BRITISH STANDARD

uctile iron pipes, fittings,
accessories and their joints for
water pipelines —

S

=

equirements and test
nethods

- - e e

The European Standard EN 545 : 1994 has the status of a
British Standard

UDC 621.643.2-034.13 : 621.643.06-034.13 : 628.1 : 620.1




BS EN 545 : 1995

Mhic RBritiah Qta
115 Drivisn svah

been prepared under the

direction of the Engineering
Soctor Roard (F‘/.\ was

Sector Board (E/
published under the authority
of the Standards Board and
comes into effect on

15 April 1995

davrd h

aving
wdard, having

© BSI 1995

The following BSI references
relate to the work on this

standard:
Committee reference PSE/10
T £t Frim v evs e + N01/Q12AQK T

pDTaiv 101 COMUNEINU o1/ 0100 v

ISBN 0 580 22759 6

Cooperating organiza

The European Committee for Standardization (CEN), under whose supervision
this European Standard was prepared, comprises the national standards

=
i @
()
=
4 /]

organizations of the following countries:

Austria Oesterreichisches Normungsinstitut
Belgium Institut belge de normalisation
Denmark Dansk Standard
Finland Suomen Standardisoimisliito, r.y.
France Assoc1atlon francaise de normalisation
Germany Deutsches Institut fiir Normung e. V.
Greece Hellenic Organization for Standardization
Iceland Technological Institute of Iceland
Ireland National Standards Authority of Ireland
Italy Ente Nazionale Italiano di Unificazione
Luxembourg Inspection du Travail et des Mines
Netherlands Nederlands Normalisatie-instituut
Norway Norges Standardiseringsforbund
Portugal Instituto Portugués da Qualidade
Spain Asociacién Espanola de Normalizacion y Certificacion
Sweden Standardiseringskommissionen i Sverige
Switzeriand Association suisse de normalisation
United Kingdom British Standards Institution
Amendments issued since publication
Amd. No Date Text affected




BS EN 545 : 1995

Contents

Page
Cooperating organizations Inside front cover
National foreword i
Foreword 4
Text of EN 545 4
National annex NA (informative) Additional information 51
National annex NB (informative) Committees responsible Inside back cover
National annex N C (informative) Cross-references Inside back cover

National foreword

2 aa AATY TV S W A AAleantlase o~
ish Standard 'uaa been prepared under the direction of the Piping
Components Standards Policy mmit ee and is the English language

pes, fittings, accessories and thmr
joints fm‘ water pzpelmes —_ Reqmremem‘.s and test methods, published by the
European Committee for Standardization (CEN).

EN 545 was produced as a result of international discussion in which the UK
took an active part.

This British Standard is one of the three new application standards for ductile
iron pipelineq which have been developed by CEN, the other standards being
BS EN 598 (sewerage appiication) and BS EN 969 (gas supply). This standard
replaces BS 4772 in respect of potable water applications and with the
publication of all three application standards as British Standards, BS 4772 will

be withdrawn.

National annex NB gives the constitution of the committee responsible for UK
participation in the preparatl of this standard.

l‘,nmnlmnop with a British Standard does not

from legal obligations.
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Foreword

This European Standard was prepared by AHG1,
Water pipelines under pressure, of CEN TC 203,
Iron pipes, fittings, accessories and their joints, the
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Qtandardization Association (AFNOR)
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It is one of a series of standards for cast iron
products for pipelines for various applications.

This European Standard deals with the subjects
covered by the International Standards ISO 2531,
ISO 4179 and ISO 8179. The major differences are
the presentation in one singie standard and the
addition of product performance specifications.
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May 1995, and conflicting natlonal standards shall
be withdrawn at the latest by May 1995.
According to the CEN/CENELEC Internal
Regulations, the following countries are boun
implement this European Standard: Austria,
Belgium, Denmark, Finland, France, Germany,
Greece, Iceland, Ireland, Italy, Luxembourg,
Netherlands, Norway, Portugal, Spain, Sweden,
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Switzerland, United Kingdom.
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Introduction

This standard is in conformity with the general
requirements already established by CEN TC 164 in
the field of water supply.

The product which is in permanent or in temporary

[N SR | [

coniact with waier intended for human

consumption, does not adversely affect the quality

of the drinking water and does not contravene the
EC Directives and EFTA regulations on the quality
of drinking water.

1 Scope

This European Standard specifies the requirements
and associated test methods appllcable to ductxle

lnLL;_A» PPN P ~2ma 2

iron pipes, fittings, accessories and their joints for
the constructio f ninelines:
the construction of pipelines:

- to convey water (e.g. potable water);

- with or without nressure:

or without pressure,

- to be installed below or above ground
NOTE. In this standard, all pressures are relative pressures,
expressed in bars (100 kPa = 1 bar).

This standard specifies requirements for materials,
dimensions and tolerances, mechamcal propertles

. P BN

d.[l(l standard LUd.l,l.llgb Ul UULL € iron p
T

f'ltnndc It also gives nnrf'nrmnnnp

all components mcludmg joints.

This standard covers pipes, fittings and accessories
cast by any type of foundry process or
manufactured by fabrication of cast components, as

AV QASY BAVOS pITLAVLINGAILT

ding Frcm DN 40 to DN 2 000
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Thic etandard annling t
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accessories which are:

- manufactured with socketed, flanged or spigot
ends for jointing by means of various types of
gaskets which are not within the scope of this
standard;

- normauy delivered externaily and internally

reference prov1snons from other pubhcatlons. These
normative references are cited at the appropriate
places in the text and the pubhcatlons are llsted

hereafter. Subsequent amendments to or revision
of any of these publications apply to this 0

A vary U4 LaiTRT MALCAMVIS appily W this

Standard only when incorporated in it by
amendment or revision.

EN 196-1 : 1989

ENV 197-1 : 1992

rEN Q05 + 1009
N UV » AUV

prEN 1092-2 : 1993

EN 10002-1 : 1990

EN 45012 : 1989

ISO 25631 : 1991

ISO 6506 : 1981
ISO 6708 : 1980
ISO 7268 : 1983

ISO 7268/A1 : 1984

Methods of testing cement -
Determination of strength
Cement-composition,
specifications and conformity
Part 1: Common cements
Water supply requirements for
external systems and
components

Flanges and their joints -
Part 2 Cast iron flanges

Metallic materials - Tensile

t\
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General criteria for
certification bodies operating
quality system certification

Ductile iron pipes, filtings
and accessories for pressure
pipelines

Rubber seals - Joint rings for

water supply, drainage and

sewerage pipelines -
Specification for materials
Metallic materials - Hardness
tests - Brinnel test

Pipe components - Definition
of nominal size

Pipe components - Definition
of nominal pressure

Pipe components - Definition
of nominal pressure
Dimensions of gaskets for use
anath ﬂnmtges tn TQO 70NA

37
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either socket spigot or flanged ends, except for
flanged- -socket pieces, flanged- splgot 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- enr*lmf pieces, flanged-spigot pieces and

collars are also class1f1ed as flttmgs.

3.4 accessory
Any casting other than a pipe or fitting which is
used in a pipeline,
- glands and bolts for mechanical flexible joints
(see 3.13);
- glands, bolts and locking rings for restrained
flexible joints (see 3.14);
- pipe saddles for service cocks connection;
- adjustable flanges and flanges to be welded or
screwed-on.

NOTE. Valves of ali types are not covered by the term
accessory.

rivarilan and AF o ar f-:“---v\

Flat circular end of a yip oI
perpendicular to its axis, with
spaced on a circle. -

NOTE. A flange may be fixed (e.g. integrally cast or welded-on)
or adjustable; an adjustable flange comprises a ring, in one or
several parts assembled together, which bears on an end joint
hub and can be freely rotated around the pipe axis before
jointing.

3.6 collar; coupling

Connecting piece used to join together the spigots
of mating pipes or fittings.

