fittings,
Schedule 80

ASTM F441/F441M-09, Standard Specification for Chlorinated Poly (Vinyl Chloride) (CPVC) Plastic Pipe,
Schedule 40 and 80

ASTM F442/F442M-09, Standard Specification for Chlorinated Poly (Vinyl Chloride) (CPVC) Plastic Pipe (SDR-
PR)

ASTM F493-04, Standard Specification for Solvent Cements for Chlorinated Poly (Vinyl Chloride) (CPVC) Plastic
Pipe and Fittings

ASTM F1970-05, Standard Specification for Special Engineered Fittings, Appurtenances or Valves for use in Poly
(Vinyl Chloride) (PVC) or Chlorinated Poly (Vinyl Chloride) (CPVC) Systems
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ASTM F2331 - 04el, Standard Test Method for Determining Chemical Compatibility of Thread Sealants with
Thermoplastic Threaded Pipe and Fittings Materials

ASTM G154-06, Standard Practice for Operating Fluorescent Light Apparatus for UV Exposure of Nonmetallic
Materials

NFPA 13-2010, Standard for the Installation of Sprinkler Systems
NFPA 13D-2010, Standard for the Installation of Sprinkler Systems in One- and Two-Family Dwellings and
Manufactured Homes

NSF/ANSI Standard 61-2003e, Drinking Water System Components - Health Effects

FM Global Property Loss Prevention Data Sheets

International Standard (ISO)/International Electrotechnical Commission (IEC) 17025 (2005), General Requirements
for the Competence of Testing and Calibration Laboratories

ISO 22088-3 (2006), Plastics — Determination of Resistance to Environmental Stress Cracking (ESC)

1.9  Definitions
For purposes of this standard, the following terms apply:

Accepted

This term refers to installations acceptable to the authority enforcing the applicable installation rules. When the
authority is FM Global, such locations are termed “FM Global Accepted.” Acceptance is based upon an overall
evaluation of the installation. Factors other than the use of FM Approved equipment impact upon the decision to
accept, or not to accept. Acceptance is not a characteristic of a product. It is installation specific. A product
accepted for one installation may not be acceptable elsewhere. (Contrast with FM Approved.)

Chlorinated Poly (Vinyl Chloride) (CPVC) Plastic Pipe and Fittings

Pipe and fittings made of chlorinated poly (vinyl chloride) plastic in which the chlorinated poly (vinyl chloride)
is in the greatest amount by weight.

FM Approvals Certification Marks

The FM Approvals Certification Marks are detailed in Appendix K. Their use is mandatory on all FM Approved
pipe and fittings. These registered marks cannot be used except as authorized by FM Approvals via the granting
of Approval to a specific product.

FM Approved

This term refers to products FM Approved by FM Approvals. Such products are listed in the Approval Guide, an
on-line resource of FM Approvals. All products so listed have been successfully examined by FM Approvals,
and their manufacturers have signed and returned a Master Agreement to FM Approvals. This form obligates the
manufacturer to allow re-examination of the product and audit of facilities and procedures at FM Approvals’
discretion. It further requires the manufacturer not to deviate from the as-FM Approved configuration of the
product without review by and agreement of FM Approvals. Approval is product and site specific.

Hydrostatic Design Basis (HDB)

One of a series of established stress values for a plastic material. It is obtained by categorizing the Long Term
Hydrostatic Strength of the material as described in ANSI/ASTM D2837-08 or equivalent national/international
standard.

Hydrostatic Design Stress (HDS)
The maximum allowable stress used in the design of plastic pipe of a given material. It is obtained by
multiplying the Hydrostatic Design Basis (HDB) by a service factor.
HDS=HDBx F
IMO Cribs

Fire test cribs designed to the International Maritimes Organization (IMO) standards. An IMO crib consists of
six 18 in. (455 mm) lengths of trade size nominal 2 in. by 2 in. (50 mm by 50 mm) kiln dried spruce or fir
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lumber per layer having a moisture content between 9 and 13 percent. The members are placed in four alternate
layers at right angles to one another. The members are to be evenly spaced forming a square structure. The heat
release rate of each IMO crib is approximately 300 kW.

