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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

This document specifies the characteristics and requirements for a piping system and its components made
from unplasticized polyamide (PA-U), as applicable, intended to be used for industrial applications above
ground or below ground by authorities, design engineers, certification bodies, inspection bodies, testing
laboratories, manufacturers, and users.

At the date of publication of this document, standards for piping systems of other plastics used for industrial
applications include the following:

ISO 10931, Plastics piping systems for industrial applications — Poly(vinylidene fluoride) (PVDF) —
Specifications for components and the system

ISO 15493, Plastics piping systems for industrial applications — Acrylonitrile-butadiene-styjiene (ABS),
unplasticized poly(vinyl chloride) (PVC-U) and chlorinated poly(vinyl chloride) (PVC-C) — Specifications for
components and the system — Metric series

[SO 15494, Plastics piping systems for industrial applications — Polybutene (PB), polyethylene (PE), pplyethylene
of raised tdmperature resistance (PE-RT), crosslinked polyethylene (PE-X), polypropylene (PP) — Metric series
for specificqtions for components and the system

© IS0 2025 - All rights reserved
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International Standard ISO 21036:2025(en)

Plastics piping systems for industrial applications —

Unplasticized polyamide (PA-U) — Metric series for

specifications for components and system

1 Scope

This document specifies the characteristics and requirements for a piping system and its compoilents, made

from unplgsticized polyamide (PA-U) intended to be used for thermoplastics piping systems-in] industrial

applicatiors above and below ground.

NOTE1 Requirements applying to industrial valves are given in this document and in otherstandards.

This docurmnent is applicable to PA-U pipes, fittings, valves and their joints, and.to/joints with cpmponents

of other plastics and non-plastic materials, depending on their suitability,-intended to be uged for the

conveyance of liquid and gaseous fluids as well as solid matter in fluids fer‘irdustrial applicatigns such as

the followihg:

— transpport of oil, gaseous fuels and multiphase mixtures (exploration and production; generfal purpose
hydrog¢arbon-based fluids);

— transport of renewable gases (hydrogen, biomethane);

— transport of contaminated sewer (e.g. contaminated with hydrocarbons);

— transport of CO, [carbon capture and utilisation.grstorage (CCUS)].

NOTE 2  NNational regulations can apply.

NOTE 3 ther application areas are possibleNf the requirements of this document and/or applicable national

requiremenits are fulfilled.

Characteriptics and requirements which are applicable for PA-U are covered by the relevant clalises of this

document.|Those characteristics and requirements which are dependent on the material are gjiven in the

relevant ngrmative Annex A.

2 Normative referénces

The follow]|ng documents are referred to in the text in such a way that some or all of their content fonstitutes

requirements of this document. For dated references, only the edition cited applies. For undated feferences,

the latest ¢

dition’ of the referenced document (including any amendments) applies.

e . . .
[SO 7-1, Pipethreuds where pressure=tight joints ure mude o the threads— Part1—Dimernsiorns, toterances and
designation

[SO 228-1, Pipe threads where pressure-tight joints are not made on the threads — Part 1: Dimensions, tolerances
and designation

[SO 291, Plastics — Standard atmospheres for conditioning and testing

[SO 307, Plastics — Polyamides — Determination of viscosity number

[SO 472, Plastics — Vocabulary

IS0 1043-1, Plastics — Symbols and abbreviated terms — Part 1: Basic polymers and their special characteristics

© IS0 2025 - All rights reserved
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ISO 1110, Plastics — Polyamides — Accelerated conditioning of test specimens

ISO 1133-2, Plastics — Determination of the melt mass-flow rate (MFR) and melt volume-flow rate (MVR) of
thermoplastics — Part 2: Method for materials sensitive to time-temperature history and/or moisture

ISO 1167-1, Thermoplastics pipes, fittings and assemblies for the conveyance of fluids — Determination of the
resistance to internal pressure — Part 1: General method

ISO 1167-2, Thermoplastics pipes, fittings and assemblies for the conveyance of fluids — Determination of the
resistance to internal pressure — Part 2: Preparation of pipe test pieces

[SO 1167-3, Thermoplastics pipes, fittings and assemblies for the conveyance of fluids — Determination of the
resistance to internal pressure — Part 3: Preparation of components

ISO 1167-4
resistance {

[SO 1183-1
liquid pykn

ISO 1183-2
column me

[SO 2505, 1
[SO 3126, H

ISO 6964, |
Test metho

ISO 9080,
thermopla

[SO 11922-

1SO 12162,
and design

[SO 13478
propagatio|

[SO 13479,
Test metho

ISO 15512:

ISO 15853
hydrostatid

ISO 16135,

Thermoplastics pipes, fittings and assemblies for the conveyance of fluids — Determin
o internal pressure — Part 4: Preparation of assemblies

Plastics — Methods for determining the density of non-cellular plastics — Part I:-dmmers
bmeter method and titration method

, Plastics — Methods for determining the density of non-cellular plastics — Part 2: Densi
thod

hermoplastics pipes — Longitudinal reversion — Test method and,;parameters
lastics piping systems — Plastics components — Determination of dimensions

Polyolefin pipes and fittings — Determination of carbon black content by calcination and |
1

Plastics piping and ducting systems — Determination of the long-term hydrostatic
tics materials in pipe form by extrapolation

Thermoplastics materials for pipes andfittings for pressure applications — Classification,
coefficient

Thermoplastics pipes for thesconveyance of fluids — Determination of resistance to
n (RCP) — Full-scale test (FST)

Polyolefin pipes for the\conveyance of fluids — Determination of resistance to crack proy
1 for slow crack grawth on notched pipes

2019, Plastics-*~)Determination of water content

Thermoplastics materials — Preparation of tubular test pieces for the determina
strength.of materials used for injection moulding

Industrial valves — Ball valves of thermoplastics materials

ition of the

on method,

ty gradient

byrolysis —

strength of

|, Thermoplastics pipes for the conveyance of fluids — Dimensions and tolerances — Part 1: Metric series

Hesignation

rapid crack

agation —

tion of the

ISO 16486-4, Plastics piping systems for the supply of gaseous fuels — Unplasticized polyamide (PA-U) piping
systems with fusion jointing and mechanical jointing — Part 4: Valves

[SO 18553, Method for the assessment of the degree of pigment or carbon black dispersion in polyolefin pipes,
fittings and compounds

IEC 60529,

Degrees of protection provided by enclosures (IP-code)

EN 12099, Plastics piping systems — Polyethylene piping materials and components — Determination of
volatile content

© IS0 2025 - All rights reserved
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s and definitions

For the purposes of this document, the terms and definitions given in ISO 472, ISO 1043-1, and the
following apply.

