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1. SCOPE

This document specifies the equipment, jointing
procedures, maintenance, servicing and calibration,
records, training and testing for fusion welding of all
PE pipes and fittings. This specification requires that
the installer shall operate a quality assurance system,
preferably to BS EN ISO 9000/9001, which covers
procedures and  equipment  provision and
maintenance relating to the fusion jointing of PE pipe.

Users are reminded that it is essential that fusion
jointing is carried out by skilled operators and all
installers should be trained via an appropriate
National Vocational Qualification (NVQ) or similar
industry scheme.
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2. DEFINITIONS
2.1 General

This method of jointing requires an electrically heated
plate to raise the temperature of the pipe ends to the
fusion temperature and is suitable for jointing pipes
and fittings in the size range greater than 63 mm. In
general:

* only pipes and fittings of the same SDR should
be jointed together,

*+ PE8B0 (MDPE) pipes shouid not be welded to
PE100 (HDPE) pipes. Note that PE8D (HDPE) is
outside the scope of this specification, unless
special test joints are made and tested using the
assessment procedures outlined in this
specification to ensure confidence in joint

integrity.

NOTE: In principle, plates can also be heated by
electromagnetic induction. This technique is not
covered by this document, but the key stages of the
jointing operation would remain the same.

2.2 Machine types

This specification is based on the overall
requirements of both the gas and water industries
and covers three types of welding machine:

* manual machines - where the trimmer and heater
plate are inserted and removed manually and the
interface pressures are controlled by a hand
pump;

* semi-automatic machines - where the trimmer
and heater plate are inserted/removed manually
but interface pressures are controlled by an
electro/hydraulic power pack. (A data logger
should be used to record welding parameters);

+ fully automatic machines - where the heater plate
is removed automatically and all the process
parameters are controlled by a microprocessor.
The fusion pressures are automatically calculated
and recorded by the machine.

2.3 Machine requirements - all butt fusion
jointing

2.3.1 Chassis and Clamps
a) The machine shall have a frame containing

clamps which are sufficiently robust to re-round
and accurately align the pipes to be jointed.



b) The machine shall have a minimum of two rams
mounted on the pipe centre-line axis. The rams
shall move freely and control the movement of
any sliding clamps. All slides shall be kept free
from rust and lubricated at all times.

2.3.2 Hydraulic/pneumatic unit

a) The unit shall be capable of actuating the clamp
unit to provide adequate force and speed of
operation. A monitoring device shall be provided
to monitor ram pressure.

b) For manual machines a data plate shall be
permanently aftached to the unit setting out
jointing and cooling pressures and times for
relevant sizes of pipe. For dual pressure jointing,
the Jomtlng pressure shall be calculated based on

- g il g ostosr of V10 Mo and the
wooling pressure based ona weld interface stress
of 0.025 Mpa. UKWIR Fastweld jointing is not
permitted using manual machines.

O,

The data plate shall be blue and printed in a
contrasting colour.

d) For automatic machines, jointing data may be
provided by mearnis other than a data plate.

2.3.3 Trimming tcol

a) The trimming tool shall be capable of being
mounted securely within the frame of the jointing
machine, fo preveni twist during machining, so
that this equipment can produce accurately
matched planed faces.

b) All trimming tools shall be fitted with suitable
safety devices to prevent their operation outside
the fusion machine.

¢) Trimming blades shall be sharp and have defect
free cutting edges to provide continuous swarf of
uniform thickness.

2.3.4 Heater plate

a) The plate shall be elecirically heated and be
provided with a suitable temperature controller to
give a uniform operating surface temperature of
230 +10, -5°C (225 to 240°C).
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b}y The plate surfaces shall have adequate release
properties. The surface shall clearly show the
presence of any contaminants. ADDITIONAL
SPRAY-ON RELEASE AGENTS SHALL NOT
BE USED

c) The heater plate shall be fitted with a temperature
probe or indicator accurate to within +/- 1°C in the
range 225 to 240°C.

d) Surface temperature shall be measured during
routine calibrations and in cases of dispute. To
ensure that the temperature of the heater plate
has stabilised, the machine shall be in operation
with the plate in its guard or muff for at least
twenty minutes prior to measurement. The probe
shall be held in position for at least 60 seconds
before the reading is taken. Site readings shall be
taken inside & sheiter.