Ignition Source
Apparatus consisting of a 6 in. (152 mm) diameter steel cylinder, filled with 30 ml (0.008 gallons) of heptane.
The ignition source apparatus also provides support for the IMO cribs at a height of 12 in. (305 mm) above floor
level. See Appendix H.

Light Hazard Occupancy
NFPA 13, “Standard for Installation of Sprinkler Systems”, defines classes of occupancies. The light hazard
occupancies wherein it is anticipated that plastic sprinkler piping will be used include hotels, hospitals, offices,
schools, apartment buildings, and similar non-mercantile, non-manufacturing or non-warehousing occupancies.
These occupancies are characterized by relatively low combustible loadings and completely finished interiors.

Long Term Hydrostatic Strength (LTHS)

Plastic materials exhibit a time-dependant response to stress. This occurs in a predictable fashion. If samples of
plastic pipe are pressurized to various levels, they will fail after periods of time proportional to those pressures.
The specific relationship is that the logarithm of the time to failure is negatively proportional to the logarithm of
the stress.

LogT=a-blog$
Where a and b are constants.

This stress, S, is the hoop stress in the material due to internal pressure at a constant temperature. ASTM D2837-
08 details test procedures for obtaining this relationship for thermoplastic piping products. The relationship is
then used to determine a particular maximum S that should not cause failure until at least after a minimum
desired life. That S is termed the Long Term Hydrostatic Stress (LTHS) for the material in question. For
purposes of Approval of plastic piping, the 7 = 50 years shall be used to determine LTHS.

Permanently Installed, Non-Combustible Barriers

A permanently installed barrier is one that cannot be removed without substantial cosmetic damage (e.g., a
plastered ceiling). The intent of the requirement is to inhibit casual removal of the barrier for various purposes of
convenience, such as re-routing of wiring, as this leads to protracted periods of exposure of the piping. Drop-in
ceiling tiles, as used in suspended ceilings are specifically considered not to be “permanently installed” for the
purposes of this definition. Non-combustible is defined as having a minimum finish fire rating of 15 minutes
when tested per ASTM E119-10b.

Pressure Rating (PR)
The maximum constant internal pressure plus surge pressure allowance, at a given temperature, that can be
successfully withstood by pipe of a given Hydrostatic Design Stress and Standard Dimension Ratio (SDR).

PR = (2x HDS) + (SDR - 1)

Service Factor (F)

A number, less than or equal to 0.5, by which the Hydrostatic Design Basis (HDB) is multiplied to obtain the
Hydrostatic Design Stress (HDS). This F'is used to account for variations in conditions from those contemplated
in the design of an installation, rough handling of piping, and manufacturing variations.

Standard Dimension Ratio (SDR)

The ratio of average outside diameter of a pipe to its minimum wall thickness. This number is constant for all
sizes of pipe of a given material and pressure rating.

Wet System

A system employing automatic sprinklers attached to a piping system containing water and connected to a water
supply so that the water discharges immediately from sprinklers opened by a fire.
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2. GENERAL INFORMATION

2.1  Product Information

2.1.1  Plastic piping for sprinkler systems can be identical in materials, sizes, wall thicknesses, and other design
and manufacturing aspects to plastic piping for domestic or process water systems. Some specialized
fittings designed to facilitate sprinkler installation are available, and many products have been specifically
designed for fire protection service. However, this is not a requirement of Approval, provided that all
criteria of this standard are met.

2.1.2  Piping is usually either extruded (pipes) or injection molded (fittings) of specific thermoplastic
formulations, in conformance to nationally or internationally recognized standards.

2.1.3  Pipe and fittings usually must be of the same material to provide for secure jointing. Chlorinated polyvinyl
chloride (CPVC) based products typically are joined by solvent cementing, while polyolefin based products
are usually joined by thermal fusion methods. Composite, reinforced (thermosetting) products are usually
joined by epoxy cements or mechanical connections.

2.2 Approval Application Requirements

To apply for an Approval examination, the manufacturer, or its authorized representative, should submit a request to:

Hydraulics Group Manager
FM Approvals Hydraulics Laboratory
743A Reynolds Road
West Glocester, Rl 02814
US.A.

The manufacturer shall provide the following preliminary information with any request for Approval consideration:

o A complete list of all models, types, sizes, and options for the products or services being submitted for Approval
consideration;

o General assembly drawings and one complete set of manufacturing drawings;
«  Materials list(s) and material specifications;

« Anticipated marking format;

« Brochures, sales literature, specification sheets;

« Installation, operation and maintenance procedures; and

«  The number and location of manufacturing facilities.