3.1 Geometrical definitions

3.11

nominal outside diameter

d

n
specified outside diameter assigned to a nominal size, DN/OD

Note 1toen

rv: The nominalinside diameter of a socketis equal to the nominal outside diameter of the corres

onding pipe.

Note 2 to en

3.1.2
outside di
de

value of th
to the next|

Note 1 to en

3.1.3
mean outg
dem
value of th{
divided by

3.14
nominal s
DN/OD
numerical
is a conve
and related

3.1.5
nominal s
DN
numerical
dimension

3.1.6

out-of-roundness

ovality
difference
or spigot

try: Itis expressed in millimetres.

ameter

e measurement of the outside diameter through its cross-section at any point of the pig
greater 0,1 mm

try: The symbol d, corresponds to d,, given in other International Standards such as ISO 1192

ide diameter

e measurement of the outer circumference of the pipe'or spigot end of a fitting in any cr
T (= 3,142), rounded to the next greater 0,1 mm

ze
designation of the size of a component; other than a component designated by thread

lient round number, approximatelj~equal to the manufacturing dimension in millim
| to the outside diameter

ze of flange

designation of thé-size of a flange for reference purposes and related to the man
in millimetres

bettwéen the maximum and the minimum outside diameter in the same cross-sectio

e, rounded

2-1.

Dss-section

size, which
btres (mm)

ufacturing

n of a pipe

3.1.7

nominal wall thickness

€n

numerical designation of the wall thickness of a component, which is a convenient round number,

approxima

tely equal to the manufacturing dimension in millimetres (mm)

Note 1 to entry: For thermoplastics components conforming to Annexes A and B, the value of the nominal wall

thickness, e

v is identical to the specified minimum wall thickness at any point, e

min*

Note 2 to entry: The symbol e, corresponds to e, given in other International Standards, such as ISO 11922-1.

© IS0 2025 - All rights reserved
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3.1.8
wall thick
e

ISO 21036:2025(en)

ness at any point

wall thickness at any point around the circumference of a component, rounded to the next greater 0,1 mm

3.1.9
minimum

€min

wall thickness at any point

minimum value for the wall thickness at any point around the circumference of a component, as specified

3.1.10

pipe series

S

dimension

Note 1 to en

ess number for pipe designation

try: The pipe series, S, conforms to ISO 4065.

Note 2 to emtry: The relationship between the pipe series, S, and the standard dimension ratig;-SDR, is §

following fof

§=5D]

Note 3 to en

3.1.11
standard ¢
SDR
numerical
dimension

3.2 Mats

3.21

virgin mat
material in
that requir

3.2.2

reworked
plastics mz
process th

Note 1 to en

3.3 Defi
3.3.1

rmula as specified in ISO 4065:

R—1
2

try: Flanges are designated on the basis of nominal pressure, PN.

limension ratio

designation of a pipe series, which is a convenjent round number, approximately e
ratio of the nominal outside diameter, d, and the'nominal wall thickness, e,

brial definitions

ferial
a form such as granules or powder that has not been subjected to use or processing
ed for its manufacture and £to'which no reprocessable or recyclable materials have bee

material
iterial from rejectédounused products or trimmings capable of being reclaimed withi
ht generated it

try: Previously referred to as “own reprocessed material”.

nitions related to material characteristics

riven by the

qual to the

other than
n added

n the same

lower confidence limit of the predicted hydrostatic strength

OLpL

quantity with the dimensions of stress, which represents the 97,5 % lower confidence limit of the predicted
hydrostatic strength at a temperature, 7, and time, ¢

Note 1 to en

try: It is expressed in megapascals.

© IS0 2025 - All rights reserved
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3.3.2
minimum
MRS
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required strength

value of o p (lower confidence limit of the predicted hydrostatic strength) at 20 °C and 50 years, rounded
down to the next smaller value of the R10 series or the R20 series

Note 1 to en

3.3.3

try: The R10 series conforms to ISO 3 and the R20 series conforms to ISO 497.

design stress

o

S
allowable stress for a given application at 20 °C that is derived from the minimum required strength (MRS)
by dividing it by the coefficient C

Note 1 to en

Note 2 to en

3.34
design cog
C

coefficient
properties

3.4 Defi
3.4.1

nominal pressure

PN
numerical
componen{

Note 1 to entry: A pressure, in bar, with the.numerical value of PN is identical with the pressure, PS, as

Reference [}

Note 2 to erf
pressure in
coefficient:

1

try: Design stress can be calculated using the following formula:

RS

I~

L

try: It is expressed in megapascals.

fficient

with a value greater than one which takes into consideration service conditions as
of the components of a piping system other than those.represented in the lower confid

nitions related to service conditions

designation used for reference purposes related to the mechanical characteris
s of a piping system

9] if both pressures are taken.at\20 °C.

try: For plastics piping systems conveying water, PN corresponds to the maximum continuot

Do, 200,

PN =

where

o. i

wn

S] ~ SDReI

expressed in MPa;

well as the
ence limit

fics of the

defined by

Is operating

bar, which can be sustained for water at 20 °C for 50 years, based on the following minifnum design

S

PN is
Note 3 to en

3.4.2

expressed in bar.

try: 1 bar = 0,1 MPa = 105 Pa; 1 MPa= 1 N/mm?Z.

hydrostatic stress

o

stress induced in the wall of a pipe when an internal hydrostatic pressure is applied

Note 1 to entry: The hydrostatic stress is related to the applied internal hydrostatic pressure (in bar), p, the wall

thickness at any point, e, and the mean outside diameter, d

-m Of @ pipe. It is calculated using the following

© IS0 2025 - All rights reserved
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€min

min

Note 2 to entry: This formula is applicable for pipes only.

Note 3 to entry: The value is expressed in megapascals.

