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FOREWORD

This document is the specification for polyethylene
pressure pipes for pressurised water supply and
sewerage duties. This second edition incorporates
minor revisions to facilitate third party assessment of
conformity.

It has been prepared by Pipeline Developments Ltd.
under the direction of the UK Water Industry’s
Standards Horizontal Group in consultation with the
Water Industry and manufacturers. it harmonises the
performance requirements previously specified in,
and supersedes, WISs 4-32-03, 4-32-09 and 4-32-13.
Existing test methods from these WISs have been
used wherever possible.

The requirements of the British Standards BS 6572
and BS 6730 are also accommodated as are the
requirements of European Standards prEN 12201
and prEN 13244, Note that, it is not intended that this
Water Industry Specification should supersede BS
6572 and BS 6730 in purchasing contracts

it should be noted that this document adopts the I1ISO
classification of PE materials. PE100 is now used to
describe HPPE grades. PES8O0 is now used to describe
MDPE.

It is intended that an Information and Guidance Note
describing the relationship between the properties
which are required of PE pipes and the design
philosophy currently used by the UK Water industry
will be prepared to complement this Specification.
This IGN will be numbered 4-32-18. Clauses in which
this document is referenced are shown in italics.

Compliance with this specification does not itself
confer immunity from legal obligations.

This specification does not purport to included all the
necessary provisions of a contract. Users of this
specification are responsible for its correct
application. Reference to British Standard, Water
Industry Specification or any other specification
applies equally to any equivalent specification.

This specification includes the use of substances
and/or procedures that may be injurious to health if
adequate precautions are not taken. It refers only to
technical suitability and does not absolve the user
from legal obligations relating to health and safety at
any stage.

it has been assumed in the drafting of this
specification that the execution of its provisions is
entrusted to appropriately qualified and experienced
people.

Information contained in this specification is given in
good faith. Neither UK Water Industry Research Ltd,
Water UK, WRc plc nor Pipeline Developments Ltd
can accept any responsibility for actions taken by
others as a result.

Technical enquiries should be directed to: WRc plc, Frankland Road, Blagrove, Swindon, Wilts, SN5 8YF

Further copies from:
WRc, Frankland Road, Blagrove, Swindon, Wilts, SN5 8YF
Tel: +44 (0) 1793 865138/069/012 Fax: +44 1793 865001
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1. SCOPE

This document specifies the requirements for PE
pipes for the following duties:

e Blue pipes for potable water supply for use below
ground in diameters 20 mm to 1600 mm.

o Blue pipes with brown stripes (to indicate an
external ‘skin’ of a different polymer — to provide
resistance to scoring, use for contaminated land
etc.) in diameters 20 mm to 250 mm (or above-as
demand dictates).

e Black pipes for above ground use for potable
water supply in diameters 20 mm to 1600 mm.

e Black pipes for sewerage and general purpose
duties in diameters 20 mm to 1600 mm.

e Black pipes with brown stripes (to indicate the
presence of an external ‘skin’ of a different
polymer — to provide resistance to scoring) in
diameters 20 mm to 250 mm (or above-as
demand dictates).

e Black pipes with green stripes for grey water in
diameters 20 mm to 1600 mm.

e Coiled pipe in diameter range 20 mm to 180 mm.

The requirements of this specification include
materials, dimensions, effect on water quality and
marking as well as physical and mechanical
properties.

NOTE 1: Grey water transmission includes the
conveyance of raw water prior to treatment.

NOTE 2: Blue pipe may be used above ground only
if protected against UV light.

For all pressure duties there are no differences in
mechanical properties required for water supply and
other applications.

PE pipes used with protective ‘skins’ shall meet all
the requirements of this specification. However, any

additional properties of ‘skinned’ pipes are outside the
scope of this document.

2 PREFERRED PRESSURE
CLASSES AND SIZES

PE pipes shall be standardised in three size ranges:

Range 1: 20 mm to 63 mm - Pipe will be PN 12.5
PES8O

Range 2: 75 mmto 315 mm



Range 3: 355 mm to 1600 mm

NOTE: See clause 3.2 for pressure classes relevant
to Ranges 2 and 3.

3. CLASSIFICATIONS

3.1 Material Classification

3.1.1  This specification requires that the materials
supplier shall be able to verify using rapid crack
propogation test data that the design pressures for
targe diameter pipes are not compromised. This shall
be in addition to requirements for the minimum MRS
values.

NOTE: Where the supplier does not have pressure
pipe data for a PE 80 material indicating full
resistance to RCP, but instead only has notched
impact toughness data (clause 5.3.5) as a measure of
RCP resistance, the re-rated pressure should be
determined in accordance with criteria given in
Information and Guidance Note (IGN) 4-32-18 on the
‘Choice of Pressure Ratings for PE Pipe for Water
Supply and Sewerage Duties’.

3.1.2 Pipes shall meet the appropriate long-term
stress crack resistance properties as specified below.

a) PE 100 shall have an MRS of 10 MPa at 50 years
at 20°C, tull RCP resistance, and >1000 h long term
crack resistance (see 5.3.3).

b) PE 80 shall have an MRS of 8 MPa at 50 years at
20°C, RCP resistance in accordance with 4.3.4, and
> 1000 h long term crack resistance (see 5.3.3).

NOTE: In line with CEN and ISO recommendations,
the Overall Service (Design) Coefficient C will be 1.25
in accordance with BS EN 1SO 12162.

3.2 Pressure Classification

3.2.1 For 20 mm to 63 mm diameter pipes (range 1,
see Clause 2): all pipes shall be supplied as SDR11.

NOTE: This formally equates to a pressure class of
PN12.5. It is recognised that suppliers will wish to
supply small bore pipes which are marked to the
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requirements of BS 6572 and BS 6730 which use a
PN12 rating for SDR11. This does not imply any de-
rating, in practice , the pipe will still sustain 12.5 bar
pressures.

3.2.2 For 75 mm to 315 mm diameter pipes (range 2,
see Clause 2): the preferred pressure ratings for
different SDRs are given in Table 1.

3.2.3 For sizes above 315 mm (range 3, see
clause 2): the pressure ratings are given in Table 1
for those materials that meet the full RCP
requirements as defined in Table 4.

SDR PE 80 PE 100
11 PN12.5 PN16
17 PN8 PN10
26 PN5 PN6&

Table 1: Pressure ratings for different materials

NOTE 1: Where pipe made from PE 80 material only
meels either the reduced RCP requirements in Table
4 of this specification or the notched sample impact
toughness requirements in 5.3.5, the pressure rating
may be reduced by a design factor (f) as given in
IGN 4-32-18. The pipe marking should include an
agreed reference to indicate this (see Clause 10 of
this specification.

NOTE 2: Other SDRs may be used for special
applications. Advice is given in IGN 4-32-18.

4. TESTING - STATUS

4.1 General

Type and Batch Release tests are carried out by the
raw material supplier and the pipe manufacturer.

For Type Tests the extreme diameters in each size
group (see clause 2) and the largest diameter
manufactured shall be tested unless otherwise stated
in the referring text or Appendices.
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TEST Type | BRT | Clause
Test

« Black compound

Carbon black content / / 5.2.3¢c

Carbon black dispersion / / 524

* Blue compound

Colour / / 5.2.3 a)

Dispersion / / 5.2.4

Weathering { 5.4

* All compounds

Density / / 5.2.7

Long term MRS at 20°C / 5.3.1

oIT / / 5.2.6

MFR / / 525

Moisture / 5641

General properties / 53.2

Long term Stress Crack / 533

Resistance at BO'C: on

notched pipe

Resistance to fracture / 535

by impac! (Gc)

RCP (Full Scale Test) / 5.3.4

Welding Characteristics / 5.5

Table 2: Raw Material Suppliers Tests

TEST Type | BRT | Clause
Test

Dimensions / 7

OIT / 9.2.3

Tensile yield stress / 9.2.2

Elongation / 9.2.2

MFR Change' / 9.2.4

Appearance / 9.2.5

Long term hydrostatic at / 8.2

20°C (Cross checks)

Long term hydrostatic at / 83

20°C (Squeezed pipe)

Short term Stress Crack / 9.3.21

Resistance’ or Notched or

C Ring (> 225 mm) 9.3.2.2

Long term Stress Crack / 8.4

Resistance at B0°C: on

notched pipe

Welding of coiled pipe / 8.5

Charpy Impact Ge (PE- / 9.3.3

80 materials for sizes

>315 mm & large

quantities)

Water Quality / 6.1

Note 1: Only when reprocessed material used
Note 2: Size ranges 2 and 3

Table 3: Pipe Manufacturer's Tests
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5. MATERIALS PROPERTIES
(DETERMINED BY MATERIALS
SUPPLIER)

5.1 Materials

The physical and mechanical properties of the raw
material and tests (Type Tests) described in sections
5.2 and 5.3 shall form the basis of a technical file or
dossier for the material.

The tests listed in section 5.6 are Batch Release
Tests and shall form the basis of a supply agreement
between the pipe manufacturer and the materials
supplier.

5.2 Physical Properties
5.2.1 Base polymer

The base polymer used for the manufacture of PE 80
compounds shall have a reference density in the
range: 930< p <940 kg/m°.

