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reword

ISO (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.
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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriamee
brent types of ISO document should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

draws attention to the possibility that the implementation of this document may invo
h) patent(s). ISO takes no position concerning the evidence, validity or,dpplicability of a
ent rights in respect thereof. As of the date of publication of this document, ISO had n

Fioned that this may not represent the latest information, which n1ay be obtained from
hbase available at www.iso.org/patents. ISO shall not be held reésponsible for identifyin
N patent rights.

trade name used in this document is information given for the convenience of users ar
stitute an endorsement.

an explanation of the voluntary nature of standards, the meaning of ISO specific
ressions related to conformity assessmentslas well as information about ISO's ad
World Trade Organization (WTO) principles in the Technical Barriers to Trade
w.iso.org/iso/foreword.html.
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has been

Theg main changes are asfellows:

— |the structure of'th& document has been modified in order to generally align with the sfructure of
ISO/TS 10839:2022;

— |the normative references have been updated;

— |a new.subclause 4.1.2 has been added, concerning regional requirements and with refgrence to a
new.Annex F, also about regional requirements for CEN member countries;

— subclause 4.3 has been subdivided into three further subclauses: general, MOP(LTHS) and MOP(p,);

— amore detailed definition of MOP(p_) has been included in subclause 4.3.3 for temperatures below
Zero;

— areference to Annex G has been added to subclause 4.5;

— information from subclause 5.3 for jointing procedures has been moved to the new Annexes B, C and
D;

— insubclause 5.4.1, the former drag force formula for PE with fixed limiting stress (F= 14 N) has been
opened for PA-U;

— anew subclause 5.4.7 for non-conventional installation has been added;
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— for visual inspection of butt fusion joints, subclause 6.3.2.2.1 shows figures with the typical single

bead shape, which replaces the previous double bead;

— anew informative Annex G has been added concerning the fitness of PA-U piping systems for non-

conventional installation techniques;
— the Bibliography has been updated.

Alist of all parts in the ISO 16486 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
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Introduction

This document specifies the requirements for a piping system and its components made from
unplasticized polyamide (PA-U), and which is intended to be used for the supply of gaseous fuels.

Requirements and test methods for material and components of the piping system are specified in

ISO

16486-1, 1SO 16486-2, ISO 16486-3 and ISO 16486-4.

Characteristics for fitness for purpose of the system and generic fusion parameters are covered in

ISO

16486-5.

Red
Eur

Ass
Tra

NO']
and

NOTI

bpean Standard under the Vienna Agreement.
pssment of conformity of the system is to form the subject of ISO/TS 16486-7.
ning and assessment of fusion operators is covered by ISO/TS 16486-8.

E1 For CEN member countries, the recommended practice for installation is given in CEN/T
the qualification of welders is given by EN 13067[4],

E2  Alist of imperial ASTM or PPI standards related to polyamide-pipes and fittings for the s

is given in References [5], [6], [7], [8], [9], [10] and [11].

NOT
ISO
ISO

E3 SO 16486-1, ISO 16486-2, ISO 16486-3, ISO 16486-5<and ISO 16486-6 (this document
TS 16486-7 and ISO/TS 16486-8 have been prepared by ISO/TC 138, SC 4. ISO 16486-4 has been
TC138,SC7.

ommended practice for installation is given in this document, which will not be implenllented as a

5 12007-6[3]

Lpply of gas

as well as
brepared by
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INTERNATIONAL STANDARD ISO 16486-6:2023(E)

Plastics piping systems for the supply of gaseous fuels -
Unplasticized polyamide (PA-U) piping systems with fusion
jointing and mechanical jointing —

Part 6:
Cgde of practice for design, handiing and instaiiation

1 [Scope

Thif document specifies a code of practice dealing with unplasticized polyramide (PA-U)| pipes and
fittings for buried pipeline systems outside buildings and designed to transport gaseoys fuels (as
defined in ISO 16486-1, e.g. methane, LPG, manufactured gas and hydrogen) within the tdmperature
range —20 °C to +40 °C. This document also gives appropriate temperature-related requiremlents.

The code of practice covers mains and service lines whose components are prepared fof fusion or
meg¢hanical jointing and gives instructions for the design, stofage, handling, transportatiion, laying
confitions and fusion quality control of PA-U pipes and fittings as well as subsequent jo|nt testing,
backfilling, pipe system testing and commissioning.

NOTE Principal information for rehabilitation can be foaund in ISO 11295 for classification, ISO 11299-1 and
ISO[11299-2 for renovation, and ISO 21225-1 and ISO 21225-2 for trenchless replacement.

More detailed national standards or codes of practice can exist. This document is intended tq be applied
in association with such national standards_or codes of practice related to the above-mentjoned basic
principles.

The jointing methods covered by thjs'document are:
— |butt fusion jointing (see AnnexA);

— |electrofusion jointing (see-Annex B) and

— |mechanical jointing{see Annex C).

In fhe case of greund movement or shaking (e.g. earthquakes, etc.) precautions mentioped in this
document can néed'to be implemented following guidelines provided by authorities (e.g. EN[1998-4[17],
EN [12007-1:2072, Annex A[18] etc.).

Workersthealth and safety issues are outside the scope of this document

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 12176-1, Plastics pipes and fittings — Equipment for fusion jointing polyethylene systems — Part 1:
Butt fusion

ISO 12176-2, Plastics pipes and fittings — Equipment for fusion jointing polyethylene systems — Part 2:
Electrofusion

ISO 12176-3, Plastics pipes and fittings — Equipment for fusion jointing polyethylene systems — Part 3:
Operator's badge

©1S0 2023 - All rights reserved 1
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ISO 12176-4, Plastics pipes and fittings — Equipment for fusion jointing polyethylene systems — Part 4:
Traceability coding

ISO 12176-5, Plastics pipes and fittings — Equipment for fusion jointing polyethylene systems — Part 5:
Two-dimensional data coding of components and data exchange format for PE piping systems

ISO 13477, Thermoplastics pipes for the conveyance of fluids — Determination of resistance to rapid crack
propagation (RCP) — Small-scale steady-state test (5S4 test)

ISO 13478, Thermoplastics pipes for the conveyance of fluids — Determination of resistance to rapid crack
propagation (RCP) — Full-scale test (FST)

[SO 13950,|Plastics pipes and fittings — Automatic recognition systems for electrofusion joints

ISO 16486}1, Plastics piping systems for the supply of gaseous fuels — Unplasticized polyamide (PA
piping systems with fusion jointing and mechanical jointing — Part 1: General

u)

ISO 1648612:2020, Plastics piping systems for the supply of gaseous fuels — Unplasticized’polyamide {PA-
U) piping systems with fusion jointing and mechanical jointing — Part 2: Pipes

ISO 16486}3, Plastics piping systems for the supply of gaseous fuels — Unplasticized polyamide (P4l
piping syst¢ms with fusion jointing and mechanical jointing — Part 3: Fittings

U)

ISO 16486}4, Plastics piping systems for the supply of gaseous fuels =Unplasticized polyamide (PA4-U)

piping systems with fusion jointing and mechanical jointing — Part 4:./Yalves

ISO 16486}5, Plastics piping systems for the supply of gaseousfurels — Unplasticized polyamide (PA-U)

piping syste¢ms with fusion jointing and mechanical jointing — Part 5: Fitness for purpose of the system
[SO 17885:R021, Plastics piping systems — Mechanical fittings for pressure piping systems — Specificatfons

EN 12327,|Gas supply systems — Pressure testing, commissioning and decommissioning procedure§ —
Functional [requirements

3 Termis, definitions and abbreviated terms

For the puiposes of this document, the'terms and definitions given in ISO 16486-1, ISO 16486-5 and|the
following qpply.

