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Foreword

This document (EN 598:2007+A1:2009) has been prepared by Technical Committee CEN/TC 203 “Cast iron pipes,
fittings and their joints®, the secretariat of which is held by AFNOR.

This Eurcpean Standard shall be given the status of a national standard, either by publication of an identical text or by
endorsement, at the latest by December 2009, and conflicting national standards shall be withdrawn at the latest by
December 2009.

This document includes Amendment 1, approved by CEN on 2009-05-23.
This document supersedes Py EN 598:2007 &.
The start and finish of text introduced or altered by amendment is indicated in the text by tags &l

This document has been prepared under a mandate given to CEN by the European Commission and the European
Free Trade Association, and supports essential requirements of EU Construction Products Directive {89/106/EEC).

For relationship with EU Construction Products Directive, see informative Annex ZA, which is an integral part of this
document.

This European Standard is in conformity with the general requirements already established by CEN/TC 185 in the field
of sewerage.

Annex ZA includes the requirements of the mandate given under the EU Construction Products Directive
(B9/106/EEC). Only if the requirements specified in Annex ZA are met, the CE marking will be effected.

For reasons of conformity with mandate M/131 "Pipes, tanks and ancillaries nof in contact with water intended for
human consumption”, EN 598:1994 has been revised by extension with Annex ZA (see Resolution CEN/BT 113/1994
and CEN/BT 63/1996) and Clause 9 for the evaluation of conformity.

According to the CENJCENELEC Internal Regulations, the national standards organizations of the following countries
are bound to implement this European Standard: Austria, Belgium, Bulgaria, Cyprus, Czech Republic, Denmark,
“stonia, Finland, France, Germany, Greece, Hungary. |celand, freland, Haly, Latvia, Lithuania, Luxembourg, Malta,
Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland and United
Kingdom.
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1 Scope

This European Standard specifies the reguiremenis and associated fest methods applicable to ductile iron pipes,
fittings, accessories and their joints for the construction of drains and sewers cutside buildings:

— operating without pressure {gravity sewerage), or with positive or negative pressure (see Table 5);
— fo be installed below or above ground;

— to convey surface water, domestic waste water and certain types of industrial effluents, either in separate systems
or in combined systems.

This European Standard applies to pipes, fittings and accessories which are:
— manufactured with socketed, flanged or spigot ends;
— normally delivered externally and internally coated;

~ — suitable for continuous fluid temperatures between 0 °C excluding frost, and 45 "C for DN < 200 or 35 °C for
DN = 200, according to EN 4786;

— not intended for use in areas subject to reaction to fire regulations.

NQOTE 1  This does not preclude special arrangements for the praducts to be used at higher temperatures.

This European Standard covers pipes, fittings and accessories cast by any type of foundry process or manufactured
by fabrication of cast components, as well as cerresponding joints, of a size range extending from DN 80 to DN 2000
inclusive.

This European Standard specifies requirements for materials, dimensions and tolerances, mechanica!l properties and
standard coatings of ductile iron pipes and fittings. It also gives performance requirements for all components

including joints. Joint design and gasket shapes are outside the scope of this European Standard.

NOTE 2 In this European Standard, ali pressures are refative pressures, expressed in bars (100 kPa = 1 bar).

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated references, only
the edition cited applies. For undated references, the latest edition of the referenced document applies (inctuding any
amendments).

EN 196-1, Methods of testing cement — Part 1. Defermination of strength

EN 545, Ductile iron pipes, fittings, accessorics and their joints for water pipclines - Requirements and test methods

EN 681-1, Efastomeric seals -—— Matferials requirements for pipe joint seals used in water and drainage applications
Part 1. Vulcanised rubber

EN 1092-2, Flanges and their joints — Circuiar flanges for pipes, valves, fitlings and accessories, PN designated —
Part 2: Cast iron flanges

EN 10002-1, Mctaliic matcrials -  Tensile testing — Part 1. Method of fest at ambient termperature

EN 14901, Ductile iron pipes, fittings and accessories — Epoxy coating (heavy duly) of ductile jron fittings and
gccessories — Requirements and fest methods :
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cN IS0 4016, Hexagon head bolts — Product grade C (ISO 4016:1999)

EN ISO 4034, Hexagon nuts — Product grade C (1SO 4034:1998)

EN ISC 8506-1, Metallic materials — Brinell hardness test — Part 1: Test method (IS0 6506-1:2005)
EN I1SO 9001:2000, Quality management systems — Requirements {150 9001:2000)

EN ISC 7091, Plain washers — Normai serics — Product grade C (IS0 7087:2000)

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

31
ductile iron
cast iron used for pipes, fittings and accessories in which graphite is present substantially in spheroidal form

3.2

pipe

casting of uniform bore, straight in axis, having either socket, spigot or flanged ends, except for flanged-socket pieces,
flanged-spigot pieces and collars which are classified as fittings

3.3

fitting

casting other than a pipe which allows pipeline deviation, change of direction or bore. In addition flanged-socket
pieces, flanged-spigot pieces and collars are also classified as fittings

3.4
accessory
any casting other than a pipe or fitting which is used in a pipeline, for example:

— inspection Chambers (see 3.5);
— manholes (see 3.8);
— glands and bolts for mechanical flexible joints (sec 3.15);
— glands, bolts and locking rings for restrained flexible joints (see 3.16);

— adjustable flanges and flanges to be welded or screwed
NOTE Valves of all types are not covered by the term accessory.

35
inspection chamber
component of a discharge system, of a drain or of a sewer providing access from the ground surface for inspection

and maintenance equipment

[EN 476:1897]

3.6

manhote

camponent of a sewer of sufficient size to provide access from the ground surface for inspection and maintenance
operations by personnel and equipment

[EN 478:1997]
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3.7
flange
flat circular end of a pipe or fitting extending perpendicular to its axis, with bolt holes equally spaced on a circle

NOTE A flange is either fixed {e.g. integrally cast or welded-on} or adjustable: an adjusiable flange comprises a ring, in one or
several parls assembled together, which bears on an end joint hub and can be freely rotated around the pipe axis before jointing.

3.8
spigot
male end of a pipe or fitting

39
spigot end length
spigot over a length equal to maximum insertion depth plus 50 mm

3.10
socket
female end of a pipe or fitting to make the connecticn with the spigot of the next component

31
gasket
sealing component of a joint

3.12
joint
connection between the ends of two pipes and/or fittings in which a gasket is used to effect a seal

313

flexible joint

joint which permits significant angular deflection both during and after installation and which can accept a slight offset
of the centreline

314
push-in flexible joint
flexible joint assembled by pushing the spiget through the gasket in the socket of the mating component

3.15
mechanical flexible joint
flexible joint in which sealing is obtained by applying pressure o the gasket by mechanical means, e.g. a gland

3.16
restrained flexible joint
flexibie joint in which a means is provided to prevent separation of the assembled joint

3.17
flanged joint
joint between two flanged ends

3.18

nominal size (DN)

alphanumerical designation of size for components of a pipework system, which is used for reference purposes. it
comprises the letters DN followed by a dimensiontess whole number which is indirectly related to the physical size, in
milimetres, of the bore or outside diameter of the end connections

[EN iSO 6708:1995]
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3.19

nominat pressure (PN}

alphanumerical designation used for reference purposes related to @ combination of mechanical and dimensional
characteristics of a component of a pipework system. It comprises the letters PN followed by a dimensionless number

[EN 1333:2008)

NOTE All squipment of the same nominal size DN designated by the same PN number have compatible mating dimensions.

3.20
leak tightness test pressure
pressure apptlied to a component during manufacture in order 1o ensure its leak tightness

3.21
allowable operating pressure {PFA)
maximum hydrostatic pressure that a component can withstand continuously in service

[EN 773:1999]

w22
allowable maximum operating pressure {(PMA)
maximum hydrostatic pressure, including surge, that a component can withstand from time to time in service

[EN 773:1999]

3.23

allowable test pressure (PEA)

maximum hydrostafic pressure that a newly installed component can withstand for a relatively short duration, when
either fixed above ground level or laid and backfilled underground, in order to ensure the integrity and tightness of the
pipeline

IEN 773:1989]

NOTE This test pressure is different from the system test pressure (STP}, which is related to the design pressure of the
pipeline and is intended to ensure its integrity and leak tighlness.

3.24
diametraf stiffness of a pipe
haracteristic of a pipe which allows it to resist ovalizafion under loading when installed

3.25
discharge system
system of pipes, fittings, accessories and joints used to coltect and drain waste water and rainwater of a building

NOTE It comprises discharge pipes, stack ventilation pipes and rainwater downpipes, installed within the limits of a building or
atiached to the building.

3.26

drain

system of pipes, fittings, accessories and joints installed outside the limits of a building in order to connect the
discharge system of this building fo a sewer or a septic tank

3.27
sewer
pipeline designed to collect waste water and rainwater from buildings and surface water and tc convey them to the

point of disposal or freatment




BS EN 598:2007+A1:2009
EN 598:2007+A1:2009 (E)

3.28
gravity sewer
sewer operating normally under free flowing conditions (see Table 5)

329
pressure sewer; pumping sewer
sewer (or section of a sewer) cperating under positive pressure (see Table &)

3.30
vacuum sewer
sewer operating under negative pressure (see Table 5)

N
combined system
sewerage system collecting together rainwater, surface water and waste water

3.32
separate system
sewerage system which coliects waste water separately from rainwater and surface water

3.33
performance test (initial type fest — ITT)
test which is done once and is repeated only after change of design, material or process

3.34

fength

effective length of a pipe or fitting as shown on Figure 6 for socket and spigot pipes and as given in 4.2.3.2 for flanged
pipes and 4.2.3.3 for fittings

3.35
deviation
design length allowance with respect to the standardised length of a pipe

3.36
ovality

. . {1 — A
out of roundness of a pipe section; it is equal to : 100 [u}
./.[1 + Az

where

A; is the maximum axis in millimetres;

A5 is the minimum axis, in millimetres

4 Technical requirements
4.1 General

411 Ductile iron pipes and fitlings

Nominal sizes, thicknesses, lengths and coatings are specified in 4.1.1, 4.2.1, 4.2.3, 4.4 and 4.5 respectively. When,
by agreement belween manufacturer and purchaser, pipes and fittings with different walf thicknesses, lengths and/for
coatings and olher types of fillings than those given in 8.1, 8.2 and 8.3 are supplied with reference to this European
Standard, they shall comply with all the other requirements of this European Standard.

NOTE 1 Other types of fittings include tees and tapers with other combinations DN x dn, draining tees elc.

10
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rhe standardized nominal sizes, DN of pipss and fittings are as follows: 80, 100, 125, 150, 200, 250, 300, 350, 400,
450, 500, 600, 700, 800, 900, 1000, 1100, 1200, 1400, 1500, 1600, 1800, 2000. These DN values are DN/D
according to EN 4786.

The Tunctional properties of ductile iron pipes and fittings shall be as given in Clause 5.

NOTE 2 When installed and operated undar the conditions for which they are designed (see Annexes A to E) ductile iron pipes,

fittings, accessories and their joints maintain all their functional characteristics over their reasonable economic operating life, due to
the constant material properties, ta the stability of their cross section and to their design with high safety factors.

4.1.2 Surface condition and repairs

Pipes, fittings and accessories shall be free from defects and surface imperfections which could lead to
non-compliance with Clauses 4 and 5.

When necessary, pipes and fittings may be repaired, for example by welding, in order to remove surface imperfections
and tocalized defects which do not affect the entire wall thickness, provided that:

the repairs are camied out according to the manufacturer's written procedure;

—— the repaired pipes and fittings shall comply with all the requirements of Clause 4 and of Clause 5.
4.1.3 Types of joints and interconnection

4.1.3.1 Gasket materials

Rubber gasket materials shall comply with the requirements of EN 681-1 for the type WC or WG. When materials
other than rubber are necessary (e.g. for high temperature flanged joints}, they shall comply with the appropriate
European Technical Specification or where no European Technical Specification exists, the appropriate International
Standard.

4.1.3.2 Flanged joints

Flanged joints shall be designed such that they can be attached to flanges whose dimensions and folerances comply
with EN 1092-2. This ensures interconnection between all flanged components {pipes, fittings, valves etc.) of the
same PN and DN and adequate joint performance.

Yolts and nuts shall comply as a minimum with the requirements of EN iSO 4016 and EN ISO 4034, grade 4.6. Where
washers are required they shall comply with EN [S0O 7091.