3.7 spigot

Male end of a pipe or fitting.

3.8 socket

Female end of a pipe or fitting to make the
connection with the spigot of the next component.

3.9 gasket
Sealing component of a joint.

f two ninog a
1 UWC PIpes an

fittings in which a gasket is used to effect a seal.
211 ovihla inint

e A A RACALNILIC JUulIJ

Taint whinh mits n:nnifinnné angnlar Aaflantinn
JuUliiv 10D A UT11CLuivILL

g and after installation anc
accept a shght offset of the centreline.

3.12 push-in fle

Flexible joint assembled by pushing the spigot
through the gasket in the socket of the mating
component.

xible joint

3.13 mechanical flexible joint

Flexible joint in which sealing is obtained by
applying pressure to the gasket by mechanical
means, e.g. a gland.

3.14 restrained flexible joint

Flexible joint in which a means is provided to
prevent separation of the assembled joint.

D IR fFlansgad $aind

9, 1V 11allxyTu juulnu

Toint hatwoon twn anogad andg
UV UULVWWULIL UYWU IIGIl/glu Titus
D IR manrminal o2ea MAN

9, AU 11V1L LAl DLLT ‘UL"

Numerical designation of size which is common to
all components in a piping system. It is a
convenient round number for reference purposes
and is only loosely related to manufacturing
dimensions {(see ISO 6708).

3.17 nominali pressure (PN)
Numerical designation expressed by a number

which is used for roforoanco nurnoses. All
wWnicih 1S us 1O I'CiCrenee purpioses. A

equipment of the same nominal size DN designated
by the same PN number shall have compatible
mating dimensions (see ISO 7268 and 7268/A1).
3.18 leaktightness test pressure

Pressure applied to a component during
manufacture in order to ensure its ieakiighiness.
3.19 allowable operating pressure (PFA)

Internal pressure, exclusive of surge, that a
comnonent can safelv withstand in nermanent
component can safely withstand in permanent

service (see prEN 805).

3.20 allowable maximum operating

pressure (PMA)

Maximum internal pressure, including surge, that a
component can safely withstand in service.

Maosrivnis vAvAotatina nvagaiira thaot o ol
VIGAILILTUILL 1lyuludlatit pPITodUulT ulal a 1yl
installed ¢ mponent can mthst and for a relatively

level or laid and backfilled underground in order to
measure the integrity and tightness of the pipeline.
{cnn »nrE'N] QNK)
\PTT pPlriuN Ovdj.

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
leaktightness; see also A.l.

3.22 diametral stiffness of a pipe

Characteristic of a pipe which allows it to resist
ovalization under loading when installed.

3.23 batch

Quantity of castings from which a sample is taken
for testing purposes during manufacture.

3.24 type test

rrom 01 ueblgn test Whl(,n 1S (1()I1(:‘ once dn(l is
repeated only after change of design.

3.25 length

Effective length of a pipe or fitting, as shown on
the figures of clause 9.
NOTE. For flanged pxpes and flttmgs, the effective length L

\1 for uz‘ai‘u‘,m:bj is cqua.l to the overali 1eugLn For socketed
pipes and fittings, the effective length L,, (1, for branches), is
equal to the overall length minus the spigot insertion depth as

divan in tha manufacturar’s patals
given In tne manuiacturer's cataiogues.
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3.26 deviation

Design length allowance with respect to the
standardized length of a pipe or a fitting.

A fieein i
NOTE. Pipes and fittings are designed to a length taken in the

range of standard length plus or minus the deviation
(see table b); they are manufactured to this length plus or

15 tha tgloar,
minus the tolerance gven in table 6.

3.27 ovality:
Out of roundness of a pipe section; it is equal to:

100 (AL Az
41 + A2 J
where:

A is the maximum axis, in millimetres;
Ag is the minimum axis, in millimetres.

4 Technicai requirements
4.1 General

4.1.1 Ductile iron pipes and fittings

Nominal sizes, thickness classes, lengths and
coatings are specified in 4.1.1, 4.2.1, 4.2.3, 4.4
and 4.5 respectively. When, by agreement between
manufacturer and purchaser, pipes and fittings

“"J-L Aiff
with different wall thickness classes, lengths

and/or coatings and other types of fittings than
those given in 9.3 and 9.4, are supplied with
reference to this standard, they shall comply with
all the other requirements of this standard.

NOTE 1. Other types of fittings inciude angie branches, tees
and tapers with other combinations DN x dn, draining
tees, e e

The standardized nominal sizes DN of pipes and
fittings are as follows: 40, 50, 60, 65, 80, 100, 125,
150, 200, 250, 300, 350, 400, 450, 500, 600, 700,
800, 900, 1000, 1100, 1200, 1400, 1500, 1600,
1800, 2000.

The functional properties of ductile iron pipes and
fittings shall be as given in the annexes A to C
dealing respectively with allowable pressures,

3 it 3 M 1 i
longitudinal bending resistance and diametral

stiffness.

NOTE 2. When installed and operated under the conditions for
which they are de51gned (see annexes D to F), ductile iron

pipes, fittings, accessories and their joints maintain all their

functional characteristics over their operating life, due to the
constant material properties, to the stability of thelr Cross

section and to their design with high safety factors.

4.1.2 Surjace condiiion and repairs

Pipes, fittings and accessories shall
defects and surface imperfections w
to non-compliance with clauses 4 an

—i
=

be fr
whi h d lead
nd 5.

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

- the repairs are carried out according to a
2aea 2aa A~ w4l e ey P ad \m

written prou:uult: included in the manufact
quality assurance system;

- the repaired pipes and fittings comply with all
the requirements of clauses 4 and 5.

%
w

4.1.3 Types of joints and interconnection

D A onnnaned
‘lnlo!).l. uerneruwr

Joint design and gasket shapes are outside the
scope of this standard.

Rubber gasket materials shall comply with the
requlrements of ISO 4633. When materials other
than rubber are necessary (e.g. for flanged joints),

they shali comply with the appropriate

EN st"u ard or, where no EN standard exists, the
appropriate ISO standard.

4.1.3.2 cmged joints

™
The dimensions and tolerances of the flar

pipes and fittings shall comply with prEN 1092-2
and flange gaskets with ISO 7483. This ensures
interconnection between all flanged components
{(pipes, fittings, valves, ..) of the same

PN and DN and adequate joint performance.

nges of

pes O

Although it does not affect interconnection, the

manufacturer shall state in his catalogues whether
his products are normally delivered with fixed
flanges or adjustable flanges.

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
e O er nices. This offe

interconnection between components equipped
with dlfferent types of flexible joints. In addition,
each type of flexible joint shall be designed to fu]f11

the performance requirements of clause 5.

PP VS N

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

cnbunng duequaw JUuIL yUllUllllalch at lusu pressures
(e.g. measurement and selection of external diameter).

NOTE 2. For interconnection with existing pipelines which may

have external diameters not in compliance with 4.2.2.1, the
manufacturer’s guidance should be followed as to the
appropriate means of interconnection (e.g. adaptors).

4.1.4 Materials in contact with potable water

Ductile iron pipes, fittings and their joints include
several materials given in this standard. When used
under the conditions for which they are designed,
in permanent or in temporary contact with water
intended for human consumption, ductile iron
pipes, flttmgs and their 301nts shall not change the

quallty of that water to such an (10
to comply with the requirements of EUJ an

VO CULpPay Vaual uis 1Tyl

regulations at the end user.

wo +h
11iS O11ers ine pOSSib"‘*y of



For this purpose, reference shall be made to the
relevant national standards, transposing

EN standards when available, dealing with the
influence of materials on water quality and to the
requirements for external systems and components
(see 4.1 in prEN 805 : 1992).