All documents shall be part of a controlled system and shall identify the manufacturer’s name, document number or
other form of reference, title, date of last revision, and revision level. All foreign language documents shall be
provided with English translation.

2.3 Requirements for Samples for Examination

2.3.1  Following set-up and authorization of an Approval examination, the manufacturer shall submit samples for
examination and testing. Sample requirements are to be determined by FM Approvals following review of
the preliminary information. Sample requirements may vary depending on formulation features and results
of prior testing. Testing shall use regular production pipe and fittings assembled per the manufacturer’s
published instructions. All joining techniques submitted shall be tested in all sizes submitted. However, all
configurations need not be tested for qualification of a given line. FM Approvals will designate those items
to be tested which, in its judgment, adequately sample the designs. Any decision to use data generated
utilizing prototypes is at the discretion of FM Approvals. The manufacturer’s test facilities may be used for
testing. If testing is performed at the FM Approvals Hydraulics Laboratory, it is the manufacturer’s

M Aﬁg)rovaés 6.
ocument Sharing Hub
Copyright FM Approvals
Provided by IHS Markit under license with FMRC Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: FM 1635 2011


http://www.avadocuments.com/doc/fm-1635-2011
http://www.avadocuments.com/doc/fm-1635-2011

1635 March 2011

responsibility to provide any necessary test fixtures. Any manufacturer supplied test fixtures shall be
returned to the manufacturer at their request.

2.3.2  Inorder to qualify for automatic sprinkler system service, plastic piping shall be examined on a design-by-
design, manufacturer-by-manufacturer, and plant-by-plant basis. This is because the manufacture of plastic
piping requires sufficient art in its execution that identical designs, executed in identical materials by
different manufacturers or, even by different plants of the same manufacturer, have been seen to perform
differently in testing. Sample piping, selected in conformance to this criterion shall satisfy all of the
following performance requirements and be installed in a manner identifiable as being within the scope of
conditions defined by the testing.

2.3.3  The Approval examination consists of determination of hydrostatic design basis (HDB) of the specific
material used, verification of an appropriate design factor of safety, tests of mechanical durability and
practicality, and other tests, as noted. A complete review of installation specifications shall be conducted to
assure, as far as possible, a practical and reliable installation. Inspection of the product manufacturing
facility shall be conducted to assure conformance with the requisite tests and specifications.

3. GENERAL REQUIREMENTS

3.1 Approval Limitation

Approval of pipe and fittings made with a specific compound shall be limited to use with the specific bonding agent
or method used in the Approval testing. As such, Approval of multiple compounds and bonding agents, and
combinations thereof, shall require a complete test program for each compound or bonding agent combination.

3.2 Review of Documentation

During the initial investigation and prior to physical testing, the manufacturer’s specifications, technical data sheets,
and design details shall be reviewed to assess the ease and practicality of installation and use. The product shall be
capable of being used within the limits of the Approval investigation.

3.3 Design Requirements

3.3.1  Plastic pipe may be formed of either homogeneous or composite materials. Either type of material shall be
assigned a hydrostatic design basis (HDB) for water at both 73°F (23°C) and at least 120°F (49°C). The
upper temperature limit is to be specified by the manufacturer seeking Approval. These HDB values shall
be derived from sustained pressure tests conducted in accordance with ASTM D1598-08 and evaluated in
accordance with ASTM D 2837-08 for thermoplastic materials. The testing shall have been performed on
pipe made of the same raw material as that of the pipe submitted for Approval and produced on equipment
and under conditions equivalent to those to be used in its commercial production. The hydrostatic design
stress (HDS) shall then be established by multiplying the HDB by a factor of no greater than 0.5. The actual
factor used shall be lower if necessary to provide at least a projected 50 year life at the rated pressure and
temperature. If the Plastic Pipe Institute (PPI) has certified the material in question to have an HDB meeting
these requirements, even if that certification is based upon a documented equivalency to other pipe rather
than on direct testing to the pipe submitted for Approval, that HDB shall be acceptable.