Although it does not affect interconnection, the manufacturer shall make the information available as to whether his
products are normally delivered with fixed flanges or adjustable flanges.

Flange gaskets may be one of any type given in EN 1514,

4.1.3.3 Flexible joints

Pipes and fittings with flexible joints shall comply with 4.2.2.1 for their spigot external diameters DE and their
tolerances. This offers the possibility of interconnection between components equipped with different types of flexible
joints. In addition, each type of flexible joint shall be designed te fulfil the performance requirements of Clause 5.

NOTE 1  For interconnection with certain types of joints operating within a tighter tolerance range on DE, the manufacturer's
guidance should be followed as to the means of ensuring adequate joint performance at high pressures (2.9. measurement and
selection of external diameter).

NOTE 2  Forinferconnection with existing pipelines having external diameters not in compliance with 4.2.2 1, the manufacturer's
auidance should be followed as to the appropriate means of interconnection (e.g. adaptors).

11
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414 Colour identification
Pipes for sewers and drains shall be identified externally by one of the following colours: brown, red or grey. This is fo

aliow easy identification of insfalled sewers and drains. Pipes specifically intended for rain waler or surface water
sewers (separafe systems) may be identified by a different colour other than those used for potable waler pipes.

4.2 Dimensional requirements

4.2.1 Wall thickness
For pipes the standardised thicknesses and limit deviations are given in Table 11. They are such that the diametral
stiffnesses of pipes are not less than the values shown in Table 10. The measurement of the wall thickness shall be in
accordance with 6.1.1,

The iron thickness of fittings used for pressure sewers shall be in accordance with EN 545.

The iron thickness of fittings used for gravity sewers shall be equal to or higher than those of pipes of the same DN.
4.2.2 Diameter

4221 External diameter

8.1 specifies the values of the external diameter DE ol the coated spigol end length of pipes and fitlings and their
maximum allowable tolerances, when measured using a circumferential tape in accordance with 6.1.2.

NOTE1  Certain types of flexible joints operate within a tighter range of tolerance (see 4.1.3.3).

NOTE2 Thick external coatings should be removed, according to the manufacturer's guidance, in order to comply with the
specified external diameter DE, when the pipe needs fo be cut on site.

For DN < 300, the external diameter of the pipe barrel measured with a circumferential tape shall be such as to allow
the assembly of the joint over at least two thirds of the pipe length from the spigot end when the pipe needs {0 be cut
on site.

In addition, the ovality {see 3.9) of the spigot end of pipes and fittings shall

— remain within the {olerance on DE (see Table 11) for DN 80 to DN 200 and

— notexceed 1% for DN 250 to DN 600 or 2 % for DN > 600.

NOTE3  The manufacturer's guidance should be followed as to the necessity and means of ovality correction; certain types of
flexible joints can accept the maximum ovality without a need for spigot re-rounding pricr to jointing.

4.2.2.2 Internal diameter

The nominal values of the internal diameters of pipes, expressed in millimetres, are equal to the humbers indicating
their nominal size, DN, and the tolerances shall be as given in Table 1 which applies to cement mortar lined pipes.

These tolerances apply only to the pipe wilh iron thickness as given in Table 11 and cement mortar lining thickness as
given in Table 4.

NOTE  Due to the manufacturing process of the ductile iron pipes and their internal linings, internal diameters with the lower limit
deviation will oniy appear locally along the pipe length.

Compliance shall be demonstrated according to 6.1.3 or by calculation from the measurements taken for pipe external
diameter, iron wall thickness and lining thickness.

12
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Table 1 — Limit deviation on internal diameter

Limit deviation ?
DN
mm
80 to 1000 - 10
1100 to 2000 -0,01 DN
4 The fower limit only is given.

4.23 Length

42.3.1 Standardized lengths of socket and spigot pipes

Pipes shall be supplied to the standardized lengths given in Table 2.

Table 2 — Standardized length of socket and spigot pipes

Standardized length L 2
DN
m
80 to 600 3orS5orS50r6
700 to 800 550r6or7?
800 fo 1400 ' Bor7or815
1500 to 2000 8,15
2  See334.

The permissible deviations (see 3.35) on the standardized [ength L, of pipes shall be as follows:

— [or standardized length 8,15 m £ 150 mm;
— for all other standardized lenglhs + 100 mm.

Pipes shall be designed to a length taken in the range: standardized length plus or minus the permissible deviation;
they shall be manufactured to this design length plus or minus the limit deviation given in 4.2.3.4.

The manufacturer shal!l make the information available as to his design lenglhs.
The length shall be measured according to 6.1.4 and shall be within the limit deviations given in 4.2.3.4.

Of the total number of socket and spigot pipes to be supplied in each diameter, the percenlage of shorter pipes shall
not exceed 10 %, in which case the length reduction shall be:

— upto 0,15 m for the pipes in which samples have been cut for testing (see 4.3);
— - upto 2 m byincrements of 0,5 m for DN < 700;
— up to 3 m by increments of 0,1 m for DN = 700.
4.2.3.2 Standardized lengths of flanged pipes

The tength of flanged pipes shall comply with EN 545,
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4.2.3.3 Standardized iengths of fittings
The length of the fittings used for pressure sewers shall be in accordance with EN 545 (see 8.3).

The length of fittings used for gravity sewers shall be made available by the manufacturer {see 8.2 for usuatl types of
fittings).

4234 Limit deviations on lengths
The limit deviations on lengths of the socket and spigot pipes shali be within - 30 mm, + 70 mm.
The limit deviations on lengths of flanged pipes and of fittings shall be in accordance with EN 545.

The limit deviations on lengths of fittings used for gravity sewers shall be made available by the manulacturer.

424 Straightness of pipes
Pipes shall be straight, with a maximum deviation of 0,125 % of their length.

The verification of this requirement is usually carried out by visual inspection, but in case of doubt or in dispute the
deviation shall be measured in accordance with 6.2.

4.2.5 [nspection chambers

inspeclion chambers (see 3.5} shall be manufaclured either as an integral item or by site assembly of a bottom part
(inspection tee) and a vertical part.

Qpening dimensions shall be as follows: 250 mm, 300 mm, 400 mm, 600 mm.
4.2.6 Manholes

Marholes (see 3.6) shall comprise a vertical part of DN > 800, a bottom plate, a top plate capable of receiving a frame
and a manhole cover, and two or more inlets/outlets fixed to the vertical part.

The number and location of inlets/outlets shall preserve the hydraulic continuity of the manhole.

4.3 Material characteristics

4.3.1 Tensile properties
Pipes, fittings and accesscries of ductile iron shall have the tensile properties given in Table 3.

The tensile strength shall be tested in accordance with 6.3.
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Table 3 — Tensile properties

Minimum tensile Minimum slongation after fracture, A
strength, R

MPa %
DN 80 to DN 2000 N 80 to DN 1000 DN 1100 to DN 2600
Pipes centrifugally cast 420 10 7
Pipes ngt centrifugally cast, fittings and 420 5 5
accessarios

By agreement between manufacturer and purchaser, the 4,2 % proof stress (Rpo_,z) may be measured. It shall be not less
than:
— 270 MPa when 4 > 12 % for DN 80 to DN 1000 or 4 >10 % for DN > 1000;

— 300 MPa in other cases.

3.2 Hardness

The hardness of the various componenis shall be such that they can be cut, drilled, tapped and/or machined with
normal tools. The reference test for hardness shall be ihe Brinell hardness test in accordance with 6.4.

The Brinell hardness shall not exceed 230 HBW for pipes and 250 HBW for fitlings and accessories. For compenents
manufactured by welding, a higher Brineli hardness is allowed in the heat affected zone of the weld.

4.4 Coatings and linings for pipes

4.41 General

Al pipes conforming to this document shall be defivered with an external coating of zine with finishing layer in
accordance with 4.4.2, and an internai lining of high alumina cement mortar in accordance with 4.4.3.

This shall not preclude special coating arrangements for products which deviate from the requirements of this
document for specific design reasons. Annex B indicates possible aliernative coatings.

Except for pipes intended only for the transport of rainwater, the surfaces which can come into contact with the
flluents (internal surface of the socket and external surface of the spigot end) shall be coated with a synthetic resin

(epoxy, polyurethane etc.) in accordance with 4.4 4.

NOTE 1 This does not preclude the possibility that for special design reasons the upper limit deviation on the external diameter

DE of the coated spigot can be greater than that specified in 8.1, provided that the interconnection of the products is ensured by the

joint design.

Pipes with cast flanges may be coated as fittings (see 4.5).

The maximum fluid temperature may be limited to 35 °C for some polymeric coatings. if such coatings are to be used
at higher temperatures, additional performance testing should be carried out.

NOTE 2 Annexes B and C give advice on the field of intended use for pipes with coatings and linings according to this document.
4.4.2 External coating of zinc with finishing layer

4.4.21 General

The external coating of centrifugally cast ductile iron pipes shali comprise a layer of metailic zinc, covered by a
nishing layer of a synthetic resin (epoxy, polyurethane etc.) compatible with zinc. Both layers shall be works applied.
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The zinc is normally applied on oxide-surfaced pipes after heat treatment; at the manufacturer's option, it may alsc be
applied on blasl-cleaned pipes. Prior to application of the zinc, the pipe surface shall be dry and free from rust or non-
adhering particles or foreign matter such as oil or grease.

44.2.2 Coating characteristics
The metallic zinc coating shall cover the external surface of the pipe and provide a dense, continuous, uniform layer. It

shall be free from such defects as bare patches or lack of adhesion. The uniformity of the coating shall be checked by
visual inspection. When measured in accordance with 6.7, the mean mass of zinc per unit area shall be not less than

130 g/m2. The purity of the zinc used shall be at least 99,99 %.

The finishing layer shall uniformiy caover the whole surface of the metallic zinc layer and be free from such defects as
bare patches or lack of adhesion. The uniformity of the finishing layer shall be checked by visual inspection. When
measured in accordance with 6.8, the mean thickness of the finishing layer shall be not less than 70 um and the local
minimum thickness not less than 50 um.

44.2.3 Repairs

Damage o coatings where the area of total removal of zinc and finishing layer has a width exceeding 5 mm and area.
left uncoated {e.g. under test token, see 6.7) shall be repaired.

Repairs shall be carried out by:

— metaliic zinc spray complying with 4.4.2.2, or application of zinc-rich paint containing at ieast 90 % zinc by mass
of dry film and with a mean mass of applied paint nat less than 150 g/m? and

— application of a finishing layer complying with 4.4.2.2,
4.43 Internal lining of high alumina cement mortar

4431 General

Urnless otherwise specified in the comesponding European Standard, the internal cement mortar lining of ductile iron
pipes shall comply with the requirements of 4.4.3.

The cement mortar lining of ductite iren pipes shall constitute a2 dense, homogenecus layer covering the total infernal
surface of the pipe barrel. V

It shall be works-applied by a centrifugal spinning process or a centrifugal spray head or a combination of these
methads. Smoothing with a trowel is permitted.

Prior to applicalion of the lining, the metal surface shall be free from loose material and oil or grease.

The cement mortar mix shall comprise high alumina cement (with a minimum alumina content of 40 %), sand and
water; chloride-free admixtures may be used when necessary. The ratio by mass of sand to cement shall not exceed
3,5. At mixing stage, the ratio by mass of total water to cement depends on the manufacturing process and shall be
determined such that the lining is in conformance with 4.4.3.2 and 5.10; it shall not exceed 0,38 in the fresh lining
immediately after application.

The sand shall have a grading which is adapted to the lining process and thickness, and it shall not contain organic
impurities or fine clay particles which can affect the lining quality.

The water used in the mortar mix shall be drinking water quality or water that has no harmfui effect on the
characteristics of the lining.

After application of the fresh lining, controlled curing shail be carried out s0 as to provide sufficient hydration to the
cement. :
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i'he cured lining shall comply with 4.4.3.2, 5.8, 5.9 and 5.10.

4.4.3.2 Thickness and surface condition

The nominal thickness of the cement mortar lining and its tolerance shall be as given in Table 4. When measured in
accordance with 6.9, the lining thickness shall be within the specified tolerance.

The surface of the cement mortar lining shall be uniform and smooth. Trowel marks, protrusion of sand grains and
surface texture inherent fo the method of manufacture are acceptable. However, there shall be no recesses or local
defects which reduce the thickness to below lhe minimum value given in Table 4. The grinding of the lining in order to
remove the top surface of the internal layer is permitted provided the finished lining complies wilh all requirements of
4.4.3.