4 Symbols and abbreviated terms

4.1 Symbols

C design coefficient (design factor)

D;  meah inside diameter in the fusion zone

D,  minjmum diameter of the flow channel through the body of the fitting
d, outsjde diameter (at any point)

d,, meap outside diameter

d, nomijnal outside diameter

D¢ outsfde diameter of chamfer on shoulder

D¢,  outsjde diameter of flange adaptor

DN  nomifinal size of flange

e wall|thickness (at any point)

e,  nomjinal wall thickness

h height of the service pipe

H height of the saddle

L width of the tapping tee

Ly depth of penetration oftthée pipe or male end of a spigot end fitting
L,  nomjnal length of the fusion zone

Lq nomjinal unheatéd entrance length of the fitting
Ly, outsjde tubular length

p intetnalhydrostatic pressure

P. critical pressure

P.rer Critical reference pressure

Ps
Te
T

t

max

imum allowable pressure

radius of chamfer on shoulder

temperature

time

© IS0 2025 - All rights reserved
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ostatic stress

4.2 Abbreviated terms

MOP
MRS
PA-U

PN

maximum operating pressure
minimum required strength
unplasticized polyamide (PA-U11 or PA-U12)

nominal pressure

RCP
S
SDR

5 Mate}

5.1 Gen

The PA-U 1
added thog
to this doc

If additives

The additiy
fusion cha

specified in this document.

5.2 Long-term hydrostatic strength properties

The mater
accordancg

EXAMPLE

Conformity
Annex A, H

I d})ld Cl dL]I\ pl Updsdtiull
pipe series S

standard dimension ratio

rial

bral

haterial from which the components are made shall either be PA-U 11 or PA-U 12, tg
e additives that are needed to facilitate the manufacture«of pipes, fittings, and valves ¢
iment.

are used, they shall be uniformly dispersed.

es shall not be used separately or together;in' quantities sufficient to impair the fah
acteristics of the component or to impair the chemical, physical, or mechanical charac

al shall be evaluated in accordance with ISO 9080 by analysis of pressure tests car
with ISO 1167-1 and ISO1167-2 to classify the material in accordance with ISO 12162

PA-U12 180 or PA-U1t1.180 compounds are classified for MRS 18 MPa.

r of the relevantmaterial to the reference curves given for PA-U 180 shall be proven a

shall be on

The mater}

or above thédeference curves. For design, these reference curves shall be used as a ba

al shall'be‘classified by the raw material producer.

NOTE I

some cases, the component manufacturer can be regarded as the raw material producer.

which are
onforming

rication or
teristics as

ried out in

ccording to

ormula (A.1) and Formula (A.2) or corresponding Figure A.1. At least 97,5 % of the ¢lata points

Sis.

Where fittings and valves are manufactured from the same material as pipes, the material classification
shall be the same as for pipes.

For the classification of a material intended only for the manufacture of fittings and valves, the test piece
shall be an injection-moulded or extruded test piece in the form of a pipe where a test pressure is applied
according to ISO 1167-1. The free length shall be 3d,, as defined in ISO 1167-2 or ISO 15853.

5.3 Material characteristics

The details of the material characteristics of PA-U mechanical and physical properties with requirements
are given in Annex A.

© IS0 2025 - All rights reserved
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5.4 Virgin, reworkable and recyclable material

Stress-bearing parts shall only be made from virgin material in accordance with Annex A. Non-stress-
bearing parts shall be made from virgin material or reworked material from a compound with the same
MRS or a mixture of both, virgin and reworked material.

The use of reworkable material obtained during the production and testing of components according to this
document is not permitted.

Reprocessable material obtained from external sources and recyclable material shall not be used.

5.5 Materials for components not made from PA-U

5.5.1 Ge
All compo
applied in

componenf

Materials 4
any metal
other elem

Materials
affect the

5.5.2 Mg
All metal p)

When diss
avoid the p

5.5.3 Se;

Sealing m

assembliesd.

5,54 Ot

Greases or
materials

6 Gene

neral

hents shall conform to the relevant International Standard(s). Alternative standar
fases where suitable International Standard(s) do not exist. In all cases, fitnesSfor pur
s shall be demonstrated.

nd constituent elements used in making the relevant component (including rubber, g
parts used) shall have comparable resistance to the external and-internal environni
ents of the piping system according to this document.

pther than PA-U in contact with components conformingte{ this document shall no
erformance of the components or initiate stress cracking)

tallic materials
arts susceptible to corrosion shall be adequately~protected.

milar metallic materials are used which catibe in contact with moisture, steps shall |
ossibility of galvanic corrosion.

hling materials

nterials shall have no detrimental effects on the properties of the components,

her materials

lubricants shall‘not exude onto fusion areas and shall not affect the long-term perf
onforming tosthis document.

ral characteristics

earance

ds may be
pose of the

reases, and
lents as all

[ adversely

be taken to

oints, and

rmance of

6.1 App

When viewed without magnification, the internal and external surfaces of the components shall be smooth,
clean, and free from scoring, cavities, and other surface defects to an extent that would prevent conformity
to this document. The components shall not contain visible impurities.

Each end o

f a component shall be square to its axis and shall be deburred.

6.2 Colour

The colour

NOTE

of the components shall be as given in Clause A.2 of this document.

for the location in which the components are intended to be used can apply.

© IS0 2025 - All rights reserved
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Influence of UV radiation

Components for external above ground installations shall be adequately protected against UV radiation or
the material shall be resistant to UV radiation for the intended application. For products which are usually
stored outside in direct sunlight prior to installation, the effect of UV radiation shall be taken into account.
To assess materials for resistance to UV radiation for storage purposes, pipe shall subject to a cumulative
radiant exposure of >7,0 GJ/m? in accordance with ISO 16871. Following this exposure, the pipe is assessed
for any significant change in mechanical properties.

6.4 Conditioning or saturation of pipe-based test specimens

Unless otherwise specified in the applicable test method, test pieces shall be conditioned for at least 16 h at

The test pi

Long-term
the most s
on the ana
to ISO 111

NOTE I

7 Geon]

7.1 Gen

bces shall not be tested within the period of 48 h after their manufacture.

hydrostatic strength data shall be generated on saturated polyamide pipe speCimens re
bvere case to prevent rising humidity content of the pipe over test duration and resul
ysis of time to failure test results. The saturation process in water shall,be accelerated
. Data shall show the uptake of water until saturation over time accordirg to ISO 1551

n ISO 16486-2:2024 Annex B, information is given about the saturation petformance of pipes

jetrical characteristics

bral

The measurement shall not be made less than 24 h after manufacture.

Dimension
4 h unless

5 shall be measured in accordance with ISO\8126 at (23 * 2) °C after being conditioned
bpecified otherwise in Annex A.

Indirect measurement during the stage of production is allowed at shorter time periods pro

evidence ig

The figure
not necess

Dimension

7.2 Me

shown of correlation.

hrily represent the manufacfured component(s). The given dimensions shall be followg

5 not given shall be specified by the manufacturer.

outside diamieters, out-of-roundness (ovality), and tolerances

For compgnents made~from PA-U the diameters, out-of-roundness (ovality) and related toler
conform td Clause-A.3.