NOTE 1: The temperature of each side of the
plate should be measured, in still air, at a
minimum of four equally spaced points dencted
North, South, East, West (with North at the top of
the plate) for pipes up to 250 mm diameter, and
eight equally spaced points for all larger systems.

NOTE 2: The probe could scratch or otherwise
mark the swface of the heater plate if used
carelessly. Readings may therefore be taken just
outside the position where the pipe contacts the
heater plate.

2.3.5 Control system

The control system shall be designed to carry out the
operations detailed in figures 1a, 1b and fg,
automatically at the temperatures, times and
pressures indicated in the respective tables.

2.3.6 Generators

The nominal ocutput voltage shall be 110V with an
actual output voltage within the range 103V - 120V at
any KVA loading between zero load and full load. The
generator shall be selected to suit the butt fusion
machine power requirements.

NOTE: Contractors should always seek the advice of

the welding machine supplier for information on
power requirements.
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2.4 Machine requirements — butt fusion

All equipment for butt fusion jointing shall comply with
the requirements of WIS 4-32-16. This specifies the
requirements for design of the machine chassis,
trimmer, heater plate, temperature control and
interface force transmission.

25 Machine requirements - ‘Fastweld
process’

2.5.1 High productivity butt fusion jointing (UKWIR
Fastweld) was initially developed for PES8O (MDPE)
pipes with wall thicknesses up to 36mm, i.e. sizes 90
to 400 mm ONLY, SDR11 and thinner.

2.5.2 When jointing pipe using UKWIR Fastweld
conditions, the control system shall be capable of
recording, storing and downloading all target
parameters and those actually achieved by the
machine in the jointing process. The parameters shall
include: Bead Pressure, Joining Pressure, Dynamic
Drag, Heater Temperature, Bead Up Pressure, Heat
Soak Time Dwell Time, Fusion Pressure, Cooling
Time in the machine. (See Table 3 for details).

253 The servicing, conversion, up-grade and
installation of any of the required components
(including software) shall only be carried out by the
original machine manufacturer or their approved
agent.

2.6 Ancillary Equipment

In addition to the butt fusion welding machine and
generator, the contractor shall also supply site crews
with:

» shelters to protect pipeffittings and equipment
against dust, rain, snow and draughts;

+ pipe support rollers (essential to minimize drag
forces);

* external bead remover capable of removing the
cold bead cleanly, in a continuous strip, without
damage to either joint or bead or adjacent areas
of the pipe. The bead removal tool shall not
induce any slits, gouges or other defects into the
pipe wall;

» calibrated digital thermometer with both calibrated
surface and insert probes;

+ timer (for manual machines);

* pipe end plugs;
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* bead gauge;

* indelible marker pen for marking beads and joint
numbers;

« clean ground sheet or base board.

3. BUTT FUSION JOINTING
METHODS

3.1 Definitions — butt fusion welding

3.1.1 Interface fusion stress: the actual stress
exerted on the heater plate by the pipe ends during
both bead-up and during jointing and cooling.

3.1.2 Fusion pressure: the gauge pressure to
provide, on a given machine and for a given pipe
cross sectional area, a pressure equivalent to the
interface fusion stress. [Note: This pressure is a
function of the ram dimensions and the efficiency of
the machine and this data should be given on the
data plate of all, except fully automatic, machines.]

3.1.3 Drag pressure: the gauge pressure required 1o
overcome, on a given machine and for a given pipe
cross sectional area, the sliding frictional drag of the
machine and pipe when closing. [NOTE: Gauge
pressure is a function of ram dimensions and the
efficiency of each machine and should be provided by
the manufacturer.]

3.1.4 Initial bead-up pressure: the gauge pressure
required o provide, on a given machine and for a
given pipe cross sectional area, an interface stress of
0.15 MPa and thereby form the initial bead on the
ends of the pipes.

3.1.5 Soak pressure: the gauge pressure required,
on a given machine and for a given pipe cross
sectional area, to positively maintain the pipe in
contact with the heater plate.

3.1.6 Jointing pressure: the sum of the fusion
pressure and the drag pressure.

3.1.7 Cooling pressure: the gauge pressure required
to provide, on a given machine and for a given pipe
cross sectional area, the appropriate interface stress
to be maintained during the cooling phase.