4.2 Dimensional requirements

4,2.1 Wall thickness
The nominal iron wall thickness of pipes and

Fitdinaga ahall ha Aclanlatad ag Framantinnm ~AF +ha
LILLLLEED Dlldil UT Lallulailtu ad a 1uncuion o1 Lllc

nominal size, DN, by the following formula, with a

minimum of 6 mm for pipes and 7 mm for flttmgs.
= K(0,5 + 0,001 DN)
where:
e is the nominal wall thickness, in millimetres;
DN is the nominal size;
K is a coeificient used for determina

thickness class. It is selected from a
tnicKne, irom a sert

whole numbers: ....8, 9, 10, 11, 12.....
The standardized thickness classes are given in the
tables of clause 9; other thicknesses are possible for
pipes by agreement between manufacturer and

nurnhaoanr
Puiliianei.

For the fittings  the thickn

AV LT AaVUaiiET, vl LilLalARniTos

on figures of 9.3 and 9.4 is the nommal thickne
corresponding to the main part of the body. The
actual thickness at any particular point requires to
be increased to meet localized high stresses
depending on the shape of the casting (e.g. at
internal radius of bends, at the branch-body
junction of tees, . . .).

The tolerances on nominal wall thickness of pipes
and fittings shall be as given in table 1. The

ne
measurement of wall thickness shall he

TI
ALCASLITIITIY v UL Waal WLRUKINTSS Siiaal T il

accordance with 6.1.1.

4 rd

ess e gl dgiven in ta

VIl il LvaiTS @l
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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 to be cut on site.
For DN > 300, the same applies to a percentage of
the pipes, after agreement between manufacturer
and purchaser.

In addition, the ovality (see 3.27) of the spigot end
of pipes and fittings shall:

- remain within the tolerance on DE
(see table 14) for DN 40 to DN 200;

- not exceed 1 % for DN 250 to DN 600 or 2 %
for DN > 600.

NOTE 2. 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 prior to jointing.

4.2.2.2 Internal diameter

The nominal values of the internal diameters of
centrifugally cast pipes, expressed in millimetres,
are equal to the numbers indicating their nominal

size. DN, and the tolerances shall he as given in
S1Ze, LN, anG e teierances snaua 0e as given in

table 2 which apply to lined pipes.

NOTE 1. These tolerances apply to pipe thickness classes up to
K10 and to cement mortar lining thicknesses as given in

tahla @ Whara thisalrar ivan ond/ar anmmant marar Bning

taoie 5. v nere tniCKer iron and/or cement mortar nning

thicknesses are agreed between manufacturer and purchaser,
these tolerances do not apply.

NOTE 2. Due to the manufacturing process of iron pipes and
their internal linings; internal diameters with 2 maximum
negative tolerance will only appear locally along the pipe
length.

Compliance shall be demonstr:
measurement nnnnrrhnd to 6.1.5

4.2.2 Diameier

4.2.2.1 External diameter

Subclause 9.1 specifies the values of the external
diameter DFE of the spigot ends of pipes and fittings
and their maximum allowable tolerances, when

measured using a circumferential tape in

U.n W T 1 L | U — T
dLLUlUd,[ILt! with 0.1.2. These tolerances aj 1y LO
the spigot ends of all thickness classes of pipes and
fittings.

NOTE 1. Certain types of flexible joints operate within a tighter
range of tolerance (see 4.1.3.3).

MLi, 1
Al 1L
- . N P N FFLL1_
Dimensions in millimetres| | Table 2
Type of casting e Tolerance') DN Tolerance®
- mm
Pipes 6,0 -1,3
centrifuigallv cast 40 to 1000 -10
Leitsdlly a5t 1 6,0 - (1,3 + 0,001 DN)
1100 to 2000 -0,01 DN
Pipes not 7,0 -2,3 5 - - - -
- ) A negative tolerance only is given
centrifugally cast |57 o~ [ _(2,3 + 0,001 DN)
and fittings
D A negative tolerance only is given, so as to ensure sufficient
resistance to internal pressure.
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4.2.3 Length

4.2.3.1 Standarized lengths of socket and spigot
pipes

Pipes shall be supplied to the standardized lengths
given in tabie 3.

Table 3
DIN Standardized lengths, Lu"
m
40 and 50 3
60 to 600 50or 5,50r 6
700 and 800 5,bor 6or 7
900 to 1400 6or 7or 8,15
1500 to 2000 8,15
D See 3.25.

The permissible deviations on the standardized
length L, of pipes shall be as follows:

- for standardized length 8,15 m £ 150 mm;
- for all other standardized lengths: + 100 mm.

The manufacturer shall show his design lengths
(see 3.26) in his catalogues.

The length shall be measured according to 6.1.4
and shall be within the tolerance given in table 6.
Of the total number of socket and spigot pipes to
be supplied in each diameter, the percentage of
shorter pipes shall not exceed 10 %, in which case
the length reduction shall be:

- up to 0,15 m for the pipes in which samples

have been cut for testing (see 4.3);

-upto2m by increments of 0,5 m for

4.2.3.2 Standardzzed lengths of ﬂanged pzpes
Pipes shall be supplied to the stan
given in table 4.

4.2.3.3 Standardized lengths of fittings
Fittings shall be supplied to the standardized
lengths as given in 9.3 and 9.4.

NOTE. Two series of dimensions are shown, the series A

(R TIPS 7278 102 1-02 § BP To0 RVS RN N » SEPPPUpUIPY | N
LUlleprlluulB 0 IOV ool ana Llle new bellﬁb D, gelieiany

limited up to DN 450 at this stage.

The permissible deviations on the standardized
length of series A fittings shall be as given in
table 5.

Table 4
Type of pipe DN Standardized lengths L"
m
With cast-on flanges 40 to 2000 0,borlor2or3
With screwed-on or welded-on 40 to 600 2or3ordorb
flanges 700 to 1000 2or3or4orboré6
1100 to 2000 4or5or6or7

1) See 8.25. Other lengths are available by agreement between manufacturer and purchaser.

Table 5
Type of fitting DN Deviation
mm

Flanged sockets 40 to 1200 + 25
Flanged spigots 1400 to 2000 t 35
Collars, tapers
Tees 40 to 1200 +50/- 256

1400 to 2000 +75/- 35
Bends 90° (1/4) 40 to 2000 * (15 + 0,03 DN)
Bends 45° (1/8) 40 to 2000 * (10 + 0,025 DN)
Bends 22° 30/ and 11° 15/ 40 to 1200 + (10 + 0,02 DN)
(1/16 and 1/32) 1400 to 2000 t (10 + 0 025 DN)




4.2.3.4 Tolerances on lengths

The tolerances on lengths shall be as given in
+ahla &

Lvavic u.

Table 6

Type of casting Tolerance

mm

Socket and spigot pipes

(full length or shortened) + 30
Fittings for socketed joints + 20
Pipes and fittings for flanged + 10%)
joints

*) By agreement between manufacturer and purchaser
smaller tolerances are puoaluu:, but not less than 3 3 i for
DN = 600 and * 4 mm for DN > 600.

4.2.4 Straightness of pipes

~L N 102 O/ Az Dnen

ol U,Lér) /0 Ul Lllﬁll lUllsLll

(g .} TR I SR . JOV 5 [P SV T DUEEPII | [

11 VEILICALIULL U1 UIUS ICJULEIILCILL IS uUSU y
carried out by visual inspection, but in case of
doubt or in dlspute the deviation shall be measured

in accordance with 6.2.