Fine crazing and hairline cracks associated with cement rich surfaces may appear in dry linings. Shrinkage cracks
inherent to cement-bound materials may also develop in the dry linings. After curing of the lining and under normal
storage conditions, the crack width and the radial displacement (disbondment) shall not exceed the values given in
Table 4.

Table 4 — Thickness of cement mortar lining

Thickness Maximum crack width and
DN — LT — — radial displacement
MNominal valus Limit deviation @
80 to 300 4 -15 04
. 350 to 600 5 ~2.0 0,5
R . .. I .
700 to 1200 8 -25 G.6
1400 to 2000 9 -30 0.8
3 The lower limit only is given.

Cement mortar finings at pipe ends may have a chamfer of maximum Jength 20 mm.

NOTE Storage of pipes and fittings in a hotl, dry environment can cause metal expansien and mortar shrinkage which can
rasult in the dry lining developing areas of disbondment and shrinkage cracks exceeding the width given in Table 4. When the lining
is re-exposed to water, it will swell by absorption of moisture and the cracks will close to conform to Table 4 and will eventually heal
by an autogenous process.

+4.33 Repairs

Repairs to areas of damaged linings shall be effected by the use of either cement mortar (see 4.4.3.1} or a compatible
polymer martar; application may be by hand held implement.

Prior to the application of the repair mortar, the damaged area shall be cut back to the sound lining or to the metal

surface and all lcose material shall be removed. After completion of the repair, the cement lining shall comply with
4431,4432and 5.10.

4.4.4 Coating of the joint areas

The coating shall uniformly cover the whole surface; it shail have a smooth regular appearance and be free from
defects which may alfect its function.

The minimum coating thickness shall be such that the coating complies with 5.8. When measured according to 6.8,
the coating thickness shall be not less than the minimum thickness given in the guality plan of the manufacturer.
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4.5 Coatings for fittings and accessories

4.51 General

Fittings, accessories and pipes not centrifugally cast shall be delivered with an external and internal epoxy coating,
conforming to 4.5.2.

This shall not preciude special coating arrangements for products which deviate from the requirements cof this
document for specific design reasons. Annex B indicates possible alternative coatings.

NOTE  Annexes B and C give advice on the field of intended use for fittings and accessories with coatings and linings according
to this dogument.

452 Epoxy coating

The coating shall comply with the applicable requirements of EN 14901. In addition the requirements for chemical
resistance (see 5.8) and for abrasion resistance (see 5.9) shall apply.

4.6 Marking of pipes and fittings

All pipes and fittings shall be legibly and durably marked and shall bear at [east the following information:
—  manufacturer's name or mark;

-— identification of the year of manufacture;

— identification as ductile iron;

— DN;

— PN rating of flanges for fiange components;

— identification of the application (gravity or pressure};

— reference to this European Standard, i.e. EN 598 or EN 545 for pressure fittings.

It addition, pipes of DN > 300 suitable for cutting shall be identified (unless all pipes of the same DN are suitable fg
cutting). g

The firsl five markings given above shall be cast-on or cold slamped; the two other markings can be applied by any
method e_g. painted on the casting or attached to the packaging.

NOTE For CE marking and labelling ZA.3 applies. Where ZA.3 requires the CE marking to be accompanied by the same
information as required by this subclause, the requirements of this subclause are met,

4.7 Leak tightness

4.71 Systems design requirements
Sewer systems constructed with ductile iron components in confermity with this standard shal' be leak tight at the

pressures given in Table 5, depending on the way they are normally operated. This applies under all normal service
conditions, incfuding foreseeable external loads and joint movements (angular, radial and axial).
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Table § — Pressure

Intarnal pressﬁ re External pressure
Type of operation | bar bar
Confinuous Occaslonal Continuous
Gravity 01005 2 1 ]
F’osiﬁ\;é bres'sure- “—_Eg PFA in An ne;(.-;‘;\_ see PMA in AnnekA——_ - 1
Negalive pressure -0,5 | -08 1

472 Leaktightness of pipeline components

Pipes, fittings, inspection chambers and manholes shall be leak light when used under lhe conditions for which they
are designed (see 4.7.1). When tested in accordance with 6.5, pipes and fittings for positive pressure applications
shall exhibit no visible leakage, sweating or any other sign of failure.

When tested in accordance with 8.6, pipes and fittings for negative pressure applications shall exhibit no visible
1akage, sweating or any other sign of failure.

Pipes, fittings, inspecticn chambers and manhcles for gravity applications shafl comply with the performance
reguirements of 5.4.

4.7.3 Leaktightness of joints

All joints shall be leak tight when used under the conditions for which they are designed (see 4.7.1). All joints shall
comply with the performance requirements of 5.5.

5 Performance requirements

5.1 General

The performance of all pipes, fittings, accessories and joinfs specified in Clause 4 shall be in conformity with the
requirements of 5.2 to 5.10. This ensures their fithess lor purpose in the field of sewerage in conformity with EN 476.
There shall be at least one performance test for each of the groupings given in Table 6. One DN is representative of a

‘rouping when the perfermances are based on the same design parameters throughout the size range. If a grouping
wovers products of different designs and/or manufactured by different processes, the grouping shall be sub-divided. If
for a manufacturer a grouping contains only one DN, this DN may be considered as part of the adjacent grouping
provided that it is of identical design and manufactured by the same process.

19




BS EN 598:2007+A1:2009
EN 598:2007+A1:2009 (E)

Table 6 — DN groupings for performance tests

Performance tests DN groupings

Longitudinal bending of pipes (see 5.2) %msgoggo - - -

Diametral stifiness of pipes (see 5.3)

Leak tightness for gravity pipelines (see 5.4)

Joint tightness to positive internal pressure (see 5.5.2) DN 80 to DN 300 to DN 760 to DN 1100 to
DN 250 DN 600 DN 1000 DN 2000

Joint tightness lo negative internal pressure (see 5.5.2)

Joint tightness to positive external pressure {see 5.5.2)

Joint tightness to cyclic internal hydraulic pressure (see 5.5.2)

Chemicai resistance to effluents (see 5.8)
Abrasion resistance (see 5.9) DN 80 to DN 2000

Strength of the cement mortar lining (see 5.10)

5.2 |ongitudinal bending of pipes

521 General

When tested according to 7.2, pipes with an aspec¢t ratio (length/diameter) equal to or greater than 25 shall comply
with 5.2.2 and subsequently 5.2_3.

5.2.2 Integrity under service conditions

The pipes shall withstand the maximum service bending moments given in Table § without residual deflection and
without visible damage to their external and internal coatings.

5.2.3 Bending resistance

After the integrity test specified in 5.2.2, the pipes shall withstand the proof bending moments given in Table 2 without
failure of the iron wall.

5.3 Diametral stiffness of pipes

5.31 Generai

When tested according to 7.3, the pipes shall comply with the requirements of 5.3.2 and subsequently 5.3.3.

5.3.2 Integrity under service conditions

The diametral stiffness of the pipes shall be not less than the values specified in Table 10, which means that they shall
withstand the test loads given in Tabte 10 with an ovalization not exceeding the alfowable values. The ovaiization shall
be measured and recorded (see 5.3.3).

tn addition, there shall be no damage to the internal and external coatings which could affect their perfarmance. Local
damage lo the external coating at the bearing area is acceptable.

NOTE ¢+  As duclile iron pipes are not subject to creep, the short-term and fong-term vzlues of the diametral stiffness are
identical.

NOTE 2 The designed heights of cover of buried pipes, which depend largely on the diametral stiffness, are given in Annex D.
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+3.3 Resistance to ovalization

The pipes shall withstand twice the ovalization attained in the integrity under service conditions test (5.3.2) without
failure of the iron wall,

5.4 Leak tightness of components for gravity pipelines

When tested in accordance with 7.4, pipes, fittings, inspection chambers and manholes shall exhibit no visible leakage,
sweating or any cther sign of failure.

5.5 Leak tightness of flexible joints

551 General

All joints shall be designed to be fully flexible; consequently, the allowable angular deflection declared by the
manufacturer shall be not less than :

. — 3°30 for DN 80 to DN 300;

- - 2730 for DN 350 to DN 600;
— 1°30" for DN 700 to DN 2000.
All joints shall be designed to provide axtal movement; the allowable withdrawal shall be declared by the manufacturer.

NOTE This permits the installed pipeline to accommodate ground movements andfor thermal effects without incurring
additional stresses.

5.5.2 Test conditions

All joint designs shall be perfarmance tested under the most unfavourable, applicable conditions of tolerance and joint
movement as given below:

a) joint of maximum annulus (see 5.5.3.1} aligned, withdrawn to the allowable value to be declared by the
manufacturer, and subject to shear (see 5.5.3.3);

b} joint of maximum annulus (see 5.5.3.1), deflected to lhe allowable value to be declared by the manufacturer (see
5.5.1).

The jeints shail exhibit no visible leakage when subjected to the tests given in Table 7.
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Table 7 — Performance tests for joints

Test Test requirements Test conditions Test method
1. Positive internal Test pressure: Joint of maximum annulus, afigned In accordance with
hydrostatic pressure 2 bar for gravity or negative and withdrawn, with shear load 75

pressurg pipelines

(1.6 PFA —+ 5) bar for positive
pressure pipelines Joint of maximum annulus, deflected

Test duration: 2 h
No visible leakage

2. Negative internal Test pressure: — 0,9 bar @ Joint of maximum annulus, aligned | In accordance with

pressure Test duration: 2 h and withdrawn, with shear load 7.6

Maximum pressure change during Joint of maximum annulus, deflected

test period: 0,09 bar

3. Positive external Test pressure: 2 bar Joint of maximum arnulus, aligned, | In accordance with
hydrostatic pressure ® | Toqt duration: 2 h with shear load 77

No visible leakage
4. Cyclic internal 24 000 cycles Joint of maximum annulus, aligned In accordance with
hydraulic pressure © Test pressure: between PMA and and withdrawn, with shear load 7.8

{PMA — 5} bar

No visible ieakage

g 0,9 bar below atmospheric pressure {approximately 0,1 bar absolute pressure).

b For joints intended for use desper than 5 m below the water level {e.g. river, lake, aquifer).

¢ Forjoints intended for positive pressurc applications.

Test 3 (positive external pressure) may be omitted for mechanical joints, provided they have heen perfermance-tested
according to tests 1 and 2.

5.6.3 Test parameters

5.5.3.1 Annulus

All joints shall be performance tested at the extremes of manufacturing tolerance such that the annular gap between
the sealing surfaces of the socket and of the spigot is equal to the maximum design value plus G %, minus 5 %. It i
permissible to machine socket internal surfaces to achieve the required annulus for the performance test even though
the resultant diameter can be slightly outside the nermal manufaciuring tolerance.

55.3.2 Pipe thickness
All jeints shall be performance tested with a spigot having an average iron wall thickness (over a distance of 2 DN in
millimetres from the spigot end face) equal to the specified minimum value for the pipe for which the joint is designed

plus 10 %, minus 0 %. It is permissible to machine the spigot end of the test pipe in the bore to achieve the required
thickness.

553.3 Shear

All joinls shall be performance tested with a resultant shear force across the joints of not less than 30 x DN in newtons,
taking intc account the weight of the pipe and of its contents and the geometry of the test assembly (see 7.5).
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4.54 Restrained flexible joints

Alf restrained joints shall be designed to be at least semi-flexible; consequently, the allowable angular deflection
declared by the manufacturer shall be not less than half of the value shown in 5.5.1.

All restrained joint designs shall be performance tested in accordance with 7.5 to 7.8 following the requirements of
5.5.2 and 5.5.3, except that:

— the withdrawal condition of 5.5.2 a) shall not apply,

—- there shall be no external axial resiraint in positive internal pressure 1ests so that the joint is subjected to the full
end thrust. .

During the positive internal pressure tests, the axial movement shall reach a stable value and cease.

When the restraining mechanism and the sealing component of a restrained joint are independent, such a joint does
not need to be subjected to test 2 and test 3 of 5.5.2 if the unrestrained version of the joint has passed these tests.

3.6 Flanged joints

The performance requirements of flanged joints shall be in accordance with EN 545.

5.7 Pipes with screwed or welded flanges

The performahce requirements of pipes with screwed or welded flanges shall be in accordance with EN 545,

5.8 Chemical resistance to effluents

Except for components intended only for the fransport of rainwater, iong-term performance of pipes, fittings and joints
shall be demonstraled by six-month exposure tests to an acid solution and to an alkaline solution according to 7.9
Their field of use is given in Annex C.