The out-ofjroundness (ovality) shall be measured at the point of manufacture.

presenting
ing effects
| according
2.

n water.

for at least

yiding that

5 provided in Annex A are schematic sketches only, to indicate the relevant dimensions. They do

d.

hinces shall

7.3 Wall thicknesses and related tolerances

For components made from PA-U, the wall thicknesses and related tolerances shall conform to Clause A.3.

7.4 Angles

The permitted deviations from the nominal or declared angle for a nonlinear fitting shall be +2° where the
angle comprises the relevant change of axis of the flow through the fitting.

The recom

mended nominal angles for a nonlinear fitting are 45° or 90°.
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7.5 Laying lengths

The laying

lengths for fittings and valves shall be declared by the manufacturer.

The laying lengths are intended to assist in the design of moulds and are not intended to be used for quality
control purposes. ISO 265-1 may be used as a guideline.

7.6 Threads

Joints made pressure-tight by the mating of the threads shall conform to ISO 7-1 and fastening pipe threads

to ISO 228-

1

International Standard with the same content as ISO 7-1 exist, e.g. EN 10226-1 and EN 10226-2.

7.7 Mechanical fittings

Mechanica] fittings such as adaptors, unions, compression fittings, and reducing blishes mal
provided that their joint dimensions are in accordance with the applicable dimensions of c
conforming to this document.

7.8 Joint dimensions of valves

The joint dimensions of valves shall conform to the relevant dimensions of pipes and fittings con

this docun]

8 Mech

8.1 Resi

Componen
bursting o
conditions

8.2 Calc

8.2.1 Pipes

For pipes,
expressed

o =p-

For tests

ent.

anical characteristics

stance to internal pressure of components

[s shall withstand the hydrostatic stress induced by internal hydrostatic pressu
I leaking when tested in accordance with ISO 1167-1, SO 1167-2, and ISO 1167-3 a
specified for PA-U in Annex A.

ulation of the test pressuré for components

the relation betwéen hoop stress, o, expressed in MPa, and internal hydrostatic g
in bar, is given b§kormula (1):

em ~ €min

20e

min

rheA<internal hydrostatic pressure, p, expressed in bar, shall be determined for ¢

y be used,
bmponents

forming to

re without
hd the test

ressure, p,

e8]

ipes using

Formula (2

)

100 _ 200
[S] SDR-1

where o is

the hoop stress for PA-U conforming to the A.1.2.

8.2.2 Fittings

(2)

For tests the internal hydrostatic pressure, p, expressed in bar, shall be determined for fittings using
Formula (2). For S and SDR respectively, the value of the corresponding pipe shall be taken.
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8.2.3 Valves

For tests the hydrostatic pressure, p, expressed in bar, is defined for valves in ISO 16486-4.

8.2.4 Resistance to rapid crack propagation (RCP)

For a pipeline system carrying air or a compressible gas, for design purposes, the resistance of the material
to the phenomenon known as rapid crack propagation shall be taken into account (see ISO 16486-1,
ISO 16486-2 and ISO 16486-5). The critical pressure p. is dependent on the material, pipe diameter, and
operating temperature.

The critical reference pressure p, pgr measured in accordance with ISO 13478 shall be greater than 1,5 times

the maximum operating pressure of the pipeline system.

Informatio
industrial |
resistance

NOTE )
applicationy
operation af

9 Physical characteristics

The physic

10 Cheni

10.1 Effe

Where flui
be conside

NOTE

The chemi
classified i

The influe
determine
[13], wherd

10.2 Effe

Where flui
be conside

n provided by the pipe or material supplier should be taken into account when)dg
bipeline system for the transport of air or a compressible gas. The maximal wallthickn
shall be provided by the compound manufacturer.

or unplasticized polyamide (PA-U) SDR 11 pipe produced in accordance with 180-16486-2 forj

, the KRV listing[2] show an RCP resistance for a wall thickness up to including 14,6 mm th
18 bar (for CEN limited to 16 bar) for temperatures above 0 °C with diaméters up to including

al characteristics of components made from PA-U shall conform to Annex A.

ical characteristics

cts on the component material(s)

ds other than water are to be conveyed{the effect of the fluid on the component mate
red.

buidance is available in ISO/TR 10358 or from the component manufacturer.

ral resistance of the pipe.shall be evaluated for a particular application. Then the f
h accordance with 1SO 4433-1.

hce of chemical fluids’ on the long-term hydrostatic strength of PA-U pressure pip
1 by DIN 16463 orif-applicable, by long-term, in situ creep rupture tests as described iy
the results areused for ASTM F 3524.

cts on the fluids

ds other than water are to be conveyed, the effect of the component material on the f
Fed-

signing an
ess for RCP

natural gas
ht allows an
160 mm.

rial should

ipe can be

es may be
| Reference

uid should

11 Electrical characteristics

The electrical protection that shall be provided by the fusion process depends on the characteristics of the

electricity

NOTE

power source.

Reference [15].

The relevant component during the fusion process is part of an electrical system, see Reference [21] or

Protection against direct contacts with active parts (live conductors) shall be in accordance with IEC 60529.
This protection is a function of the work site conditions.

The surface finish of the terminal pins shall allow a minimum contact resistance.
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11


https://standardsiso.com/api/?name=9d3304a0c4b5114c7f5e9102afea5303

12 Perfo

ISO 21036:2025(en)

rmance requirements

12.1 General

When components made from the same material conforming to this document are jointed to each other, the
pipes, fittings, valves, and the joints shall conform to the requirements of Clause A.6.

NOTE

If test pressures defined for pipes are used for assemblies made from components of dissimilar materials

(e.g. screwed joints, flanged joints), the resulting strain exceeds the strain occurring under service conditions. These
strains unavoidably cause leakage. Therefore, in this document, the time related strain behaviour of the assemblies is
taken into account and the test pressures derived from the isochronous stress-strain-diagram are used.

12.2 Fusi

Pipes madd
or both.

Pipes madd
or both.

Pipes madg
or both.

Test methd

13 Comp

The comp
componenf
standards
conformin
the relevay

Valves shal
to the reley

14 Class

The classif
nominal py

The classiff

standard dimensionrdtio, SDR, or the nominal pressure, PN, as applicable.