5.2.2 Compound composition

The compound from which pipes are produced shall
be made by adding to the base polymer only those
additives antioxidants, pigment, carbon black, UV
stabilisers, etc. that are necessary for the
manufacture and end use of the products conforming
to the requirements of this standard. All additives
shall be uniformly dispersed.

5.2.3 Colour

a) The colour for polyethylene pipe for underground
potable water applications shall be (light}) blue for
PES80 within the range 18E51 to 18E53 of BS 5252
and (dark) blue for PE100 within the range 20D44 to
20D45 or 20E53 to 20E56.

NOTE: The colour of the skin on skinned pipe shall
comply with these requirements.

b) The colour of the pipe for above ground
applications, sewerage and general purpose water
shall be black. The carbon black used shall have a
primary particle size of 10 nm to 25 nm.

c) Carbon black content shall be 2% to 2.5% when
measured according to 1ISO 6964.



5.2.4 Pigment Dispersion

The dispersion of pigment shall be uniform, and meet
< grade 3 when measured in accordance with I1ISO
139489 using the compression method. For carbon
black dispersion, ISO 11420 shall be used with the
same requirements.

5.2.5 Melt Mass Flow Rate (MFR)

This shall be determined by the method given in ISO
1133 (condition T). Variations shall be within the
range +20% of the nominal value quoted by the
material supplier.

5.2.6 OIT

The material shall meet a requirement of > 20
minutes when tested at 200 °C according to 1ISO TR
10837. Tests may be carried out at 210 °C or higher
providing there is a clear correlation to the results at
200 °C. In the case of dispute the reference
temperature shall be 200 °C.

5.2.7 Density

The density of the final coloured compound, shalil be
determined in accordance with ISO 1183 Part 1. This
shall apply for both blue and black compounds.

53 Mechanical Properties

5.3.1 Determination of Long Term MRS: The MRS
of the material shall be determined at 20 °C, 50 years
using the ISO TR 9080 method of analysis in order to
classify the material either PE 80 or PE 100 from the
97.5% LCL in accordance with BS EN 1SO 12162.

The lifetime at a stress of 1.2 times MRS shall be
declared to indicate a safe time for pressure tests
during mains commissioning.

5.3.2 General Properties for Installation and
Design

For the purposes of design against short term loading
and long-term creep deformation at 20 ‘C, the
supplier of the raw material shall provide the following
information to both the pipe supplier and purchaser (i
requested).
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(a) Stress-Strain Response: The tensile yield
stress, yield strain and failure strain of the polymer.
Tests shall be conducted at a nominal strain rate of
0.2/sec.

{b) Short Term Surge Pressure Resistance: The
value of the short term burst stress of a notched pipe
(of size > 90 mm) made from the compound shall be
given (notching to 10% of wall by method given in BS
EN I1SO 13479). The pipe shall be pressurised to
either give failure or attainment of at least 2.5 times
the pressure rating (PN) at a loading rate of 8 bar/sec
—in accordance with IGN 4-37-02.

5.3.3 Long Term 80°C Stress Crack Resistance on
Notched Pipe

When tested in accordance with BS EN ISO 13479
(Notched Pipe Test), the pipe shall not fail within
1000h when pressurised at 9.2 bar (PE 100) or 8.0
bar (PE 80), as appropriate.

The test shall be carried out on 110 mm, 125 mm or
180 mm SDR11 pipe.

534 Resistance to Rapid Crack Propagation
To demonstrate resistance to rapid crack propagation

(RCP), the pipe shall be tested in accordance with
and meet the requirements in Table 4.
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Hesist Aequirements Conditions Material Internal Test
ance to Pras- Meathod
ACP ™ sure
ARREST Temp <3°C
defined in
EN13477 (54) | Contents
250
mm 100% air PE 100" 10 bar EN
SDR11 | Full resistance PE 80' B bar 13477
100%: air EN
Full resistance PE 80° 8.5 bar 13477
PE BO' 14 bar
100% air ‘ BS EN
Reduced (le]
S500mm | resistance 5% Air PE 100" 13478
SDA11 | Reduced 85% Water PE 80 24 bar
resistance 20 bar
100%: air BS EN
100" air IS0
Full resistance 13478
Full resistance

Notel: If these requirements are met, the material is qualified for consistent
ratings of all ranges of pipe produced in accordirice with the scope of this
document.

Note2: If only these reduced requirements are met, tha FE 80 ratings should
be reduced for Range 3 sizes and SDRs as showrn in Tatle 2 of I1GN 4-32-
18.

Table 4: RCP Requirements for PE Materials

5.3.5 Resistance of Notched Samples to Fracture
by Impact

When tested in accordance with Appendix A, the
critical strain energy release rate (Gc) of samples
shall be greater than values given in Table 5.

NOTE: To assess the performance of the raw
material, the test may be carried out on samples
machined from the bore of pipe of an appropriate
thickness or compression moulded sheet.

Material Gc at 23°C Gc at 0°C
MRS 12mm*12mm 2mm*10mm
(kg/em’) (kJ/m?) (kJ/m’)
80 8 14
100 12 60

Table 5: Impact toughness requirements

A PE 80 grade pipe with reduced pressure ratings for
Range 3 (i.e. >315 mm) shall only be acceptable if:

a) the raw material supplier declares that there is no
known history of RCP failures in service, and

b) the
Table 5 are met.

© 2001

impact toughness

raquirements given in

54 Weathering Resistance

To demonstrate satisfactory weathering resistance,
the supplier shall expose pipe of size > 90 mm
(SDR11) to cumulative solar radiation>3.5 GJ/m®
(EN1056, I1SO 4607).

After exposure, the test pieces shall meet the
requirements of 9.2.2 and 9.3.2 of this specification.

When tested in accordance with 9.2.3 of this
specification, the OIT of the exposed surface, after
scraping less than 0.4 mm of the surface shall be >10
min.

NOTE: Skinned pipe shall these
requirements without the skin.

comply with

5.5 Welding Characteristics
5.5.1 Materials

Only those materials which may be welded in
accordance with WIS 4-32-08 (for butt fusion) or
equivalent shall be used to produce pipe to this
specification.

5.5.2 Butt fusion (standard)

Sample welds shall be made using both the single
and dual pressure conditions in WIS 4-32-08, as
appropriate to the pipe wall thickness.

When tested in accordance with Appendix D of this
specification, all samples shall fail in a ductile
manner.

5.5.3 Butt fusion (offset)

Sample welds shall be made as described in 5.5.2,
with a radial offset of at least 10% of wall thickness.

Hydrostatic stress rupture tests shall be carried out at
80 °C and at a stress level of 4.0 MPa (PE 80) or 5.0
MPa (PE 100) in accordance with ISO 1167, the time
to failure shall not be less than 1000 hours.

5.5.4 Fusion Compatibility

Unless otherwise declared by the material supplier,
all materials having a nominal MFR 190/5 within the
range 0.2 g/10 min to 1.4 g/10 min shall be
considered compatible for fusion to each other.

NOTE: Guidance on butt fusion welding together of
PE 80 and PE 100 materials should be sought from
the manufacturer.



5.6 Batch Release Tests

The supplier is required to carry out basic tests
(specified below in 5.6.1) on a representative sample
from the batch supplied.

The supplier shall operate a quality system
conforming to BS EN 1SO 9001/9002 as applicable.
This shall include a quality plan whereby details and
results for each test in clause 5.6.1 for each material
composition shall be made available to the purchaser
or his representative on request.

5.6.1 Test requirements:

The tests listed in clauses 5.2.3 a) and c), 5.2.4,
5.25,526,and5.2.7

In addition:

The residual moisture content shall be < 300 mg/kg
measured by the method given in EN 12118 or I1SO
760.

5.7 Processing Information

The materials supplier shall provide the pipe
manufacturer with all necessary information to allow
the compound to be processed into pipe to conform
to this specification. This shall include at least the
requirements in 5.2.2 and 5.2.3.

6. MATERIALS PROPERTIES -
(DETERMINED BY PIPE
MANUFACTURER)

6.1 Water Quality Approval

It is the responsibility of the pipe manufacturer to
secure approval that pipe made from any compound
offered for potable/raw water transmission has
approval from the Drinking Water Inspectorate (DWI).
Changes shall not be made to any approved
compound unless they have been ratified with the
DWI.

All materials in contact with, or likely to come into
contact with, water for public supply shall be
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introduced in compliance with the requirements of
Regulation 25 of the Water Supply (Water Quality)
Regulations 1989 or Water Supply (Water Quality)
(Scotland) Regulations 1990 or Regulation 24 of the
Water Supply Regulations (Northern Ireland) 1994,
as appropriate.

Whenever DWI regulations change, it is the supplier's
responsibility to ensure conformity with any new
requirements

Regulation 25 (1) (a) (24 in N. lreland) approval is
mandatory. This applies only to products used by
water companies in the treatment and distribution of
public water supplies: it does not apply to use of
fixtures and fittings on consumers' premises.
Approval under the Water Regulations Advisory
Scheme is also mandatory.

For water pipes, it is permissible to only use
compounds with stabilisers, antioxidants or other
additives which do not impart unacceptable taste and
odour to the water (e.g. as listed in Table 7 of BS
3412:1992). x 6,6 - diterbuty! - 4, 4 - thiodi-m-cresol.
shall not be used.

6.2 Rework

Clean reprocessable material generated from a
manufacturer’s own production of pipes conforming to
this specification may be used if it is derived from the
same compound as used for the relevant production.
Other reprocessed material shall not be used.

