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Foreword

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-governm

ental,_in liaison with 1SQ _ also take part in the work 1SO collaborates closely with the
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Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft Intermational Stan
the technical committees are circulated to the member bodies for voting. ‘Publication 2

Standard requires approval by at least 75 % of the member bodies casting-a Vote.

rawn to the possibility that some of the elements of this document may be the subject of
pall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 138, Plasti¢s ‘pipes, fittings and valves fd
uids, Subcommittee SC 4, Plastics pipes and fittings for the.supply of gaseous fuels.
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Introduction

With the increasing use of bimodal polyethylene (PE) materials such as PE 80 and PE 100, more and more
PE compounds are appearing on the pipe market accompanied by proposals for butt fusion procedures that
often differ for the same materials. The aim of standardization is to encourage the use of similar procedures
for similar materials. There is a need to examine on a global scale current practice and then establish the best
procedure(s) for the highest quality _mast reliable and efficient construction of PE butt fusion systems for gas
and water distribution.
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INTERNATIONAL STANDARD

ISO 21307:2009(E)

Plastics pipes and fittings — Butt fusion jointing procedures for
polyethylene (PE) pipes and fittings used in the construction of

gas and water distribution systems

1 cope

This |nternational Standard establishes general principles regarding the process used in' the con
qualify assessment of butt fusion joints incorporating fittings (ISO 8085-2) and pipes-used in the

Struction and
construction

of gap (ISO 4437) and water (ISO 4427) distribution systems, made from PE 80 ‘and PE 100 matferials having

a mejt flow rate at 190 °C/5 kg of between 0,3 g/10 min and 1,7 g/10 min, with.equipment which
ISO 12176-1 and installed in accordance with ISO/TS 10839. Specifically, this/International Stand
a number of proven butt fusion jointing procedures for pipes and fittings with a wall thickneg
including 70 mm. This International Standard takes into consideration/the materials and compone
fusion jointing procedure and equipment and the quality assessmeft)of the completed joint. This

omplies with
ard specifies
s up to and
nts used, the
International

Stanglard can be applied in conjunction with appropriate national reégulations and standards.

NOT It is important for pipe or fitting and equipment manufacturers to be consulted when undertak|
jointing of pipes with wall thickness greater than 70 mm.

ng butt fusion
2 ormative references

t. For dated
b referenced

The following referenced documents are-indispensable for the application of this documen
refergnces, only the edition cited applies. For undated references, the latest edition of th
document (including any amendments) applies.

ISO 1
the rd

167-1, Thermoplastics pipes, fittings and assemblies for the conveyance of fluids — Determination of

bsistance to internal pressure — Part 1: General method

ISO 1
the rd

167-3, ThermoplastiCs pipes, fittings and assemblies for the conveyance of fluids — Determination of

bsistance to internabpressure — Part 3: Preparation of components

ISO 1
the rd

167-4, Thermoplastics pipes, fittings and assemblies for the conveyance of fluids — Determination of

bsistanceto)internal pressure — Part 4: Preparation of assemblies

ISO 4065:1996, Thermoplastics pipes — Universal wall thickness table

ISO 4427 (all parts), Plastics piping systems — Polyethylene (PE) pipes and fittings for water supply

ISO 4437, Buried polyethylene (PE) pipes for the supply of gaseous fuels — Metric series — Specifications
ISO 8085-2, Polyethylene fittings for use with polyethylene pipes for the supply of gaseous fuels — Metric
series — Specifications — Part 2: Spigot fittings for butt fusion, for socket fusion using heated tools and for

use with electrofusion fittings

ISO/TS 10839, Polyethylene pipes and fittings for the supply of gaseous fuels — Code of practice for design,
handling and installation

ISO 12176-1, Plastics pipes and fittings — Equipment for fusion jointing polyethylene systems — Part 1: Butt
fusion
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ISO 13953, Polyethylene (PE) pipes and fittings — Determination of the tensile strength and failure mode of
test pieces from a butt-fused joint

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
3.1

cooling cycle reduced pressure (dual pressure)
reduced pressure, used in the cooling cycle or the dual pressure procedure, after the jointing time has expired

3.2
cooling timg in the machine under pressure
time period that the butt fusion joint remains under pressure when still clamped in the machine

3.3
cooling timg in the machine without pressure
time period the butt fusion joint remains without pressure when still clamped in the machine and before fough
handling or ifstallation

3.4
drag pressufre
gauge presslire required to overcome, on a given machine, the sliding frictional drag force of the maching and

pipe
NOTE TRis drag pressure must be added to the bead-up, heating.aqd bead roll-over pressures.