Valves sha

O
o coUmITpaT

1l

sbhalidss
lulllb]

e from PA-U 11 shall be heat fusion jointed only to either pipes or components made ffrg

from PA-U are not fusion compatible either with pipes or components-made from othe
ds for assuring fusibility are given in ISO 16486-3 and IS0 16486-5.

onents performance

nents shall withstand the mechanical, thermal}and chemical demands to be exp
s shall be resistant to the fluids to be conveyed. Components conforming to any of t
isted in the bibliography or with national standards, as applicable, may be used with ¢
b to this document provided that they conform to the requirements for joint dimens
t requirements of this document.

| be used with components conforming to this document provided that they conform a
rant requirements of this document.
ification of components

ication of pipes shdllybe based on the pipe series, S, or the standard dimension ratio,
essure, PN, as applicable.

ication of fittings shall be based on the corresponding pipe together with the pipe ser

1 be dlassified in accordance with the requirements of ISO 16486-4.

m PA-U 11,

e from PA-U 12 shall be heat fusion jointed only to either pipes or componefits’made frgm PA-U 12,

" polymers,

ected. The
he product
bmponents
ons and to

dditionally

5DR, or the

jes S or the

15 Design and installation

For the design and installation of thermoplastic piping systems for industrial applications, see Annex B.

16 Declaration of conformity

The manufacturer shall declare conformity to this document by marking the component in accordance with
Clause 16 and, under request, issue a statement of conformity.
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17 Marking

17.1 General

Marking elements shall be printed or formed directly on the component or be on a label in such a way that
after storage, weathering, handling and installation, legibility is maintained.

NOTE The manufacturer is not responsible for marking of the component becoming-illegible due to actions
caused during installation and use, such as painting, scratching, covering, or by use of detergents, etc., unless agreed
upon or specified by the manufacturer.

Marking shall not initiate cracks or other types of defects which adversely influence the performance of the
component.

If printing|is used, the colouring of the printed information shall differ from the basic coloufing of the
component.

The size of|the marking shall be such that the marking is legible without magnification.

17.2 Minjmum required marking of pipes
The minimum required marking of pipes shall conform to Table 1.

Pipes shalllbe marked at intervals of maximum 1 m, at least once per pipe.

Table 1 — Minimum required marking of pipes

Aspects Marking or symbol?2

INumber of the International Standard
Manufacturer's name and/or trade mark Name or symbol
Nominal outside diameter, d, e.g. 110
Nominal wall thickness, e, or e.g. 10,0 or
fripe'series, S, or standard dimension rafio, SDR, or e.g.S50r SDR 11 or

ominal pressure, PN e.g. PN 10
Material type with MRS classifieation e.g. PA-U11 180
Manufacturer's information b

31 Information on abbreviated terms can be found in Reference [16] and/or in national regulations.
For providing traceability, the following details shall be given:

— production peyiod, year and month, in figures or in code;

— name or code for the production site if the manufacturer is producing at different sites.

17.3 Minimum<equired marking of fittings

The mini 32 mm, for

which the

m required marking of fittings shall conform to Table 2, except for fittings with d,, <

— manufacturer's name and/or trade mark;
— nominal outside diameter(s);
— material;

— nominal wall thickness, e, or pipe series S or SDR or PN, as applicable.

© IS0 2025 - All rights reserved
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Table 2 — Minimum required marking of fittings

Aspects Marking or symbol?
Number of the standard? ISO 21036
Manufacturer's name and/or trade mark Name or symbol
Nominal outside diameter(s), d,, e.g. 63-32-63
Nominal wall thickness, e, or e.g. 10,0 or
pipe series, S, or e.g.S5or
standard dimension ratio, SDR, or e.g. SDR 11 or
nominal pressure, PN e.g. PN 18
Nominal size DNP e.g. DN 50
Material typewitirMRSclassification e g PAU1186
Manufactufer's information ¢

b Applicable to flanges only.

¢ For proyiding traceability, the following details shall be given:

— prodluction period, year and month, in figures or in code;

a  Informaftion on abbreviations can be found in Reference [17] and/or in national regulations. This information n
marked direftly on the fitting or on a label attached to the fitting or on the packaging.

— nanle or code for the production site if the manufacturer is producing at differentsites.

hay either be

17.4 Minjmum required marking of valves

Valves shalll be marked in accordance with the requirements«of ISO 16135 (see also ISO 14

applicable.

486-4), as

© IS0 2025 - All rights reserved
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Annex A
(normative)

Industrial piping systems made from unplasticized polyamide (PA-U)

A.1 Material

A.1.1 Gepneral

This annex
— unplas

— unplas

NOTE
180 (PA-U1

A.1.2 M4

The materi
(hoop) strd
time intery

1000

In tests las

the relevan

For PA-U 1

The values

180)] in th

NOTE ]

First b

4

10 h tg
100 h

>8 760

is applicable to the following types of unplasticized polyamides:
ticized polyamide 11 (PA-U11 180);
ticized polyamide 12 (PA-U12 180).

A\ comprehensive set of regression curves including ductile to brittle tranSition is only availa
| 180 or PA-U12 180).

terial for components

ble for PA-U

al shall be tested in accordance with 5.2 at 20 °C, 60 °C,.artd 80 °C, as well as at various

als:

100 h;
01000 h;
nto 8 760 h;
h.

ting more than 8 760 h, anytiime which is reached at a certain stress and time at least
t reference curve may bhe'considered as failure time.

B0, at 80 °C, there shall)be no knee detected in the regression curve before 5 000 h.

of the minimurfrvequired hydrostatic strength [see reference curves given in Figurg
e temperature range of 10 °C to 80 °C shall be calculated using Formula (A.1) and Form

drostatic

y
sses in such a way that at each temperature, at least thiee failure times fall in each of th]tz following

n or above

b A1 (PA-U
ula (A.2):

'esting has shown that for many compounds, no knee is detected before 1 year at 80 °C.

anch:

(A1)

By ¢4

C
Second branch: Log,, t=A4, + 72 +D, Logiy ©

where

t s

T is

o is

the time, in hours;
the temperature, in kelvin;

the hoop stress, in megapascal.
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The lower value obtained from Formula (A.1) or Formula (A.2), respectively represents the expected
minimum hoop strength.

First branch for PA-U 180:
A; =-34909
B, =24,234,068
C,=-8,855
D, =-7,240,036

Second branch for PA-U 180:

A, =-12,752
B, = 6,7/53,180
D, =-418,358
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X, time to failure, in hours (h)

X, time to failure, in years

Y  hoop stress, in megapascal (MPa)

Figure A.1 — Minimum required hydrostatic strength curves for PA-U 180
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A.1.3 MRS-value

When evaluated in accordance with 5.2, the applicable PA-U 180-types shall have a minimum required
strength, MRS, as given in Table A.1.