7. DIMENSIONS

7.1 Diameter and wall thickness

Pipe shall conform to the outside diameter and wall
thickness in accordance with 1ISO 161-1 (diameters),
ISO 4065 (universal wall thicknesses) and ISO
11922-1 (tolerances) for the nominal sizes given in
section 2.1 and SDRs specified in Table1.

The outside diameter shall be measured according to
BS 2782, Method 1101A, at a distance of at least one
diameter from the end of the pipe. The wall thickness
of any point around the circumference shall be
measured according to BS 2782, Method 1101A, or

© 2001



by an alternative method of at least equivaient
accuracy.

Measurements of all dimensions shall be related to
reference dimensions at 232C + 2°C.

The mean outside diameter of the pipe at a distance
from its end of < 0.1* the diameter shall not be less
than 98% of the diameter measured at least one pipe
diameter from the pipe end.

The ovality of pipes up to including nominal size
250 mm shall not exceed 0.02. The ovality of pipes
greater than 250 mm shall not exceed 0.035.

NOTE 1: A list of all pipe dimensions is given in
Table 6.

NOTE 2: Ovality is defined as: (maximum individual

pipe diameter minus the minimum individual pipe
diameter) divided by the mean pipe diameter.

© 2001
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Min Max Max Wall Thicknesses for pipe series
oD oD Ovality SDR 11 SDR 17 SDR 26
{(mm) (mm) (mm) min max | min max | min max
20 20.3 1.2 23 2.6 - - - -
25| 253 1.2 23 27 - - - -
32 323 1.3 3.0 3.4 - - - -
40 40.4 1.4 3.7 4.2 - - - -
50 50.4 1.4 4.6 52 - -
63 63.4 1.5 5.8 6.5 - - - -
75 755 1.6 6.8 7.6 - - - -
90 90.6 1.8 8.2 9.2 5.4 6.1 - -
110 | 1106 2.2 10.0 11.1 6.6 7.4 4.2 4.8
125 | 1256 25 114 | 127 7.4 8.3 4.8 5.4
140 | 1409 2.8 12.7 11441 8.3 9.3 54 6.1
160 | 161.0 3.2 14.6 16.2 9.5 10.6 6.2 7.0
180 ( 181.1 3.6 164 | 18.2 10.7 [ 11.9 6.9 7.7
200 | 201.2 4.0 18.2 | 20.2 11.9 [13.2 7.7 8.6
225 | 226.4 4.5 205 | 227 |13.4 | 149 8.6 9.6
250 | 251.5 5.0 227 | 251 148 | 16.4 9.6 10.7
280 | 281.7 9.8 254 | 281 166 | 184 |10.7 11.9
315 | 316.9 1.1 286 316 |18.7 207 |121 |135
355 | 357.2 12.5 322 356 211 234 | 136 | 15.1
400 | 402.4 14.0 36.3 | 40.1 237 [26.2 | 153 17.0
450 | 4527 15.6 409 [ 451 267 | 295 17.2 191
500 | 503.0 17.5 45.4 | 50.1 29.7 328 | 191 21.2
560 | 563.4 19.6 508 [56.0 |332 |36.7 |214 |23.7
630 | 633.8 221 57.2 | 63.1 374 (413 | 241 26.7
710 | 714.0 249 - - 421 465 |27.2 | 30.1
800 | 805.0 28.0 - - 474 (523 |[306 |338
900 | 905.0 31.5 - - 533 |588 |344 | 383
1000 | 1005.0 35.0 - - 59.3 [654 |382 |422
1200 | 1206.0 42.0 - - - - 459 |50.6
1400 | 1406.0 49.0 - - - - 53,5 |59
1600 | 1606.0 56.0 - - — — 61.2 67.5

Table 6: Pipe Dimensions
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7.2 Cut end tolerance

The ends of the pipe shall be cut cleanly and square
to within the tolerances given in Table 7.

Maximum tolerance
(mm)

Nominal Pipe
Diameter (mm)

20
25
32
40
50
63
75
90
125
140
160
180
225 <315
355 < 500
560 < 1000
1000 < 1600

WM NN

~N oW

—
61

Table 7: Cut End Tolerances

7.3 Length

Standard pipe lengths are 6 m, 12 m and 18 m. Other
lengths should be agreed by negotiation.

7.4 Coil Dimensions

Polyethylene pipes in the size range 75 mm to
180 mm, supplied as coils or on drums, shall be

produced in accordance with the requirements of
Appendix C of this specification.

Coils are normally supplied in 25 m, 50 m, 100 m, and
150 m lengths dependent on diameter. Overall
dimensions of coils or pipe on drums shall be as
shown in Table 8.

© 2001
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Nominal Pipe Minimum Internal Coil
Diameter Diameter (m)

(mm) SDR 11 SDR 17
20 0.6 n/a
25 0.6 n/a
32 0.7 n/a
40 1.0 n/a
50 1.0 n/a
63 1.3 n/a
75 1.5 2.2
90 1.8 25
110 2.0 25
125 2.5 2.5
180 2.5 2.5
180 3.0 3.0

Table 8: Coil Dimensions

After uncoiling, the ovality (as defined in 7.1 Note 2)
of any pipe section shall be less than 12% and 6%
for SDR17 and SDR11 product respectively.

Polyethylene pipes in the size range 90 to 180,
supplied as coils or on drums, shall be produced in
accordance with the requirements of Appendix C. If
required, equipment for re-rounding and/or
straightening the ends of coils shall be used,
particularly on nominal size 180.

8. TYPETESTS

8.1 General Requirements

The following tests in this section are designed to
demonstrate that the pipe produced by the
manufacturer has the same long term properties as
the basic material compound. They are not required
to be performed on each batch of pipe.

8.2 Long-term hydrostatic strength at 20°C
When tested in accordance with the method
described in ISO 1167, the failure times of 3 test
pieces (one from each manufactured range) shall be
greater than the failure times from the LCL line
relevant to the stresses at 100, 1000 and 5000h from
data generated by the material supplier to determine

the MRS classification of the material in accordance
with ISO/TR 9080.

NOTE: Manufacturers can claim provisional
acceptance with the requirements of this clause by



completing the tests up to 1000 h providing the test
piece relevant to 5,000 h is in progress.

8.3 Pipe subjected to Squeeze-Off

When squeezed-off in accordance with BS EN
12106: 1998, the time to failure in a hydrostatic
stress rupture test at a stress level of 4.6 MPa (PE

80) and 5.5 MPa (PE 100) of a sample of 180 mm
SDR11 pipe shall not be less than 165 h.

8.4 Long Term 80°C Stress Crack Resistance
on Notched Pipe

Pipe suppliers shall determine long term stress crack
growth data on pipe from their own production on all
materials used.

The requirements of 5.3.3 shall be met.

NOTE: For skinned pipe, the skin is ignored for the
purposes of this test, i.e. the thickness of the
remaining ligament after notching specified in BS EN
ISO 13479 apply.

8.5 Welding of Coiled Pipe

Using standard industry equipment, the pipe
manufacturer shall demonstrate that coiled pipe can
be satisfactorily re-rounded to allow jointing by both
butt fusion and electrofusion. The pipe section for
testing shall be cut from the part of the coil with the
smallest radius.

Compliance with this requirement shall be
demonstrated by a type test using PE 100 160 mm or
180 mm SDR17 coiled pipe. Butt fusion joints made
to WIS 4-32-08 shall satisfy the requirements of
clause 5.5.2 within this specification. Electrofusion
coupler joints made and tested according to Appendix
B of WIS 4-32-14 March 1995, shall satisfy the
toughness requirements in clause 7.8 of that
specification.

NOTE: This pipe test does not remove the need for
fittings suppliers to demonstrate the performance of
their electrofusion couplers against relevant Water
Industry specifications.
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9. BATCH RELEASE TESTS

9.1 General Requirements

Before releasing any batch of pipe, the supplier is
required to carry out basic tests (specified below) on
representative pipe samples from the batch to be
supplied

The manufacturers shall operate a quality system
conforming to BS EN ISO 9001/9002 as applicable.
This shall include a quality plan whereby details and
results for each test in clause 8 for each material
composition shall be made available to the purchaser
or his representative on request.

9.2 Batch Release Tests on pipes in all size
ranges
9.2.1 For all size ranges, the manufacturer shall

employ a quality control system requiring regular
checking of the following.

9.2.2 Tensile Properties: Tests shall be carried out
in accordance with ISO 6259 (Parts 1 & 3) using the
specified test speeds. The value of yield stress (o)
and elongation at break shall not be less than the
values given in Table 9.

Property PE 80 PE 100
Tensile Strength > 15 MPa > 19 MPa
Elongation > 350% > 350%

Table 9: Tensile properties

9.2.3 Oxidation induction time: The material shall
meet a requirement of > 20 minutes when tested at
200°C according to 1ISO TR 10837. Tests may be
carried out at 210°C or higher providing there is a
clear correlation to the results at 200°C. In the case of
dispute the reference temperature shall be 200°C.

9.2.4 MFR Change: When reprocessed material is
used, the MFR shall not change on samples taken
from the product by more than 20% from the range of
the virgin compound supplied.