4.3 Material characteristics

4921 Tonciloe nranartioc
Zude s 28RSLT PIOPOIUITS
Dinang fittings and anpaceariac of dnoetila i all

s IPCO’ llbbllly CLLLU AULULUO0OULIC) Ul uuv valc l.l.vOn sllau
have the tensile properties given in table 7.
During the manufacturing process the
manufacturer shall carry out suitable tests in order
to verify these tensile properties; these tests may
be:

a) either a batch sampling system whereby

1ntegrally w1th the castmgs concerned. “Test bars
shall be machined from these samples and tensile
tested in accordance with 6.3; or

b) a system of process controi {(e.g. by

. . 'y
non-dactrmipotive tacting) whaora a nocitiva
LU~ USSU Ul u ve oLk WIICIT a pUsiuve

correlation can be demonstrated with the tensile
properties specified in table 7. Testing
verification procedures shall be based on the use
of comparitor samples having known and

vnrifinhla nranarting Thic guvatam chall ha
VEIILIAUIC PIOPTIUICS. 11US SYouCIil Siidu UC

supported by tensile testing in accordance
with 6.3.

ss of ents shall be

such that they can be cut, drilled, tapped and/or
machined with normal tools. In case of dispute, the
hardness shall be measured by the Brinell hardness

The hardness of the various compone

Gt o M L P A
LESL 11 aCCOIUaIlCE WILIL O. 4.

Lo o PPN 5 SRLS | B SR, I, i | Rt B 13 TN & & & JIY LN
1ne prineul naraness srall 1oL exceed 4oV np 1
nineg and 250 HR for fittings and accegsories, For

PAPUO Gatc LSUV Lai0 AVL

components manufactured by welding, a higher
Brinell hardness is allowed in the heat affected
zone of the weld.

4.4 Coatings and linings for pipes
4.4.1 General

Unless otherwise agreed between the manufacturer
and the purchaser, all pipes shall be delivered with
an external coating of zinc with finishing layer in

accordance with 4.4.2 and an internal nmng of

cemerit mortar 3 annnvdanas with A A9 Mo £H41A4
CLCTLHTLLL LUl Lal 11 atlulUuallilT Willl E.<x.p. 111T 11T1U
of use of these pipes is given in annexes D and E.

NOTE. Pipes wi
(see 4.5).

Pipe ends are generally coated as follows:

- external surface of spigots: zinc coating with
finishing layer;

nanges and sockets uace and 1ntemal surtace):
ituminous p ]Ja.,l.ll.t or o‘yuthcu\. resin pr.uuL, alone
r as a supplement to a primer or zinc coating.

e ey - Siababb bt S e e ;AR ASGRISN0:

(=] C!"I

Table 7
Type of casting Minimum tensile Minimum elongation after fracture, A
strength, By,
MPa %
DN 40 to DN 2000 DN 40 to DN 1000 DN 1100 to DN 2000
Pipes centrifugally cast 420 10 7
Pipes not centrifugally cast, 420 5 5
fittings and accessories

NOTE 1. By agreement between manufacturer
than:
- 270 MPa when A =12 % for DN 40
- 300 MPa in other cases.
NOTE 2. For centrifugally cast pipes of DN 40 to

AT 4
N 1

A

o
c
<
<
>

no - N
U or A = 1v

and purchaser, the 0,2 % proof stress (Ry, o ») may be measured. It shall be not less

100N

1UUU,

YR SR o | B
Z0 10T N 2> M

DN 1 000, the minimum elongation after fracture shall be 7 % for thickness
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By agreement between manufacturer and
p!,."‘h..s r, the fnuowing coatings m_ay _len be

g on the external a
condmons of use, which may be di fferent to those
given in annexes D and E.

a) External coatings:

- zinc rich paint coating with finishing layer;

- thicker metailic zinc coating with finishing

layer,

- polyethylene sleeving (as a s

zinc coating with finishing layer);

- extruded polyethylene;

- extruded polypropylene;

- polyurethane;

- fibre cement mortar;

- adhesive tapes.

b) Internal coatings (linings):

- polyurethane;

- bituminous paint;

- thicker cement mortar lining;

- cement mortar lining with seal coat.

c) End coating:

ese extemal and internal coatmgs shall comply

1. meandinag otamA wxrb v

1 the Corr ‘Spuuluug EN standards OI, Wricic no
EN standard exists, they shall comply with

2l SLaliUQls TS, VACY =i1a88l L1 witll

ISO standards or with national standards, or with
an agreed technical specification.

4.4.2 External coating of zinc with finishing
layer

4.4.2.1 General

The external coating of centrifugally cast ductile
iron pipes shall comprise a layer of metallic zinc,
covered by a finishing layer of a bituminous

product or synthetic resin compatible with zinc,

Both layers shall be works-applied by spraying with
suitable spray-guns, the design of which is outside
the scope of this standard.

The zinc is normally applied on o;

pipes after heat treatment; at the ru-"nufa“-t“rer’s
opntion, it may also be apnlied on blast- Pleaped

pipes. Prior to application of the zinc, the
surface shall be dry and free from rust or
non-adhering particles or foreign matter such as oil
or grease.

4.4.2.2 Coating characteristics

The metallic zinc coating shall cover the external

nrovide a dense

ATST

"U

nf th
Suiall U1 uic < anG pi

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 6.6, the mean

[N 4 it
mass of zinc per unit area shall be not less than

130 g/m2, with a local minimum of 110 g/m2.

a p:pa and

av 1 exc 1 4
areas left uncoated (e.g. under test token, see 6.6)
shall be repaired.

Repairs shall be carried out either by:
a) metallic zinc spray complying with 4.4.2; or

b) application of zinc-rich paint containing at
least 90 % zinc by mass of dry film; the mean

not lebb l,[ld.ll

mass of dppueu [)dlIlL shali be

SRS = u

checked by visual mspectlon

When measured in accordance with 6.7, the mean
thickness of the finishing layer shall be not less
than 70 ym and the local minimum thickness not
less than 50 pm.

4.4.3 Internal lining of cement mortar

4.4.3.1 General

The cement mortar lining of ductile iron pipes shall
constitute a dense, homogeneous layer covering the
total internal surface of the pipe barrel.

It shall be works-applied by a centrifugal spinning

rranae nr o contrifniaal en
process or a centrifugal spray head or a

combination of these methods. Smoothing with a
trowel is permitted.

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

The cement mortar mix shall comprise cement,
sand and water; chioride-free admixiures may be

Tha W £
. The ratio by mass of sand to

i f
. L
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 Iining is in accordance with 4.4.3.2
and 4.4.3.3.

or high : lum'na ceme nd it shall
to comply Wlth 4.1.4.

The sand shall have an appropriate grading and
shall not contain organic impurities or fine clay
particies which may affect the lining quality.

The water used in the mortar mix shali be potabie

water or W,abcl bhab }.m ne harwmafiil affant an tha

characteristics of the lining and of the conveyed

water (see 4.1.4).

After application of the fresh lining, controlled
curing shall be carried out so as to provide
sufficient hydration to the cement.
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4.4.3.2 Strength of the lining

When measured in accordance with 6.8, the
compressive strength of the cement mortar after
28 days of curing shall be not less than 50 MPa.

NOTE. The compressive strength of the lining is directly related
to other functional properties such as high density, good bond

A Vavzr v oid

anda 10w porosity.

4.4.3.3 Thickness and surface condition
The nominal thickness of the cement mortar lining

Al ba FAlavamnn ao o TraTs 3 I 4~1L1.. QO

aliG Its toierance blld.u Ut: as glveill 1t Laie o. 'vvueu
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 and protrusion
of sand gralm are acceptable, but there shall be no

recesses or local defects which reduce the
thickness to below the minimum value given in

table 8.

If fine crazing and hairline cracks associated with
cement rich surfaces appear in dry linings, there
shall be no evidence of disbondment.

Table 8
Dimensions in millimetres
DN Thickness Maximum
Nominal | ToleranceD | ¢rack width
T and radial
value
displacement
40to 300 (35 - 15 0,8
350 to 600 |5 -2 1,0
700 to 1200 |6 - 25 1,2
1400 to 2000 | S -3 1,5
D A negative tolerance only is given.
NOTE. Pipe ends may have a chamfer of maximum length
50 mm

o tn pramant_hannd
When shrinkage cracks inherent to cement-bound

materials have developed in the dry linings, the
crack width and the corresponding radial
displacement shall not exceed the values given in
table 8.