ISO and [EC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Elgctropediafavailable at https://www.electropedia.org/

3.1 Terms and definitions

3.1.1
butt fusion machine pressure

pressure indicated on the gauge or on a pressure display on a butt fusion machine, giving an indication
of the interface force applied to the pipe and/or fitting ends

3.1.2
clearance
shortest distance between the outer limits of two objects

3.1.3

drag resistance

frictional resistance due to the weight of the length of pipe fixed in the moveable clamp at the point
at which movement of the moveable clamp is initiated (peak drag), or the friction occurring during
movement (dynamic drag)

2 © IS0 2023 - All rights reserved
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4

electrofusion control unit
equipment implementing the output fusion parameters of voltage or current and time or energy to
execute the fusion cycle as specified by the electrofusion fitting manufacturer

3.1.

5

frictional losses in the butt fusion machine
force necessary to overcome friction in the whole mechanism of a butt fusion machine

3.1.

6

fusion operator

per
fitti

Not
Not

3.1
inte
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31
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per
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3.1
ove
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ove
wel

3.1
pip
priy
Sys
3.1
soil
ver

bon trained to carry out fusion jointing between unplasticized polyamide (PA-U) pi
ngs

e 1 to entry: Fusion jointing is based on a written procedure agreed by the pipeline opetator.

e 2 to entry: The fusion operator is trained for one or more fusion-jointing procedures.

7
rrface force

e between the fusion surfaces of the pipe(s) and/or fitting(s) duringithe fusion cycle, as §
fusion diagram

8
rator

son authorized to build PA-U systems from pipes andfor fittings, based on a written
ped by the pipeline operator

&
rall service (design) coefficient

rall coefficient, with a value greater than 1, which takes into consideration service co
as properties of the components of'a-piping system

10

pline operator

fate or public organizationsauthorized to design, construct or operate and maintain a
em

11
cover
ical distance beétween the top of a buried pipe and the normal surface after finishing

including pavement)

bes and/or

pecified in

procedure

hditions as

gas supply

work (e.g.

3.2| Synibols and abbreviated terms

B bead width

B, mean bead width

B ax maximum bead width

Biin minimum bead width

C overall service (design) coefficient

d, external diameter of pipe or spigot fitting at any point
Dy temperature derating coefficient

© IS0 2023 - All rights reserved
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fs
MoP

MRS

Pc

nominal wall thickness of pipe or fitting
maximum drag force, in newtons

is the safety factor

maximum operating pressure

minimum required strength

full-scale critical pressure determined in accordance with ISO 13478 at zero degrees Celsius

Pc,sa

Pc,s4,REF

RCP
SDR
sz
vV

o

Oy

4 Desig
4.1 Gen

4.1.1 Ge

A written
constructi

small scale critical pressure determined in accordance with ISO 13477 at zero degrees Cel

reference value of p¢ g4 to be referred to in the requirement of the S4 testsp€cifie
ISO 16486-2:2020, Table 4, footnote c.

rapid crack propagation

standard dimension ratio

temperature below zero degrees Celsius
misalignment

maximum tensile stress in MPa

tensile stress at yield in MPa

n

eral and regional requirements

neral

aying procedure, authorized by the pipeline operator, shall be made available prior to
n of a pipeline. The laying procedure shall include specification of the jointing proced

(butt or electrofusion or mechanical), the pipe and fitting materials to be used, the trenching

backfilling]

requirements, the pressure testing and commissioning requirements, and the data tq

collected fi

r the traceability-system.

The selectlion of madterials, standard dimension ratio (SDR) series, dimensions and assemb
techniqued shall be'the responsibility of the pipeline operator.

There are fwo'SDR series in common use for gas supply systems: SDR 13.6 and SDR 11. Other SDR se
can also bd used, such as SDR 26 for renovation.

Kius

1 in

the
ure
and
be

ling

ries

The training and the level of skill of the operator(s) shall be in accordance with the requirements of the
jointing procedures.

General gu

idelines for supervision and quality control are given in Clause 6.

4.1.2 Regional requirements

For CEN member countries, this document is substituted by CEN/TS 12007-6[3,where the MOP is
limited to up and to including 16 bard for the whole piping system with all components. CEN/TS 12007-
6[3] references several functional standards prepared by CEN/TC 234. More detailed information about
regional requirements for CEN member countries is given in Annex F.

1) 1bar=

4

0,1 MPa = 105 Pa; 1 MPa = 1 N/mm?Z.
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In addition to CEN member countries, there are also other regions for which this document is not
suitable. These other regions follow individual solutions.

EXAMPLE India, Egypt, Indonesia and some other countries besides the US and Canada follow North
American ASME B 31.8[19] while using the ISO 16486 series as the product standard.

4.2 Materials, components and jointing equipment

The PA-U materials and components used shall conform to the relevant ISO International Standards: the
ISO 16486 series and ISO 17885. Other components not covered by the ISO 16486 series or ISO 17885
shall conform to relevant standards or in the absence of such documents, the components shall meet
the [performance requirements of the system as demonstrated by the manufacturer.

As ppecified by ISO 16486-5, the fusion equipment used for the construction of the’ pigeline shall
conform to the requirements of ISO 12176-1 or ISO 12176-2. If the operation of the,fusion [equipment
reqiires an operator's badge, the badge shall conform to ISO 12176-3. Traceabitity of PA-U materials
shopld refer to ISO 12176-4 and/or ISO 12176-5.

4.3 Maximum operating pressure

4.3]1 General

Thg maximum operating pressure (MOP) of the system shallkbe selected by the pipeline dperator on
the|basis of the gas supply system operating requirements and the materials used. The MOP of a PA-U
system depends upon the type of resin used (the MRS),«the pipe SDR series and the service fonditions.
It is{limited by the overall service (design) coefficient, €, and the rapid crack propagation (RQP) criteria.

The MOP is the lower value when calculated using Formula (1) and Formula (2) with the critical
pregsure calculated from Formula (4).

4.3]2 Maximum operation pressure based on long-term hydrostatic strength

The overall service (design) coeffigient C for thermoplastics materials is specified in ISO §2162. This
coefficientis used to calculate the MOP of the pipeline. C shall be = 2 for PA-U pipeline systems|for natural
gas| For other gases, a highersoverall service (design) coefficient C according to ISO 16486-5:2021,
Clalise 6, can be defined.

Thg MOP shall be calculated using Formula (1):

*
MOP = 2059MRS Q
C *{SDR-1) * D

whére Dy isitheé temperature derating coefficient.

The temperature derating coefficient Dy for various operating temperatures shall be in fccordance
withAnnex E.

4.3.3 Maximum operation pressure based on rapid crack propagation

The critical RCP pressure, p, is dependent upon the temperature, pipe diameter, SDR and type of PA-U
material used.

For design temperatures = 0 °C, the rules for the MOP pressure are given by ISO 16486-1 and
ISO 16486-2.