9.2.5 Appearance

When viewed without magnification, the internal and
external surfaces of the pipe shall be smooth, clean
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and free from scoring, cavities and other surface
defects which may affect pipe performance.

9.3 Additional Batch Release Tests on pipes
in size ranges 2 and 3

9.3.1 The manufacturer shall employ a quality
system requiring regular checking of the short term
stress crack resistance by the Notched Pipe Test.
The Notched C Ring test is an alternative option to
the Notched Pipe Test for pipe of diameter > 225 mm.

The Charpy Impact Toughness measurement shall be
made on pipe of diameter > 315 mm when the
production volume exceeds the stated figures in
clause 9.3.3.

9.3.2 Short Term 80°C Stress Crack Resistance

9.3.2.1 Notched Pipe Test: For batch release of
pipe in size ranges 2 and 3 only the pipe supplier
shall carry out 80°C/165 h control point tests on
notched pipe in accordance with BS EN ISO
13479.Values for appropriate test conditions for
different pipe SDRs are given in Table 10.

NOTE 1: One pipe specimen is deemed sufficient for
this purpose.

NOTE 2: The batch may be released earlier by
agreement with the purchaser based on historical
conformance with the test requirements.

NOTE 3: For skinned pipe, the skin is ignored for the
purposes of this test, i.e. the remaining ligaments
after notching specified in BS EN ISO 13479 apply.

SDR Test Pressure
PE 80 & PE 100
11 9.2 bar
17 5.75 bar
26 3.68 bar

Table 10: Test Pressures for 80°C Stress Crack
Resistance Test

9.3.2.2 Notched C Ring: Where there are time
constraints in completing the batch release test
requirements set out in clause 9.3.2.1 on larger
diameter pipes (>225 mm SDR11), the 20°C stress
crack resistance may be determined using the C Ring
procedure in Appendix B.
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The load level shall be calculated to apply stresses to
cause failure at 1 hr. Where samples have not failed
after 10 hr, the test may be discontinued at the
supplier's discretion.

NOTE 2: To ease assessment of the 1h control,
samples shall be loaded at different stresses to
establish a regression line to compare with
pressurised pipe regression data.

The result at the test stress shall be greater than the
95% upper confidence limit line generated from
pressure tests. The failure shall be via ductile tearing
rather than unstable, brittle cracking.

9.3.3 Charpy Impact Toughness

For PE 80 materials where pressure rating reduction
is applied for sizes > 315 mm, the impact toughness
shall be determined whenever a production run
producing total pipe in excess of 2 km or 100 tonnes
weight of pipe is executed.

The test shall be carried out in accordance with
Appendix A of this specification at both 0°C and 23°C.
Samples shall be cut from the axial direction and
taken from a region as close to the bore as possible.
The toughness (Gc), shall meet the requirements
given in Table 5.

10. MARKING

The marking of pipe shall remain legible under normal
handling, storage and installation procedures. No
method of marking shall prejudice the performance of
the pipe when tested to the requirements of this
specification. The marking shall show the following:

a) The manufacturer’s identification, the polymer
classification (e.g. PE 80, or PE 100) together with a
code identifying the basic raw material source.

b) The number of this specification.
¢) The nominal size and SDR.

d) Continuous pressure rating at 20°C (Either PN'X’
or ‘X’bar is acceptable).

Values shall conform to those in Table 1 for all pipes
that carry the full design stress.

NOTE: Where there has been pressure rating
reduction applied for PE 80 materials in Range 3 (see
2.2.3), the marking should be agreed between client
and supplier) to indicate that the design slress Is
reduced.



e) Along one strip only- the manufacturing codes to
identify the production line, date and production shift.

f) For pipe intended for potable water supply the
word “WATER” shall appear 3 times/metre.

g) For pipe intended for grey water supply the words
“GREY H20" shall appear 3 times/metre.

h) For sewage/drainage pipe, the words “WASTE
WATER” shall appear 3 times/metre. For grey water
transport, pipe shall be black with green stripes on
quadrants. Stripes shall be clearly visible - typically in
the range 8 mm to 16 mm wide for sizes 90 mm to
355mm.

i) All coils of pipe > 63 mm diameter shall have the
lead and trailing ends clearly marked with the words
"START" and "END" - indicating which bands are to
be first cut.

All pipes shall be marked at intervals not greater than
1 m along two strips on opposite sides of the pipe for
diameters > 90 mm. For diameters < 90 mm marking
along one strip only is sufficient. The marking shall be
printed in a suitable shade of the following colours:

SDR 11 Black (blue pipe) : White (black pipe): SDR
17 Red: SDR 26 Yellow

The height of characters shall be greater than 3 mm
for pipe sizes less than 125 mm and greater than
5 mm for sizes > 125 mm.

11. SUPPLY OF STRAIGHT AND
COILED PIPE

11.1  Supply of Straight Pipes

Whilst under the manufacturer's control, the pipes
shall be stacked/stored in such a way to minimise
dimensional changes, scratches and the effect of
weather. The pipe shall also be protected from
contamination.

Straight lengths of pipe shall be supplied in crates
that are constructed to minimise distortion of, or
damage to, the pipes during transit or storage.
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When requested by the customer, all pipe intended
for potable water supply should be provided with end
closures to prevent ingress of contaminants. All swarf
shall be removed before fitting end closures. This will
allow pipe to comply with the requirements of
Technical Guidance Note 4 of the Water UK
“Principles of Water Supply Hygiene”.

11.2  Supply of Coils

Pipes shall be inspected prior to delivery to ensure
that the coiling has not caused excessive ovality that
could compromise dimensions after delivery to site
(section 7.5).

For sizes > 63 mm, all coils shall be securely banded
with tough tape, which cannot be removed except by
cutting. The banding operations are to be in
accordance with the procedures and values given in
Appendix C.

For smaller pipe sizes, coils may be supplied using
shrink-fit, tough plastic film to hold the coil in place.

12. REFERENCES

British Standards
BS 1610 Materials testing machines and
force verification equipment. Part
1: Grading of the forces applied
by materials testing machines.
Methods of testing plastics:
Measurements of dimensions of
pipes

Polyethylene materials for
moulding and extrusion

Testing machines for rubber and
plastics. Part 1: Constant rate of
traverse machines

Framework for colour co-
ordination for building purposes
Specification for black
polyethylene pipes up to nominal
size 63 for above ground use for
cold potable water

BS 2782

BS 3412

BS 5214

BS 5252

BS 6730
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BS 6572

BS EN ISO 179

BS EN ISO 9001

BS EN ISO 9002

BS EN 12106

BS EN ISO 12162

BS EN ISO 13478

BS EN SO 13479

Specification for blue
polyethylene pipes up to nominal
size 63 for below ground use for
potable water

Plastics — Determination of
Charpy impact strength of rigid
materials

Quality Systems — Model for
quality assurance in
design/development, production,
installation and servicing.
Quality systems - Model for
quality assurance in production
and installation and servicing
Plastics piping systems -
Polyethylene (PE) pipes - Test
method for the resistance to
internal pressure after
application of squeeze-off
Thermoplastic materials for
pipes and fittings for pressure
applications - Classification and
designation — Overall service
(design) coefficient
Thermoplastics pipes for the
conveyance of fluids —
Determination of resistance to
rapid crack propagation (RCP) -
Full-scale test

Polyolefin pipes for the
conveyance of fluids —
Determination of resistance to
crack propagation — Test method
for slow crack growth on
notched pipes (notch test)

European Standards

prEN 12201

prEN 13244

EN 1056

EN 12118

EN 13477
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Plastics piping and ducting
systems - Plastics pipes and
fittings — Test method for
resistance to direct (natural)
weathering.

Plastics piping systems -
Determination of moisture
content by coulometry
Determination of resistance to
crack propagation - Small scale
test (S4)
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International Standards

ISO 161

ISO 1133

ISO 1167

ISO 1183

ISO 4065

ISO 4607

ISO 6259

ISO 6259

ISO 6964

1SO 11420

ISO 11922

ISO 13949

Thermoplastics pipes for the
conveyance of fluids - Nominal
outside diameters and nominal
pressures - Metric series

Plastic — Determination of the
melt mass-flow rate (MFR) and
the melt volume-flow rate (MVR)
of thermoplastics
Thermoplastics pipes for the
conveyance of fluids -
Resistance to internal pressure -
test method

Plastics — Methods for
determining the density and
relative density of non-cellular
plastics

Thermoplastic pipes - Universal
wall thickness table

Plastics: Methods of exposure to
natural weathering
Thermoplastics pipes -
determination of tensile
properties and basic
specifications - Part 1: General
test method

Thermoplastics pipes -
Determination of tensile
properties and basic
specifications - Part 3: Polyolefin
pipes

Polyolefin pipes and fittings -
Determination of carbon black
content by calcination and
pyrolysis - Test method and
basic specification

Method for assessment of
carbon black dispersion in
polyolefin pipes, fittings and
compounds

Thermoplastics pipes for the
transport of fluids — Dimensions
and tolerances - Part 1 : Metric
series

Method for the assessment of
the degree of pigment dispersion
in polyolefin pipes, fittings and
compounds



ISO TR 9080

ISO TR 10837

Other
IGN 4-37-02

WIS 4-32-08

IGN 4-32-18

Thermoplastics pipes for the
transport of fluids — Methods of
extrapolation of hydrostatic
stress rupture data to determine
the long term hydrostatic
strength of thermoplastics pipe
materials

Determination of the thermal
stability of polyethylene (PE) for
use in gas pipes and fittings

Design against surge and fatigue
conditions for thermoplastic
pipes

Specification for site fusion
jointing of PE8B0 and PE100

The choice of pressure ratings of
polyethylene pipes for water
supply and sewerage duties (not
yet published).
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APPENDIX A
CHARPY IMPACT TESTING
METHODOLOGY

A1 Apparatus for the Determination of
Critical Strain Energy Release Rate Ge¢

A.1.1 Charpy pendulum test machine as described in
5.1 of BS EN ISO 179:1997

NOTE: The absorbed energy should be recorded
preferably using a digital display or chart recorder.