The manufacturer shall submit the long term hydrostatic test data used to calculate the HDB. FM Approvals
will verify the calculations and the suitability of the data per the applicable ASTM standard.
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The purpose of assigning an HDS at two temperatures is as follows:

o Generally, the HDS developed for the higher temperature will be the lesser value. Thus, the DS will
determine the pressure rating.

e The HDS developed at 73°F (23°C) is for convenience of conducting tests at this temperature for
evaluation of the adequacy of the design factor.

« The assumption is that reduction in strength of the piping caused by abuse and measured at the 73°F
(23°C) temperature will be proportional to those for the higher temperature. Thus, it will not be
necessary to conduct abuse tests at the higher temperature.

3.3.2  Plastic fitting materials shall be only those defined by a recognized material specification.

3.3.3 Because of the possibility of connection to the domestic water system, plastic piping shall use only
components made of materials suitable for potable water service, as listed for this service by the NSF
Testing Laboratories, the CSA Testing Laboratory or other nationally recognized and accredited testing
laboratories. Tests shall be made in accordance with requirements equivalent to those of Section 3 and 4 of
NSF Standard No. 61, at minimum.

3.3.4  All piping shall be designed and manufactured in accordance with the dimensional and other requirements
of the recognized national standard for the products in question. Where such a standard does not exist, the
manufacturer shall be prepared to submit detailed dimensional drawings for all items and shall attempt to
conform to generally accepted industry practice for comparable products.

3.3.5  The minimum nominal pipe size for all pipe and fittings shall be 3/4 in.

3.3.6  The minimum water passage through all pipe and fittings and all joints of every type shall be 5/8 in.
(15.9 mm) diameter.

3.3.7  All items shall be pressure rated at no fewer than two temperatures. The minimum pressure rating at both
temperatures shall be 175 psi (1205 kPa). The two pressure temperatures shall be 73°F (23°C) and at least
120°F (49°).

3.3.8  The maximum pressure ratings for pipe at both rating temperatures shall be determined using the following
relation and the hydrostatic design stress (HDS) values for each temperature as defined in Paragraph 3.3.1:

PR = (2x HDS) + (SDR — 1)

Where: PR = the pressure rating in psi or kPa,
HDS = the hydrostatic design stress in the same units, and
SDR = the dimension ratio of the pipe

A manufacturer need not take full advantage of the properties of his material in establishing pressure
ratings. That is, more conservative ratings than those derived from this calculation may be assigned, as long
as the minimum requirements of Paragraph 3.3.7 have been met.

3.3.9  Pressure ratings for plastic fittings cannot be easily determined. Fittings submitted for use with a given pipe
must be of compatible material characteristics and shall not fail before the pipe when tested to meet the
requirements of Paragraph 4.2.

3.3.10 Fittings may be designed for any type of connection to pipe, provided that the performance requirements of
this standard are met. However, when the joining method is other than tapered pipe threads (NPT), adapter
fittings shall be provided to connect pipe and fittings to NPT system components. NPT connections shall be
designed in accordance with the Standard for Pipe Threads, ANSI/ASME B1.20.1. Alternatively, pipe
fittings intended for sale outside the United States may be supplied with pipe threads conforming to the
relevant recognized national standard that will provide compatibility with that nation’s automatic sprinkler
system components.

3.3.11 All tests, unless otherwise noted, shall be performed at an ambient temperature of 73°F (23°C).
Documents
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3.4  Markings
3.4.1  All FM Approved piping shall bear the FM Approvals Certification Mark.
3.4.2  Piping shall also be marked in accordance with the recognized national standard to which it is made.
3.4.3 A national standard notwithstanding, pipe shall also carry at least the following minimum markings:

o  Manufacturer’s name, code or trademark

« Material designation

o Nominal size

« Specific source code, indicating location of manufacture (if more than one)
« Date of manufacture code

o  Pressure rating, or class, and rating temperature

« If FM Approved for unexposed service only, the words “UNEXPOSED SERVICE ONLY” in close
juxtaposition to the FM Approvals Certification Mark

3.4.4  Pipe shall be marked, at minimum, every 3 feet (1 m)
3.4.5 A national standard notwithstanding, each fitting shall also carry at least the following minimum markings:

o Manufacturer’s name, code or trademark

o Material designation

o Nominal size

«  Specific source code, indicating location of manufacture (if more than one)