After six months of testing, the following conditions shall be met:
— thickness of the cement mortar lining shall be within ¢,2 mm of the original thickness;

— there shall be no visible cracking, blistering or disbonding of the epoxy or polyurethane based coatings (fittings,
pipe spigots and sockets and pipe linings);

— there shall be no visible cracking on the rubber gaskst; its hardness, tensile strenglh and elongation shall remain
in confommity with the specified values.

All other combinations of coatings may be tested according to the same procadure; the vatues of pH may be modified
in order to demonstrate long-term behaviour in different environments.

The test method detailed in 7.9 has been improved with respect to the test method described in the first edition of this
European Standard in order to achieve a better reproducibility of the resuits. Materials which have been successfully
performance tested according to the test method described in the first edition of this European Standard may not have
to be re-tested in accordance with this edition provided there has been no change in materials or design or
manufacturing method that would have a detrimenial effect on the performance of the chemical resistance of the
product.

5.9 Abrasion resistance

When tested in accordance with 7.10, the pipes shall nat have an abrasion depth greater than 0,6 mm after 100 000
movements (50 000 cycles) for every type of cement lining, or 0,2 mm for epoxy or palyurethane linings.
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In order to test the abrasion resistance of fittings, pipes may be lined as fittings, and tested according to 7.10.

The test method detailed in 7.10 has been improved with respect to the test method described in the first edition of
this Furopean Standard in order to achieve a better reproducibility of the results. Materials which have been
successfully performance tested according to the test methad described in the first edition of this standard may not
have to bhe re-tested in accordance with this edition provided there has been no change in materials or design or
manufaciuring method that would have a detrimental effect on the performance of the abrasion resistance of the
preduct.

5.10 Strength of the cement mortar lining

When measured according to 7.1, the compressive strength of the cement mortar lining after 28 days of curing shall
be not less than 50 MPa.

The compressive strength of the lining is directly related to other functional properties such as high density, good
adhesion and low porosity.

The measurement of the compressive strength of the lining shall be carried out as initial performance test and when a
change occurs in the manufacturing process or in the raw materials used. :

6 Test methods

6.1 Pipe dimensions

6.1.1  Wall thickness

Pipe wall thickness compliance shall be demonstrated by the manufacturer. He may use a combination of various
means, €.g. direct wall thickness measurement, mechanical or ultrasonic measurement.

The iron wall thickness shall be measured by suitable eguipment having an error limit of £ 0,1 mm_

6.1.2 External diameter
Socket and spigot pipes shall be measured at their spigot end by means of a circumferential tape or controlled by
pass-fail gauges. In addition, they shall be visually inspected for compliance with the spigot allowable ovality and, in

case of doubt, the maximum and minimum spigot axes shall be measured by suitable equipment or controlled by
pass-fail gauges.

6.1.3 Internal diameter
The internal diameter of the lined pipes shall be measured by means of suitable equipment

either

a) two measurements shall be taken at right angles, at a cross section 200 mm or mare from the end face. The
mean value of these two measurements may then be calculated

or

b) a system of pass / fail gauges shall be passed along the bore of the pipe.
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+1.4 Length
The length of socket and spigot pipes shall be measured by suitable equipment
— on one pipe from the first batch of pipes cast from a new mould, for as-cast pipes, aor

— on the first pipe, for pipes which are systematically cut to a pre-set length.

6.2 Straightness of pipes

The pipe shall be rolled on two gantries or rotated around its axis on rollers, which in each case are separated by not
less than two-thirds of the standardized pipe length.

The point of maximum deviation from the straight axis shall be determined and the deviatich measured at that point.

6.3 Tensile testing
f.3.1 Samples

6.31.1 General

The thickness of the sample and the diameter of the test bar shall be as given in Table 8.

6.3.1.2 Centrifugally cast pipes

A sample shall be cut rom the spigot end of the pipe. This sample may be cut paraflel with or pempendicular to the
pipe axis, but in case of dispute the parallel with axis sample shall be used.

6.3.1.3 Pipes not centrifugally cast, fittings and accessories
At the manufacturer's option, samples shall be either cast integrally with the castings or cast separately. In the latter

case they shall be cast from the same metal as that used for the castings. If the castings are subjected to heat
treatment, the sampies shall be subjected to the same heat treatment cycle.

©6.3.2 Preparation of test har

. test bar shall be machined from each sample to be representative of the metal at the mid thickness of the sample,
with a cyfindrical part having the diameter given in Table 8.

The test bar shalt have a gauge length equal to at least five times the nominal test bar diameter. The ends of the test
bar shali be such that they will fit the testing machine.

The surface roughness profile of the cylindrical part of the test bar shall be such that Rz < 6,3 pm.

If the specified diameter of the test bar is greater than 60 % of the measured minimum thickness of the sample, it is
affowed to machine a test bar with a smaller diameter, or to cut another sample in a thicker part of the pipe.
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Table 8 — Dimensicns of test bar

| Nominal diameter of the |  Limit deviations on
: Tolerance on shape @
Type of casting test bar : diameter
Mm mm mm
Centrifugaliy cast pipes, with a wall
thickness {mm) of:
— less than 6 25 f
— & upto but not including 8 3.5
. . ) ~ 0,06 0,03
— 8 up to but not including 12 5,0
— 12 and over 8.0
Pipes not cenirifugally cast, fitlings
and accessories:
— integrally cast samples 5,0 + 0,086 0,03
- separately cast samples:
= sample thickness 12,5 mm for
casting thickness less than 6,0 + 0,06 0,03
12 mm
= sample thickness 25 mm for 12,0 +0,09 0,04
casting thickness 12 mm and or
over 14,0 +0,09 0,04
2 Maximum difference between the smallest and the largest measured diameter of the test bar.

The lensile sirength shall be calculated either from the nominal diameter of the test bar when it has been machined to
fulfil all the tolerances given in Table 8, or, if it is not the case, from the actual diameter of the test bar measured

before the test; the actual diameter shall be measured using a measuring device having an error limit < 0,5 % and
shall be wilhin £ 10 % of the nominal diameter.

6.3.3 Apparatus and test method

The tensile test shall be carried out in accordance to EN 10002-1.

6.3.4 Test results y

Test results shall comply with Table 3. If they do nat comply, the manufacturer shall:

a) in the case where the metal does not achieve the required mechanical properties, investigate the reascn and
ensure that all castings in the batch are either re-heat trealed or rejected. Castings which have been re-heat

lreated are then re-tested in accordance with 6.3;

b} in the case of a defect in the test bar, carry out a further test. If it passes, the baich is accepted; if not, the
manufacturer may proceed as in a) above,

The manufacturer may limit the amount of rejection by making tests untif the rejected batch of castings is bracketed, in
order of manufacture, by a successful test at each end of the internal in question.

6.4 Brinell hardness

When Brinell hardness tests are carried out (see 4.3.2), they shall be perfermed either on the relevant casting oron a
sample cut from the ¢asting. The surface to be tested shall be suitably prepared by slight local grinding and the test
shall be carried out in accordance with EN 1SC 6506-1 using a hard mefal ball of 2,5 mm, 5 mm or 10 mm diameter.
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4.3 Works leak tightness test for pipes and fittings for positive pressure pipelines

6.5.1 General

Pipes and fittings shall be tested in accordance wilh 6.5.2 or 6.5.3 respectively. The lest shall be carried out on all
pipes and fittings before the application of their external and internal coatings, except for the metallic zinc coating of
pipes which may be applied before the test.

The lest apparatus shall be suitable for applying the specified test pressures to the pipes and/or fittings. It shall be
equipped with an industrial pressure gauge with an error limit of + 3 %.

6.5.2 Centrifugally cast pipes

The internal hydrostatic pressure shall be raised steadily until it reaches a test pressure of at least 32 bar for pipes up
to and including DN 300 and 25 bar for pipes greater than DN 300. The test pressure shall be maintained for a
sufficient time to allow visual inspection of the pipe barrel. The total duration of the pressure cycle shall be not less
than 15 s, including 10 s at test pressure.

5.3 Pipes not centrifugally cast and fittings

At the manufacturer's option, they shall be submitted to a hydrostatic pressure test, to an air test or to a vacuum test
of equivalent performance.

When a hydrostatic pressure test is carried out, if shall be as indicated in EN 545 for pipes not centrifgally cast and
fittings.

When an air test is carried out, it shall be with an intemal pressure of at least 1 bar and a visual inspection time not
less than 10 s; for leak detection, the castings shall be either uniformly coated on their external surface by a suitable
foaming agent eor submerged in water.

When a vacuum fest is carried oul, il shall be based on the detection of leakage of a known gas, by any means, when

the casting is subjected to a vacuum, either internally or externally, the non-evacuated side being exposed to the
known gas.

6.6 Works leak tightness test for pipes and fittings for negative pressure pipelines
All the pipes and fittings shall be subjected to an air test with an inlernal pressure of at least 1 bar and a visual

ispection time not less than 10 s for fittings and 1 min for pipes. For leak detection, pipes and fittings shall he
submerged in water or uniformly ceated on their external surface by a suilabie foaming agent.

6.7 Zinc mass

A rectangular token of known weight per unit area shall be attached longitudinally along the axis of the pipe before
passing it through the coating equipment. After zinc coating and trimming, the size of the tcken shall be
500 mm x 50 mm. lt shall be weighed on a scale having an error limit of £ 0,01 g.

The mean mass M of zinc per unit area shall be determined from the mass difference before and after coating.

M=C (.i"i‘_?___w"
A
where
M is the mean mass of zinc in grammes per square metre;

M, and A, are the masses of the sample token, in grammes, before and after coating;
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C is the predetermined correction factor, laking account of the nature of the token and of the
dilference in surface roughness between the token and the iron pipe;

A is the actual area of the tfrimmed token, in square metres.
The value of C'is generally between 1 and 1,2 and shall be given in the manufacturer's FPC procedures.
The uniformity of lhe coating shall be checked by visual inspection of the token; in the event of a lack of uniformity,
50 mm x 50 mm pieces shall be cut from the token in the lighter mass zones and the mean mass of zinc determined

on each piece by mass difference.

Alternatively the mass of zinc per unit area can be measured direclly on the coated pipe by any method having proven
correlation with the reference method described above, e.g. X-ray fluorescence or chemical analysis.

6.8 Thickness of paint coatings
The dry film thickness of paint ceatings shall be measured by one of the three following methods:

direcily on the casting by means of suitable gauges, e.g. magnetic, or by using a ‘wet film’ thickness gauge wheri'
a correlation between wet film thickness and dry film thickness can be demonsirated, or

— indirectly on a token which is attached to the casling before coating and is used after coating to measure the dry
film thickness by mechanical means, e.g. micremeter, or by a weight method similar to 6.7, or

— indireclly on a test plate made of steel or of ductile iron, which is coated by the same process as the castings (o
be controlled.

For each casting to be controlied, at least three measurements shall be taken (either on the casting or on the token or
on a test plate). The mean thickness is the average of all the measurements taken and the Jocal minimum thickness is

the lowest value of all the measurements taken. The manufacturer shall record the method used in his documented
FPC procedures.

6.9 Thickness of cement mortar lining

During manufacture, the thickness shall be measured on the freshly applied lining by a spear having a diameter of
1,5 mm or less and confrolled cn the finished hardened lining by means of a suitable gauge, e.g. magnstic.

For pipes, the measurements shall be taken approximately 200 mm from the end face. The manufacturer's procesf.
control system shall specify the frequency of this test.

7 Performance test methods

7.1 Compressive strength of the cement mortar lining

The compressive strength shall be the arithmetic mean of six comprassive strength tests performed on three prism
samples after 28 days of curing.

The compressive strength shall be determined by a performance-test in accerdance with EN 196-1, except that:

— sand, cement and the water used for the prism samples are identical with those used for the mortar before
application of the lining;

-— sand/cement ratio used for the prism samples is equal to that used for the mortar before application of the lining;

— waler/cement ralio used for the prism samples is equal lo thal of the lining immediately after application fo thr
pipe wall; :

238



BS EN 598:2007+A1:2009
EN 598:2007+A1:2009 (E)

— test samples are prepared using either an impact lable (in accordance with EN 188-1} or a vibraling table
{2 min at 63 Hz) when the water/cement ratio is below 0,35.

NOTE This takes into account the influence of the centrifugal spinning process which allows expelling the excess water.