A.1.2 Means of producing notches of variable depth
across the test specimen. The resulting notch profile
shall be 45° + 15° included angle and have a notch
root radius of 10 um or less.

A.1.3 Measuring apparatus for the determination of
depth, thickness and crack depth to an accuracy of
0.01 mm.

A.2 Procedure

A.2.1 Test Piece Preparation

Sample testing by materials suppliers may be
conducted on compression moulded sheet.

Testing of samples by pipe manufacturers shall be
made on pieces cut from the bore sections of pipe
walls.

Without heating or moulding prepare a minimum of
15 impact test pieces cut from the longitudinal
direction of the pipe (see Figure A.1 and Figure A.2)
having the dimensions specified in Table A.1.

Nominal Test Thickness | Depth D | Length Test
pipe Temper- B (mm) (rmm) L span S
size ature (x0.2) (+0.15) (mm) (mm)

{(°C) (+2) (£0.2)
>315 23 (+2) 12 12 100 70
mm
>315 0 (£1) 2 10 80 40
mm

Table A.1: Charpy specimen dimensions (mm)
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Internal stress in the pipe may cause test pieces to
curve when cut. If this occurs, cut strips from the full
wall thickness and machine flat to the final
dimensions after the stress has been relieved e.g. 24
hours or longer elapsed time.

Machine the inside surface of each test piece first, to
produce a flat smooth surface with the minimum
removal of material, followed by the opposite surface.
Trim the remaining surfaces to give the appropriate
widths and approximate length.

NOTE: Woodworking planing machines have been
found to give an adequate finish.

N

Figure A.1: Orientation and dimensions of impact
specimens relative to pipe geometry

|

Figure A.2: Dimensions for Charpy impact
specimen

Where:

D= the depth of the impact specimen
B= the impact specimen thickness
L= the specimen length

S=the test span

a = the notch depth
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A band saw should not be used unless followed by
linishing. Circular sawing is preferable.

Machine a notch across the centre of the “internal
bore” surface of each impact test piece to produce a
series of test pieces such that a range of Charpy
calibration factor, &, of approximately 0.1 to 0.5 is
covered in approximately equal steps as shown in
Table A.2 and Table A.3.

When testing at 232C, condition the specimens at (23
+ 2)°C for 24 hours prior to testing.

When testing at 02C, condition the specimens at (0 +
1)2C for at least 2 hours prior to testing.

Measure the average thickness B and depth D of
each test piece adjacent to the notch and also the
notch depth measured from the side.

A.2.2 Impact test procedure

Ensure that the test apparatus is level and correctly
aligned for the test span as defined in Table A.1. By
performing preliminary tests ensure that the tup to be
used provides the appropriate impact energy for the
material (within 20-60 % of the indicated range) and
that the impact machine produces accurate readings
within permissible error limitations as specified in BS
EN ISO 179:1997.

The test velocity should be chosen to maintain the
strain rate of the test within a range of 30 to 100
reciprocal seconds (over which Gc has been found to
be essentially independent of strain rate) calculated
from the following formula:

_ 6DV

E e

Where:

E = strain rate (s")

D = test piece depth (m)

S = test span (m)

V = velocity of tup at impact (ms™)

For the specimen dimensions given in Table A.1 a
velocity of 2.90 ms™ is appropriate.

Place the test pieces in turn centrally on the supports
with the notch facing away from the tup and centre
the notch as shown in Figure A.3. It is essential that
uniform contact is achieved between the test piece
and the vertical supports. Release the tup and record
the impact energy absorbed in breaking each test



piece, applying corrections for frictional losses etc
where necessary.

l
V

G Striker

7

Figure A.3: Test configuration for Charpy impact
testing

On completion of the testing, measure the mean
notch depth from the face of each fractured test
piece.

NOTE: A convenient method is to use a binocular
microscope fitted with either a calibrated eyepiece or
moving table.

A3 Calculation of Results

Calculate the value of a/D for each test piece from the
sample dimensions, and from Table A.2 or Table A.3
depending on the impact sample dimensions. Obtain
the accurate value of Charpy calibration factor &.

Calculate the value of the product BD@ (m?) for each
test piece and plot a graph of impact energy W
(kilojoules) against BD@. Plot a regression line using
the method of least squares. (This line will always
have a positive intercept on the energy axis.). Obtain
a value of Gc (kJ/m®) from the slope W/BDQ of this
line.
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A4 Tests on Pipe Supplied to Contract

The pipe manufacturer may reduce the sample
testing by choosing to test a minimum of 5 samples.
The nominal notch depths for the samples tested at
23°C and 0°C shall be 3mm and 2.5 mm
respectively.

On completion of the tests, obtain accurate values of
@ for each sample in accordance with A.3, from
Table A.2 or Table A.3.

Where:

W'=Impact Energy
E, =Kinetic Energy of the sample

E  is determined by hitting blank samples from
reversed supports

All results including the average value of G¢ (KJ/m?)
shall be given for tests conducted at 23°C and 0°C.

AS TEST REPORT
The report shall include the following:

a) identification of the pipe under test;

b) average thickness, width and length of the impact
test pieces (mm);

c) the critical strain energy release rate Gc (kJ/m?);

d) impact energy of tup used (J);

e) velocity of test (ms™);

f) strain rate of test (s™);

g) date of test.
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0.000

0.001

0.002

0.003

0.004

0.005

0.006

0.007

0.008

0.009

0.2000 |0.6108
0.2100 |0.5866
0.2200 |0.5644
0.2300 |0.5440
0.2400 (0.5251
0.2500 |0.5076
0.2600 (0.4983
0.2700 |0.4827
0.2800 |0.4677
0.2900 |0.4535
0.3000 |0.4400
0.3100 |0.4271
0.3200 (0.4148
0.3300 (0.4031
0.3400 (0.3919
0.3500 (0.3813
0.3600 10.3712
0.3700 |0.3616
0.3800 [0.3524
0.3900 |0.3436
0.4000 |0.3352
0.4100 |0.3271
0.4200 [0.3194
0.4300 |0.3119
0.4400 |0.3048
0.4500 (0.2978
0.4600 |0.2910
0.4700 |0.2845

.4800 10.2780
0.4900 [0.2717
0.5000 [0.2654
0.5100 |0.2592

.5200 |0.2531
0.5300 |[0.2469
0.5400 |0.2407

0.6058
0.5820
0.5602
0.5401
0.5215
0.5114
0.4951
0.4796
0.4648
[0.4507
0.4373
0.4246
0.4124
0.4008
0.3898
0.3803
0.3702
0.3607
0.3515
0.3427
0.3344
0.3263
0.3186
0.3112
0.3040
0.2971
0.2904
0.2838
0.2774
0.2711
0.2648
0.2586
0.2524
0.2463
0.2400

0.6058
0.5820
0.5602
0.5401
0.5215
0.5114
0.4951
0.4796
0.4648
0.4507
0.4373
0.4246
0.4124
0.4008
0.3898
0.3793
0.3693
0.3597
0.3506
0.3419
0.3336
0.3256
0.3179
0.3105
0.3033
0.2964
0.2897
0.2832
0.2767
0.2704
0.2642
0.2580
0.2518
0.2456

0.2394

0.6033
0.5798
0.5581
0.5382
0.5197
0.5097
0.4935
0.4781
0.4634
0.4494
0.4360
0.4233
0.4112
0.3997
0.3887
0.3783
0.3683
0.3588
0.3497
0.3410
0.3327
0.3248
0.3171
0.3098
0.3026
0.2957
0.2890
0.2825
0.2761
0.2698
0.2636
0.2574
0.2512
0.2450
0.2388

0.6009
0.5775
0.5560
0.5363
0.5180
0.5081
0.4920
0.4766
0.4620
0.4480
0.4347
0.4221
0.4100
0.3986
0.3876
0.3772
0.3673
0.3579
0.3488
0.3402
0.3319
0.3240
0.3164
0.3090
0.3019
0.2951
0.2884
0.2819
0.2755
0.2692
0.2629
0.2568
0.2506
0.2444
0.2382

0.5985
0.5753
0.5540
0.5344
0.5162
0.5064
0.4904
0.4751
0.4605
0.4466
0.4334
0.4208
0.4089
0.3974
0.3866
0.3762
0.3664
0.3569
0.3479
0.3394
0.3311
0.3232
0.3156
0.3083
0.3012
0.2944
0.2877
0.2812
0.2748
0.2685
0.2623
0.2561
0.2500
0.2438
0.2375