© IS0 2023 - All rights reserved 5
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In case of design temperatures < 0 °C, the MOP pressure shall be determined by following equivalent

Formula (2):
MOP = Pc,T(b2)
1,5

(2)

The full-scale critical pressure for temperatures < 0 °C, p 7y, shall be determined in accordance with
ISO 16486-1 and ISO 16486-2. The lab-scale critical pressure for temperatures shall be defined by

RCP-S4 tes

Where p.. gps

as the criti

Pc,1(bz)

where p_. ¢4

The MOP s

p.t1

PcS4.RH
This RCP F{

Per (bz

4.4 Asse
Jointing pr
preferred j
in accordal

For electrg

manufactufrers.

For fusion
Componen
Componen
Componen

A written
constructi

ting according to ISO 13477 at the < 0 °C design temperature.

>09*p

shall beq

[0}

sed

” the critical reference. pressure from full-scale fpcfino’ Py

:ai%ﬂll-sc’ale Ir)rggg'sk;lrre for < 0 °C as shown by Formula (3):

:pC

T(bz) < 09 * Pc 54 REF-
hall be determined by Formula (4):

+1
—— =const = —pC'T (b2)

ptl DesaT(bz) +1

brmula (4) converts to Formula (5), where the result shallbetised for calculating Formula

_ Derert1

= * (Pesarpzy +1)-1
DesaRrer T1 G547 (bz)

mbly techniques

bcedures may vary depending upon the'pipe size used. Butt fusion and electrofusion are
pinting methods. Butt fusion jointingishall be in accordance with Annex A and electrofu
ice with Annex B.

-fusion processing, including.the operation of fusion control units, reference is made to

oints, evidence of the-fusion compatibility between the jointing materials should be give
Fs made from PA-U\I1 shall be fusion jointed only to components made from PA-U 11.
[s made froniPA-U 12 shall be fusion jointed only to components made from PA-U 12.
[s made from PA-U are not fusion-compatible with components made from other polyme

jointihg procedure, authorized by the pipeline operator, shall be available prior to

(3)

(4)

(2).

(5)

the
bion

the

e

'S.

the
the

1of a pipeline. The jointing procedure shall include specification of the jointing method

fusion parameters, the fusion equipment, the jointing conditions, the level of skill of the fusion operator,
and the quality control methods to be used.

4.5 Squeeze-off properties

When squeeze-off techniques are considered, the suitability of the pipe for squeeze-off shall be

confirmed

in accordance with ISO 16486-2:2020, Annex A.

Further information can be taken from Annex D.
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5 Construction

5.1 Competence

Operators shall be competent in the field of the assigned job. Operators shall possess the necessary skill

and required knowledge and the ability to operate with awareness.

NOTE 1
operating, for example, in accordance with ISO/IEC 17020.

Specific courses provide competency training that can be certified by a third party organization

NOTE 3

5.2 Storage, handling and transport

5.2]1 General

Polyamide pipes are available in coils, drums or straight lengths. Fittings are normally i

packed.

Mishandling of the pipes and fittings shall be avoided to protect them against gouges, scratc

holgs, kinks or flattening.

5.2{2 Storage

PA

UV fradiation level during storage.

NOTE 1
metgorological institutes.

NOTE 2
radiation level.

Norj-black pipes which have been stored outdoor for longer than the period recommen

Operators and supervisors can receive formal training under the supervision of a qualifje
The|gas company can require a certificate indicating that the operator has reached an adequate
accqrdance with national regulations.

Information on regionalilevels of UV radiation can be found on webpages of national aut

¢l instructor.
standard in

hdividually

nes, cuts or

J pipes can be stored outside and under UV.radiation provided that requirements for the rfesin stated
in IF0 16486-1 are met. Coloured pipes (e.g. yellow) can be subject to degradation if solar U
exceeds the values given in ISO 16486-1.*THe user of this document should consider the i
proyided by the pipe manufacturer regairding the allowable UV radiation dose with determin

V radiation
hformation
bd regional

horities, e.g.

According to ISO<16486-1, resistance to weathering is based on a cumulative exposure of 7,0 GJ/m? UV

led by the

manufacturers shall only be used if tested prior to installation for conformity with the releyant part of

the[[SO 16486 séries. The minimum tests that shall be performed are listed in Table 1.

Thble 1'— Minimum tests to evaluate coloured pipes when over-exposed to the UV rpdiation

ade Sonree aﬂd methad
csre—"20urct

Elongation at break (all wall thicknesses) [SO 16486-2:2020, Table 4

Hydrostatic strength (80 °C, 1 000 h) ISO 16486-2:2020, Table 4

Cohesive resistance ISO 16486-5:2020, Table 5

PA-U fittings and valves should be stored following the manufacturer’s recommendation.

Straight pipes should be stacked on a suitable surface, preferably flat and free from stones or other
projections or sharp objects likely to deform or damage the pipes. Pipes and fittings shall be stored in
such a way as to minimize the possibility of the material being damaged by crushing or piercing.

The distances, “x” (see Figure 1), between support frames holding packs of pipes together should be

equal in order to allow the frames to be stacked.
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The support frame should not be nailed together and should be constructed in such a way that the load
is directly supported by the frame and not by the pipes.

;
i i fi i 00000
. IIIIIIIIIIIII
H H é H )O000O(
| 10060061
K K : K XX XX XX
$ XXX X X X
I XX XX X L
X X X XXX
= 5
' 1
Key
x  distancg between supports
1  supporf frame
Figure 1 — Support frameé
The exact lheight to which straight pipes can be stacked depénds on many factors, such as material, §ize,
wall thicknjess and ambient temperature. During storage;stacking shall avoid the distortion of pipds in
storage over the limits as given by the manufactureixPhe manufacturer’s stacking recommendatjons
shall be foljowed.
Polyamide|pipes may be coiled or wound on dfums. Coils of large-diameter pipes with d, 2110 jm
shall be stpred vertically in purpose-builtacks or cradles. Where loose straight pipes are stackef in
pyramidal[fashion, it shall not exceed a height of 1 m. Fittings shall be stored in their original packaging

until being
The pipes
fittings wi
product m

Fittings an|

prepared-for use. Contact with aggressive reagents or solvents shall be avoided.

with the earliest extrusion date should be used first for installation. It is recommended
th the earliest manufacturing date should be used first for installation. Guidance from
hnufacturer should bé considered.

d valves shalhbe’packed and transported in cartons and/or on pallets.

5.2.3 Handling

Initial han

that
the

1ling, of straight pipes shall be made with the pipes as delivered by the manufacturer

in their ow

e.g.

n packaging) in packaged form, thus minimizing damage during this phase. When loadling,

unloading or handling, it is preferable to use mechanical equipment to move or stack the packages.
The pipes shall not be dragged or thrown along the ground. If handling equipment is not used, choose
techniques which are not likely to damage the pipes and/or fittings.

Coils of pipe stacked on pallets are easily handled using a forklift truck. Individual coils shall not be
rolled off the edge of a vehicle load platform. Coils shall be slung individually when off-loading with a
crane. Before laying a pipe, ensure that the drum is positioned correctly and that its axle will remain

stable duri

ng the unrolling operation. While unrolling, ensure that the pipe is not damaged.