3.1.8 Heater Plate Temperature: The temperature at
any location on the surface of the heater plate shall
be 230°C (+10°C, -5°C).

3.1.9 Plate removal time: the maximum time
permitted for the separation of the pipe ends from the
heater, removal of the heating plate and closure of
the carriage to bring the two pipe ends together.

3.2 Siting the equipment

3.2.1 To aid alignment of pipes into the machine and
for ease of movement, pipes to be jointed shall
always be supported on rollers placed at suitable
intervals to minimize the effect of pipe sagging
between them.

3.7 7 The bytt jointing marhing chall be placed on a
cledn, level and firm surface.

NOTE: If necessary the jointing machine should be
placed on a suitable baseboard or ground sheet.

3.2.3 Pipe strings shall be laid out on a level surface
where possible. If the pipe string is on a slope,
particular care shall be taken when measuring and
coniroiling machine ram pressures to ensure that
corisistent results are obtained.

3.3 Preparation

3.3.1 The trimming tool surfaces shall be visually
inspected every day for grease and dirt and cleaned
where necessary.

3.3.2 Particular attention shall be paid to the condition
of the blades. Blunt or damaged blades shall be
replaced.

NOTE: Care should be taken when handling sharp
blades.

3.3.3 The heater plate shall be thoroughly washed
with copious quantities of clean water prior to any
welding. The heater plate shall be cold and
disconnected from the power supply when washed
[Note: A hot plate will evaporate the water from the
surface, cause smearing and leave hardness salts
behind].
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3.3.4 Only clean, disposable, lint-free materials shall
be used to clean the plate. Grease and oily films are
not fully removed by using water, therefore wiping
with a clean, lint-free cloth or cleaning material
dampened by isopropanol may be necessary.

NOTE: When using solvents for cleaning, the plate
should be cold to prevent rapid evaporation and avoid
unnecessary fumes.

3.3.5 Although washing will remove large patches of
dirt, very fine particles of dust may still accumulate
within the hollows of the textured surface of a heater
plate. To remove such dust, a dummy joint shall be
made at the start of each jointing session, whenever
the plate has been allowed to cool below 180°C, or at
a size change.

3.3.6 A second duirimy juiiit shall be made for sizes-
greater than 180 mm. The procedure to be adopted
is:

+ A dummy joint may be made using pipe off cuis
of the same size, SDR and material as the pipe
being installed. Alternatively, lengths of pipe
which are to be installed may be used for this
procedure, providing the pipe ends are allowed io
cool for at least 10 minutes before re-trimming to
make the production joint.

= Follow the normal trimming, bead-up and full
soak time routine for jointing {see 3.5).

* For automatic machines the procedure can be
discontinued after the full heat socak cycle
providing the machine automatically stores the
parameters for verification. Otherwise, a full joint
shall be made and cut out as proof that a dummy
joint has been done.

3.3.7 Prior to clamping in the butt fusion machine, the
ends of the pipes (in excess of the clamping area)
shall be wiped with clean, damp lint free material or
prescribed ‘wet wipe' on both inner and outer
surfaces to remove mud or dust.

3.3.8 The pipe shall be wiped dry prior {o proceeding.

3.3.9 To prevent contamination, the pipe ends shall
not be handled thereafter.
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34 Pre-jointing checks

3.4.1 Ensure that the equipment is correctly sited
(see 3.2 of this specification).

3.42 Check that there is sufficient fuel for the
generator to complete the joint. Start the generator
before connection to the machine and check that it is
functioning correctly.

3.4.3 Check trimming tool, hydraulic pump and heater
plate are clean and in working order (see 3.3 of this
specification).

3.4.4 Check both pipes or pipe and fitting to be jointed
are of the same size, SDR and material. Only
compatible materials shali be joined together.

NOTE: If in doubt the advice of the pipe or fitling
manufacturer should be sought.

3.4.5 The drag pressure (in bar) shall be assessed
accurately prior to making each fusion joint and
added to the obtained basic ram pressure values (in
bar).

NOTE 1: The drag pressure should normally be less
than the fusion pressure.

NOTE 2: Drag pressure is automatically measured
when fully automated butt fusion jointing machines
are used.