0.5961
0.5731
0.5520
0.5325
0.5145
0.5048
0.4888
0.4736
0.4591
0.4453
0.4321
0.4196
0.4077
0.3963
0.3855
0.3752
0.3654
0.3560
0.3471
0.3385
0.3303
0.3225
0.3149
0.3076
0.3006
0.2937
0.2871
0.2806
0.2742
0.2679
0.2617
0.2555
0.2494
0.2432
0.2369

0.5937
0.5709
0.5499
0.5306
0.5127
0.5032
0.4873
0.4721
0.4577
0.4440
0.4309
0.4184
0.4085
0.3952
0.3845
0.3742
0.3644
0.3551
0.3462
0.3377
0.3295
0.3217
0.3141
0.3069
0.2999
0.2930
0.2864
0.2799
0.2736
0.2673
0.2611
0.2549

0.2487
0.2425
0.2363

0.5913
0.5687
0.5479
0.5288
0.5110
0.5015
0.4857
0.4707
0.4563
0.4426
0.4296
04172
0.4054
0.3941
0.3834
0.3732
0.3635
0.3542
|0.3453
0.3368
0.3287
0.3209
0.3134
0.3062
0.2992
0.2924
0.2858
0.2793
0.2729
0.2667
0.2605
0.2543
0.2481
0.2419
0.2357

0.5889
0.5665
0.5460
0.5269
0.5093
0.49899
0.4842
0.4692
0.4549
0.4413
0.4283
0.4160
0.4042
0.3930
0.3824
0.3722
0.3625
0.3533
0.3445
0.3360
0.3279
0.3202
0.3127
0.3055
0.2985
0.2917
0.2851
0.2786
0.2723
0.2661
0.2599
0.2537
0.2475
0.2413

0.2350
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a/D 0.0000 {0.0010 |0.0020 [0.0030 |0.0040 [0.0050 |0.006 [0.007 [0.008 [0.009

0.5500 |0.2344 |0.2338 |0.2331 [0.2325 [0.2319 |0.2312 (0.2306 |0.2299 (0.2293 (0.2287
0.5600 |0.2280 |0.2274 |0.2267 [0.2261 [0.2254 |0.2248 |0.2241 |0.2235 (0.2228 |0.2222
0.5700 |0.2215 (0.2209 (0.2202 |0.2195 |0.2189 |0.2182 (0.2175 (0.2169 |0.2162 (0.2155
0.5800 |0.2149 (0.2142 (0.2135 |0.2128 |0.2121 |0.2115 (0.2108 (0.2101 }0.2094 |(0.2087
0.5900 [0.2080 |0.2073 [0.2066 |0.2059 |0.2052 |0.2045 |0.2038 |0.2031 |0.2024 |(0.2017
0.6000 |0.2010 (0.2025 (0.2020 |0.2015 |0.2010 |0.2005 |(0.2000 (0.1995 (0.199 |0.1985
0.6100 [0.1980 |0.1975 [0.1970 |0.1964 0.1959 |0.1954 10.1949 |0.1944 ]0.1939 (0.1934
0.6200 |0.1929 |0.1924 [0.1919 |0.1914 0.1908 |0.1904 |0.1898 |0.1893 |0.1888 |(0.1883
0.6300 (0.1878 (0.1873 |0.1868 (0.1863 |0.1858 |0.1853 |0.1848 |0.1843 (0.1838 |0.1832
0.6400 [(0.1827 |0.1822 [0.1817 |0.1812 }0.1807 |0.1802 [0.1797 (0.1792 |0.1787 |0.1782
0.6500 [0.1777 |0.1772 |0.1766 |0.1761 ]0.1756 |0.1751 [0.1746 |0.1741 [0.1736 |0.1731
0.6600 (0.1726 [0.1721 [0.1716 |0.1711 |0.1706 [0.1700 |0.1695 }0.169 |0.1685 |0.168

0.6700 |0.1675 |0.1670 |0.1665 ]0.1660 |0.1655 |0.1650 (0.1645 |0.164 |0.1634 [0.1629
0.6800 {0.1624 [|0.1619 [0.1614 ]0.1609 |0.1604 ]0.1599 [0.1594 [0.1589 |0.1584 |0.1579
0.6900 [0.1574 |0.1568 |0.1563 |0.1558 |0.1553 [0.1548 [0.1543 |0.1538 |0.1533 [0.1528
0.7000 [0.1523 |0.1518 [0.1513 ]0.1508 |0.1503 ]0.1497 [0.1492 |0.1487 |0.1482 |0.1477
0.7100 [0.1472 [0.1467 |0.1462 |0.1457 |0.1452 [0.1447 |0.1442 |0.1437 |0.1431 (0.1426
0.7200 [0.1421 [0.1416 |0.1411 |0.1406 |0.1401 |0.1396 |0.1391 |0.1386 |0.1381 (0.1376
0.7300 [0.1371 (0.1365 |0.1360 {0.1355 |0.1350 [0.1345 |0.134 ]0.1335 |0.133 [0.1325
0.7400 (0.1320 (0.1315 |0.1310 [0.1305 |0.1299 [0.1294 |0.1289 |0.1284 10.1279 (0.1274
0.7500 [0.1269 |0.1264 |0.1259 |0.1254 [0.1249 (0.1244 (0.1239 [0.1233 [0.1228 |0.1223
0.7600 [0.1218 |0.1213 |0.1208 |0.1203 [0.1198 (0.1193 (0.1188 |0.1183 (0.1178 |0.1173
0.7700 {0.1167 |0.1162 |0.1157 |0.1152 |0.1147 [0.1142 (0.1137 [0.1132 [0.1127 |0.1122
0.7800 [0.1117 |0.1112 |0.1107 |0.1102 |0.1096 |0.1091 |0.1086 |0.1081 [0.1076 |0.1071
0.7900 [0.1066 |0.1061 |0.1056 |0.1051 [0.1046 |0.1041 |0.1036 |0.103 |0.1025 |0.102

0.8000 [0.1015 |0.1010 {0.1005 |0.1000 (0.0995 ]0.0990 |0.0985 |0.098 [0.0975 |0.097

0.8100 |0.0964 [0.0959 ]0.0954 |0.0949 (0.0944 |0.0939 (0.0934 |0.0929 |0.0924 (0.0919
0.8200 [0.0914 |0.0909 [0.0904 |[0.0898 |0.0893 [0.0888 (0.0883 [0.0878 (0.0873 |0.0868
0.8300 |0.0863 |0.0858 (0.0853 |0.0848 |0.0843 (0.0838 (0.0832 (0.0827 |0.0822 |0.0817
0.8400 |0.0812 [0.0807 |0.0802 |0.0797 {0.0792 |0.0787 |0.0782 |0.0777 |0.0772 |0.0766
0.8500 [0.0761 [0.0756 |0.0751 |0.0746 [0.0741 |0.0736 (0.0731 |0.0726 |0.0721 |0.0716
0.8600 [0.0711 |0.0706 |0.0700 |0.0695 |0.0690 [0.0685 [0.068 [0.0675 [0.067 |0.0665
0.8700 ]0.0660 [0.0655 |0.0650 |0.0645 (0.0640 |0.0635 (0.0629 |0.0624 |0.0619 (0.0614
0.8800 ]0.0609 |0.0604 ]0.0599 |0.0594 (0.0589 |0.0584 |0.0579 |0.0574 |0.0569 |0.0563
0.8900 |0.0558 |0.0553 (0.0548 |0.0543 |0.0538 (0.0533 |0.0528 [0.0523 (0.0518 |0.0513
0.9000 |0.0508 |0.0503 [0.0497 |0.0492 |0.0487 (0.0482 [0.0477 |0.0472 [0.0467 [0.0462

Table A.2 cont: Charpy calibration factor () for 12mm x12mm Samples (S/D = 5.833)



0.000

0.001

0.002

0.003

0.004

0.005

0.006

0.007

0.008

0.009

0.5256
0.5081
0.4918
0.4766
0.4623
0.4488
0.43860
0.4238
0.4123
0.4013
0.3908
0.3808
0.3712
0.3620
0.3531
0.3446
0.3365
0.3286
0.3210
0.3137
0.3067
0.2999
0.2933
0.2868
0.2806
0.2746
0.2687
0.2629
0.2573
0.2517
0.2463
0.2409
0.2356
0.2304

0.2253

0.5238
0.5064
0.4903
0.4751
0.4609
0.4474
0.4347
0.4227
0.4112
0.4002
0.3898
0.3798
0.3702
0.3611
0.3523
0.3438
0.3357
0.3278
0.3203
0.3130
0.3060
0.2992
0.2926
0.2862
0.2800
0.2740
0.2681
0.2623
0.2567
0.2512
0.2457
0.2404
0.2351
0.2299
0.2247

0.5220
0.5048
0.4887
0.4736
0.4595
0.4481
0.4335
0.4215
0.4101
0.3992
0.3888
0.3788
0.3693
0.3602
0.3514
0.3430
0.3349
0.3271
0.3196
0.3123
0.3053
0.2985
0.2920
0.2856
0.2794
0.2734
0.2675
0.2618
0.2561
0.2506
0.2452
0.2399
0.2346
0.22984

0.2242

0.5202
0.5031
0.4871
0.4722
0.4581
0.4448
0.4323
0.4203
0.4090
0.3981
0.3878
0.3779
0.3684
0.3593
0.3505
0.3421
0.3341
0.3263
0.3188
0.3116
0.3046
0.2979
0.2913
0.2850
0.2788
0.2728
0.2669
0.2612
0.2556
0.2501
0.2447
0.2393
0.2341
0.2289
[0.2237