Table A.1 — MRS-values of PA-U 180-types

PA-U 180-type MRS-value
PA-U11 180 >18,0 MPa
PA-U12 180 218,0 MPa

A.1.4 Material characteristics

The materfal from which the components are manufactured shall conform to the requiremenlts given in
Table A.2 and Table A.3.

Table A.2 — Characteristics of the material in the form of granules

Characteristic Requirements? Test parameters Test method
Parameter Value
Compound|density |PA-U 11 compound: Test temperature |23 °C [SO 1183{1 or
(1020 to 1 050) kg/m3 1SO 1183{2
PA-U 12 compound:
(1000 to 1 040) kg/m3
Viscosity nhimber 2180 ml/g Solvent m-Cresol ISO 307
Water contgnt <0,10 % ISO 1551P:2019,
Method Hor E
Volatile corjtent <350 mg/kg Shall eonform to EN 12099 EN 12094
Water content <300 mg/kg Shall conform to ISO 15512 ISO 1551R
(Equivalent to < 0,03 % by
mass)
Carbon bla¢k con- (1,0 to 2,5) % (by mass) ISO 6964
tentb
Carbon bla¢k disper- |< Grade 3 Preparation of test |Freed ISO 18558
sionP Rating of dispersion A1, A2, |pieces
A3,orB Number of test Shall conform to
pieces® ISO 18553
Pigment digpersion® |Grade.<3 Preparation of test |Freed ISO 18558
Rating/of appearance A1,A2, |pieces
A3-or B Number of test Shall conform to
pieces® ISO 18553

a2 Confornpity to'these requirements shall be declared by the raw material producer.

b Only for|black compound.

¢ The number of test pieces given indicate the number required to establish a value for the characteristic described in the table.
The numbers of test pieces required for factory production control and process control should be listed in the manufacturer’s
quality plan. For guidance, see ISO/TS 16486-7.

d  In case of dispute, the test pieces shall be prepared by the microtome method.

¢ Only for coloured compounds.

© IS0 2025 - All rights reserved
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Table A.3 — Characteristics of the material in the form of pipe

L . Test parameters
Characteristic Requirement? Test method
Parameter Value
Resistance to 215 PNecd Test temperature 0°C In accordance
rapid crack with ISO 13478¢
propagation
(Critical
pressure, p )P
(e=5mm)
(Full-scale test)
Resistance to No failure during the test Test temperature 80°C ISO 13479
slow crack period T TT0 i or T25 o
growth for
e>5mm SDR 11
(notch test] Test pressure:
PA-U 11 160 and 18 bar
PA-U 12 160c
PA-U 11 180 and 20 bar
PA-U 12 180¢
Test period 500 h
Type of test Water-in-water
Number of test piecest.}Shall conform to ISO
13479

a  Conformity to these requirements shall be proved by the compound producer.

b Only applicable for the conveyance of compressed gas in which case, PN is based on a C factor of 2.
¢ Inthis cpse, PN is based on a C factor of 2.

d  The critfcal pressure, p, shall be determined for each new PAYD compound and for every pipe dimension with d,[> 90 mm.

¢ The tenlperature of cooling for the crack initiation groove shall be appropriate to produce a high-speed crack or cracks
emanating from the initiation. For some PA-U compounds & crack initiation groove temperature between 0 °C an¢l =60 °C has
been found to be suitable.

f The numbers of test pieces given indicate the numbers required to establish a value for the characteristic described.

NOTE 1 bar § 0,1 MPa = 105 Pa; 1 MPa = 1 N/mm?.

A.1.5 Type of pipe
The follow|ng two types of pip€&are covered:
— PA-U1] 180 pipe (oufside diameter d,), including any identification;

— PA-U12 180 pipey(6utside diameter d,), including any identification.

A.2 Gen|eral characteristics: Colour

Components made from PA-U should preferably be black. Other colours shall be agreed upon between
manufacturer and purchaser or in accordance with national regulations.

A.3 Geometrical characteristics

A.3.1 Dimensions of pipes

A.3.1.1 Diameters and related tolerances

The mean outside diameter, d,,,, and the related tolerances shall conform to Table A.4, appropriate to the
tolerance grade, whereby the average value of the measurements of the outside diameter d, made at a
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distance of d, and 0,1d,, as well as from the end of the test pieces, shall be within the tolerance range for d,
as specified in Table A.4.

NOTE Pipes with tolerances of Grade A given in ISO 11922-1 are used for socket fusion and electrofusion joints
where the peeling technique is used to prepare the pipe end for fusion. Pipes with tolerances of Grade B given in
ISO 11922-1 are used for socket fusion joints where the peeling technique is not used.

A.3.1.2 Out-of-roundness

The out-of-roundness for straight lengths shall conform to Table A.4 when measured at the point of
manufacture. If other values for the out-of-roundness than those given in Table A.4 are necessary, they shall
be agreed upon between manufacturer and purchaser.

For coiled Ipes, the maximuin out-ol-roundness shall be specified Dy agreement between manuig cturer and
purchaser.
Table A.4 — Mean outside diameters, related tolerances, and out-of-roundness of pipes
Dimensions inf millimetres
Nonclll_na outside Mean outside diameter Maximum of absolute out-of-roundness?
iameter
Yn dem,min dem,max Grade Nb
16 16,0 16,3 1,2
20 20,0 20,3 1,2
25 25,0 25,3 1,2
32 32,0 32,3 1,3
40 40,0 40,4 1,4
50 50,0 50,4 1,4
q3 63,0 63,4 1,5
75 75,0 75,5 1,6
90 90,0 90,6 1,8
110 110,0 +10,7 2,2
125 125,0 125,8 2,5
140 140,0 140,9 2,8
160 160,0 161,0 3,2
1£0 180,0 181,1 3,6
200 200,0 201,2 4,0
225 225,0 226,4 4,5
250 250,0 251,5 5,0
280 280,0 281,7 9,8
315 315,0 316,9 111
355 355,0 357,2 12,5
400 400,0 402,4 14,0
450 450,0 452,7 ¢
500 500,0 503,0 ¢
560 560,0 563,4 ¢
636 636,60 633;8 c
a  Measurement of out-of-roundness shall be made at the point of manufacture in accordance with ISO 3126.
b Grade N shall be in accordance with ISO 11922-1.
¢ The maximum out-of-roundness shall be specified by agreement.