Fittings and valves shall be handled in accordance with manufacturer instructions and left in original
packaging until use.
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5.2.4 Transport

When transporting straight pipes, flatbed vehicles shall be used. The bed shall be free from nails and
other protuberances. The pipes shall rest uniformly on the vehicle over their whole length and shall be
securely held in place during transport.

Coiled pipes shall be transported stacked on a pallet or as individual coils and be firmly secured to the
vehicle. For safety reasons, the height of the top of a drum when loaded on a vehicle shall not be larger
than the maximum height and any limitations expected on the route. Drums shall be firmly secured to
the vehicle.

Fittmgs and valves shall be transported 1n accordance with manufacturer imstructions.

5.3| Jointing

The jointing operation, either mechanical or fusion, shall be performed in{@ccordanc¢ with the
pipeline operator’s written procedure. The fusion procedure specification shall take into dccount the
relgvant fusion standards, if existing, and any recommendation from the pipe, fitting and accessory
manufacturers. The relevant standard for the butt-fusion jointing procedure is ISO 16486-5,

NOTE1 Insome countries “fusion procedure specification” is also defined\as “welding procedure gpecification
(WRS)".

Polyamide pipes, fittings and accessories may be jointed\ gither by heated-tool fusiopn jointing,
eledtrofusion jointing or mechanical jointing. The jointing and quality control methods ufed for the
conktruction of the gas supply system shall be appropriatéto the design of the network.

Fusjon operators shall possess the necessary skill(and knowledge and ability to produde joints of
conpistently high quality. Therefore, they shall :teceive formal training under the superfision of a
quallified instructor.

The jointing methods covered by this docuthent are:

— |butt fusion jointing (which shall cohform to Annex A);

— |electrofusion jointing (which shall conform to Annex B); and
— |mechanical jointing (which/shall conform to Annex C).

The gas company can require evidence of training or qualification for fusion. Examples of taining and
ass¢ssment can be found in ISO/TS 16486-8.

NOTE 2  For qualification purposes, ISO/TS 16486-8 is replaced by EN 13067[4] for example.

The same level of skill, knowledge and ability is required for mechanical jointing. The gas conpany may
reqpire evidence of training or qualification. When tightening or untightening a mechanical joint, it is
esse¢ntial that torsional stress is not transmitted to the pipe.

5.4 Laying

5.4.1 General
Care shall be taken to prevent damage to the pipes and fittings during the whole of the laying process.

Changes in direction of a polyamide pipeline when laying can be made using pre-formed bends or elbow
fittings or by making use, within limits, of the natural flexibility of the pipe. Natural flexibility may be
used for bend radii > 25 x d,, and also for smaller radii for certain SDR values and materials provided
this is consistent with operational experience and good engineering practice.

NOTE1 Ingeneral, the flexibility is a factor of SDR, environmental temperature and material. Consult the pipe
manufacturer for additional guidance or instructions.
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NOTE 2  Information on the bend radii for mechanical joints are given in Annex C.

The flexibility of polyamide pipes is reduced in cold weather. If the temperature falls below 0 °C, spe

cial

handling instructions, issued by the manufacturers, shall be followed for straight or coiled pipes and

for fittings.

Machine-bending of pipes or bending after the application of heat in the field shall not be used.

Where PA-U pipes, fittings and valves are allowed to be installed above ground they shall be protected

against mechanical damage and, in case of non-black pipes, UV degradation.

If the gas pipe

en to

reduce an

The mini
shall be 2(
barrier sh
alongside

station or §

Stresses ¢
considerat

To minimiz
measures §

a) place 3
b)
c)

place g

install
at bloy
pipelin

542 Tr

Excavating
by the pip

installation and backfilling.

If it should
to be large

Pipes may
soft, fine-g
trench can
length.

kind of risk, e.g. ignition sources, high temperatures, etc.

Cks)
[ion
laid
trol

um clearance between the pipe and obstacles (e.g. utilities, structures or immovable ro
0 mm from the pipe surface. If this minimum clearance cannot be observed, @ protec
hll be installed. Special precautions shall be taken if the gas pipeline crosses or is
pther buried services, e.g. a hot water or steam pipeline, a petrol-carrying pipe, a pe
| high-voltage cable, etc.

hused by differences in temperature between laying and operation shall be taken |nto

on. The position of the pipeline shall be recorded before backfilling.

e the possibility of damage to the pipeline by external influeiices, at least one of the follow
hall be considered:

ing

warning device, for example a protection tile, hazard.tape, etc. along the top of the pipe;
tracer wire to enable the pipe to be located agaifi’in future;

permanently visible above-ground markings;especially at road, railway and water crossi
v-off devices, on private land, at boundaries between plots of land, and at points where
e changes direction.

hgs,
the

bnch

zed
rect

and backfilling of the treneh'shall be in accordance with the written procedure author
eline operator. The width)of the trench bottom shall be large enough to allow cor

be necessary to perform any fusion jointing in the trench, the width of the trench may need
[, depending on-the type of fusion jointing and the type of equipment used.

Uely
the
nole

be laid in the trench without preparation of the bottom if it consists of uniform, relati
rained séils free of large flints, stones and other hard objects, and where the bottom of
readily\be brought to an even finish providing uniform support for the pipes over their wl

5.4.3 Drag forces

Pipes shall

not be overstressed by tensile forces during laying. If the pipe is laid by drag, care shall be

taken to ensure that the drag force is not greater than the values given by Formulae (6) and (7):

_G*n*dg ©)
~ f.*SDR
(02
T .
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where
F is the maximum drag force, in Newtons;
o is the maximum tensile stress in MPa;
oy is the tensile stress at yield in MPa;
fs is the safety factor
SDR  isthe standard dimension ratio;
d, is the external diameter of the pipe, in millimetres;
NOTE1 Asthe safety factor, f;, a value of 2,0 is normally used.
NOTE 2  The tensile stress at yield, oy, as provided by the pipe manufacturer.
The drag force, F, obtained by Formula (1) relates to an environmental temperature of 20 °( and it can
be gpplied to the pipe for during the drag. For higher temperatures, desating factors from Table E.1
shopld be applied in the denominator of Formula (6).
5.4/4 Valves
Valyes shall be installed so that they do not expose the PA-U'pipe to unnecessary stress durihg opening

ordg

Valjy
pre
wei

5.4
Wh

Ind
for
be I

5.4

Unl
cov
ent
Gre
rail

losing. PA-U valves shall conform to ISO 16486-4.

res are available with either a steel/iron or a plastics body. With steel/iron-body valy
Cautions shall be taken against corrosion and\toravoid stresses to the PA-U pipe induc
oht.

5 Connection to existing systems
ere there can be a release of gas jinthe working area, static-charge accumulation shall be

rder to avoid static charges, the pipeline system shall be connected to earth during mar
example by draping water-seaked cloths, made of natural fibre, over all pipes and fittin
jandled so that the clotlis touch both the pipe and the ground.

6 Backfilling

res, special
bd by their

avoided.

ipulations,
s likely to

bss otherwisespecified, buried pipelines and casings shall have a minimum soil cover of 0
b1 can be unhecessary for small diameter PA-U service pipes). Exceptions may be ma
bring metering or regulating boxes, but such pipes shall be protected against external i
hter soil cover shall be provided in areas of deep ploughing, drainage, roads with heavy
wayror waterway crossings.