YT Qu

NOTE. Storage of pipes and fittings in a hot, dry environment
can cause metal expansion and mortar shrinkage which may
result in the dry lining developing areas of disbondment and

winlrn gn cmen ales ae 41 & e ame [—

o}"unu\agt: CIaCKs. vv ut:ll wne ulullg is u-he)gpuaeu to walter, it will
swell by absorption of moisture and the cracks will eventually
heal by an autogenous process.

4.4.3.4 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 mortar;
application may be by hand.

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 loose material shall
be removed. After completlon of the reparr, the

LIV TRe | I Mt ~

lining shall be in accordance with 4.4.5.1, 4.4.3.2
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4.5 Coatings for fittings and accessories

4.5.1 General

Unless otherwise agreed between the manufacturer
and the purchaser all fittings, accessories and

g PPV TILY S | NI T |

pipes not centrifugally cast shall be delivered
externallv and internallv coated hy naint

CALTLAIRAL) SAIL ARCINGARS LAWK Pl

conformmg with 4.5.2; fittings may also receive an
internal lining of cement mortar conforming
with 4.4.3, machine or hand applied asa

PRSI, T IN

supplement to or as a replacement of the paint
ngqhna Their field of use is given in

Avaiy Al WL MOT a0 mavoal ul

annexes D and E.

By agreement between manufacturer and

purchaser, the following coatings may also be

supplied, depending on the external and internal

conditions of use, which may be different to those
w

ovog
g.ven in annexes

)

finishing layer);

- €POXy;

- adhesive tapes.

b) Internal coatings (linings):
- polyurethane;

- €poxy;

- thicker cement mortar lining;

- cement mortar lining with seal coat.

These external and internal coatings shall comply
With the corresponding EN standards or, where no
EN standard exists, they shall comply with

ISO standards or with national standards, or with

an agreed technical specification.
4.5.2 Paint coatinos

e im & nvivy URRRveIvy o

4.5.2.1 General
The coating material shall be of a bitumen or

+ AAiti I'e o
synthetic resin base; appropriate additives (such as

solvents, inorganic fillers, . . .) to allow easy
application and drying are permitted.

Prior to application of the coating, the casting
surface shall be dry, free from rust or non adhering
particies or foreign matter such as oil or grease.
The coating shail be works-applied by dipping, by
anraving nr hu hrich

DMLy Llig Ul Uy LUk,

4.5.2.2 Coating characteristics

The coating shall uniformly cover the whole
surface of the casting and have a smooth regular
appearance. Drying shall be sufficient to ensure
that it will not stick to adjacent coated pieces.
When measured in accordance with 6.7, the mean
thickness of the coating shall be not less than

70 pm and the local minimum thickness shall be

ss than 50 um.
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4.6 Marking of pipes and fittings
All pipes and fittings shall be legibly and durably
marked and shall bear at least the following
information:
- the manufacturer’s name or mark;
- the identification of the year of manufacture;
- the identification as ductile iron;
- the DN;
-the PNr

ifica
when apphcable
- the class designation of centrifugally cast pipes
when other than K9.

The first five markings given above shall be cast-on

or cold stamped; the three other markings can be

applied by any method, e.g. painting on the casting

or attachoad tno tha nackadging
Ul avualiiCia W wiC patnagiiiy.

4.7 Leaktightness

4.7.1 Pipes and fittings

Pipes and fittings shall be designed to be watertight
at their allowable test pressure (PEA).

They shall all be tested in accordance with 6.5 and
shall exhibit no visible leakage, sweating or any

other sign of failure.
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cakage the
“oH-

allowable maximum operating pressure (PMA) of
corresponding pipes and fittings, or their
own PMA as given in the manufacturer’s
catalogues, whichever is the lowesi. This applies

1nder all naormal carmricas enonditione incliding
UMLIUTL G 1iUlaniar ST VaLT LUV, uitiuiliigy

foreseeable surge pressures and joint movements
(angular, radial and axial);

b) to be leaktight under negative internal
pressure, which may occur under surge
conditions;

c) to withstand without any ingress of water an

avtarnal hvdractatie nrocanira af 9 har whan thovs
CRWCIMA: AAYyGIosvauil ProSSurt O1 4 Oal, Wilil uiicy

are intended for use deeper than 5 m below the
water level (e.g. river, lake, aquifer).

In order to fulfil these requirements, the joints
shall comply with the performance requirements of
clause 5.

5 Performance requirements for joints

5.1 General

In order to ensure their fitness for purpose in the
field of water supply all the joints shall fulfil the
performance requirements of clause 5.

There shall be a type test (see 3.24) for at least

one DN for each of the groupings given in table 9.
One DN is representative of a grouping when the
performances are based on the same design
parameters throughout the size range. If a grouping
covers products of different designs and/or

.......... Tacr ALL e d e m oo Py et T C PRy
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shall be sub-divided.

NOTE. 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.
5.2 Flaxible

inintg
S.& 218X Ol

HL o)

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

- 3° 30’ for DN 40 to DN 300;

- 2° 30’ for DN 350 to DN 600;

- 1° 30’ for DN 700 to DN 2000.
All joints shall be designed to provide sufficient
axial movement; the allowable withdrawal shall be
declared by the manufacturer.
NOTE. This permits the installed pipeline to accommodate

ground movements and/or thermal effects without incurring
additional stresses.

5.2.2 Test conditions

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

a) joint of maximum annulus (see 5.2.3.1)
aligned, withdrawn to the allowable value

declared bv the manufacturer and subiect to
qeciareQ Dy e manuiacturer, ang supject 1o

shear (see 5.2.3.3);

b) joint of maximum annulus (see 5.2.3.1),
deflected to the allowable value declared by the
manufacturer (see 5.2.1).

Table 9
DN Groupings 40 to 250 300 to 600 700 to 1000 1100 to 2000
Preferred DN in each grouping 200 400 800 1600




The joints shall exhibit no visible leakage when
subjected to the following tests:

- test 1: positive internal hydrostatic pressure in
accordance with 7.1; the test pressure shall be
1,5p + 5 bar, where p is the allowable operating
pressure of the joint declared by the

llla.lluld-LLul <1,

- test 2: negative internal pressure of 0,9 bar
below atmospheric pressure (approximately 0,1
bar absolute pressure), in accordance with 7.2;

- test 3 (optional; see 4.7.2): positive external
hydrostatic pressure of 2 bar, in accordance
with 7.3 (under test condition a) only);

- test 4 (under test condition a) only): cyclic
internal hydraulic pressure in accordance
with 7.4; the test shall comprise at least 24,000

pressure cycles between 0,5p and ».

NOTE. Test 4 is not necessary for joints which have already
performed successfully for at least 10 years prior to the first

PO N L R gy PRI, |

puniication of this standard.
5.2.3 Test parameters

5.2.3.1 Annulus

All joints shall be type tested at the extremes of
manutactunng tolerance such that the annular gap
of the socket and of

aximum design value

plus 0 /o minus 5 %. It is permissible to machine
socket internal surfaces to achieve the required
annu us tor the type -test even though the resultant

P Ty .L‘_

itly outside the normal

petween t ne

o

5.2.3.2 Pipe ihickness

All joints shaii be type 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.

5.2.2.2 Shear

<TX3 P> e 2

'

All joints shall be type tested with

shear force across the joints of n
in newtons, taking into account th Welght of the
pipe and of its contents and the geometry of the
test assembly (see 7.1).

= —T'
&
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5.3 Restrained flexible joints

All 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 5.2.1.

All restrained joint designs shall be type-tested in
accordance with 7.1 to 7.4 following the
requirements of 5.2.2 and 5.2.8, except that:

- the withdrawal condition of 5.2.2a) shall not

e lere

appLy,

e oleal -
- there shall be
positive interna

subJected to the full end thrust.