3.5
fusion jointing pressure
actual pressyre, including drag pressure, exerted on the-pipe or fitting ends during jointing

3.6
gauge pressure
actual pressyre read by the gauge of the hutt fusion jointing machine

3.7
heater plate/removal (dwell) time
time taken fqr the separation of.the pipe or fitting ends from the heater plate, removal of the heater plat¢ and
closure of the carriage to bring-the molten pipe or fitting ends together

3.8
heater plate[temperature
measured temperature on the surface of the heater plate where the pipe or fitting wall cross section makes
contact

3.9
heat soak pressure
pressure required to positively maintain the pipe or fitting in contact with the heater plate

3.10
heat soak time
time that the heater plate is in contact with the pipe or fitting ends at the heat soak pressure

3.1

minimum bead size after heating
minimum value of bead size to be attained after achieving the heat soak time

2 © 1SO 2009 - All rights reserved
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3.12

initial bead-up pressure

pressure exerted on the heater plate by the pipe or fitting ends during the bead-up phase of the jointing cycle,
including drag pressure exerted on the pipe or fitting ends during jointing

3.13

initial bead-up time

time taken to generate a continuous bead, of a specified dimension, around the circumference of the ends of
the pipes or fittings

3.14
initial-bead-up-size

bead|size formed on the pipe or fitting ends during the bead-up phase

NOTEH Initial bead-up size is expressed in millimetres.

3.15
fusign jointing time (dual pressure)
time period allotted for bead roll-over before cooling cycle reduced pressure

3.16
nominal wall thickness

€n

wall thickness tabulated in ISO 4065, corresponding to the minimum wall thickness at any point e

NOTEH Nominal wall thickness is expressed in millimetres.

3.17
operator
persan authorized to build polyethylene (PE) systems from pipes and/or fittings, based on a written procedure
agreed by the pipeline operator

3.18
pipeline operator

privafe or public organization autherized to design, construct and/or operate and maintain 4 gas supply
system

4 Butt fusion jointing process

4.1 | General

PE pipes for-the production of butt fusion joints according to this International Standard sha|l conform to
ISO 4437 (atternatively ISO 4427). Fittings shall conform to ISO 8085-2.

Butt poinn ininte A~~~ rAinA~ 0 thic [ndn
O STOTT Ot atCoramg—to—tito—tC

PE systems conforming to ISO 12176-1.

tferflsion jointing

4.2 Principle

The principle of butt fusion jointing is to heat two pipe or fitting ends by means of a heater plate to a
designated temperature, then fuse them together by application of pressure and cool them under pressure for
a designated time.

Butt fusion joints shall be made by qualified operators using butt fusion jointing machines that secure and
precisely align the pipe ends. The training and the level of skill of the operator shall be in accordance with the
requirements of the jointing procedure. A written jointing procedure, authorized by the pipeline operator, shall
be available prior to the construction of a pipeline. The jointing procedure shall include specification of the

© 1SO 2009 — All rights reserved 3
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jointing method, the fusion parameters, the fusion equipment, the jointing conditions, the level of skill of the
operator, and the quality control methods to be used. Guidelines for quality control are given in Clause 6.

Key elements of the jointing process shall include:

1) cleaning the pipe or fitting ends, planing unit and heater surfaces;

2) clamping the components to be joined; Pipe support may be needed to ensure proper alignment;

3) planing the pipe or fitting ends;

4) alig

5) measuring the drag and compensating pressure accordingly;

6) mel

7) join

8) holding the pipe or fitting ends under pressure for the cooling time in the machine;
9) completing the cooling time out of the machine.

In 4.3 to 4.1Q these key elements are explained in more detail.

4.3 Clean

Clean the in

cloth. All fordign matter shall be removed.

If the pipe h

clamped in th

Clean the pls

4.4 Clamping the components

Clamp the ¢

alignment. P

4.5 Planing the pipe,or fitting ends

Plane the pig

4.6 Aligning-the pipes or fittings

- 4l - s
Ty theprpes or Mtmgs,

ing the pipe or fitting ends;

ing the pipe or fitting ends;

ing the pipe or fitting ends, planing unit and heater surfaces
side and outside of the pipe or fitting to be joined by wiping the joint area with a clean lin
hs a protective outer layer, it shall be peeled back far enough so that the pipe can be prg
e fusion machine, unless the pipe manufacturer has personal specific instructions.

ning unit and the heater plate surfaces with a clean lint-free cloth.

omponents in the Gutt’ fusion jointing machine and adjust as necessary to achieve p
pe support may he-néeded to achieve proper alignment and reduce drag.

e or fitting ends to establish clean, parallel mating surfaces.

t-free

perly

roper

Remove any shavings from the pipe or fitting ends. Clean the pipe or fitting ends with an alcohol wipe or dry
cloth only if required by company, state or national standards.

Inspect the pipe or fitting ends for incomplete planing, voids, or other imperfections, and then bring them
together to check for proper alignment. The pipe or fitting ends shall be rounded and aligned to ensure
compliance with ISO/TS 10839.