6m (0,6 m
for pipes

e
jterference.

fraffic, and

Excavated materials may be used as backfill provided that they are free from stones and sharp objects
likely to damage the pipe and also free of wooden materials. If not, qualified backfill material shall
be used. Any applicable national or local regulations concerning backfill materials shall be taken into
account.

NOTE Excavated materials containing stones and/or sharp objects can be used as backfill. This can be
agreed between the parties based on the fitness of the appropriate PA-U grade for non-conventional installation
techniques (see 5.4.7 with Annex G).

The pipe shall be uniformly supported. Material around the pipe shall be compacted so, as to avoid
excessive pipe ovality. This shall be done layer by layer.
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5.4.7 Non-conventional installation

For PA-U non-conventional laying shall be agreed between the parties.

NOTE 1

non-conventional installation techniques.

NOTE 2

Annex G provides additional information for demonstrating the fitness of PA-U piping systems for

PA-U samples are considered in an interlaboratory test for a revision of ISO 18489 with the target of

considering several additional thermoplastic resins. Regarding PA-U, a future edition of ISO 18489 would provide
a reference for defining a test procedure for PA-U compounds including a maximum failure cycle number as
threshold for slow crack growth in a future revision of ISO 16486-1.

5.5 Pregsure testing and commissioning

Pressure t¢sting and commissioning shall be in accordance with EN 12327 (it can be necessary to tlake
into account national regulations concerning pipeline pressures).

NOTE An example for a regional implementation of the functional standard EN 12327 is-given by the releyant
paragraph ¢f DVGW G 472[22] with reference to DVGW G 469231,

Consideratiion shall be given to the need for any special precautions to be takento protect persons fnd
property iffair or inert gas is used as the test medium.

For test temperatures below 0 °C, the possibility of a reduction in grifical RCP pressure, p., shal| be
taken into pccount in the pipeline preparation and test procedure adopted.

Pressurized PA-U pipelines at ambient temperature are subject:to ‘expansion by creep that could afffect
the resulty of pressure testing. At higher test pressures, this effect can be significant. Approprijiate
allowance phall be made for pressure losses due to creep wihen interpreting pressure test results.

If air is uged, oil from the compressor shall be preVented from entering the pipeline and the| air
temperatufe shall not exceed 40 °C, to prevent damage to the pipes and/or fittings.

After the finalization of the piping installationincluding the positive result of pressure testing,|the
piping systlem is prepared for commissioning;

6 Quality control

6.1 General

The pipes,|fittings and associated equipment shall be inspected to confirm the conformity with|the
laying pro¢edure. The inspection may be carried out by the personnel engaged in jointing. Additi¢nal
inspectionf shall be-carried out by a competent person at a frequency depending on the conditions of
use. The results of'each inspection shall be recorded.

Destructivge tésting on joints made in the field may also be carried out to ensure that the qudlity
conforms tio the jointing procedure.

NOTE

In addition, non-destructive testing[24l.[25] of welded joints can be carried out to ensure that the

quality conforms to the jointing procedure. Established techniques can be applicable after calibration for PA-U.

6.2

Inspection prior to laying

Pipes, fittings and associated equipment shall be inspected prior to laying to confirm conformity with
the required International Standard, pipe and fitting diameters, SDR and MRS as given by the pipe and
fitting marking information.

Pipes and fittings showing obvious defects such as excessive scoring shall be discarded and clearly
identified as unsuitable. Limitations on outside storage of pipes or fittings shall not have been exceeded.
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The jointing equipment shall be in accordance with the relevant International Standards (e.g. in case of
equipment for fusion jointing, ISO 12176-1 and ISO 12176-2) and their use shall be in accordance with
the manufacturers’ instruction of use and maintenance. A written jointing procedure shall be available.

6.3

6.3.

Inspection during laying

1 Laying

Soil and trench conditions shall conform to the written installation procedure authorized by the
pipeline operator.

If syirface defects with a depth of more than 10 % of the nominal pipe wall thicknesscaré|found, the

section concerned shall be cut out or repaired in accordance with the relevant procedure.

Inspection during the laying of pipelines and the construction of associated installations shall include

the[following:

a) |inspection of the pipes for serious surface defects, deformation or pip€ end toe-in ithmediately
prior to and during laying;

b) |inspection of the trench to ensure that it is the correct depthfand width and that it pfovides the
minimum clearance with respect to other buried structures;

c) |inspection of the bottom of the trench immediately priorto lowering the pipeline int¢ place and
during backfilling of the trench to ensure that the pipeline is not damaged by sharp objefts, such as
stones or pieces of metal;

d) |inspection during the lowering of the pipeline.into the trench to ensure that this fakes place
correctly, that no damage occurs and that thetpipeline is placed in the correct position.

NOTE This inspection programme can be modified for trenchless installation if a specific PA-U dompound is

usedl, where comprehensive test reports undekrline the suitability for alternative installation metho

ave
and

6.3

6.3
Thd

rification of a superior slow crack growth(SCG) resistance by brittle failure mode. References [2¢
[29] provide guidance for such testreports.

2 Joint integrity

2.1 General

Quglity control shall be performed on site by the persons involved in the work concerne
supprvision and inspection may be carried out by a supervisor who shall guarantee the qu
wotkperformed and in addition provide a quality control report.

s including
b1, [27], [28]

quality of the jointdepends on strict adherence to the written jointing procedure, the fise of well-
maintained/calibrfatéd equipment conforming to the relevant standard, and the compete
opefrators.

nce of the

d. Further,
plity of the

6.3.2.2 Visual inspection criteria

6.3.2.2.1 Butt fusion joints

In case of PA-U, the bead shall not be removed.

a) Bead symmetry
An asymmetrical bead profile between the same components shall initially be considered as
indicative of poor joint quality subject to a confirmation assessment by an authorized person. In
assessing the results of the joint tests under standard conditions, acceptable levels of asymmetry
shall be determined.
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b) Bead alignment
Pipes, fittings and valves shall be as closely aligned as possible.

The misalignment, V, shall not exceed 0,1e,. Where this leads to values of less than 1 mm, testing of
joints shall be undertaken to identify the maximum allowable misalignment (see Figure 2).

This value shall not be exceeded anywhere around the circumference of the two parts adjacent to
the fusion bead.

B

Key
V' misalighment
B bead wjdth

Figure 2 — Alignment

c) Bead width

The bgad width, B, (seelFigure 2) is influenced by the type of heater plate used, its temperature pnd
the fugion cycle used. Consequently, it is difficult to specify a single set of bead width values. [t is
howevgr a good indicator that the specified jointing procedure has been followed.

One method ef'determining an acceptable bead width value B is experimentally, using pipes apd a
fom
for

The use of GO/NO-GO gauges, manufactured to these recommended limits, can potentially facilitate
checking (see Figure 3).
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h(’
Key]
1 Bmax
2 Bmin

Figure 3 — Bead gauges

d) |Bead appearance

For butt fusion joints of PA-U, typical bead\appearance is shown in Figures 4 and 5.

Figure 4 — Typical single bead shape around the entire pipe circumference
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6.3.2.2.2

The jointi

a) Pipe

Figure 5 — Typical single bead shape in a sectioned joint

Electrofusion socket joints

process shall be carried

ignment

out in the following steps.