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

NOTE. 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 5.2.2 if the
unrestrained version of the joint has passed these tests.

TL8L PEATSSLIT WOSLS

5.4 Pipes with screwed-on or welded-on flanges

In order to demonstrate their strength and
leaktightness in severe service conditions, pipes

wurith grnwrarrrad P P2 PN oy DO

with screwed-on or welded-on 11dIBES shall be
subjected to a type test to prove the method of

cab W0 AT

ﬂange to pipe attachment. When tested in
accordance with 7.5; they shall show no visible
leakage under the combmed effects of a hydrostatlc

internal pressure equal (in bars) to 2-PN and of an

exf rnal load sufficient to cause the hending

C 114l X SULLICIENL LaieT LAC DeRQS

mements given in table 10. The calculation of the
external load to be applied shall take account of
the bending moment due to the weight of the

A nnta anAd wmrond e dae Al o4 a

components and of the water in the test dbbeley

NOTE 1. Flanged pipelines may be subjected in service to high
bending moments caused by large unsupported spans and/or
settlements of supports.

NOTE 2. The bending moments given in table 10 are equal to
four times those resulting from the weight of the pipes and of
the water over an unsupported length L between simple
supports, with:
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Table 10
DN Bending moment Minimum distance XV
mm
kN.m K9 €10
40 2,9 132 132
50 3,7 135 135
60 5,2 139 139
65 5,6 140 140
80 7,2 145 145
100 9,3 150 150
125 11,6 156 156
150 16,0 161 163
200 24,0 i71 176
250 34,2 183 188
300 104 194 201
350 135 205 212
400 16 216 224
450 205 227 235
500 251 238 247
600 348 259 270
700 463 281 292
800 584 302 315
900 724 323 337
1000 886 343 359
1100 1060 364 381
1200 1250 385 403
1400 1690 427 447
1500 1900 447 469
1660 2150 468 491
1800 2500 509 535
2000 3080 551 579
D See 7.5

6 Test methods
6.1 Dimensions

6.1.1 Wall thickness

All centrifugally cast pipes shall be visually
inspected for colour uniformity as they are
extracted from the mould in order to detect iron
wall thickness differences at an early stage.

The iron wall thickness shall be measured by

gqirittahla aqirinmmant manhaniaal Ax "N--nonn o

DUILAIT TYUILPILLITLLLY, C 5 MHITULIGLULVAL UL UWLIULADULLIV,
at regular intervals along the pipe barrel. The
manufacturer’s process control system shall specify
the frequency of this test.

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 The manufacturer’s

plULBbb LUllLlUl SybLEIll blld.ll bpe(,uy Llle uequeu(,y

In addition. thev shall he visnallv insnected for

aid Glaliauailii, vy vaSudaly 1SpOULOn 1

compliance with the spigot allowable ovality and,
in case of doubt, the maximum and minimum
spigot axes shall be measured by suitable

RS | .

equ1pmenL or controiled l)y pass- fail gdugeb

6.1.3 Internal diameter

The internal diameter of pipes shall be measured
by means of suitable equipment. TWo

measurements shall be taken at right angles. at a
MEASUrcInicnes SNdu Cil av Llsllb angics, av a

cross section 200 mm or more from the end face.
The mean value of these two measurements may
then be calculated. The manufacturer’s process

control system shall specify the frequency of this

tnat
L% > LVPY

6.1.4 Length
The 1ength of socket and spigot pipes shall be

aangiirad he ciridahla aniinmand

measurea vy sultaoie r;quxpulcuu

- on the first pipe cast from a new mould, for
as-cast pipes;
- on the first pipe, for pipes which are

systematically cut to a pre-set length.

The pipe shall be rolled on two gantries or rotated

around its axis on rollers whlch in each case are
separated by not less than two-thirds of the
standardized pipe length.

The point of maximum deviation from the straight

dxib Siidl De (lt'l.eilllllleu d.ll(l l,Ilb‘ (.lEVldl.lUll
measured at that point.



6.3 Tensile testing

6.3.1 Samples

The thickness of the sample and the diameter of
the test bar shaii be as given in table 11.

6.3.1.1 Centrifugally cast pipes

A sample shall be cut from the spigot end of the
pipe. This sample may be cut parallel with or
perpendicular to the pipe axis, but in case of

dispute the pnm"el with axis qamnlo shall be uged

st Ul AL as Aval LS AT SitGai BT MOTW.

6.3.1.2 Pipes not cenirifugally cast, fittings and
aceessories

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

nlaa chall
Ssamp:es snau e su

treatment.

At~ tha n haaot
be °"kjereu {0 Uie same neav

Dhe. e | AP
§.3.21 reparai st bar

A test bar shall be machined from each sample to

be representative of the metal at the mid thickness

of the sample, with a cylindrical part having the
diameter given in the table 11.

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

the testing machine,

e Af
ion of &

The surface roughness profile of the cylindrical
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Two methods of measuring the tensile strength of
the test bar may be used at the manufacturer’s

option:
Method A:
Ma chine the t

test bar to it

I)
=
¥
5
SL‘)
)

>

(0

=

%

D

=

+ 10 %, measure the actual dlameter before the
test for + 0,01 mm and use this measured
diameter to calculate the cross-sectional area and
the tensile strength; or

use the nominal a

strength.

io
on diameter (

.3

its nominal area ‘)0 within

coo tahla 11) and

OUT wWawmIiv 11) aiia

calculate the tensile

6.3.3 Apparatus and test method
The testing machine shall have suitable holders

grips to suit the test bar ends so as to apply the
test load axially. The testing machine shall have a
force range suitable for testing the bars to failure

i inAds +indag +tha 1 A 1inA
whilst INGICatIng tne 10aa appiiea.

The accuracy class of the testing machine shall be

in accordance with clause 9 of EN 10002-1 -

: 1990.

The rate of stressing shall be as constant as possible
within the limits of 6 N/mm?2 per second to
30 N/mm? per second.

nd
The surface roughness profile of the cylindri
part of the test bar shall be such that B, < 6,3.
Table 11
Type of Casting Test bar Test bar
method A method B
Nominal diameter | Nominal area S, Nominal diameter | Tolerance on
diameter
mm mm? mm mm
Centrifugally cast pipes with wall
thickness in millimetres:
- less than § 2,5 5,0 2,52 + 0,01
- 6 up to but not including 8 3,5 16,0 3,67 * 0,02
- 8 up to but not including 12 5,0 20,0 5,05 £ 0,20
- 12 and over 6,0 30,0 6,18 + 0,03
Pipes not centrifugally cast,
fittings and accessories:
- integrally cast samples 5,0 20,0 5,05 + 0,02
- separately cast samples:
- sample thickness 6,0 30,0 6,18 * 0,03
12,5 mm for casting
thinbeaace Yace $hhnsa 16 eanos
UILLCARIITDD 1COd ullall 14 1L
- sampie thickness 25 mm 12,0 or 14, — — —
for casting thickness 12mm
and over
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The tensile strength shall be calculated by dividing
the maximum force sustained by the test bar by the
cross sectional area of the test bar before testing.
The extended gauge length shall be measured after
piecing together the two parts of the test bar after

IR Ak P

fracture. The elongation shall be caiculated using

the ratio of the extended gauge length to the

original gauge length. Alternatively, the elongation
may be measured directly by means of an
extensometer.