3.5 Jointing Procedure

3.5.1 Trimming

a) Position pipes in the clamps with ends adjacent to
the trimming tool and with pipe markings aligned.
This will assist in obtaining the best match in
diameter. Pipes shall be jointed so that the pipe
markings are uppermost when the pipe is in the
trench.

b) Tighten pipe clamps to grip and re-round the
pipes.

c) Cover the free pipe ends to prevent cooling of the
plate by internal draughts.

d) Switch on the trimming tool and move the pipe
ends against the trimmer with a steady pressure
until continuous shavings are produced from
each of the pipe ends.
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e} Release the pressure from the pipe ends slowly
in order to avoid steps on the trimmed faces and
move away from the trimmer tool.

fy Once the trimming tool has come to a halt
remove it from the chassis and then remove the
loose shavings from the machine and inside the
pipe or fitting. DO NOT TOUCH THE MACHINED
FACES OF THE PIPE OR FITTING as this will
contaminate the joint interface.

g) Check the pipe or fitting faces are completely
trimmed and re-trim if necessary.

h) Bring the pipe or fitting ends together and check
that there is no visible gap between the faces.
Also check that mismatch of the outside pipe
diameter is within the following limits:

* No discernible mismatch up to and including
180 mm.

« Less than 10% of wall thickness above
180 mm.

i) If the mismatch is greater than that stated above
then the pipe shall be realigned and re-trimmed.:

3.5.2 Bead up

a) Press the pipe against the heater plate using the
appropriate initial bead up interface pressures for
the chosen method of jointing (see 3.7 this
specification.) :

NOTE: The initial bead should be uniform around the
circumference and be of a width similar to those given
in the appropriate table.

3.5.3 Heat Soak

a) After the initial bead up, the pressure in the
system shall be released so that the pressure
gauge registers between zero and the drag
pressure to control bead growth during heat soak
time. Check that the clamps do not move. The
pipe ends shall be maintained in contact with the
heater plate.

3.5.4 Plate removal

a) During removal of the heater piate, no moiten
polymer shall stick to the heater plate. If it does
then the joint shall be aborted, the plate cleaned
and the surface quality of the plate examined.

b) The heater plate shall be removed and the molten
ends brought together within the specified time
for the chosen method of jointing (see 3.7 of this



d)

specification). If this criterion is not met then the
joint shall be aborted.

For single and dual pressure welding conditions
the maximum plate removal time shall be less
than 10 seconds.

For UKWIR Fastweld joints the maximum plate
removal time, shall be less than 3.5 seconds.

3.5.5 Fusion jointing;

a)

Immediately after plate removal the hot pipe ends
shall be brought together in a smooth controlled
manner and the pressure raised to the interface
fusion pressure for the chosen method of jointing
(see 3.7 of this specification).

NUTE 1 Trie fused material ohouia “rol” back in
NUTE 1! The fused material oh I back
a uniform manner and there should be no signs of
bubbles or contamination present.

NOTE 2: Provided that each half of the final bead
is of a similar shape and size, it has been agreed
that the overall width should not be a critical
factor for the assessment of a butt fusion joint —
hence the values quoted in the tables are typical
only. However, significant deviations need to be
investigated, looking at both pipe material and
equipment to identify possible reasons.

NOTE 3: The uniformity of the fusion joint bead
around the full circumference of the pipe and
between the two halves of the bead at any single
point around the circumferences, is however
important, as this indicates whether the butt
fusion equipment is set up and operating

properly.

3.5.6 Cooling

a)

The joint shall be allowed to cool whilst
maintaining the interface jointing pressure for at
least the times for the chosen method of jointing
for the appropriate size (see 3.7 of this
specification).

Pipes, which have not been supplied coiled, may
be released from the clamps for the final stage of
cooling.
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c)

During the cooling time out of the clamps the pipe
joint shall be lifted no more than absolutely
necessary to progress to the next joint. Pipe
strings shail not be pulled via a newly made joint
until the full cooling time has elapsed.

Any cover or plug used to block the ends of the
pipe may be removed to promote a draught
through the pipe to assist cooling.

Installation of the pipe shall not take place until
the surface temperature of the bead is below
40°C as measured by a digital surface probe
thermometer.