« Unique item identification, traceable to catalogued pressure rating, or class, and rating temperature
« Mold cavity identification

3.4.6  All markings shall be legible throughout the useful life of the product

3.5 Manufacturer’s Installation and Operation Instructions

The manufacturer shall provide installation instructions which clearly indicate whether the pipe and fittings qualified
under this standard are manufactured for exposed or unexposed, wet system service. For unexposed service,
suggested suitable minimum enclosure requirements (non-combustible, firestops, etc.) shall be stated as well as
insulation requirements for piping to be routed in enclosures exposed to freezing temperature. Suitable designs for
transition connections to other materials shall be specified. Hanger types, spacing, and configurations shall also be
specified. Minimum bending radii and other relevant installation cautions shall be specified. FM Approvals shall
determine the minimum acceptable extent of these instructions based upon the specific nature of the pipe and fittings
submitted for Approval and upon trials of the joining methods and other relevant techniques specified. Any
instructions specific to Approval constraints may be labeled as such. FM Approvals required instructions may be
included in a more general instruction publication, provided that it is clearly stated that Approval of these products is
contingent upon observance of the FM Approvals’ constraints.

3.6 Calibration

Each piece of equipment used to verify the test parameters shall be calibrated within an interval determined on the
basis of its stability, purpose, and usage. A copy of the calibration certificate for each piece of test equipment shall
be submitted to FM Approvals for its records. The certificate shall indicate that the calibration was performed
against working standards whose calibration is certified as traceable to the National Institute of Standards and
Technology (NIST) or traceable to other acceptable reference standards and certified by an ISO 17025 "General
Requirements for the Competence of Testing and Calibration Laboratories” calibration laboratory. The test
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equipment shall be clearly identified by label or sticker showing the last date of the calibration and the next due date.
A copy of the service accreditation certificate as an 1SO 17025 calibration laboratory is required for FM Approvals’
records.

The calibration of new equipment is also required. Documentation indicating either the date of purchase or date of
shipment, equipment description, and model and serial number is required for identification. The period from the
time the equipment was put into service to the date of testing must be within an interval that does not require the
equipment to be calibrated as determined on the basis of the parameters mentioned above. The new test equipment
shall be clearly identified by label or sticker showing the initial date of the calibration and the next due date. When
the inspection equipment is not suitable for labels or stickers other methods, such as etching of control numbers on
the measuring device, is allowed provided documentation is maintained on the calibration status of the equipment.

3.7 Tolerances

Tolerances on units of measure shall be as described in Appendix L, unless otherwise specified in this standard.

4. PERFORMANCE REQUIREMENTS - EXPOSED/UNEXPOSED

4.1  Standard Designs
411 Requirement

If the manufacturer's literature or piping markings reference any recognized standard specifying design,
manufacture, or performance. FM Approvals shall verify, as a part of its examination, that all criteria of
such a referenced standard are met. The intent of the requirement is that plastic piping conforms to any
recognized standard to which it is manufactured.

41.2 Evaluation

The manufacturer shall submit to FM Approvals a copy of the relevant standard(s), along with drawings,
specifications, and other documents necessary to confirm compliance. FM Approvals shall verify that all
requirements of that standard are met.

4.2  Hydrostatic Strength
421  Requirement

Plastic pipe shall meet the short-time failure (quick-burst) pressure specified in the appropriate recognized
standard for its material and design. Where such a standard does not exist, a quick-burst pressure shall be
determined from the equation:

logT=a-blogS

where a and b are constants, and using a value of 7= 0.1 hours to obtain a corresponding stress value (S ;)
and calculating a quick-burst pressure (OB) by the relation:

OB =(2xSp;)+(SDR-1)

The OB measured shall equal, at minimum, the pressure rating (PR) of the piping divided by a service factor
(F) plus the surge pressure allowance (PS;;).

Minimum Requirement OB = (PR + F) + PS5
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The surge pressure allowance shall be that produced by a 15 ft/sec (4.6 m/sec) instantaneous velocity
change and calculated per the relation:

PS5 =927.6 + [1 + (294,000 x D,)/(E x 1)]*’

where: PS;s = the surge pressure (psi) for that velocity change,
D; = the nominal internal diameter of the pipe (in.),
E = the modulus of elasticity for the pipe material (psi), and

t the nominal wall thickness of the pipe (in.).