6.3.4 Test results

Test results shall comply with table 7. If they do
not comply, the manufacturer shall:

a) in the case where the metal does not achieve
the required mechanical properties, investigate
mmmam mam ] e vz Tnd A1l nnadien to

Llle reason dJ.lu ernsulre that ali CAaSuigs ul uu:
bhatch are either re-heat treated or reiected.

auLil QIT CTIUICT IT-IIEAY LITALCLE O 15CLE

Castings which have been re-heat treated are
then re-tested in accordance with 6.3;

NOTE. The manufacturer may limit the amount of rejection

ot acka S T SRR I RO Y pactinga

by making tests until the rejected batch of castings is
bracketed, in order of manufacture, by a successful test at
each end of the interval in question.

b) in the case of a defect in the test bar, carry

out a further test. If it passes, the batch is
accen foﬂ if not fhn rpannfnnfnror

TP Uy i1 iy AT IS

option to proceed as in a) above.
6.3.5 Test frequency

Tha framia af toctin
Il LLC\‘iuCLl\/J’ w1 l.coblxls 4D Luiaviu v una\,

production and quality control used by the
manufacturer (see 4.3.1). The maximum batch
sizes shall be as given in table 12.

6.4 Brinell hardness

When Brinell hardness tests are carried out
(see 4.3.2), they shall be performed either on the
casting in dispute or on a sampie cut from the

casting. The surface to be tested shall be suitably

prepared by slight local grinding and the test shall
be carried out in accordance with ISO 6506 using a
steel ball of 2,5 mm or 5 mm or 10 mm diameter.

6.5 Works leaktightness test for pipes and
fittings

6.5.1 General

Pipes and fittings shall be tested
with 6.5.2 and 8.5 Q rpchppflvnlv T'h

VY AULL UeDeid ratia Weededd LATOSPPOLLAVE,

carried out on all pipes and flttmgs before the
application of their external and internal coatings,
except for the metallic zinc coating of pipes which
may be applied before the test.

=
Y

(TIR R 1 -

The test apparatus shall be suitable for applying
the specified test pressures to the pims and/or
fittings. It shall be equipped with an industrial

pressure gauge with an accuracy of 3 %.

6.5.2 Centrifugally cast pipes

The internal hydrostatic pressure shall be raised
steadily until it reaches the works hydrostatic test
pressure given in table 13, which is maintained for
a sufficient time to allow visual inspection of the

smlemn hhnceenl MM a 4madnal A. +3
pipe barrel. The total duration of the pressure cycle

shall be not less than 15 s, including 10 s at test

pressure.
6.5.2 Pin

Dede2 2 g7

pes not

At the manufacturer’s o , ..hey shaLl be

submitted to a hydrostatic pressure test or to an air
test, or to any other leaktightness test of
equivalent performance

L

shall be in the same way as for centr
nines (cee 6.5.2). excent for the test

PAPTh (OTC Vededy, TALOPL 202

which shall be as given in table 13.

When the air test is carried out it shall be with an
internal 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 or submerged in water.

L] l:
&
[47]
2

Table 12
Type of casting DN Maximum batoh size
Batch Process control
sampling system system
Centrifugally cast pipes 40 to 300 200 pipes 1 200 pipes
350 to 600 100 pipes 600 pipes
700 to 1000 50 pipes 300 pipes
1100 to 2000 25 pipes 150 pipes
Pipes not centrifugally cast, 40 to 2 000 4t) 48tH
fittings and accessories

1) Weight of crude castings, excluding the risers.




6.6 Zinc coating mass

A rectangular token of known weight per unit area
shall be attached longitudinally along the axis of
the pipe before nnqqmg it fhrmmh the coating
equipment. After coating and tnmmmg. the size of
the token shall be 500 mm x 50 mm. It shall be
weighed on a scale having a precision of at least
0,01 g.

Table 13
DN Minimum works test pressure bar
Pipes centrifugally cast | Pines not
centrifugally
cast and
fittings!
K<9 K = 91| All thickness
classes
40to 300 |0,5(K + 1)2 {50 252)
350 to 600 0,5 K2 40 16
700 to 1000 105 (K — 1)2 132 10
1100 to 2000 |0,5 (K - 2)2 |25 10
1) The works hydrostatic test pressure is less for fittings than
for pipes because the shape of the fittings makes it difficult to
provide sufficient restraint to high internal pressures during
the test.
2) 16 bar for pipes and fittings with PN 10 flanges,

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

aftar 7ine canting
alll ZiGl COauilig.

3

M is the mean mass of zinc, in grammes per
square metre;

M, and M> are the masses of the sample token,
in grammes, before and after coating;

C is the predetermined correction factor, taking
account of the nature of the token and of the
amerence in surface roughness between the

nd tha iroan nina-
ia uic

square metres

NOTE 1. The value of C, generally lying between 1 and 1,2, is
given in the manufacturer’s quality assurance plan.

The umforrmty of the coatmg shall be checked by

the visual inspection of the token; in the event of a

lack of uniformitv, 50 mm % B0 mm niecoe chall ha

ialx O v‘Auuv‘AltA\/J’ DU Al A OV ailau patllls Siian oT

cut from the token in the lighter mass zones and
the local minimum mass of zinc determined on
each piece by mass difference.

NOTE 2. Alternatively the mass of zinc per unit area can be
measured directly on the coated pipe by any method having

proven correlatlon with the reference method described above,
e.g. X-ray fluorescence or chemical analysis.
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6.7 Thickness of paint coatings

The dry film thickness of paint coatings shall be
measured by either of the following methods:

a) directly on the casting by means of suitable
ganges. .0 d'nnh or hv nging a ‘waot film’
gauges, e.g. magnetic, or by using 2 ‘wet film

thickness gauge where a correlation between wet
film thickness and dry film thickness can be
demonstrated; or

b) indirectly on a token which is attached to the

easung before CO&UI\g and is used after coatmg

to measure the dry film thickness by mechanical

means, e.g. rmcrometer, or by a weight method
similar to 6.6.

For each casting to be controlled, at least three
measurements shall be taken (either on the casting
or on the token). The mean thickness is the

tq tal and +h
average of all the measurements taken and th

local minimum thickness is the lowest value

e
e of all
the measurements taken.

6.8 Compressive strength of the cement mortar
lining

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

A [ g | <zridle TINT 10

type-test in accordance with EN 196-1, except

that:

- the qnnd the cement and the wat

water

the prism samples are identical with those use
for the mortar before application of the lining;

- the sand/cement ratio used for the prism
samples is equal to that used for the mortar

UClUlC apput,auuu Ul Lllﬁ U.Illllg,

- the water/cement ratio used for the prism
eamh]ne is annal to that of the hn-ng immadiataly

immediately
after apphcatlon to the pipe wall.

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

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 controlled
sof a

on the finished hardened lining by m
suitable gauge, e.g. magnetic.

The measurements shall be taken approximately
200 mm from the end face. The manufacturer’s
process control system shall specify the frequency

PPN
of this test.

nged for
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7 Type tests

7.1 Leaktightness of joints to pesitive internal
pressure

The test shall be carried out on an assembled joint
comprising two pipe sections, each at least 1 m

long (see figure 1).

The test apparatus shall be capable of providing
suitable end and lateral restraints whether the joint
is in the aligned position, or deflected, or subjected
to a shear load. It shall be equipped with a
pressure gauge with an accuracy of 3 %.

rrr

The vertical force W shall be applied to the spigot
end by means of a V shaped block with an angle of
120°, located at approximately 0,5 DN in
millimetres or 200 mm from the socket face
whichever is the largest; the socket shall bear on a

rry L IR)

fiat support. The vertical force W shall be such that

tha Hant chanr farca B arnrnce
e resuitant snear ioree o/ across the jOm* is nqno]

to the value specified in 5.2.3.3, taking into
account the mass M of the pipe and its contents
and the geometry of the test assembly:
Fxc-M(c-b

c-a

W =

where

a, b and c¢ are as shown in figure 1.
The test assembly shall be filled with water and
suitably vented of air. The pressure shall be raised
steadily until it reaches the test pressure given
in 5.2.2; 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

xxrlhinlh +lha inind ahall ha +h
which the Juii"w snai o ul’\}rﬁug}‘uy mspectcd every

15 min. 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 movement of
the spigot shall be measured every 15 min.

7.2 Leaktightness of joints to negative internal
pressure

The test assembly and test apparatus shall be as
given in 7.1, with the plpe sections ax1auy

v T wriaa o P | 1.