7.2 Longitudinal bending of pipes

The test shall be carried out on a finished pipe resting on two supports 4 m apart (see Figure 1); the load shall be
applied at mid-span by means of a loading block. The two supports and the loading block shall have a V shape of
120° and shall be covered with a sheet of elastomer having a thickness of 10 mm + 5 mm and a hardness greater
than or equal to 50 IRHD; their width shall not exceed 100 mm. Before the test, the pipe shall be immersed in water at
ambient temperature for approximately 24 h.

in the first part of the test, the load shall be increased steadily until the pipe is subjected to the maximum service
bending moment given in Table 9, which is kept constant for 10 min. The load shall then be reieased and the pipe
visually inspected.

Figure 1 — Longitudinal hending test
In the second part of the test, on the same pipe, the load is steadily increased unlil the pipe is subjected to lhe proof

hending moment given in Table 9. The rate of loading shall not exceed 2 kN/s. The proof load shall be applied for
1 min.

Table 9 — Test bending moments

Mé)_(imum sar\:i.ce bending mor;iants Proof bending mégents
DN kN-m kN-m
Gravity pipe Pressure pipe Gravity pipe Pressure pipe
80 4 " 6 7 10
100 8 9 10 15
125 9 13 13° j 22
150 13 19 17 ° 32
200 225 33 27° 56
&  These proof bending moments have been limited to a value lower than the bending moment calculated using the
equation given in Notc 2 below. in order to avoid local deformation of the pipe wall in the vicinity of the supports.

NOTE 1  These bending moments, expressed in kilonewton metres, are achieved by application of loads F of the same
numerical value, exprassed in kilonewtons.

OTE 2 The bending moments are calculated by the following equation:
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JW=0,25}'T><10_6 Ry x D% x e

where
M is the bending moment, in kilonewton metres;

Rf is the allowable stress in the pipe wall, in megapascals;

D is the mean pipe diameter (DE ¢, in millimetres;
bi  is the nominal pipe extemal diameter, in millimetres (see Table 11);
e is the minimum pipe wall thickness, in millimetres (see Table 11).

The maximum service bending moments are calculated with Re= 250 MPa and the proof bending moments wilh Ry=420 MPa.

7.3 Diamefral stiffness of pipes

The test shall be carried out on a pipe section 500 mm = 20 mm long, cut fram a finished pipe barrel. The pipe section
shall be placed on a support approximately 200 mm wide and 600 mm long, having a V shape with an angle between
170° and 180° (see Figure 2}. The load shall be applied at the pipe crown through a loading beam approximately
50 mm wide and 600 mm long. Both the V support and the Ioading beam shall be covered with a sheet of elastomer
with a thickness of 10 mm £ 5 mm and a hardness greater than or equal to 50 IRHD. Befcre the test, the pipe section
shall be immersed in water at ambient temperature for approximately 24 h,

The load shall be increased steadily until it reaches the test load corresponding to the minimum diametral stiffness
given in Table 10 and kept constant for 1 min. The vertical deflection of the pipe section shall be measured, recorded
and the calculated ovalization shall not exceed the allowable value given in Table 10. in addition, the pipe section
shall be visually inspected in order to check that there is no damage to the external and internal coatings which can
affect their function.

Figure 2 — Diametral stiffness test

The load shall then be increased until the vertical deflection reaches twice the value previously measured. The load
shall be kept constant for 1 min.
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Table 10 — Diametrai stiffness test requirements

_mlu\ninimum diametral Test foad, F Allowable pipe ;,
DN stiffness, S ovalization caic
kNfm? kN/m Y mm
(_':i}avily pipe
80 400 309 15 29
100 227 25,3 1.8 29
125 ' 123 214 23 29
150 74 17.8 2.7 29
200 32 13,4 2,8{38) 29
2560 32 17,1 28(3,7) 3,6
300 32 206 30375 43
350 32 242 3.1(3,8) 4,9
P-fessure pipe |

80 1270 | 624 _ 1,1 : 472
100 710 49,2 1,3 42
125 380 40,0 1,8 4,2
150 230 34,0 1.9 4.2
200 105 30,7 25 43
250 66 26,6 2.8 45
300 47 242 3,0 4.8
350 38 228 31 52
400 31 222 3,2 55
450 .28 2272 3.3 5,8
500 22 21,5 34 6,1
600 18 22,2 3.6 6,8
700 23 36,4 3.8 8,6
800 20 36,4 4.0 94
800 18 36,8 40 16,1
1000 16 36,2 4,0 10,9
1100 22 54,7 4.0 13.2
1200 20 54,3 4,0 141
1400 18 56,9 40 15,8
1500 17 57,6 4,0 16,5
1600 17 613 40 17,5
1800 16 64,6 4,0 18,2
2000 16 720 4,0 208

NOTE1 The values for S have becn calculated assuming a pipe wall thickness e_,. equal to
the nominal thickness minus half the fimit deviation.

NOTE 2  For gravily pipes DN 200 to 350, the values of the allowable pipe ovalization given in
brackets apply for pipes with a flexible lining (epoxy or polyurethane}.
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NOTE 1 The ovalization is 100 times the measured vertical deflection in millimetres {caused by the applied load) divided by the
measured pipe external diameter in millimetres.

NOTE 2  The diametral stiffness, the vertical deflection and the applied load are linked by the following equation:
' F
S=0019 —
Y

where
§  is the diametral stiffness, in kilonewtons per square metre;
F s the applied [oad, in kilonewtons per metre length of pipe;
¥ is the vertical deftection, in metres.

NOTE 3  The diametral stiffness S of a pipe is calculated by the following equation:

s =1000 7L = 1000 x _E__feﬂ"’f
D* 12 D
where
5 i5 the diametral stiffness, in kilonewicns per square metre;
E is the modulus of elasticity of the material, in megapascals (170 000 MPa);
7 is the second moment of arza of the pipe wall per unit length, in millimetres to the third power;
e.,. Iisthe wall thickness of a pipe for calculation purposes;
D is the mean diameter of the pipe (DE — e, J, in millimetres;
DE is the nominal pipe cxternal diameter, in millimetres (see Table 11).

7.4 Leak tightness of components for gravity pipelines

Ductile iron pipes, fittings, inspection chambers and manholes, equipped with appropriate end restraints, shall be fiIJerL
with water and suitably vented of air The internal hydrostatic pressure shall then be raised to 2 bar and maintained
constant for at least 2 h, during which a visual inspection for leak detection shall be carried out. The test shall be
carried out at ambient temperature on coated products.

These performance tests may be performed at the same time as those described in 7.5 for joinis.

7.5 Leak tightness of flexible joints to positive internal pressure
The test shall be carried out on an assembled joint comprising two pipe sections, each at least 1 m leng {see Figure 3).
The test apparalus shall be capable of providing suitable end and lateral restraints whether the joint is in the aligned

position, or deflected, or subjected fo a shear load. It shall be equipped with a pressure gauge with an accuracy of
+3%.
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rhe vertical force W shall be applied to the spigot end by means of a V shaped block with an angle of 120°, lccated at
approximately 0,5 DN in millimetres or 200 mm from the socket face, whichever is the largest; the socket shall bear on
a flat support. The vertical force W shall be such that the resultant shear force F across the joint is equal o the value
specified in 5.5.3.3 taking into account the mass M of the pipe and its contents and the geometry of the test assembly:

_ FXC—!‘-‘f(‘—b]

c—a

W

whete ¢, » and ¢ are as shown in Figure 3,

The test assembiy shall be filled with water and suitably vented of air. The pressure shall be raised steadily until it
reaches the test pressure given in 5.5.2; the rate of pressure increase shall not exceed 1 bar per s. The test pressure
shall be kept constant within £ 0,5 bar for at least 2 h during which the joint is thoroughly inspected every 15 min.

NOTE All necessary safety precautions should be taken for the duration of the pressure test.
For a restrained joint, the test assembly, the test apparatus and the test procedure shall be identical except that there

shall be no end restraint, so that the axial thrust is taken by the restrained joint under test. In addition, possible axial
I;-novement of the spigot shall be measured every 15 min.

—
7 v/ W/A 77

Figure 3 — Leak tightness test of joints {internal pressure}

76 Leak tightness of flexible joints to negative internal pressure

The test assembly and test apparatus shall be as given in 7.5, with the pipe sections axially restrained to prevent them
moving towards each other.

The test assembly shall be empty of water and shall be evacuated to a negative internal pressure of 0,9 bar (see
5.5.2) and then isolated from the vacuum pump. The test assembly shalf be left under vacuum for 2 h, during which
the pressure shall not have changed by more than 0,09 bar. The test shall begin at a temperature between 5 °C and
40 °C. The temperature of the test assembiy shall not vary by more than 10 °C for the duration of the test.

For a resfrained joint, the test assembly, ihe test apparatus and the test procedure shall be identical.

7.7 Leak tightness of flexible push-in joints to positive external pressure
The test assembly shall camprise of two joints made with two pipe sockets welded together and one double-spigot

piece (see Figure 4); it creates an annular chamber which allows testing one joint under internal pressure and one
joint under external pressure.
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7.10  Abrasion resistance

7.10.1 Cement mortar lining

The test shall be carmried out on a one metre long DN 200 pipe sample, closed at both ends after enclosing the test
material. The pipe section shall be internally brushed in order to remove the loose sand and loose mortar parts using a
hard plastic brush and cieaned with compressed air.

Before test, the cement mortar lined pipe section shall be immersed in water at ambient temperature for approximately
24 h,

The cement mortar lining thickness shall be measured along 2 longitudinal line located at 8 o'clock at 15 regularly
spaced measurement poinis on each line excluding 150 mm at both ends. The location of the measurement points
shall identical before and after testing, preferably using a femplate. The thickness is measured using an
electromagnetic measuring device.

The test material shall cantain natural siliceous gravel to reach a level of 38 mm + 2 mm above the invert with enough

water to reach the same level. The gravel particle shall be of the reunded and not crushed type and shall have a size

between 2 mm and 10 mm with an average of approximately 6 mm.

The pipe sample shall be fixed horizentally on a testing device capable of inclining the sample successively to an
angle of plus 22,5° and minus 22,5 every 3sto 5 s.

The pipe sample shall be examined after 100 000 movements (or 50 000 cycies). The depth of abrasion of the cement
mortar lining is calculated as the difference between the average thickness before and after testing.

7.10.2 Epoxy or polyurethane lining

The test shall be carried out on a one metre long DN 200 pipe sample, closed at both ends after enclosing the test
material.

The epoxy or polyurethane lining thickness shall be measured along a longitudinal lIine located at 6 o'clock at
15 regularly spaced measurement points on each line excluding 150 mm at both ends. The locaticn of the
measurement points shall identical before and after testing, preferably using a tempiate. The thickness is measured
using an electromagnetic measuring device.

The test material shall contain natural silicecus gravel to reach a level of 38 mm = 2 mm above the invert with enough
water to reach the same level. The grave! particle shall be of the rounded and not crushed type and shall have a sszf
between 2 mm and 10 mm with an average of approximately 6 mm.

The pipe sample shall be fixed horizontally on a testing device capable of inclining the sample successively to an
angie of plus 22,5° and minus 22,5 every 3sto 5 s.

The pipe sample shall be examined after 100 C00 movements {cr 5C C00 cycles). The depth of abrasion of the epoxy
or polyurethane iining is calculated as the difference between the average thickness before and after testing.
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Figure 5 — Chemical resistance test

8 Tables of dimensions

8.1 Socket and spigot pipes

The dimensions of socket and spigot pipes shall be as given in Table 11. The values of L, are given in Table 2. For
external and internal coatings see 4.4.

~ The values of DE and their limit deviations apply also to the spigot ends of fittings (see 4.2 2 1),

oL

!
il

Key
OL overali length, in metres
X maximum insertion depth, in metres

L,=0L - X is the effective length, in metres

Figure 6 — Socket and spigot pipes
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Table 11 — Dimensions of pipes

External diametfer, DE

iron thickness, e

mm mm
ON Pressure pipes Gravity pipes
Nominal Limit deviation| Nominal Limit deviation # Nominal Limit deviation @

80 98 +1/-27 4.8 -1.3 3.4 -1.0
100 18 +1-28 438 -1,3 3,4 -1,0
125 144 | +1/-28 4.8 -1.3 3,4 -1,0
160 170 +1/-29 48 ~-1,3 34 -1,0
200 222 +1/--3,0 4,9 -13 34 1,0
250 24 +1/-31 53 16 41 -1,
300 326 +1/-33 58 -16 4.8 - 1.0
350 378 +1/-34 6,0 -1,7 5,5 -12
400 429 +1/-35 6,3 -17

450 480 +1/-386 6,7 -1,8

500 532 11/-38 7.0 -18

600 635 +1/ 4,0 77 -19

700 738 +1/-43 9,6 —-2,0

800 842 +1/-45 10,4 -21

200 945 +1-48 11,2 -2.2
1000 1048 +1/-50 12,0 -23
1100 1152 +1/-6,0 14,4 -24
1200 1255 -1/ -6,0 15,3 -25
1400 1452 +1/-- 6,6 17,1 -2,
1500 1565 +1/-7,0 17,9 2,8
1600 1668 +1/-7.4 18,9 -28
1800 1875 +1/-872 20,7 -3.1
2000 2082 +1/-9,0 225 : -33
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8.2 Fittings for gravity sewers

8.2.1 Collars

K Al A

f | U

g [ [
& O

Figure 7 — Collars

The standardized DN of collars {see Figure 7) are all those from DN 80 to DN 2000.