The equivalent relation in Sl units is:
PS;5 = 6397 + [1 + 42,640 x D/(E x t)]"°

with PS;s and E in units of kilopascals and D; and ¢ in units of millimeters.
Fittings shall not fail at lower pressure than pipe.

The intent of the requirement is that plastic piping possesses sufficient hydrostatic strength to prevent
leakage or other failure over a 50-year service life.

4.2.2  Test/Verification

At least one sample of each size pipe, fitting, and connection design shall be subjected to a 73°F (23°C)
quick-burst hydrostatic test. In this test the internal pressure shall be raised from 0 to the minimum required
pressure, OB, in not less than 60 and not more than 70 seconds. The pressure shall then be increased beyond
the calculated minimum QB at the same rate of rise until failure occurs. The measured OB shall be recorded
for use in evaluating the adequacy of the service factor.

4.3  Pressure Cycling
4.3.1  Requirement

Piping shall withstand 100,000 cycles from 0 to its 73°F (23°C) pressure rating at a frequency of one cycle
every 5 to 10 seconds without leakage, separation, or permanent distortion. The intent of the requirement is
that pressure fluctuations not loosen joints nor result in other creep-related failures.

43.2  Test/Verification

Test samples shall be installed in the cycle pressure test apparatus described in Appendix A and cycled from
0 psi (0 kPa) to their 73°F (23°C) pressure rating, 175 psi (1205 kPa) minimum, at a frequency of one cycle
every 5 to 10 seconds for 100,000 cycles. No leakage, joint separation, or permanent distortion shall result.

4.4  Impact Resistance
4.4.1 Requirement

A 10 ft-1b (1.38 m-kg) impact shall not impair hydrostatic integrity of pipe, fittings, or joints. The intent of
the requirement is that piping be resistant to minor impacts encountered in handling, installation, and
service.

4.4.2 Test/Verification

At least one sample assembly of each size pipe and "fitting type" submitted for Approval, while resting
across the narrow face of a length of nominal 2 x 3 standard construction lumber, shall be impacted with a
51b (2.27 kg) weight having a spherical impact nose as specified for a "B tup" in ANSI/ASTM D 2444-99
(2005). The tup shall be dropped from a height of 2 ft. (0.61 m) once on the pipe wall, once on the “critical
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area" of each fitting, and once on the joint between the fitting and pipe. A "fitting type" is determined by
inspection for the design of the various fittings submitted. For example, if wall thicknesses are identical, a
90° elbow and 45° elbow should be of the same "fitting type" and a test of a given size 90° elbow would
suffice for the same size 45° elbow. Similarly, tees, reducing tees, and crosses are of the same "fitting type",
as are couplings and reducers. The "critical area" of a fitting selected for impact is that area which would be
the most vulnerable when the fitting is assembled to pipe. For most fittings this is the upper horizontal
surface when the fitting joins horizontal pipes. Because of the difficulty in design of transition fittings,
which connect the plastic piping to non-plastic piping or devices, all such fittings shall be subjected to the
impact test.

4.4.3  Subsequent to undergoing impact tests, all samples shall be subjected to a "quick-burst" hydrostatic test.
Failure pressures shall not be less than their rated pressure plus the allowance for surge, calculated as
described in Paragraph 4.2.1. Failure pressure data shall be used to test the adequacy of the service factor as
described in Section 4.17.

45 Crush Resistance
45.1 Requirement

A 200 Ibf (890 N) crushing load shall not impair hydrostatic integrity of pipe, fittings, or joints. All
transition fittings shall be tested. The intent of the requirement is that plastic piping be resistant to minor
crushing loads such as being stepped upon.

45.2 Test/Verification

At least one sample assembly of each size pipe, fitting type, and joint shall be subjected to a 200 Ibf (890 N)
load for 10 seconds while retained between two pieces of nominal 2 x 3 standard construction lumber. The
test configuration shall be per Appendix B. Subsequently, the tested sample(s) shall be examined for visible
signs of collapse. If collapse is observed, a head loss test shall be conducted to measure the hydraulic effect.
Head loss shall not be more than 5 percent greater than for equivalent, undamaged assemblies.