A.3.1.3 Wall thicknesses and related tolerances

The wall thickness, e, and the related tolerances shall conform to Table A.5.
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Table A.5 — Wall thicknesses and related tolerances

Dimensions in millimetres

Nominal outside Minimum wall thickness?
diameter? e .
min

dy SDR 7,4 SDR9 SDR 11 SDR 13,6 SDR 17 SDR 21 SDR 26
16 2,2 — — — — — —
20 2,8 2,3 — — — — _
25 3,5 2,8 2,3 — — — _
32 4,4 3,6 2,9 2,4 — — _
40 5,5 4,5 3,7 3,0 2,4 2,0 —
50 6,9 5,6 4,6 3,7 3,0 2,4 2,0
63 86 7t 5,8 %7 378 350 2,5
75 10,3 8,4 6,8 5,6 4,5 3,6 2,9
9( 12,3 10,1 8,2 6,7 5,4 4,3 3,9
11p 15,1 12,3 10,0 8,1 6,6 5,3 4,2
12p 17,1 14,0 11,4 9,2 7,4 6,0 4,8
14D 19,2 15,7 12,7 10,3 8,3 6,7 5,4
16D 219 179 14,6 11,8 9,5 7,7 6,2
18D 24,6 20,1 16,4 13,3 10,7 8,6 6,9
20D 27,4 22,4 18,2 14,7 119 9,6 7,7
22p 30,8 25,2 20,5 16,6 13,4 10,8 8,6
25D 34,2 279 22,7 18,4 14,8 11,9 9,6
28D — 31,3 25,4 20,6 16,6 13,4 10,7
31p — 35,2 28,6 23,2 18,7 15,0 12,1
35p — — 32,2 26,1 21,1 16,9 13,6
40P — — 36,4 29,4 23,7 19,1 15,3
45D — — — 33,1 26,7 21,5 17,2
50D — — — 36,8 29,7 239 19,1
56D — — — — 33,2 26,7 21,4
63D — — — — — 30,0 24,1

a2  For wallthickness >30 mm, butt fusion jointing parameters are evaluated individually.

b For diameters >250 mm, mechanical fittings and électrofusion methods are evaluated.

A.3.2 Dimensions of fittings

A.3.2.1 (eneral

This annex is applicable for’the following types of fittings:
— butt fusion fittings;

— socket|fusion fittings;

— electrofusion fittings;

— flange adaptors and loose backing flanges;

— mechanical fittings.
A.3.2.2 Butt fusion fittings

A.3.2.2.1 Outside diameters

The mean outside diameter, d,,,,, of the spigot end (see Figure A.2) over the length, L, (see Table A.6) shall
conform to A.3.1.1, except between the plane of the entrance face and the plane parallel to it, located at a
distance not greater than 0,01d,, + 1 mm where a reduction of the outside diameter is permissible (e.g. for
circumferential reversion).

© IS0 2025 - All rights reserved
21


https://standardsiso.com/api/?name=9d3304a0c4b5114c7f5e9102afea5303

ISO 21036:2025(en)

A.3.2.2.2 Out-of-roundness

The out-of-roundness of the spigot end (see Figure A.2) over the length, L,, (see Table A.6) shall conform to
A.3.1.2.

A.3.2.2.3 Wall thickness of the spigot end

The wall thickness, e, of the spigot end (see Figure A.2) over the length, Ly, (see Table A.6) shall conform to
A.3.1.3 except between the plane of the entrance face and the plane parallel to it, located at a distance not
greater than 0,01d, + 1 mm where a thickness reduction is permissible (e.g. for chamfered edge).

)

Y]

Lb1

dh
|
|
|
|
!

Key

Ly, minimym inside tubular length of the fusion end, which compfises the initial depth of the spigot end which is
necessary for butt fusion

L, minimym outside tubular length of the fusion end, whichCcomprises the initial length of the fusion end

Figure A.2 — Dimensions.of spigot end for butt fusion fittings

Table A.6 — Dimensions of spigot ends for butt fusion fittings

Dimensions in millimetres

Nominal outside diameter Inside tubular length Outside tubular length
dy Ly Lyp?
min. min.
16 4 10
20 4 10
25 4 10
32 5 10
49 5 10
50 5 12
63 6 12
75 6 12
90 7 12
110 8 12
125 8 15
NOTE The minimum tubular lengths given in this table are too short for electrofusion joints. For
this jointing method, a tubular length conforming to the depth of penetration according to Table A.7
is necessary.
a  For bends, a reduction of the tubular length(s) is permissible.
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Table A.6 (continued)
Nominal outside diameter Inside tubular length Outside tubular length
dy Lyy? Lyy?
min. min.

140 9 15

160 9 20

180 10 20

200 11 20

225 12 25

250 13 25

280 14 30

315 15 30

355 16 30

400 18 30

450 20 35

500 20 35

560 20 40

630 20 40
NOTE The minimum tubular lengths given in this table are too shoxtfor electrofusion joints. For
this jointing method, a tubular length conforming to the depth of penetration according to Table A.7
is necessary.
a  For bends, a reduction of the tubular length(s) is permissible.

A.3.2.2.4 (Wall thickness of fitting body

The wall thickness, e, of the fitting body shall be-at least equal to the minimum wall thickness of the

correspondling pipe (see A.3.1.3).

A.3.2.2.5 |Other dimensions

Other dim¢nsions of butt fusion fittings'shall be specified by the manufacturer.

A.3.2.3 Hlectrofusion fittings

A.3.2.3.1 [Dimensions ofSeckets of electrofusion fittings

The dimenpions of sockets of electrofusion fittings (see Figure A.3) shall conform to Table A.7.

The mean [nside diameter of the fitting in the middle of the fusion zone, D;, shown in Figure A
be less thap d. Phe manufacturer shall declare the actual maximum and minimum values of D

determiningsuitability for clamping and joint assembly.

3 shall not
and L, for

In the case of a fitting having sockets of different sizes (e.g. reduction), each socket shall conform to the
requirements of the corresponding nominal diameter.