8.2.2 Manhole connectors

Figure 8 — Manhole connectors

The standardized DN of manhole connectors (see Figure 8) are all those from DN 150 to DN 2000.

8.2.3 Double socket bends

Figure 9 — DPouble socket bends

The standardized DN of double socket bends (see Figure 9) are all those from DN 80 to DN 2000. The manufacturer
shall make available the information as to the angles « of his bends.
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8.2.4 Angle branches

i rd Z s

]

Figure 10 — Angle branches
The standardized DN of angle branches (see Figure 10) are all those from DN 100 to DN 500 for the body and from

dn 80 to dn 250 for the branch. The manufacturer shall make available the information as to his DN X dn combinations,
types of end (socket or spigot) and branch angle.

3.2.5 Connection branches

Figure 11 — Connection branches

The standardized DN of connections branches (see Figure 11) are all those from dn 100 to dn 250 for connection to
pipes from DN 200 to DN 2000. The manufacturer shali make the information availabie as to his types of end (socket
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or spiget) for connection with different pipe materials, branch angles and shape of hole to be cut in the pipe (circular,
square or rectangular).

8.2.6 [Inspection tees

i i L L

Figure 12 — Inspection tees
The standardized DN of inspections tees (see Figure 12) are all those from DN 100 to DN 800. The manufacturer shail

make the information available as to his types of end (socket or spigot) and shape and dimensions of the access
branch.

8.27 Access traps

S —— —— e —— I
N

Figure 13 — Access fraps

The standardized DN of access traps (see Figure 13) are all those from DN 150 to DN 1400. The manufacturer shall

make the information available as tc the shape and dimensions of the hole to be cut in the pipe and the method of
connection o the pipe.

8.3 Fittings for pressure sewers and vacuum sewers

The types and dimensions of fitlings shall be those given in EN 545,
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9 Evaluation of conformity

9.1 General

The conformity of ductile iron pipes, fittings, accessories and their joint with the requirements of this standard and with
the declared values (including classes) shall be demenstrated by:

— initiat type testing (3.33);
— factory production control by the manufacturer, including product assessment.

For the purposes of testing, the products may be grouped into families (see 5.1), where it is considered that the results
for one ar more characteristics from any product within the family are representative for the same characteristics for all
products within that family.

9.2 |Initial type testing

921 General

initial type testing shall be performed to show conformity with this European Standard. Tests previously performed in
accordance with the provisions of this Eurcpean Standard (same product, same characteristic(s), test method,
sampling procedure, system of attestation of conformity, etc.) may be taken into account. In addition, initial type
testing shall be performed at the beginning of the production of a new type of product or at the beginning of a new
method of production (where this may affect the stated properties).

Where components are used whose characteristics have aiready been determined by the component manufaciurer,
on the basis of conformity with other product standards, these characteristics need nolt be reassessed provided that
the components' performance or method of assessment remain the same, that the characteristics of the cormponent
are suilable for the intended end use of the finished product, and insofar as the manufacturing process does not have
a detrimental affect on the determined characteristics.

Components and raw materials CE marked in accordance with appropriate harmonised European specifications may
be presumed to have the performances stated with the CE marking, although this does not replace the responsibility

on the manufacturer of ductile iron pipeline product to ensure that the product as a whole is correctly designed and its
component products have the necessary performance values to meet the design.

9.2.2 Characteristics
All characieristics in Clause 5 shall be subject to initial type testing, with the following exceptions:

— release of dangerous substances may be assessed indirectly by controling the content of the substance
concerned;

— flange joints (see 5.6) and screwed or welded flanges (see 5.7) which are afready assessed according to
EN 545.

Whenever a change occurs in the product, the raw material or supplier of the components, or the production process

(subject to the definition of a family), which would change significantly one or more of the characteristics, the type
tests shall be repeated for the appropriate characteristics.
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9.2.3 Treatment of calculated values and design

In those cases where conformity with this standard is based on calculations, type testing will be limited to the
verification of the calculations made and that the resulting products correspond to the assumptions made in the design.

9.2.4 Sampling, testing and confermity criteria

9.241 Sampling procedure
Initial type testing shall be performed on samples of products representative for the manufactured product type.

The random sampling method shall be used, except for the assessment of the leak tightness of joints which requires
samples at the extreme of tolerances {see 5.5).

9.24.2 Testing and compliance criteria
he number of test samples to be tested (or assessed) shall be in accordance with Table 12.

The results of all type tests shall be recorded and held by the manufacturer for at least 10 years after the [ast date or
production of the product(s} tc which they apply.
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Tabie 12 — Number of test samples for initial type testing

Test method . .
Requirements in

ltemns to be tested Number of samples (minimum) in acsvcitr’c:ance accordance with
Internal pressure strength (1) 1 per DN Calculation 471
A2
Longitudinal bending of pipes (2) 1 of the DN of the grouping 5.2
Integrity under service conditions CN 80 to 200 7.2 522
Bending resistance 7.2 5.2.3
Diametral stiffness of pipes (3) 1 of each DN grouping 5.3
Integrity under service conditions DNB80 |[DN300 {DNT700 | DN 1100 7.3 532
Resistance to ovalization to to to to 73 5.3.3
DN 250 | DN 6800 | DN 1000 | DN 2000
Leak tightness of componenis for|1 of each DN grouping : i
gravity pipelines DN80 |DN300 |[DN700 |DN1100 | 7.4 54
to o [(¢] to
DN 250 |DN600 | DN 1000 | DN 2000 |
Leak tightness of joints (4} 1 of each DN grouping | : 55
To internal hydrostatic pressure [onso | on3oo [oN 700 (DN 1160 7.5 552
To negative internal pressure . ” To o 76 5.5.2
To positive external pressure 7.7 552
To cyclic infemal pressure DN 250 [BN&Q0 | DN 1000 | DN 2000 7.8 8.52
Chemical resistance fo effluents 1 DN of the grouping 7.9 58
DN 80 lo DN 200
Abrasi-aﬁ resistance 1 DN of the groupi-r;g_“ i 7.10 59
DN 80 to DN 200
Compressive strength of the cement : Mean of 6 tests on 3 sampies 71 5.10
mortar fining

NOTE  Highlighted items are essential characteristics according to the mandate: (1) Internal pressure strength, {2) Longifudinal
bending strangth, {3} Maximum load for admissible deformation, {(4) Tightness: gas and liquid.

9.3 Factory production control {(FPC)

9.3.1 General

The manufacturer shall establish, document and maintain an FPC system to ensure that the products placed on the
market conform to the declared performance characteristics and to all requirements of this standard, The FPC systam
shall consist of procedures (works' manual), regular inspections and tests andfor assessmenis and the use of the
results to control raw and other incoming materials or components, equipment, the production process and the
product. Records shall remain legible, readily identifiable and retrievable.

The FPC system may be part of a Quality Management System, e.g. in accordance with EN 1SQ $001.

An FPC system conforming with the requirements of EN ISO 9001, and made specific to the requirements of this
standard shall be considered to satisfy the above requirements.
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he results of inspections, tests or assessments requiring action shall be recorded, as shall any action taken. The
action to be taken when control values or criteria are not met shall be recorded and retained for the period specified in

the manufacturer's FPC procedures.
If the manufacturer has the component designed, manufactured, assembled, packed, processed and/or labelled by
subcontracting, FPC of the original manufaclurer may be taken into account. However, where subconfracting takes

place, the manufacturer shall retain the overall control of the component and ensure that he receives all the
information that is necessary to fulfil his responsibilities according to this Eurcpean Standard.

9.3.2 FPC requirements for all manufacturers

9.3.21 General

The manufacturer shall establish procedures fo ensure that the production tolerances allow for the products
performances lo be in conformity with the declared values, derived from initial type testing,

The characteristics, and the means of verification, are given in Table 13. The minimum testing frequencies apply fo
permanent production in farge quantities with a stable process. The actual testing frequencies to be used in order to
‘nsure permanent conformity of the products shall be fixed by the manufacturer's FPC, taking into account the
Jroduction rate and the process control measures which are implemented.

The manufacturer shall record the results of the lests specified above. These records shall at least include the
following information:

— identification of the product tested;
— date of sampling and testing;
— test methods performed;

— testresu Its‘."
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Table 13 — Minimum frequency of product testing as part of FPC

Items to be tested

Test method in

Requirements in

Minimum frequency of

accordance with accordance with test
Dimensions
Wall thickness 6.1.1 421 1 per shift
External diameter 6.1.2 4.2.2.1 10 %
Intemal diameter 6.1.3 4222 1 per shift
Length 6.14 4.2.3 1 per week
Straightness of pipes 6.2 4.2.4 1%
Material characferistics
Tensile testing 8.3 431 see 9.3.22
Brinell hardness 8.4 43.2 1 per week
Coatings and linings of pipes
Zinc coating mass 6.7 4422 1 per shift
Thickness of paint coatings 6.8 4422 1 per shift
Thickness of cement mortar lining 6.9 4432 1 per shift
Coatings of fittings and accessories
Epoxy coating EN 14901 452 1 per shift
Leak tightness for pipes and fittings
For positive pressure pipelines 8.5 472 100 %
For negative pressure pipelines 6.6 47.2 100 %

9.3.2.2 FPC for tensile testing

During the manufacturing process the manufacturer shall carry out suitable tests in order to verify the tensile
properiies specified in 4.3.1. These tests may be:

a) a batch ) sampling system whereby samples are obtained from the pipe spigot or, for fittings, from samples cast
separately or attached with the castings concerned. Test bars are machined from these samples and tensile tested in
accordance with 6.3, or

b) a system of process control (e.g. by non-destructive testing) where a positive correlation can be demonstrate{\_
with the tensile properties specified in Table 3. Testing verification procedures are based on the use of comparator
samples having known and verifiable properties. This system is supporied by tensile testing in accordance with 6.3.

The frequency of testing is related to the system of production and quality control used by the manufacturer. The
maximum batch sizes shall be as given in Table 14.

1)

Batch is the quantity of castings from which a sample is taken for testing purposes during manufacture.
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Table 14 — Maximum batch sizes for tensile testing

Type of casting BN Maximum batch size
Batch sampling system Process control system
Centrifugally cast pipes 80 to 300 200 pipes 1 200 pipes
350 to 60O 100 pipes 600 pipes

700 to 1000 50 pipes 300 pipes

1100 to 2000 25 pipes 150 pipes
aP(i;[ézzSnoorEec;emrifugalry cast, fittings and 80 to 2000 ata 48 10
3 Weight of crude castings, excluding the risers.

9.3.3 Manufacturer-specific FPC system requirements

4331 Personnel

The responsibility, authority and the relationship between personnel that manages, performs or verifies work affecting
product conformity, shall be defined. This applies in particular to personnel that need o initiate actions preventing
product non-conformities from occurring, actions in case of non-conformities ‘and to identify and register preduct
conformity problems. Personnel performing work affecting product conformity shall be competent on the basis of
appropriate education, training, skills and experience for which records shail be maintained.

9.3.3.2 Equipment

All weighing, measuring and testing equipment necessary o achieve, or produce evidence of, conformity shall be
calibrated or verified and regularly inspected according to documented procedures, frequencies and criteria. Control of
monitoring and measuring devices shall comply with the appropriate clause of EN 1SO 9001.

All equipment used in the manufacturing process shall be regularly inspected and maintained to ensure use; wear or
failure does not cause inconsistency in the manufacturing process.

Inspections and maintenance shall be carried out and recorded in accordance with the manufacturer's written
~rocedures and the records refained for the period defined in the manufacturer's FPC procedures.