0.5185
0.5015
0.4856
0.4707
0.4568
0.4436
0.4310
0.4192
0.4078
0.3971
0.3867
0.3769
0.3674
0.3584
0.3497
0.3413
0.3333
0.3255
0.3181
0.3109
0.3039
0.2972
0.2907
0.2843
0.2782
0.2722
0.2663
0.2606
0.2550
0.2495
0.2441
0.2388
0.2336
0.2284

0.5167
0.4998
0.4841
0.4693
0.4554
0.4423
0.4298
0.4180
0.4067
0.3960
0.3857
0.3759
0.3665
0.3575
0.3488
0.3405
0.3325
0.3248
0.3174
0.3102
0.3032
0.2965
0.2900
0.2837
0.2776
0.2716
0.2658
0.2601
0.2545
0.2490
0.2436
0.2383
0.2330
0.2278

0.2232

0.2227

0.5150
0.4982
0.4826
0.4679
0.4541
0.4410
0.4286
0.4169
0.4057
0.3950
0.3847
0.3750
0.3656
0.3566
0.3480
0.3397
0.3317
0.3240
0.3166
0.3095
0.3026
0.2959
0.2894
0.2831
0.2770
0.2710
0.2652
0.2595
0.2539
0.2484
0.2431
0.2378
0.2325
0.2273

0.2222

0.5132
0.4966
0.4810
0.4665
0.4527
0.4397
0.4274
0.4157
0.4046
0.3939
0.3837
0.3740
0.3647
0.3557
0.3471
0.3389
0.3309
0.3233
0.3159
0.3088
0.3019
0.2952
0.2887
0.2825
0.2764
0.2704
0.2646
0.2589
0.2534
0.2479
0.2425
0.2372
0.2320
0.2268
0.2217

0.5115
0.4950
0.4795
0.4651
0.4514
0.4385
0.4262
0.4146
0.4035
0.3929
0.3828
0.3731
0.3638
0.3549
0.3463
0.3381
0.3302
0.3225
0.3152
0.3081
0.3012
0.2946
0.2881
0.2819
0.2758
0.2698
0.2640
0.2584
0.2528
0.2474
0.2420
0.2367
0.2315
0.2263
0.2212

0.5098
0.4934
0.4781
0.4637
0.4501
0.4372
0.4250
0.4134
0.4024
0.3918
0.3818
0.3721
0.3629
0.3540
0.3455
0.3373
0.3294
0.3218
0.3145
0.3074
0.3005
0.2939
0.2875
0.2812
0.2752
0.2692
0.2635
0.2578
0.2523
0.2468
0.2415
0.2362
0.2309
0.2258

0.2206
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||a/D 0.0000 [0.0010 [0.0020 {0.0030 |0.0040 [0.0050 [0.0060 }0.0070 |0.0080 [0.0090
0.5500 [0.2201 }0.2196 |0.2191 (0.2186 |0.2181 [0.2176 |0.2171 |0.2166 |0.2161 |0.2156
0.5600 |0.2150 [0.2145 [0.2140 |0.2135 [0.2130 [0.2125 |0.2120 [0.2115 |0.2110 [0.2105
0.5700 |0.2100 |0.2095 |0.2090 |0.2085 (0.2080 [0.2075 [0.2069 [0.2064 |0.2059 |0.2054
0.5800 [0.2049 (0.2044 [0.2039 (0.2034 {0.2029 |0.2024 [0.2019 |0.2014 |0.2009 {0.2004
0.5900 |0.1999 |0.1994 [0.1989 (0.1984 10.1979 |0.1974 |0.1969 [0.1964 |0.1959 |0.1954
0.6000 (0.1949 [0.1944 {0.1939 (0.1934 |0.1929 |0.1924 (0.1919 |0.1914 |0.1909 (0.1904
0.6100 [0.1898 |0.1893 |0.1888 j0.1883 (0.1878 |0.1873 |0.1868 |0.1863 |0.1858 |0.1853
0.6200 |0.1848 |0.1843 (0.1838 [0.1833 [0.1828 [0.1823 [0.1818 (0.1813 [0.1808 (0.1803
0.6300 [0.1798 |(0.1793 (0.1788 }0.1783 |0.1778 |0.1773 |0.1768 |0.1763 (0.1758 [0.1753
0.6400 [0.1748 |0.1743 |0.1738 |0.1733 |0.1728 |0.1723 |0.1718 [0.1713 |0.1708 |0.1703
0.6500 |0.1698 [0.1693 |0.1688 (0.1683 [0.1678 |0.1673 |0.1668 |0.1663 [0.1658 |0.1653
0.6600 {0.1648 |0.1643 |0.1638 [0.1633 |0.1627 [0.1622 |0.1617 |0.1612 [0.1607 |0.1602
0.6700 |0.1597 |0.1592 |0.1587 (0.1582 [0.1577 |0.1572 |0.1567 {0.1562 |0.1557 |0.1552
0.6800 |0.1547 |0.1542 [0.1537 (0.1532 |0.1527 [0.1522 10.1517 |0.1512 (0.1507 [0.1502
0.6900 |0.1497 |0.1492 (0.1487 (0.1482 {0.1477 [0.1472 (0.1467 |0.1462 (0.1457 [0.1452
0.7000 |0.1447 |0.1442 (0.1437 (0.1432 |0.1427 (0.1422 (0.1417 |0.1412 (0.1407 }0.1402
0.7100 |0.1397 (0.1392 ]0.1387 (0.1382 [0.1377 [0.1372 |0.1367 |0.1362 [0.1357 {0.1352
0.7200 |0.1348 |0.1343 (0.1338 (0.1333 (0.1328 (0.1323 (0.1318 |0.1313 [0.1308 {0.1303
0.7300 |0.1298 (0.1293 ]0.1288 (0.1283 [0.1278 [0.1273 |0.1268 |0.1263 |0.1258 ([0.1253
0.7400 |0.1249 |0.1244 (0.1239 (0.1234 (0.1229 (0.1224 (0.1219 |0.1214 [0.1209 |0.1204
0.7500 |0.1199 |0.1195 {0.1190 (0.1185 [0.1180 [0.1175 (0.1170 |0.1165 |0.1160 ]0.1155
0.7600 [0.1151 [0.1146 (0.1141 (0.1136 |0.1131 |0.1126 (0.1121 |0.1116 |0.1112 |0.1107
0.7700 |0.1102 |0.1097 (0.1092 (0.1087 (0.1083 [0.1078 [0.1073 |0.1068 [0.1063 |0.1058
0.7800 |0.1054 |0.1049 (0.1044 [0.1039 (0.1034 (0.1029 [0.1025 |0.1020 {0.1015 |0.1010
0.7900 |0.1005 |0.1001 [0.0996 [0.0991 [0.0986 [0.0982 [0.0977 |0.0972 ]0.0967 |0.0962
0.8000 |0.0958 (0.0953 |0.0948 [0.0943 (0.0939 [0.0934 |0.0929 |0.0924 |0.0920 (0.0915
0.8100 |0.0910 |0.0905 (0.0901 (0.0896 [0.0891 [0.0886 {0.0882 |0.0877 |0.0872 |0.0868
0.8200 |0.0863 |0.0858 (0.0853 [0.0849 (0.0844 [0.0839 [0.0835 |0.0830 |0.0825 |0.0820
0.8300 |0.0816 |0.0811 {0.0806 (0.0802 (0.0797 (0.0792 {0.0788 }0.0783 }0.0778 |0.0774
0.8400 |0.0769 (0.0764 |0.0760 [0.0755 (0.0750 |0.0745 |0.0741 |0.0736 |0.0731 (0.0727
0.8500 |0.0722 |0.0717 (0.0713 [0.0708 [0.0703 [0.0699 ({0.0694 [0.0689 |0.0685 |0.0680
0.8600 |0.0675 (0.0671 |0.0666 |0.0661 (0.0657 [0.0652 |0.0647 |0.0643 |0.0638 [0.0633
0.8700 |0.0629 |0.0624 (0.0619 [0.0615 [0.0610 }0.0605 |0.0601 [0.0596 |0.0591 ]0.0587
0.8800 |0.0582 |0.0577 (0.0573 [0.0568 [0.0563 [0.0559 |0.0554 [0.0549 |0.0545 [0.0540
0.8900 |0.0535 (0.0531 |0.0526 [0.0521 (0.0516 [0.0512 |0.0507 [0.0502 |0.0498 {0.0493
0.9000 10.0488 |0.0484 |0.0479 |0.0474 ]0.0469 [0.0465 |0.0460 [0.0455 (0.0451 |0.0446

Table A.3 cont: Charpy calibration factor (&) for 2 x10mm Samples (S/D = 4)



APPENDIX B
METHOD FOR THE
DETERMINATION OF
SLOW CRACK GROWTH
RESISTANCE

B.1 APPARATUS
a) A tool capable of cutting a notch of less than 90°
included angle of uniform depth with a notch tip radius
not exceeding 10 um.

b) Equipment capable of applying a calculated load
accurate to within 50 g to the test piece and an
adjustable counter-balance.

c) Rigid curved supports extending the full length of
the test piece as shown in Figure B.1 are
recommended for SDR 17 pipe to ensure that a
controlled bending moment is applied to the notched
section.