4.7 Measuring drag pressure

Measure the gauge pressure required to overcome the frictional drag force of the machine and the pipe. This
pressure shall be added to the calculated bead-up and fusion jointing pressures.

© 1SO 2009 - All rights reserved
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4.8 Melting the pipe or fitting ends

The surface of the heater plate that comes into contact with the pipe or fitting ends shall be clean, oil free and
coated with a non-stick coating to prevent molten plastic from adhering to the heater plate surface. The heater
plate temperature shall be in the range of 200 °C to 245 °C.

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. To ensure that full contact is made
between the pipe or fitting ends and the heater plate, the initial contact shall be under a bead-up pressure.
After holding the pressure for a specified bead-up time, or until a specified bead-up size has formed, the
pressure shall be adjusted to the heat soak interface pressure without breaking contact between the heater

| t ol tla + £i44: <l £ HPp | L+ 4l la ry | P
p ale@aname PIPTCUT T TTTUS TUT a PTTiou TtTuar tU T 1eat SUAan TG,

4.9 [Jointing the pipe or fitting ends

At the completion of the heat soak time, pull the pipe or fitting ends from the heater\plate. Thep remove the
heater plate and bring the molten pipe or fitting ends together in a controlled mannér.-The joint shall be held at
the jqinting pressure(s) for the prescribed fusion jointing time(s).

4.10( Cooling the pipe or fitting ends

The molten joint shall be held immobile under pressure in the butt~fusion jointing machine for the period of
time defined as the cooling time in the machine under pressure{_Allowing adequate time under| pressure for
img prior to removal from the machine clamps is important terxdevelop strength and to achieveljoint integrity.
The jpinting pressure shall be maintained until the interface temperature has dropped below the [re-crystalline

utt fusion jointing procedures

llowing three butt fusion procedures are described in detail in 5.1 to 5.3:
ingle pressure and low fusion jointing pressure;

ual pressure and low fusion jointing pressure;

ingle pressure andhigh fusion jointing pressure.

The dlual pressure-and low fusion jointing pressure procedure is only applicable for pipes with a Wall thickness
greater than 20 mm. The choice between a single and dual pressure fusion procedure shall be determined by

the pipeline~operator. Examples of single and dual pressure and low and high fusion joinfing pressure
procgdurestare given in Annex A.

5.1 Single pressure and low fusion jointing pressure

Butt fusion jointing conforming to the single pressure and low fusion jointing pressure procedure shall be
performed as specified in Table 1.

© 1SO 2009 — All rights reserved 5
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Table 1 — Parameters and values for single pressure and low fusion jointing pressure procedure

Parameter Unit Value
Heater plate temperature °C 200 to 245
Initial bead-up pressure MPa 0,17 £ 0,02
Minimum initial bead-up size mm 05+0,1¢,°
Minimum heat soak time S (11 £1)e,
Heat soak pressure MPa 0 to drag pressure
Maximum heater plate removal time S O0,1e,+4
Fusion jointing pressure MPa 0,17 +£ 0,02
Maximum time to achieve interfacial pressure S 04e,+2
Minimum cooling time in the machine under pressure min e, *+3
Minimum cooling time in the machine without pressure min e, *+3

8  Maximum 6 mm.

In Figure 1 the single pressure and low fusion jointing pressure cycle is illustrated, with an explanation ¢f the
individual elgments of the fusion jointing cycle.

Y
P P3

P2

o
Xy

A
A

time
pressure
initial beagl-up time
heat soak|time

A
A

heater plateTemovattime

time to achieve fusion jointing pressure
cooling time in the machine under pressure
cooling time in the machine without pressure
initial bead-up pressure

heat soak pressure

fusion jointing pressure

Figure 1 — Single pressure and low fusion jointing cycle
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Butt fusion jointing conforming to the dual pressure and low fusion jointing pressure procedure shall be
performed as specified in Table 2.

In Figure 2 the dual pressure and low fusion jointing pressure cycle is illustrated in a diagram, with an

explanation of the individual elements of the fusion jointing cycle.

The dual pressure cycle is the same for single pressure fusion jointing, up to the moment the heater plate is
removed. Then a fusion jointing pressure of 0,17 MPa shall be applied for 10 s after bringing the pipe or fitting

ends together to allow the melt on each surface to mix and a bead to form.

After
drag

the initial 10 s, the pressure shall be reduced to a factor 0,17 of the fusion jointing pressu
pressure) during cooling.

re (excluding

Tlable 2 — Parameters and values for dual pressure and low fusion jointing pressure procedure

Parameter Unit Value
Heater plate temperature °C 200 to 245
Initial bead-up pressure MPRa 0,17 £ 0,02
Minimum initial bead-up size mm 05+0,1¢72
Minimum heat soak time s 10 ¢, + 60
Heat soak pressure MPa 0 to drag pressure
Maximum heater plate removal time s 0,1e,+4
Fusion jointing pressure MPa 0,17 £ 0,02
Fusion jointing time S 101
Cooling cycle reduced pressure MPa (0,025 + 0,002) b
Minimum cooling time in the machine.under reduced pressure min e, *+3
Minimum cooling time out of the machine min e, *+3

2  Not exceeding 6 mm.

b If the wall thickness-is above 20 mm.