Subsequent to the crush test, all test assemblies shall be closed and subjected to a “quick-burst™ hydrostatic
test. Evaluation of the results shall be as described in Paragraph 4.4.3.

4.6 High Ambient Temperature Exposure
4.6.1 Requirement

A 45 day exposure of pipe, subjected to the hanger loadings resulting from the manufacturer's maximum
spacing and minimum hanger width recommendations and at a temperature of 200°F (93°C) shall not result
in a decrease in waterway area that would cause a flow reduction in excess of 5 percent at any supply
pressure from 10 to 175 psi (70 to 1205 kPa). The intent of the requirement is that piping installed in
accordance with the manufacturer's instructions, shall not deform over time in such a manner as to degrade
the hydraulics of the fire protection system.

46.2  Test/Verification

At least one sample of each size pipe shall be assembled and mounted as indicated in Appendix C. The
moment due to the anticipated weight of water-filled pipe per pipe hanger shall be calculated, based on the
manufacturer's installation instructions. Half the weight required to produce that moment shall then be
applied to each end of the test samples. The sample(s) shall then be placed in a 200°F (93°C) air
environment for 45 days. Subsequently, the sample(s) shall be examined for collapsing of the waterway. If
visible collapse has occurred, a head loss test shall be conducted to measure the effect of the reduced
section. This data shall not be more than 5 percent greater than that obtained from uncollapsed pipe.
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4.7  Sustained Pressure at Elevated Temperature
4.7.1  Requirement

Piping shall sustain, at minimum, 90 percent of its 1000 h, higher rated temperature stress for a 45 day
exposure period. All transition fittings shall be tested. The intent of the requirement is that piping submitted
for tests demonstrate the applicability of the stress regression data submitted by the manufacturer in
compliance with Paragraph 3.3.1.

47.2  Test/Verification

At least one sample of each size pipe submitted for evaluation shall be closed with the fittings of each
connection design under evaluation and subjected to a constant internal pressure while maintained at 120°F
(49°C) or its maximum pressure rating temperature (if higher). The pressurizing fluid shall be water and the
external environment shall be air. The pressure level shall be calculated from the stress-regression equation
derived in conformance with Paragraph 3.3.1 using 7' = 1000 h. No failure shall occur throughout the
45 day duration of the test.

4.8 Cycling Ambient Temperature Exposure
4.8.1 Requirement

Assemblies incorporating each size pipe, “fitting type", and joining method shall not separate, leak, or :
permanently deform when cycled between -40°F (-40°C) and their highest rated temperature once a day for -
ten days. The intent of the requirement is that piping maintains hydrostatic integrity when exposed to
temperature fluctuations.

4.8.2 Test/Verification

The minimum highest temperature to be used is 120°F (49°C). If the items under examination are pressure
rated at a higher temperature, that temperature shall be used instead of 120°F (49°C). Unpressurized sample
pipe and fitting assemblies shall be exposed to a -40°F (-40°C) environment from 6 to 18 hours. The
environment shall then be elevated to the higher rating temperature, 120°F (49°C) environment for the
remainder of the 24 hours. The entire sequence shall be repeated ten times. If the test is not run on ten
consecutive days, the samples shall remain at -40°F (-40°C) during the idle time. At the end of this cycling
test the samples shall be conditioned at 73°F (23°C) and then be subjected to a "quick-burst" hydrostatic
test. Test results shall be assessed as described in Paragraph 4.4.3.

49 Vibration
4.9.1  Requirement

Piping joints shall withstand 30 hours of vibration at the amplitudes and frequencies specified below. No
separation, leakage or other failure shall occur. Each joining method submitted shall be evaluated. The
intent of the requirement is that piping joint integrity not be degraded by vibration found in building
structures.

49.2 Evaluation

Sample assemblies, as depicted in Appendix D, shall be subjected to a vibration of 0.02 in. (0.5 mm)
amplitude at a varying frequency ranging from 18 to 37 Hz for a period of 5 hours while internally
pressurized to their 73°F (23°C) rated pressure. The cycle period shall be 25 + 5 seconds. If one or more
resonant points can clearly be detected, the assemblies shall be vibrated at that frequency or frequencies for
periods of the remaining 25 hours of the test proportionate to the number of resonant frequencies
discovered. If no resonant frequency is detected, then tests shall be conducted at the amplitudes,
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