Figure B.1: Schematic Diagram of the C ring Test
Configuration

B.2 TEST SPECIMEN

The test specimen shall be a section of pipe of length
95 + 5 mm cut in such a manner that the cut surfaces
are perpendicular to the longitudinal axis of the pipe.

A reference line shall be marked along the length of
the specimen and the wall thickness (t) and mean
pipe diameter measured at this section.

1

Dm ==
2

[oD + ID]

NOTE: The sample width may be reduced to 50 mm if
the supplier machines 1mm deep sharp sided
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grooves into the edges of the test piece along the
plane of anticipated crack growth, to remove the
influence of the plane stress shear lips.

If any possible sources of weakness are visible on
the pipe, e.g. spider lines, the reference line shall be
marked at this position. Cut a notch in the bore of the
test specimen at the marked section. The notch shall
be cut across the complete width of the specimen to a
depth of 25% of the wall thickness (the use of a
shaping machine is recommended).

Cut a section from the pipe ring at 180° to the notch
such that the distance between the “arms” of the slit
ring is approximately 20 mm. Drill longitudinal holes of
a suitable diameter through the pipe wall, close to the
tip of each arm. By inserting metal rods through these
holes a fulcrum and weight carrier may be attached to
the upper and lower arms of the specimen
respectively as shown in Figure B.2.

R i i S

Rigid pivot

Figure B.2: View of Assembled C ring (looking
from direction A of Figure 4)

If curved supports are used ensure that these are not
clamped to the specimen within 20 mm of the notch
and that there are no sharp points of contact between
the specimen and the support.

B.3 PROCEDURE

Weigh the lower curved support and clamps if used
and the weight carried.

Condition the test specimen for at least 24hr at a
temperature of (23°+ 2)°C.

The test load shall be calculated according to B.4, in
order to cause net section yielding on the plane
ahead of the crack tip for times greater than 1 hour
after initial loading.

Mount the upper arm of the specimen on a rigid
fulcrum and adjust the counter-balance (attached to



the upper curved support or the pipe itself) until the
ends of the upper and lower arms are aligned
vertically. The ambient temperature shall be
maintained at (23° + 2)°C throughout the test.

All samples shall fail only by ductile tearing. When the
sample has formed a hinge due to crack growth, the
test specimen may be removed. It is not necessary to
produce total severance of the section. Visual
examination of the fracture surface of the failed
sample must not show any evidence of unstable
brittle fracture.

Following testing, the initial notch size shall be re-
measured and the actual applied net section stress
calculated.

NOTE: Brittle failure of any hinged section caused by
opening the sample for inspection does not constitute
a failure to meet this specification.
B.4 CALCULATION OF THE TEST LOAD
The test load (P) (kg) is given by:
o, Br’(—alt)’) p
4g(D—-t+a) 2

Where:

o, = Value of Yield Stress at 1 hour (MPa)

B = Sample Width (m)

t = Wall Thickness (m)

a = Crack Size (m)

D = Pipe Outside Diameter (m)

g = acceleration due to gravity (ms®)

p = mass of lower half of the sample and support ring

(k)

An estimate of the value of o, may be obtained
directly from the pipe regression data. Otherwise, the
value shall be taken as 0.75 the short term dynamic
yield stress (determined using the tensile test defined
in 5.3.2).

It should be noted that for very tough materials (e.g.
MDPE), the applied stress may need to be increased
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to approximately 1.4 o, to produce failure. Other
HDPE materials will typically need 1.2 o, where the
failure mode is ductile.

B.5 REPORT

The report shall include the following information:

a) the full identification of the pipe from which the test
piece was prepared,

b) test temperature;

c) the load applied;

d) the calculated value of the net section stress;

e) the time to failure;

f) the date of the test.
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APPENDIX C
REQUIREMENTS FOR
POLYETHYLENE PIPE,

SUPPLIED AS COILS OR ON
DRUMS

C.A SCOPE

These requirements apply to all polyethylene pipe in
the size range 90 to 180 supplied as coils or on
drums. These include general requirements relating
to quality and means of constraining the pipe, as coils
or on drums, to permit the safe handling and
controlled dispensing of the pipe.

The overall dimensions of coils and drums are also
specified and requirements for marking included.
C.2 DEFINITIONS

For the purposes of this specification, the following
definitions shall apply.

C.2.1 Coiled pipe

Pipe extruded in a multilayer coiled configuration with
the layers strapped together to provide a stable unit
without a supporting centre core.

C.2.2 Drummed pipe

Pipe extruded onto a rigid framed reel with a
supporting centre core to which the pipe is anchored.
The pipe shall be dispensed from a trailer or low
loader.
Cc3 GENERAL REQUIREMENTS

C.3.1 The pipe, as coils or on drums shall conform to
the requirements of Sections 7 to 9 of this

specification determined in accordance with the
quality plan.

C.3.2 Al pipe shall be constrained in a stable
configuration which permits the safe and controlled
dispensing of the pipe. Restraining and dispensing
methods shall not damage the pipe e.g. kinking,
scoring, etc. The requirements of 9.25 of this
specification shall also apply.

C.3.3 The maximum external surface temperature of

the pipe at the time of coiling shall not exceed 35°C
(measured using an agreed method, e.g. contact
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thermometer probe) at a distance as near as practical
to the centre axis of the coiling machine.

C.3.4 Any open ends on coils or drums shall be
plugged or covered.

Ci4 COILED PIPE

Unless otherwise specified, coiled pipe shall be

supplied in minimum lengths of 50 metres and
multiples of 25 metres thereafter.

The maximum external diameter of any coil shall be
4.0 metres.

The maximum width of any coil shall be 1.0 metre.

Coiled pipe shall be constrained in a stable
configuration by strapping. The strapping shall permit
the removal of one layer of the coil without the
remainder of the coil being unravelled. The strapping
arrangement shall ensure that individual layers are
clearly discriminated and shall not be impaired by
transport and handling.

The ends of the coil shall be straight for a distance of
at least 2 pipe diameters excluding any anchorage
holes. If necessary, re-rounding/straightening tools
may be used.

C.5 DRUMMED PIPE

C.5.1 Drums shall be of such construction as to
withstand normal site handling.

a) The core diameter of the drum shall be not less
than 2.5 metres.

b) The maximum diameter of any drum shall not
exceed 4.0 metres. The PE pipe shall not stand proud
of the drum outer guardrail.

c) The maximum weight of the drum plus maximum
length of PE pipe shall not exceed 2500 kg. The pipe
manufacturer shall declare the maximum length of
pipe (for a given diameter and SDR rating) that is
compatible with the weight and drum dimension
criteria.

C.5.2 Where drums are supplied by the manufacturer
for direct use from a low loader, the weight limits of
C.5.1 shall not apply and the system shall incorporate
a braking device.

C.6 MARKING

Pipes shall be marked in accordance with clause 10
of this specification. In addition each coil and drum



shall be clearly and indelibly labelled with the
following:

Nominal weight of coiled pipe or nominal weight of
loaded drum, in kilograms, as applicable;

Requirements for safe handling and pipe dispensing.
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APPENDIX D
METHOD OF ASSESSING INITIAL
BUTT WELDING CAPABILITY

D.1 APPARATUS

Tensile testing machine accurate to grade A of
BS5214: Part 1: 1975 or grade 1.0 of BS1610: Part 1:
1985.
D.2 TEST PIECES

Cut longitudinal rectangular samples across the weld
from the full wall thickness of pipes butt fusion welded
together using the manufacturer's normal technique.
Longitudinal samples shall be taken from the full wall
thickness of positions equally spaced around the
circumference of the pipe.

The minimum number required for each range (see
clause 2) is four (range 1 + 2) and six (range 3).

Prepare test pieces of the form shown in Figure D.1.
This may conveniently be performed by first drilling or
milling holes at 45 mm centres along the weld then
cutting towards the holes from the edges. The
radiused portions of the test pieces shall be smooth
but the finish of the remaining edges is not critical.

Debeaded weld

O] O

[

10 mm rad

-

Figure D.1: Tensile specimen geometry for welds

NOTE 1: A “spade” type wood drill has been found to
give satisfactory results.

NOTE 2: To minimise the possibility of contamination
it is recommended that the cold heater plates are
thoroughly cleaned using water (or if necessary a
Suitable solvent) and a clean lint free cloth or lissue.
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For optimum results an initial weld should be made
and discarded.

2z

D3 METHOD

Condition the test pieces and test them in tension at a
grip separation rate of 5mm min" + 10%. Allow the
tests to continue until the test piece breaks and
observe the failure modes, e.g. ductile tearing, flat
brittle failure.

(nw) avol

[

t
1
I
I

al-

26 36
DISPLACEMENT (mm)

Figure D.2 shows examples of the tensile failure of
modes of welds. -

Figure D.3: Example of load/deflection trace for
ductile failure
D.4 REPORT
The report shall include the following information:
a) The identification of the pipes.

b) Full description of the welding conditions including
type of machine used.

c) The failure modes.

d) The date of the test.

(c) Brittle

Figure D.2: Examples of tensile failure modes

NOTE: Where a load/defiection trace is availabie it
should be expected to appear as in Figure D.3 for an
acceptable failure mode.
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