A check shall be made that the pipes and fittings have been properly aligned in conformity with|the
writteh jointing procedure.

b) Scraping

A che
scrapil

In con
betwe

Partictyilar attention shall be given to inspecting the underside of the pipe.

shall be made that scraping in.accordance with the written jointing procedure has Heen
carriedl out over the entire circumference of the pipe (see Figure 6). There shall be clear evidende of

1g on either side of the socket.

I
—

bideration of the tolerances of pipes and fittings and of their capacity to be assembled, thg fit
bn pipe end and socket’should be tight or close.

\\——’

Figure 6 — Scraped area of pipe ends larger than the insertion depth (criss-cross lines)
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c) Pipeinsertion

Insertion markings on pipe or spigot end shall be checked to confirm that correct insertion depth
has been achieved and maintained during the fusion process (see Figure 7).

1 1

Key

1 |insertion markings
Figure 7 — Insertion markings

d) |Molten material

A check shall be made that molten material from the fusion process or heating wires has pot exuded
out from inside the fitting (see Figure 8).

1

\

Key
1 |exdded molten material or heating wires

Figure 8 — Molten material

e) Heating indicators

If the fitting is designed with heating indicators, they should be in positions conforming to the
manufacturer’s instructions after jointing has been completed (see Figure 9).
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Key
1 activatg

f) Coolin

When
indicat

g) Positi

Follow]
outsid

For lai
electrq

NOTE

U -

d heating indicators

Figure 9 — Heating indicators

g time

special clamps are required, the clamps shall be remaofed only once the cooling time
ed on the fittings, e.g. "C.T.") has elapsed.

bn of heating wires

e the fitting body influencing the fusion quality.

ger EF couplers, e.g. diameter = 315%mim, the first winding can become visible after
fusion. This has no negative effect on:the fusion quality.

The first winding of the heating-eoil is not part of the fusion zone.

h) ]ointr energy

The c

NOTE
the dur

this sulpclause.

6.3.2.2.3

Automatic fusion-eontrol units conforming to ISO 12176-2 record electrical output parame
ation of the fusion process and the environment temperature. These data are used for the purpo

Saddlesand tapping tee

The jointinlg process shall be carried out in the following steps:

a) Scraping

(as

ing fusion jointing, the electric coils heating wites shall not show any abnormal displacenpent

the

pleted electrofusion.joint fusion energy should be checked to be within acceptable limits.

ers,
e of

A check shall be made that scraping has been carried out in accordance with the written jointing
procedure over the entire fusion area (see Figure 10).

18
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Key]

b)

d)

f)

scraping
exuded molten material

Figure 10 — Checking saddles and tapping tees

Further visual checks
The pipe wall shall show no signs of collapse.

A check shall be made that molten material ftem the fusion process or heating wirg
exuded out from inside the fitting (see Figure:10).

Heating indicators

If the saddle or tapping tee is designed-with heating indicators, they shall be in positions (
to the manufacturer's instructions.after jointing has been completed.

Cooling time

When a special clamp is required for saddles or tapping tees, it shall not be removed n
disturbed before the-specified cooling time has elapsed. Before the tapping of the pi
cooling time may berequired as specified by the fitting manufacturer.

Ancillary toaling

The use_ of’ancillary tooling, such as pipe clamps, shall not result in significant damj3
surfacessadjacent to the joint.

Jointing energy

s have not

onforming

br the joint
pe, further

ige to pipe

I'he completed electrofusion joint fusion energy should be checked to be within accepta

ble limits.

NOTE Automatic fusion control units conforming to ISO 12176-2 record electrical output parameters,
the duration of the fusion process and the environment temperature. These data are used for the purpose of

this subclause.
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A.1 Gen,

Annex A
(normative)

Butt fusion jointing procedure

ral

Butt fusior
written pr
guidance, ¢
then broug
some basia

NOTE y
procedure g

ISO 16486
may be use

A2

The fusion
are within

Extreme aibient temperatures, rain and wind can adversely affect the fusion process. For cold weaf

and wind,
high ambig
precaution

A.3 Fusi

The produ
the polyan
it adequate

Climate conditions

joints shall be made using defined parameters of pressure, time and temperature; usil
bcedure (see 6.3.2.1). The procedure shall consider the fusion environment and shall proy
.g. for wind and temperatures. Mating surfaces are heated to their fusion temperature
ht into contact with one another. In the following clauses of this annex, the)feader can
information relating to a general butt fusion procedure in line with ISO 21307.

'he pipe manufacturer can be contacted in advance for confirmation efy\the chosen butt ful

s described in ISO 21307.

d, provided that they are suitable for the PA-U piping systenx

operation may be carried out in different ambiént temperatures, provided these variat
the limits specified in the jointing procedure,

special precautions such as shielding, 'ehd caps and longer heating times shall be taken.
nt temperatures and situations with-significant solar heating of the pipe surface, spd
s such as shielding and extended-ceoling time shall be taken.

on temperature

Ction of a strong fusion joint depends, among other things, upon the fusion temperatun
ide material: overheating may degrade the material, and insufficient heating will not so

ly.

The fusion|
shall be co

for the polyamidesmaterial chosen.

A.4 Fusten

temperature rfange over which any particular PA-U material may be satisfactorily joiy
sidered{ The jointing procedure shall specify the heating cycle and the temperature le

g a
ide
and
Find

sion

5 provides specifications for jointing PA-U. Other industrial butt fusion jointing procedures

ons

her
For
cial

e of
Ften

ted
vels

=
oacglinm-ant

bllulplllcllb

The butt fusion equipment for PA-U used shall conform to ISO 12176-1. As high-quality fusion joints
cannot be made with fusion equipment in poor condition, maintenance and calibration of the fusion
equipment is very important and shall be carried out on a regular basis. The cleanliness and integrity of
the heating surfaces, the ability of the heating tools to produce the correct temperature, and the correct
alignment and operation of the equipment are of paramount importance.

The heater plates are designed to maintain uniform temperatures within the fusion temperature
range and shall have a means of measuring and indicating the temperature. A precise temperature
measurement device such as a pyrometer or a digital thermometer with a surface temperature sensor
may be used to check the surface temperature of the heating tools, although additional care is necessary
to avoid inconsistency of readings when such a device is used.
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All heating tools used shall be electrically heated. It is preferable to use fully automated butt fusion
equipment with retrievable jointing records.

Power generators and butt fusion machines shall be designed taking into consideration the generally
accepted safety requirements and national safety regulations.

A.5 Butt fusion

A.5.1 Principle

agajnst a flat heater plate until molten, removing the heater plate, pushing the two/soffened ends
agajnst one another, holding under pressure for a prescribed time and allowing the7joint
Figlire A.1).

The butt fusion technique consists of heating the planed ends of the mating surfaces by h(jding them

0 cool (see

\
/
|
7 77 NN
/ » /
1 / 1
2
—- -
/] NI
/ '\.
[ |
|
\ |
| /
\ /
\ /
\ {
! N !
1% \
% b
— -

Key

1 pipe/fitting ends
2 heater plate

Figure A.1 — Butt fusion

Butt fusion is not recommended for pipes < 63 mm in diameter. Pipes and/or fittings with fusion ends
of different SDR values or PA-U class shall not be joined by butt fusion.
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A.5.2 Butt fusion cycle

The butt fusion cycle can be represented by a pressure/time diagram for a defined fusion temperature.
Different butt fusion cycles are available, depending on the PA-U material used, the pipe diameter, wall
thickness and the working conditions.