3.5.7 Bead Appearance

a)

All machines shall ensure that there are no
differences in final joint appearance due {o the-
alteration between Fastweld and conventional
welding technigues — for identical pipe types.

NOTE 1: The external weld beads should have
no wrinkles or discontinuities and be of
symmetrical appearance. The width should be
similar to those indicated in the respective table.

NOTE 2: Provided that each half of the final bead
is of a similar shape and size, the overall width
should not be a critical factor for the assessment
of a butt fusion joint — hence the bead sizes
quoted in the appropriate table 1, 2 or 3 are

typical only.

3.5.8 Debeading

a)

After the cooling time has elapsed the external
beads (and internal beads if required) shall be
removed using a suitable debeading tool
approved by the client. The bead removal tool
shall not induce any slits gouges or defects in the
pipe wall or bead.

On removal, the bead shall be examined for signs
of defects or spiitting along the length of the bead
joint. Further testing shall be carried out by
twisting the bead in several places along its
length, again looking for splitting.
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NOTE: For water/sewage transmission, the
internal bead will not significantly affect the flow
properties. Thus, there is no need to remove the
bead to improve hydraulic characteristics).
However, sticks and fibrous material can be
trapped by internal beads in pumped sewerage
mains.

c) If such a defect or split is seen then the joint shall
be cut from the pipeline and the joint remade. If a
similar defect recurs, all further production jointing
shall cease unti the equipment has been
thoroughly examined, problems rectified and new
trial joints made and tested

d) The beads and joint shall be numbered/coded
using an indelible marker pen.

3.6 Welding at low temperatures

3.6.1 Where welding is conducted at ambient
temperatures below 0°C, a space heater shall be
provided for the welding shelter to raise the local
temperature above 0°C for single pressure welding
and 5°C for all other methods.

3.6.2 Test joints shall be made to establish whether
satisfactory joint integrity is maintained. All tensile test
samples shall fail in a ductile manner. If it is
suspected that the low temperature has caused weld
embrittlement, then the average heat plate
temperature should be increased to the upper limit
specified (240°C). Further checks shall then be made
to ensure that satisfactory joint performance is
achieved.

3.6.3 Welding machines with control systems that do
not intrinsically compensate for ambient temperature
changes shall demonstrate effective compensation
operation through a defined appropriate test program
as agreed by the client utility or his appointed
representative.

3.7 Parameters specific to jointing method

3.7.1 Single pressure welding

a) Single pressure welding is suitable for jointing
pipes with wall thickness up to 22 mm. NOTE:
This equates to 90 to 400 mm, SDR 17 for
standard pipes but will be extended for thin wall
PE lining pipes.

b}y For Single Pressure welding, the sum of the
fusion pressure and drag pressure equals the
bead-up pressure, the jointing pressure, and the
cooling pressure (see figure 1a).
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Figure 1(a) Single pressure butt fusion jointing cycle
(not to scale)

Heater plate temp 230°C (+10°C, -5°C)

Initial bead-up
stress

0.15 MPa (+/- 0.02 MPa)

Heat soak time See Table 1

Indicated gauge
pressure
during heat soak

0 to drag

Heater plate 10 secs maximum

removal time

Bead roll over 0.15 MPa +/- 0.02 Mpa

| stress
Interface fusion 0.15 MPa +/- 0.02 Mpa
stress
Cooling time (in See Table 1
clamps)

Note: Jointing parameters for pipes of SDRs not
given in the table should be sought from the pipe
manufacturer.

3.7.2 Dual pressure welding

a) Dual pressure welding shall be used for all thicker
walled (>22mm) PE pipes to enhance ductility.

NOTE 1: It is recognised that there are some
materials for which conventional 'single pressure’
conditions are satisfactory for all sizes of pipe.
However, with certain PE 100 materials the polymers
may also be more crystalline. The polymer can have
a coarse crystal structure, and the region between
the molten and solid PE material can become shear-
distorted when force is applied during cooling. This
region can then reduce overall ductility in the weld
area.

NOTE 2: The objective of dual pressure welding is to
allow the molten polymer to cool with minimal shear
stress, thus allowing the crystal structure to develop
without distortion.

b) For Dual Pressure welding, the sum of the fusion
pressure and drag pressure equals the bead-up