9.3.3.3 Design process

The factory production control system shall document the varicus stages in the design of the products; identify the
checking procedure and those individuals responsible for all stages of design.

During the design process itself, a record shall be kept of all checks, their results, and any corrective actions taken.
This record shall be sufficiently detailed and accurate to demonstrate that all stages of the design phase and all
checks have been carried out satisfactorily. Compliance with EN 1SO 9001:2000, 7.3, shall be deemed to satisfy the
requirements of this subclause.

9.3.3.4 Raw materials and components
The specifications of all incoming raw materials and compenants shalt be documented, as shall the inspection scheme

for ensuring their conformity. The verification of conformity of the raw materials with the specification shall be in
accordance with EN 1SO 9001:2000, 7.4.3.
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9.3.35 In-process confrol

The manufacturer shall plan and carry cut production under controlled conditions. Compliance with EN 1S5S0 9001:2000,
7.5.1 and 7.5.2, shall be deemed to satisfy the requirements of this subclause.

8.33.6 Non-conforming products

The manufacturer shall have written procedures which specify how non-conforming products shall be dealt with. Any
such events shall be recorded as they occur and these records shali be kept for the period defined in the
manufacturer's written procedures. Compliance with EN I1SC 9001:2000, 8.3, shall be deemed to satisfy the
requirements of this subclause.

9.3.3.7 Corrective action
The manufacturer shall have documented procedures that instigate action t¢ eliminate the cause of non-conformities

in order to prevent recurrence. Compliance with EN ISC 9001:2000, 8.5.2, shall be deemed to satisfy the
requirements of this subclause.

48




BS EN 598:2007+A1:2009
EN 598:2007+A1:2008 (E)

Annex A
(normative)

Allowable pressures for pressure sewers

A1 General

The maximum values of PFA, PMA and PEA for pipes and fittings, as defined in 3.21, 3.22 and 3.23 respectively, shall
be as given (in bars) in A.2, A3 and A 4.

A.2 Socket and spigot pipes for pressure sewers

The maximum values of PFA, PMA and PEA as given in Table A.1 for pressure sewers are calculated as follows:

Zo'emiﬂ -R

a) PFA=—"""L " with a maximum of 40 bar
D-Sp
where
emin 18 the minimum pipe wall thickness, in millimetres (see Table 11);
D is the mean pipe diameter (DF — e;,), In miliimetres;

DE  is the nominal pipe external diameter, in miflimelres (see Table 11);

is the minimum tensile strength of ductile iron, in megapascais (R,, = 420 MPa, seg 4.3.1});
Sy is a safety factor of 3.

b} PMA: as PFA, but with SF = 2,5; therefore
PMA = 1,2 x PFA.

c) PEA=PMA+5bar.

Appropriate limitations shall be taken into account which may prevent the full range of these pressures being used in
an installed pipeline, for example:

-— operation at the PEA and PMA values given in A.2 for socket and spigot pipes may be limited by the lower
pressure capability of other pipeline components, e.g. flanged pipework (see A.4), certain types of tees {(see A.3)
and specific designs of flexible joints (see 5.5.2);

— sile hydrostatic testing at the high PEA values given in A.2 may be fimited by the type and design of the pipeline
anchorage system and/or the design of flexible joints.
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Table A.1 — Allowable pressures

ON Pressure pipes
PFA PMA PEA
80 40 48 53
100 40 48 53
125 40 48 53
150 40 48 53
200 40 43 53
250 38 48 51
300 35 42 47
350 32 39 44
400 30 ' 36 41
450 28 35 40
500 28 33 38
800 26 31 38
700 29 35 40
800 28 33 38
3900 27 32 37
1000 28 31 36
1100 29 35 40
1200 29 35 40
1400 28 33 38
1500 27 32 37
16C0 27 32 37
1800 27 32 37
2000 26 31 3B
NOTE See limitations given in A1

A.3 Fittings for socketed joints

See EN 545.

A.4 Flanged pipes and fittings for flanged joints

See EN 545.
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Annex B
(informative)

Alternative coatings and field of use in relation to characteristics of soils

B.1 Alternative coatings

B.1.1 Pipes

The following pipe coatings may also be supplied, depending on the external and internal intended conditions of use:
a) external coatings:

— zinc rich paint coating having a minimum mass of 150 g/m#, with finishing layer;

; thicker zinc coating having a minimum mass of 200 g/m2, with finishing layer;

— polyethylene sleeving (as a supplement to the zinc coating with finishing layer),

— altoy of zinc and aluminium with or without other metals, having a minimum mass of 400 g/m?, with finishing
layer;

— extruded polyethylene coating in accordance with EN 14628;

— polyurethane coating in accordance with EN 15189;

— reinforced. cement mortar coating having a nominal thickness of at least 5 mm;

— adhesive fape.

b) infernal coatings (linings):

— cement mortar lining other than made from high alumina cement;

— epoxy lining;

—- polyurethane lining.

These external and internal coatings should comply with the appropriate Eurcpean Technical Specification or, where

no European Technical Specification exists, with the appropriate International Slandard, national standard or agreed
specification.

B.1.2 Fittings
The foltewing fitting coatings may also be supplied depending on external and internal intended conditions of use:
a} external coatings:
—-  biluminous paint;

— zin¢ coating with finishing layer;
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- palyethylene sleeving {as a supplement to the bituminous paint or to the zinc coating with finishing layer};
— polyurethane;
— adhesive tapes.

b) Internal coatings (linings}):
— high alumina cement mortar lining (see 4.4.3);
— blast furnace cement mortar lining;
-~ polyurethane.

These external and internal coatings should comply with the corresponding European Technical specffication or,

where na European Technical specification exists, with the appropriate International Standard, national standard, or
agreed specification.

B.2 Field of use in relation to characteristics of soils

B.2.1 Standard coating

Ductile iron pipes complying with 4.4.2 and ductile ron fitings and accessories complying with 4.5.2 may be buried in
contact with a large number of soils, which can be identified by soit studies on site, except:

— soils with a low resistivity, less than 1 500-{}-cm when laid above the water table or less than 2 500 Q-cm when
laid below the water table;

— mixed soils, i.e. comprising two or more soil natures;
— soils with 2 pH below 6 and a high reserve of acidity;
— soils containing refuse, einders, slags or polluted by wastes or industrial effluents.

In such soils, and also in the occurrence of stray currents, it is recommended that an addilional protection is used
(such as polyethylene sleeving) or other lypes of external coatings as appropriate (see B.1, B.2.2 and B.2.3}.

An increase of the mass of the zinc coating (e.g. 200 g/m?) combined with a thicker finishing layer (e.g. 100 um
polyurethane or epoxy) may extend the field of use to a resistivity of 1 500 ©-cm when laid below the water table.

B.2.2 Alloy of zinc and aluminium with or without other metals
Cuctife iron pipes coated with an alioy of zinc and aluminium with or without other metals, having a minimum mass of
400 g/m2 with finishing layer, and ductile iron fittings complying with 4.5.2, may be buried in contact with the majority
of soils, except:
— acidic peaty soails;
— soils containing refuse, cinders, slag, or polluted by wastes or industrial effluents;

— soils below the marine water table with a resistivity lower than 500 Q-em.

In such soils, and also in the occurrence of stray currents, it is recommended to use other lypes of external coatings
adapted to the most corrosive soils (see B.1 and B.2 3).
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d3.2.3 Reinforced coatings

Ductiie iron pipes and fittings with the following external coatings may be buried in soils of all levels of corrosivity:
— extruded polyethylene coating (pipes);
- polyurethane coating (pipes and fittings);
— epoxy coating complying with 4.5.2 (fittings);
— fibre reinforced cement mortar coating (pipes);

— adhesive tapes (pipes and fittings}.
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Annex C
(informative)

Field of use in relation to characteristics of effluents

Except for components intended cnly for the fransport of rainwater, ductile iron pipelines supplied with the internai
linings complying with 4.4.3 and 4.5.2 can be used to transport all types of surface water and domesiic effluents and
certain types of industrial effluents, provided that they are not exposed fo values below pH 4 or greater than pH 12.

By agreement between manufacturer and purchaser, the use can be extended to special applications, after

consideration of other parameters such as temperature, nature of the main aggressive substances, frequency of
occurrence etc.
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Annex D
(informative)

Calculation method for buried pipelines, permissible heights of cover

D.1Calculation

D.1.1 Calculation equation

The methed is based on an ovalization calculation according to the equation below:

100K (P, + 1)
A=
85 +(f xE'}

where
A is the pipe ovalization, in percent;
K s the bedding factor;

is the pressure from earth loading. in kilonewtons per square metre;
P, is the pressure from traffic loading, in kilonewtons per square metre;

S is the pipe diametral stiffness, in kilonewtons per sguare metre, see values in Table 10;
f is the factor of lateraf pressure (/= 0,061);
£ is the moduius of soil reaction, in kilonewtons per square metre.
The ovalization calculated by means of this equation should not exceed the allowable ovalization shown in Table 10.
The allowable ovalization increases with DN while remaining well below the value that the internal cement mortar
qing can withstand without damage, in addition, it provides a safety factor of 1,5 with respect to the elastic iimit of

ductile iron in bending (500 MPa minimum) by limiting the stress in the pipe wall at 330 MPa; finalty, it is limited to 4 %
for DN = 800.

D.1.2 Pressure from earth loading

The pressure P, uniformly distribuied at the top of the pipe over a distance equal to the external diameter, is
cafeulated following the earth prism method by the equation below:

B, =yxH
where

P, isthe pressure from earth foading, in kilonewtons per square metre;

v is the unit weight of backfill, in kilonewtons per cubic metre;

H is the height of cover, in metres, that is the distance from the top of the pipe to the ground surface.
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In the absence of other data, the unil weight of the soil is faken as being equal to 20 KN/m3in order to cover the vasl
majority of cases. If a preliminary geotechnical survey confirms that the actual unit weight of the backfill wili be less
than 20 kN/m?, the actual value may be used for determining P,. If, however, it appears that the actual value will be

more than 20 kN/m3, the actual value should be used.

D.1.3 Pressure from traffic loading
The pressure P, uniformly distributed at the top of the pipe over a distance equal to the external diameter, Is

cafculated by means of the equation below:

P =40-(1—2-10—4-DN)§

where

P

. is the pressure from traffic loading in kilonewions per square metre;
£ Is the traffic icad factor;
H is the height of cover, in metres, that is the distance from the top of the pipe to the ground surface.
This equation is not valid for H < 0,3 m.
Three types of tralfic loading are 1o be considered:
— traffic areas wilh main roads, #= 1,5: this is the general case of all roads, except access roads;
— traffic areas with access roads, 4= 0,75: roads where lorry traffic is prohibited ;
rural areas, g = 0,5: all other cases.
It should be noted that all pipelines should be designed for 4= 0,5 even where they are not expected to be exposed to
traffic loading. In addition, pipelines laid in the verge and embankment of roads should be designed to withstand the

full traffic loading expected on these roads. Finally, for pipelines which may be exposed to particularly high traffic
loading, a factor 7= 2 should be adopted.

D.1.4 Bedding factor, X

The bedding factor X, depends upon the soil pressure distribution at the top of the pipe (over a distance equal to the
external diameter} and at the invert of the pipe (over a distance corresponding to the theoretical bedding angle 2.

K normally varies from 0,11 for 20, = 20° to 0,09 lor 2 = 120°. The value of 20° corresponds to a pipe which is simply
laid on the flat trench bottomn, with no compaction effort.

D.1.5 Factor of lateral pressure, f

The factor of lateral pressure £, is equal to 0,061; this corresponds to a parabaolic distribution of the lateral soil pressure
over an angle of 100°, according to the IOWA-Spangler model.

D.1.6 Modulus of soil reaction, E’

The modulus of soil reaction £, depends upon the nature of soil used in the pipe zone and upon the laying conditions.
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.1 a given situation, the modulus of reaction which is required can be determined by means of the equation below:

=20 [ﬁ:ﬁ 2 10_4DN)+05H—‘ 85

where

E' is the modulus of soil reaction, in kilonewtons per square metre;

d is the allowable ovalization, in percent.
In Tables D.1 and D.2, values of £ equal to 1 000 kN/m2, 2 000 kN/m?and 5 000 kN/m? are taken as guidelines; they
correspond to a compaction leve! which is respectively nil, low and good. The value £* = 0 has aiso been shown as the
limit case for unfavourable laying conditions in poor soils {(no compaction, water table above the pipe, trench shoring

removed after backfilling or embankment conditions).