The butt fusion cycle to be used shall be specified in the written procedure.

An example of a butt fusion diagram is given in Figure A.2.

Y
B+ 3
p;
t t 6] t ts te X
I !
a{] 1 2 3 4 5 6
Key
X time t; bead-up time
Y  butt fujion machine pressure t, heatsoaktime
p; bead-up pressure t3\ " heater plate removal time
p, heat sopk pressure t, time to achieve fusion jointing pressure
p3 butt fugion jointing pressure t;  cooling time in the machine under pressure
a  Phase ([1, 2, 3, etc.) te cooling time out of the machine
Figure A.2 —{single low-pressure fusion jointing cycle
The pressyres shall be chosenso that the required force is produced at the interface, irrespectivie of
frictional dnd pressure losses in the butt fusion machine and drag resistance from the pipe system.
In the cas¢ of machines with fluid power rams, the force may be indicated in terms of the applied
cylinder pressure.&fofr such machines, a specific calibration table shall be provided that gives|the
relationship between the real interface force and the pressure indicated by the pressure gauge.
A.5.3 Buttfusion temperature

The butt fusion temperature is normally situated between 225 °C and 265 °C and is given in the jointing
procedure, e.g. ISO 16486-5.

A.5.4 Butt fusion jointing

The following list gives an overview of the minimum operations necessary to produce a butt fusion
joint with a specified butt fusion cycle and temperature and a powered ram butt fusion machine:

— Check that the butt fusion machine is compatible with the pipe diameter and wall thickness and the
prescribed butt fusion cycle.

— Reduce the drag resistance as much as possible, for example by using pipe rollers.
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— Firmly clamp the ends of the pipe(s) and/or the spigot ends of the fitting(s) in the butt fusion machine.
— Clean the spigot ends.

— Plane the spigot ends parallel by moving the movable clamp against the planing tool (see Figure A.3).
The closing pressure shall be sufficient to produce a steady flow of PA-U shavings on both sides of
the planning tool. Planing is complete when the spigot ends are planed and parallel to each other
over the entire spigot circumferences.

Figure A.3 — Planing the pipe or spigot endsby.the planing tool between the ends

— |Lower the pressure, keeping the planing tool rotating in order to avoid a burr on the gipe and/or
fitting faces. Move the movable clamp backwards and remove the planing tool.

— |Inspect the pipe or fitting ends for incomplete planing, voids or other imperfections, and|then bring
them together to check for proper alignment and gap. The spigot ends shall be diametrically rounded
and aligned to ensure conformancé.with this document. Other relevant codes of practicgs, national
regulations or industry guidelines may be used as an alternative.

— |Gauge the pressure caused:both by the frictional losses in the butt fusion machine arjd the drag
resistance, by moving the-clamp forwards, and add this pressure to the required jointing fusion

pressure (see Figure-A.2; ps).

— |Ensure that the fusion surfaces are not contaminated before starting with the bead-up process.

— | The heater plate shall be clean. Polyamide residues shall only be removed from the heatef plate with
a wooden Spatula.

— | Checkthat the surface coating of the heater plate is intact and without scratches.

— | Check that the heater plate is at the correct fusion temperature.

— Install the heater plate in the butt fusion machine and bring both pipe or fitting ends simultaneously
into full contact with the heater plate to produce molten surfaces for fusion jointing (see Figure A.4).
Apply the fusion pressure, including the measured additional pressure, until the minimum specified
bead-up width has been reached.
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Figure A.4 — Heating the spigot ends
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Annex B
(normative)

Electrofusion jointing

B.1 General
J—enRelrat

Ele¢trofusion fittings may include sockets, e.g. couplers, reducers, tees, end caps, elbewsand saddles,
e.g.[tapping tees and branches. The basic principle of joining such fittings by electrofusion|consists of
heafing, using the Joule effect, an electrical coil incorporated in the internal surfaces (fusiop surfaces)
of the fitting, causing the material adjacent to the coil to melt and making the pipe and fittihg surfaces

fusg; see Figure B1.

Ele¢trofusion fittings can be used to join piping components e.g. pipes, branches or spigot fititings.

Ele¢trofusion fittings and piping components shall be made from™PA-U designated adcording to
[SO|16486-1 and different SDR ranges according to ISO 16486-3,

Carp shall be taken to use only electrofusion fittings with a design MOP and SDR range complatible with
the|PA-U pipes and spigot fittings to be joined.
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1
Key
1  pipe with surface area for jointing
3 fitting’d body
3  pipe/fitting scraped surface
4 diametgrs
L prepar¢d length (greater than insertion-depth of the fitting)

Figure B.1 < Basic principle of electrofusion jointing process

B.2 Climate conditions

The fusion| operatiori may be carried out without any special precautions for variations in amb
temperatufe, provided these variations are within the limits specified in the jointing procedpre.
If some adjustment in the electrical power supplied to the fitting is necessary to cater for extr¢me
ambient t - jotTTt i i i i —Cold
weather, rainfall and wind can adversely affect the fusion process. Under these circumstances, special
precautions based on the electrofusion fittings manufacturers' instructions shall be considered.

B.3 Electrofusion equipment

B.3.1 General

Maintenance and calibration of the control units and generator is very important and shall be carried
out on a regular basis to achieve high-quality fusion joints. Other equipment (e.g. scraper tools, power
cables) also require a check of correct function and maintenance.
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Power generators and control units shall be designed taking into consideration generally accepted
safety requirements and safety regulations.

B.3.2 Control unit

The control unit shall conform to ISO 12176-2. Preferable automated electrofusion equipment with
retrievable jointing records should be used, which is able to decode data from ISO 12176-3, ISO 12176-4
and IS012176-5.

The jointing procedure shall specify the type of fusion equipment to be used. The electrofusion control
unit is designed to provide the correct fusion energy to electrofusion fittings. This energy input is based
on he parameters set by the fitting manufacturers (e.g. voltage, fusion time, temperature): ﬁ’arameters
can|be given in different ways, e.g. barcode or two-dimensional coding.

The electrical supply to the control unit can be either supplied by mains or power generators or others.

The electrofusion control unit output cable connectors shall be compatible with the fitting electrical
termninals. Use appropriate terminal adaptors if necessary.

B.3l3 Power generator

If a[power generator is used it shall be able to deliver the power required by the fitting. Information on
the|required power can be found in technical documentation released either by fitting or gontrol unit
manufacturers.

B.4 Electrofusion

B.4.1 Preparation

The following general procedure gives an oyerview of the minimum operations necessary|to prepare
for lelectrofusion jointing. More specific, instruction, if any, can be given by the electrofusion fitting
manufacturer.

B.4.2 General

Ele¢trofusion fittings shall be kept in their protective packaging until they are ready to ble joined to
a pipe or spigot fitting. The-surfaces to be fused shall be dry and clean before beginning the jointing
profedure.

Ensfure that the electrofusion fitting is suitable for use within the ambient temperature rapge and for
the|pipe or spigetfitting series or SDR value concerned.