In the case of using spigot end fittings, the outside tubular length of the fusion end shall allow the assembly

with an electrofusion fitting.
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mean i
L;+0,]

bore, W

depth d
than h4

heated

distand
noming

hside diameter in the fusion zone measured in a plane parallel to the plane of the mduth’at 4

L, from that face
hich is the minimum diameter of the flow channel through the body of the fitting

f penetration of the pipe or male end of a spigot end fitting. In case of a coupling without stop, it i
If the total length of the fitting

length within a socket as declared by the manufacturer, to be the nominalNength of the fusion zg

e between the mouth of the fitting and the start of the fusion zone as declared by the manufactu
l unheated entrance length of the fitting (L3 2 5 mm)

Figure A.3 — Dimensions of electrofusion socket fittings

Table A.7 — Dimensions of sockets of electrofusion fittings

Dimensions in millimetres

distance of

b not greater

ne
rer to be the

Nominal diameter Depth.of penetration Length of the fu-
of fitting sion zone
d, Ly L,

min. max. min.
16 20 41 10
20 20 41 10
25 20 41 10
32 20 44 10
40 20 49 10
50 20 55 10
63 23 63 11
75 25 70 12
90 28 79 13
110 32 82 15
125 35 87 16
140 38 92 18
160 42 98 20
180 46 105 21
200 50 112 23
225 55 120 26
250 73 129 33
280 81 139 35
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Table A.7 (continued)

A.3.2.3.2

The manuf
a technical
the height

Key
height
height

width
the ser

o~ 5 o

Nominal diameter Depth of penetration Length of the fu-
of fitting sion zone
d, Ly L,

min. max. min.
315 89 150 39
355 99 164 42
400 110 179 47
450 122 195 51
500 135 212 56
560 147 235 61
630 161 255 67

Dimensions of electrofusion saddle fittings

pf the service pipe, h.

ice tee

Figure A.4 — Dimensions of electrofusion saddle fittings

acturer shall specify the overall dimensions of the electrofusion saddlé€ fitting (see Figure A.4) in
file. These dimensions shall include the maximum height of the saddle, H, and for tﬁEping tees,

bf the saddle which-eomprises the distance from the top of the main to the top of the tapping tee|or saddle
bf the service pipe’which comprises the distance from the axis of the main pipe to the axis of the|service pipe
f the tappingtee which comprises the distance between the axis of the pipe and the plane of the mouth of

A.3.2.3.3

Other dimensions

Other dimensions of electrofusion fittings shall be specified by the manufacturer.

A3.24 F

A3.2.4.1

The dimensions of flange adaptors for butt fusion (see Figure A.5) shall conform to Table A.8.

lange adaptors and loose backing flanges

Dimensions of flange adaptors for butt fusion
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The Figure A.5 is presenting the jointing face for flat seal in the upper section and the jointing face with
O-ring groove in the lower section.

(K

ST B —— R~ =3
N\ = Q(f/O
Key (g¥j’
D¢, outsidd diameter of chamfer on shoulder ,\Q
Dy, outsidg diameter of flange adaptor ‘],
re  radius pf chamfer on shoulder %O
;\\

Figure A.5 — Dimensions of flange adaptors Q‘Qutt fusion

Table A.8 — Dimensions of flange ad@s for butt fusion

.\(\® Dimensions inf millimetres
Nominal qutside diameter of Outside diameter of “Outside diameter of Radius of chamfer on
the corresponding pipe chamfer on shoulder. \Q N flange adaptor shoulder
dy Dy \'QA Dey re
16 22 40 3
20 2;\\8}~ 45 3
25 .33 58 3
32 LS040 68 3
40 50 78 3
50 O el 88 3
63 AP 75 102 4
75 Q7 89 122 4
90 o< 105 138 4
110 L)' 125 158 4
125~ 132 158 4
140 155 188 4
160 175 212 4
180 183 212 4
200 232 268 4
225 235 268 4
250 285 320 4
280 291 320 4
315 335 370 4
355 373 430 6
400 427 482 6
450 514 585 6
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Table A.8 (continued)
Nominal outside diameter of Outside diameter of Outside diameter of Radius of chamfer on
the corresponding pipe chamfer on shoulder flange adaptor shoulder
dy Dgy Dy, It
500 530 585 6
560 615 685 6
630 642 685 6

A.3.2.4.2 Dimensions of loose backing flanges for use with flange adaptors for butt fusion

The dimensions of loose backing flanges for use with flange adaptors for butt fusion (see Figure A.6) shall
conform tqg Table A.9.

h
ol [ S _
hS]
< -~
] @ o
oo | o
T~

de; inside dliameter of flange

dg, pitch C;I:‘cle diameter of bolt holes
dg;  outsidg diameter of flange

dg, diametpr of bolt holes

r  radius pf flange

h  thickngss of backing flange

NOTE The thickness, h, ofthéloose backing flange is dependent on the material used.

Figure/A.6 — Dimensions of loose backing flanges for use with flange adaptors for butt|{fusion

© IS0 2025 - All rights reserved
27


https://standardsiso.com/api/?name=9d3304a0c4b5114c7f5e9102afea5303

	Foreword 
	Introduction 
	1 Scope 
	2 Normative references 
	3 Terms and definitions 
	3.1 Geometrical definitions 
	3.2 Material definitions 
	3.3 Definitions related to material characteristics 
	3.4 Definitions related to service conditions 

	4 Symbols and abbreviated terms 
	4.1 Symbols 
	4.2 Abbreviated terms 

	5 Material 
	5.1 General 
	5.2 Long-term hydrostatic strength properties 
	5.3 Material characteristics 
	5.4 Virgin, reworkable and recyclable material 
	5.5 Materials for components not made from PA-U 
	5.5.1 General 
	5.5.2 Metallic materials 
	5.5.3 Sealing materials 
	5.5.4 Other materials 


	6 General characteristics 
	6.1 Appearance 
	6.2 Colour 
	6.3 Influence of UV radiation 
	6.4 Conditioning or saturation of pipe-based test specimens 

	7 Geometrical characteristics 
	7.1 General 
	7.2 Mean outside diameters, out-of-roundness (ovality), and tolerances 
	7.3 Wall thicknesses and related tolerances 
	7.4 Angles 
	7.5 Laying lengths 
	7.6 Threads 
	7.7 Mechanical fittings 
	7.8 Joint dimensions of valves 

	8 Mechanical characteristics 
	8.1 Resistance to internal pressure of components 
	8.2 Calculation of the test pressure for components 
	8.2.1 Pipes 
	8.2.2 Fittings 
	8.2.3 Valves 
	8.2.4 Resistance to rapid crack propagation (RCP) 


	9 Physical characteristics 
	10 Chemical characteristics 
	10.1 Effects on the component material(s) 
	10.2 Effects on the fluids 

	11 Electrical characteristics 
	12 Performance requirements 
	12.1 General 
	12.2 Fusion compatibility 

	13 Components performance 
	14 Classification of components 
	15 Design and installation 
	16 Declaration of conformity 
	17 Marking 
	17.1 General 
	17.2 Minimum required marking of pipes 
	17.3 Minimum required marking of fittings 
	17.4 Minimum required marking of valves 

	Annex A (normative)  Industrial piping systems made from unplasticized polyamide (PA-U) 
	Annex B (informative)  Design and installation 
	Bibliography 