© 1SO 2009 — All rights reserved
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YA
P P3
P4
P2
ty | ty t3| t, | ts5 tg | t;

Key
X time
Y pressure

ty initial beagl-up time

t, heat soak|time

t; heater plate removal time

t, time to achieve fusion jointing pressure

t5 fusion jointing time (bead roll-over time)

tg cooling time in the machine under reduced pressure
t;  cooling time in the machine without pressure
pq initial beadl-up pressure

p, heat soak|pressure

p3 fusion jointing pressure

p4 cooling cycle reduced pressure

5.3 Single pressure and high fusion jointing pressure

Figure 2 — Dual pressure and low fusion jointing cycle

Butt fusion jpinting conforming to the single: pressure and high fusion jointing pressure procedure shall be

performed a$ specified in Table 3. This (procedure is standardized for pipes or fittings with a wall thickne

minimum 5 nim up to and including 70\mm.

ss of

In Figure 3 the single pressure-and high fusion jointing fusion cycle is illustrated, with an explanation ¢f the

individual elgments of the fusiojointing cycle.

Table 3 — Parameters-and values for single pressure and high fusion jointing pressure procedyre

Parameter Unit Value
Heater. plate temperature °C 200 to 230
|ritiaHbead-tp-fusionjointingpressure MPa 6;52+6;64
Minimum heat soak time sec (MM £1) xe,
Minimum bead size after heating mm 0,15 ¢, +1
Heat soak pressure MPa 0 to drag pressure
Maximum heater plate removal time S 0,1e,+8
Fusion jointing pressure MPa 0,52 + 0,01
Minimum cooling time in the machine under pressure min 0,43 e,
Minimum cooling time out of the machine min a

a

is not necessary with these cooling times.

A cooling time out of the machine and before rough handling may be recommended but in most cases

© 1SO 2009 - All rights reserved
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YA
P P3
P2
B t | ty i3 t4;‘ ts | lg X
Key
X time
Y plessure

ty initial bead-up time

t, hpat soak time

t3 hpater plate removal time

t, tifne to achieve fusion jointing pressure

ts  cpoling time in the machine under pressure
tg cpoling time out of the machine

pq injitial bead-up pressure

p, hpat soak pressure

p3 fysion jointing pressure

Figure 3 — Single pressture and high fusion jointing cycle

6 Quality control

6.1 | General

The pipes, fittings and asSociated equipment may be inspected to confirm the conformity with the laying
procgdure.

The ipspection may)be' carried out by the personnel engaged in jointing. Additional inspections mpy be carried
out bly a competént person at a frequency depending on the conditions of use. The results of eagh inspection
may be recorded.

Destijuctive‘testing on joints made in the field may also be carried out to ensure that the quality conforms to
the fl]Sion jointing procedure. Applicable test methods are given in 6.2.

6.2 Joint integrity testing

The butt fusion procedures detailed in this International Standard have been produced and validated through
thorough testing of sample joints. It is extremely important to demonstrate the long-term integrity of fusion
joints. Joint integrity testing is recommended as the quality control method for all fusion procedures and
especially those not covered within Tables A.1 and A.2 of this International Standard. Established butt fusion
joint integrity test methods are available. The following test methods are considered applicable for the quality
control of butt fusion joints:

— tensile testing in accordance with 1ISO 13953. Alternatively, another test in accordance with national or
local standards;

© 1SO 2009 — All rights reserved 9
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hydrostatic pressure testing at 80 °C for 1000 h in accordance with 1SO 1167-1, 1SO 1167-3 and

ISO 1167-4. Alternatively, another test in accordance with national or local standards;

national

high-speed tensile testing in accordance with ASTM F2634. Alternatively, another test in accordance with

or local standards.

6.3 Non-destructive quality control procedures

It is also recommended that simple on-site quality assurance systems be used to assess joint quality. This can
be through the assessment of weld bead width and shape which should be within identifiable, prescribed limits
depending on the PE material and environmental conditions. In some countries, the external bead is removed

for further ing

Consideratio

pection where possible defects such as bead separation can be easily identified.

h should be given to the assessment of joint quality through non-destructive means,"Whilg it is

recognized tihat conventional non-destructive methods such as radiography and ultrasonics may not detgct all

possible faul
should be gi

s that can occur in butt joints, they can detect areas of contamination and voiding) Considefation
en to the use of such techniques to generate confidence in the butt fusion process.

10
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