Use| alignmént clamps and, if required, re-rounding clamps. for all types of electrofusion fitting to
mirlimize-pipe ovality, misalignment and movement during the jointing and cooling phases.

Scrapethe outer fusion surface of the pipe or spigot fitting for a length that is greater than the length of
the fusion depth or the contact area of saddles, to remove oxidized material.

Perform this operation with a suitable tool such as mechanical scraper or a manual one. The use of
a mechanical scraper is recommended. Either type of scraper should be maintained regularly, e.g.
sharpness of the blade. Scraping shall be performed around the entire circumference of the pipe or
spigot fitting end. For a visible check of scraping after the fitting is installed, allow at least +5 mm to the
area covered by the fitting. The scraping depth shall be specified in the jointing procedure and shall not
be less than 0,15 mm.

Inadequate scraping of pipes and spigot fittings will lead to failure of the joint.
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B.4.3 Electrofusion socket fittings

Where the pipe end is not perpendicular to the axis or there is significant toe-in, cut the pipe square to
the pipe axis using, for example a plastic-pipe cutter or a fine-toothed saw with a cutting guide. Cutting
the pipe ends square is of paramount importance.

The following conditions shall be avoided:

— incompletely covered fusion zones by the inserted pipe, e.g. due to uneven pipe end(s) or incomplete
pipe insertion depth;

P
— presenceof thipsanmd saw dust;

— strong|draught in the pipe (e.g. pipe placed in vertical position).

NOTE In extreme cases, a combination of the above points can potentially lead to serious failupes inclufling
the burning|of the electrofusion fittings.

Deburr the edges with a scraper or deburring tool. Re-round the pipe ends if necessary.

Scrape the fusion area of the pipe or spigot ends. If required and/or necgssary, clean the scraped
areas and the fitting’s fusion surface using only suitable cleaning materialssAllow cleaning solvert to
evaporate completely. Make sure that the pipe depth penetration into theysocket can be checked ((for
example by marking the penetration depth). Slide the socket fitting ont6 the spigot ends to the corfect
depth.

If tie-ins ay
double ins
stop(s) if p|
clamping b
of both pip,

e used (see Figure B.2), scrape and clean the pipe overythe complete length of the fitting
ertion depth), mark insertion depth on both pipe ends, remove from the coupler the ce
resent, push the full length of the electrofusion<socket on to one of the pipe ends and,
oth pipe ends, push it back so that both pipe ends are covered. Check the depth of penetra
e ends.

(i.e.
tre
ter

[ion

Figure B.2 — Use of tie-ins

Fit an alignment clamp and/or positioning clamp and check the alignment of the pipe ends.
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B.4.4 Electrofusion saddle fittings

Re-round the PA-U pipe when necessary. Scrape the fusion area of the pipe. If required and/or necessary,
clean the scraped areas only using suitable cleaning materials. Allow cleaning solvent to evaporate
completely.

Place the saddle on the pipe in accordance with the installation instructions. If required, put an assembly
tool on the pipe and/or saddle in accordance with the fitting manufacturer’s installation instructions
(see Figure B.3). After assembly, check that there is no gap between the saddle fitting and the pipe.

For the purpose of connecting to different main diameters, some saddle designs allow a close fit
adaption of the saddle onto the pipe using appropriate clamping tools, according to the manufacturer's
insfiructions.

n

7
0 OB
s

e

o
|
%

Figure B.3 — Example of installation of a saddle fitting

B.45 Electrofusion operations
Chelck that all joints are installed free of tension and insertion depths are respected correctlly.
Sethe control unit to give the correct fusion parameters.

Connect electrofusion control unit cable leads to electrofusion fitting terminals.

In the case pof'an automatic process, use the procedure suitable for the fitting and the cpntrol unit
conperned.-Automatic recognition systems for electrofusion fittings shall meet with ISO 13950 and/
or ISO 12176-5. The operator badge shall meet with ISO 12176-3. Traceability coding shallf meet with
[SO| 12176-4 and/or ISO 12176-5. Two-dimensional data coding of components and data exchange

o U . Y U & S " looll PRECYY, | " s ol e
fOI'l TatToT T /U PIPHTg Sy Stem S Sirarmr meeTWiItiT 10U T2 17 O~ J. TOT ITomrattontatic Contr or uirtes, fOllOW the

manufacturer’s instructions.

Before the start of the fusion cycle, check that all joints are installed free of angular deflection and
insertion depths are respected correctly.

Stand clear (e.g. > 1 m) of the fitting and do not disturb pipe or fitting while fusion is in progress.

Check that the fusion cycle has been completed correctly without any error message from the
electrofusion control unit, and any heating indicators have operated properly.

For non-automatic electrofusion control units check the jointing record(s) to ensure that the fusion
parameters like fusion energies, resistances, voltages, fusion cycle times, temperatures, etc. are in
order.
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B.4.6 Cooling

Leave the joint clamped for the time required for it to cool. Cooling times are normally prescribed by
the fitting manufacturer and are given in the jointing procedure.

When the clamps are removed, the pipe shall be handled with care until the cooling time for rough
handling has been completed.

For saddle fittings, follow the manufacturer’s recommended cooling time before tapping the pipe.
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Annex C
(normative)

Mechanical jointing

General
=enera:

mechanical joints shall be resistant to end load as specified in ISO 17885, as applicables
metal parts of fittings shall be corrosion-resistant or protected against corrosion:

mechanical joints shall be assembled as specified in the jointing procedure and in accor

1 be assembled free of stress.

hanical jointing systems include:

steel stub flanges, pre-mounted to a polyamide pipe, and with a'loose backing flange;
pre-mounted or over-molded steel-to-polyamide transition fittings;
compression-type couplings and fittings.

polyamide pipe shall not be weakened in the coupling and any lubricant used s}
[imental to the polyamide pipe.

J pipes shall not be threaded.

ign and installation factors may affect the minimum allowed bending radii of piping co
hanical joint, e.g. SDR(s). Infornration on the minimum allowed bending radii and/or o
feners should be provided by the mechanical fitting manufacturer. If stiffeners are used
form to ISO 17885:2021, Annex B.

Hance with

manufacturer’s instructions, the design pressure of the network and the materials usedl. The joint

all not be

hnected by
the use of
they shall
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Annex D
(informative)

Squeeze-off and re-rounding

D.1 General

For pipes ;l:0perating pressures higher than 1 bar,2) squeeze-off is used for a temporary shut of the|gas
flow, which makes it possible to work downstream from the squeezed zone, while the pipé upstr¢am
remains pilessurized. In case of lower pressures, a single squeeze-off device can potentiall{'be suitable
to shut the[pipe. For higher pressures, a single squeeze-off cannot guarantee the prevention of creeping
gas, so thel double shut and degas method is recommended. Figure D.1 shows the-squeeze-off dej;ice
with a moying bar (key element 2) and a fixed bar (key element 3) and as second’shut-off a balloon
setting an¢l degassing device, which enables potentially creeping gas (key élement 8) to bleed|out
through a Ipypass (key element 4).
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Key
1 operating pressure
2 moving bar
3 fixed bar
4 bypass for decompression of interspace
5 connection to fill the bag
6 bag setting rod
7 decompression port
8 potentially leaking gas (interspace pressure)
9 balloon setting tube

2) 1bar=0,1 MPa=105Pa; 1 MPa=1N/mm?2,
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