If a preliminary geotechnical survey allows the determination of the value of the modulus of scil reaction, this vaiue
wuld be taken into account in the calculations.

D.2 Heights of cover
Tabies D.1 and D.2 gives the most pessimistic range of values of the aljowable heights of cover for each group of
diameters. These values can be used without any additional calculation; they are given in metres, with £ in
kilenewtons per square metre.

For heights of cover outside the ranges given in Tables D.1 and D.2 and for betler laying conditions, a verification can
be made using the equations given in D.1.
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Table D.1 — Pressure pipes

DN 80 to 300 350 to 450 500 to 2 000
K20 0,110 (20°) 0,105 (45°) 0,103 (60°)
B=05 E'=10 0,3t05,0 0,310 3,0 0,4t02,2
=1 000 031058 031t04,0 0,3t0 3,5
rural F=2 000 03108,6 0.3t05,0 0,3104,7
areas 1= 5000 0,319,272 0,3t08,0 0,3t07.8
B=0,75 =0 0,5t0 4,8 0523 08to2,0
= 1000 0,3t05,7 041039 0410 3,5
aceess =2 000 03106,86 0,3t04,9 03tc4,6
roads E'=5000 0,3t09,1 031079 031tc7.8
A=1,50 2= () 06t04,5 a a
F'=1000 0,6tabh 4 08t03,4 09t03,0
main Fr=2000 0.41t086,3 061046 06043
roads E'=5000 0.3t090 CA4t7.7 0.4t07.8

2 Not rccommended : only a specific calculation for each case can provide an adequate answer,
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DN 80 to 300 350
K2a 0,110 (20*) 0,105 (45°)
p=05 = 0.31t03,2 031035
£ =1 000 0.3t04,1 03045 ._
rural E'=2000 03050 03054 :
areas E'=5000 0,3t07,5 0,310 8,2
F=0,75 =0 0.5t0 3.0 041t034
F'=1000 041040 03044
access E'=2000 03t049 0354
roads E'=5000 031075 03tad1
A=1.50 =0 131022 a
E'=1000 0.81t03,5 0,71t04,0
main E'=2000 06to4d5 061650
roads E'=5000 041073 ; 041080
2 Not recommended : only a specific calculation for each case can provide an adequate
answer.
NOTE The calcuiafions are made with the maximum ovalization allowed for coment mortar
lined pipes.
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Annex E
(informative)

Resistance to jet cleaning and to root penetration

E.1 Jet cleaning

Ductile fron pipes complying with this standard can be cleaned with standard jet cleaning equipment used under
normal conditions: controlled pressure and energy, efficient distance and direction of the nozzle.

E.2 Root penetration

The penetration of rocts into sewer pipes through the pipe joints causes severe problems: pipe obstructior
mechanical damages to the pipes.

Joints for duclile iron pipes. complying with this standard, and specifically with the performance tesls specified in 5.5,
employ elastomers and gasket compression allowing a high resistance to the penelration of roots.
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Annex ZA
(informative)

Clauses of this European Standard addressing essential requirements or
other provisions of EU Directives

ZA1 Scope and relevant characteristics

This European standard has been prepared under the mandate M/131 "Pipes, tanks and ancillaries not in contact with
water intended for human consumption® given to CEN by the European Commission and the European Free Trade
Association.

The clauses of this Eurapean standard shown in this annex meet the requirement of the mandate given under the EU
~onstruction Products Directive {(89/106/EEC).

Compliance with these clauses confers a presumption of fitness to ductile iron pipes and fittings, their joints and
accessories covered by this annex for the intended uses indicated herein. Reference should be made to the
information accompanying the CE-marking.

WARNING — Other requirements and other EU Directives may be applicable to the product(s) falling within
the scope of this standard.

NOTE 1 For dangerous substances, there may be requirements applicable to the products falling within the scope of this
standard (e.g. transposed European legislation and national laws, regulations and administrative provisions). In order to meet the
pravisions of the EU Construction Products Directive, these requirements need also fo be complied with, when and where they

apply.

NOTE2  Aninformative database of European and national provisions on dangerous substances is available at the Construction
web site on EUROPA, accessed through hilp://europa.eu.intfcomm/enterprise/construction/intemal/dangsub/dangmain_htm ).

This annex has the same scope as Clause 1 of this standard. It establishes the conditions for the CE marking of
ductile iron pipes and fittings, their joints and accessories for sewerage applications intended for the uses indicated in
the relevant clauses applicable (see Table ZA.1).
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I} Tabie ZA.1 — Relevant clauses for ductile iron pipes, fittings, accessories and their joints for sewerage

applications

Intended use(s) : Sewerage applications

Essential characteristics requirement

Product : Ductile iron pipes, fittings, accessories and their joints

Requirement clauses in this European
Standard

Notes

Dimension tolerances {on externzl diameter
DE for compatibility purposes)

4.2.2.1 Exdernal diameter

Pass/fail

Internal pressure strength {tensile strength)

Impact resistance

4.3 Material characteristics
and Table 3

431 Tensile_properties
4.3 .2 Hardness

6.3 Tensile testing (420 MPa -
threshold value}

By calculation considering the tensile
characteristics of the material.

As tensile strength

Thresheld {230 HBW for pipes, 250
HBW for fittings and accessorics)

-Tonngitudinal bending strength

5.2 Longitudinal bending of pipes

Paszsffail

Maximum load for admissible deformation

5.3 Diametral stiffness of pipes

Passftail

Tightness : gas and liquid

'Durahility aspects

5.5 Leaktightness of joints and Table 7 :
- internal pressure

- vacuum

- external pressure
- eyclic pressure

Threshold (2 bar)
Threshold {- 0,9 bar)
Threshold (2 bar)
Threshold (24000 cycles)

i External coating for pipes

External coatings for fittings

4.4,1 General, and 4.4.2 Extemnal zinc
coating

4.4.1 General, and B.1 Alternative coatings,
active zinc based coatings

4.4.1 General, and B.1 Alternative coatings,
i passive coatings

4.5.1 General, and 4.5.2 Epoxy

Threshold (130 g/im2 for zinc and
70 um for finishing layer)}

Thresheld (150, 200 or 400 g¢/m2 as
given in B.1.1)

EN 14628, EN 15189, EN 15542

EN 14901
- . . 5.8 Chemical resistance to effluents Passffail
Internal lining fer pipes and fittings . 5.9 Abrasion resistance Pass/fail

[* The reguirement on a cerfain characteristic is not applicable in those Member States (MSs) where there are no
regulatory requirements on that characteristic for the intended use of the product. In this case, manufacturers placing
their products on the market of these MSs are not obliged to determine nor declare the performance of their products
with regard to this characteristic and the option "No performance determined” {(NPBD) in the information accompanying
the CE marking {see Ciause ZA 3) may be used. The NPD option may not be used, however, where the characteristic

is subject to a threshold level.

62




BS EN 598:2007+A1:2009
EN 598:2007+A1:2009 (E)

ZA.2 Procedure for attestation of conformity of ductile iron pipes, fittings, accessories and
their joints for sewerage applications

ZA.2.1 System of attestation of conformity

The system(s) of atiestation of conformity of ductile ircn pipes, fittings, accessories and their joints for sewerage
applications indicated in Tabie ZA.1, in accordance with the Decision of the European Commission 1989/472/EC of
1999(published under L184 the 17.07.99) amended by the Decision 01/598/EC of 8 January {published under 1209
the 02.08.01) and as given in Annex Il of the mandate M131 for "Pipes, tanks and anciliaries not in contact wilh water
intended for human consumption”, is shown in Table ZA.2 for the indicaled intended use(s) and relevant level{s) or

class(es).

Table ZA.2 — System of attestation of conformity

Level(s) or Attestation of
Product(s) Intended use(s) class(es} conformity system(s}
i Ductile iron  pipes, fittings, |Drains and sewers operating without
accessories and their joints for | pressure or with positive or negative
sewerage applications pressure, installed below or above ground,
for conveyance of surface water, domestic s System 4
wastewater and cettain types of industrdal
effluents, cither in separatc systems or in
mixed systems

System 4 : See Directive 89/106/ECC (CPD} Annex lil.2.(ii), third possibility.

The attestation of confarmity of ductile iron pipes, fittings, accessories and their joints for sewerage applications in
Table ZA.1 shall be based on ithe evaluation of conformity procedures indicaled in Table(s) ZA.3 resulting from
application of the clauses of this or other European Standard indicated therein.

Table ZA.3 — Assignment of evaluation of conformity tasks for ductile iron pipes, fittings, accessories and
their joints for sewerage applications under system 4

Evalué.tlon of confo-rmity
Tasks Content of the task clauses to apply
Task for the Faclory production control | Parameters related to all characteristics of [ 8.3
manufacturer | (FPC) Table ZA.1
( I'Initial type testing All characteristics of Table ZA.1 9.2

ZA.2.2 Declaration of conformity

When compliance with the conditions of this annex is achieved, the manufacturer or his agent estabiished in the EEA
{European Economic Area) shall prepare and retain a declaration of conformity (EC Declaration of conformity), which
authorises the affixing of the CE marking. This declaration shall include:

— name and address of the manufacturer, or his authorised representative established in the EEA, and place of
production;

— description of the product (type, identification, use,... ), and a copy of the information accompanying the CE
marking;

-— provisions to which the product conforms {e.g. Annex ZA of this EN}:

— parlicular conditions applicable to the use of the product, {e.g. provisions for use under certain conditions);
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- name of, and positiorn held by, the person empowered to sign the declaration on behalf of the manufacturer or hi"'s
authorised representative.

The above-mentioned declaration shall be presented in the official language or languages accepied in the Member
Stale in which the product is to be used.

ZA.3 CE marking and labelling

For all ductite iron pipes and fitfings, the producer or his authorised representative established within the EEA is
responsible for the affixing of the CE marking. The CE marking symbol shall be in accordance with Directive 93/68/EC
and shall be shown on the ductile iren pipes and fittings.

The following information shall appear legibly and indelibly on the product (see aiso 4.6):

— CE marking symboi.

The following information shall appear on the commercial documents:

— CE marking symbal;

— name or identifying mark and registered address of the producer or his authorised representative;

— last two digits of the year of affixing the CE marking;

reference to this European Standard, i.e. EN 598 (only if alt the requirements specified in this standard are
fulfilied);

— description of the product : generic name, material, dimensions, intended use and place of installation;
— characteristics covered by EN 588:
— dimension folerances;
— internal pressure strengti,
— impact resistance;
— longitudinail hending strength;
—  maximum load for admissible deformation;
— tightness gas and liquid;
— durabitity (zinc coating, chemical resistance, abrasion resistance).
The “No performance determined" (NPD) option may not be used where the charactenistic is subject to a threshold

level. Otherwise, the NPD option may be used when and where the characleristic, for a given intended use, is not
subject to regulatory reguirements.

NOTE1  In addition to any specific information relating to dangerous substances shown above, the product should also be
accompanied, when and where required and in the appropriate form, by documentation listing any other legislation on dangerous
substances for which compliance is claimed, together with any information required by that legislation.

NOTE 2  European legislation without national derogations need not be mentioned.

Figure ZA.1 gives an example of the information to be given on the product.
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CE conformity marking consisting of the 'CE-symbol
given in Directive 93/68/EEC.

Figure ZA.1 — Example of CE marking infermation for marking on the product

Figure ZA.2 gives an example of the information to be given on the accompanying documents,

q

XX Co Ltd, CEDEX, F-2351
07

EN 598
DN 150 zinc coated ductile iron gravity pipe x 6 m

Dimensional tolerances Pass
—  Internal pressure strength 420 MPa
{tensile sirength)
— Impact resistance:
- tensile strength 420 MPa
- hardness 230 HBW
Longitudinal bending Pass
strength
—  Maximum load for admissible Pass
deformation
— Tightness {gas and liquid):
- internal pressure 2 bar
- vacuum - 0,9 bar
- external pressure 2 bar
- cyclic pressure 50 000 cycles
—  Durability:
- Zinc coating 200 g/m®
- chemical resistance Pass
- abrasion resistance Pass

CE conformity marking consisting of the 'CE'-symbol
given in Directive 33/68/EEC.

Name, or identifying mark and registered address,
of producer

Last two digifs of year in which marking was affixed

Description of product and informatiocn on regulated
characteristics

In the case of threshold values the manufacturer may
either state the required or the actual value achieved,
providing the actual is better than the minimum
required performance

Figure ZA.2 — Example of infarmation on the accompanying documents
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