~ e ponn ~ o no
H.l iu w pu::veut u.l!'.'l.ll 1MUVILLE b waras €acin
T, or i

t ssem 11 be empty of water and shall
be evacuated egatlve internal pressure of

0,9 bar (see 5.2.2) and then isolated from the
vacuum pump. The test assembly shall be left
under vacuum for 2 h, at the end of which time
the vacuum shall not have changed by more

than 0,09 bar. The test shall begin at a temperature
between 15 °C and 25 °C, which is then kept
constant at * 2 °C for the duration of the test.

R atem A 3adaa Tan bncd mcco g, <7 ~ oy
For a restrained joint, the test assembly, the test
apparatus and the test procedure are identical.

7.3 Leaktightness of joints to positive external
pressure

The test assembly shall comprise two joints made
with two pipe sockets welded together and one
double-spigot piece (see figure 2); it creates an
annular chamber which allows to test one joint
under internal pressure and one joint under
external pressure.

The test assembly shall be subjected to a vertical
force Wequal to the shear force F defined in 5.2.3;
one half of this load shall be applied to the spigot
end on each side of the test assembly, by means of
a V shaped block with an angle of 120°, located at
approximately 0,5 DN in millimetres or 200 mm
from the ends of the sockets whichever is the

largest; the sockets shall bear on a flat support.

The test assembly shall be filled with water and
suitably vented of air. The pressure shall be steadily
increased until it reaches the test pressure of 2 bar.

T PR e ) ] lenand mnsmodarnd sersdlaian ar
The latter shall be kept constant within £ 0,1 b

1 Ual
for at least 2 h during which the internal side of
the joint subjected to external pressure e shall be

thoroughly inspected every 15 min.

For a restrained joint, the test assembly, the test
apparatus and the test procedure are identical.

7.4 Leaktightness of joints to dynamic internal
pressure

The test assembly and test apparatus shall be as

glVGIl in 7.1. The test dbbem[)ly shall be filled v

water and suitably vented of air.

_*al
1

adilv increaaced in to »

The nrocenre shall ho stoa
Saqguy mereaseg up ¢ p,

LT pPrTSourT Silian Ut Su

the allowable operating pressure of the joint, then
automatically monitored according to the followmg
pressure cycle:

a) steady pressure reduction to 0,5p;
b) maintain 0,5p for at least 5 s;

c¢) steady pressure increase to p;

d) maintain p for at least 5 s.

All necessary safety precautions should be taken
for the duration of the pressure test.
The number of cycles shali be recorded and the test

4 e iliawn

A
DLUPPCU aunuula.uuau‘y Ll.l. lahU ULLULLCLI\.’C Uf a fauulc
of the joint.

test assembly, the test

For a restrained joint, the
apparatus and the test procedure are 1dent1ca1
except that there shall be no end restraint so that
the axial thrust is taken by the restrained joint
under test.
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7.5 Leaktightness and mechanical resistance of
screwed-on and welded-on fianges

The test assembly shall comprise two flanged pipes
of approximately equal length, assembled together
by means of a flanged joint; both ends of the test
assembly shall be equipped with blank flanges.
The wall thickness of pipe used in the type test

shall be the specified minimum thickness ep;n
(in millimetres) of its class plus 10 % minus 0 %

mxran o Aigtoran YV fim wnillHanateona) foncn dlao dalaadie e
vl a LALILT A (1L ILUIHILITLITS ) L1IUIIL uiC juliiuil "5
face of each flange at the joint to be tested:

X =100 + 2,3(DN x e ;,) 05

NOTE. See table 10 for values of X.

The test assembly shall be placed on two simple
supports such that the assembied flanged joint is
positioned at mid point. The minimum length of
unsupported span shall be either 6-DN in
millimetres or 4000 mm whichever ig the smaller.

AL nCUTS Q1 ALTTY

The test assembly shall be filled with water and
suitably vented of air. The pressure shaii be raised

atnandilyy 11mtil it raanhac tha tact nracenra dgizrzan
Sit€allly Uliuil It I€aliich ulc Le5L PITHSUICT givell

in 5.4. The external load shall be applied to the
assembled flanged joint by means of a flat plate, in
a direction perpendicular to the axis of the test
assembly, so as to cause the bending moment given
in table 10.

The internal pressure and the external load are
kept constant for 15 min during which the flanged

it =4 S5 R SEEERGT

joint shall be thoroughly inspected.

All necessary safety precautions should be taken
for the duration of the pressure test.

NOTE. The elevated pressures and bending moments applied in

tha tact was Tandineg ctamifinnnmtle, fennéam thhnsm shhnd andia

e WDL, lt:b‘l.lllla lll Lua.uu|5 Dl&llllll,:l.llld‘yV Blcdlat:l ullall uilat dbbllls
normally in service. Consequently, the test may require the use
of gaskets and bolts of higher performance than those normally

sunnliad and tha annlication of holt tarauag in aveagg of thasa
SUpPP:iet alih e appalanion O OOy WIGUSs il €XCESS O UhdsT

normally applied during site installation.
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8 Quality assurance

8.1 General

The manufacturer shall demonstrate the conformity
of his products with this standard by:

- carrying out performance type tests

(see 8.2); and

- controlling the manufacturing process

(see 8.3).
8.2 Type tests
The type tests specified in clauses 5 and 7 of this
standard shall be carried out either by the
manufacturer or at his request by a competent
testing institute in order to demonstrate
compliance with the requirements of this standard.
Full reports of these type tests shall be retained by

the manufacturer as evidence of compliance.
8.3 Quality assurance system

The manufacturer shall control the quality of his
products during their manufacture by a system of
process control in order to comply with the
technical requirements of this standard. Wherever
possible, statistical sampling techniques should be
used.

Consequently, the manufacturer’s quality assurance
system shail compiy with the requirements of
EN 29002.

9 Tables of dimensions

9.1 Socket and spigot pipes

The dimensions of socket and spigot pipes shall be
as given in table 14. The values of L, are given in
table 3. For external and internal coatings see 4.4.
NOTE. The values of DE and their tolerances apply also to the

spigot ends of fittings (see 4.2.2.1).

Table 14
External diameter DE | Iron thickness ¢
mm mm
DN | Nomina Tolerance | K9 | K10 | Tolerancel
40| 56 +1/-12] 60| 60| -1,3
50! 66 +1/-121 601 601 -13
60| 77 +1/-1,2| 6,0 6,0|-1,3
65| 82 +1/-1,2| 6,0| 6,0|-1,3
80 08 +1/-2,21 60 601 -13
100 118 +1/-2,8/ 6,0( 6,0]-1,3
125| 144 +1/-2,8 6,0 6,2]-1,49
150| 170 +1/-2,9| 6,0| 6,6 |-1,62
200 222 +1/-3,01 6,3 70| -1,5
250 274 +1/-3,1} 6,8} 7,6 -1,6
300 326 +1/-3,3] 7,2 80 -1,6
350 378 +1/-3,4) 7,71 85| -17
4G60| 425 +1/-3,5) 8,1 5,6 1,7
450| 480 +1/-3,6{ 8,6| 9,5|-1,8
500| 532 +1/-3,8| 9,0|10,0|-1,8
600| 635 +1/-4,0y 9,9 11,0 | -1,9
700 738 +1/-4,3110,8 |112.0 | -2,0
800| 842 +1/-4,5) 11,7 | 13.0 | -2,1
900| 945 +1/-4,8|12,6 |14.0 | -2,2
1000 | 1048 +1/-5,0| 13,56 | 15.0 | -2,3
1100|1152 +1/-6,0| 14,4 |16.0 | -2,4
1200 12656 +1/-5,8/15,3 |17.0 | -2,5
1400 | 1462 +1/-6,6/17,1 |19.0 | —-2,7
1500 | 15656 +1/-7,0/ 18,0 |20.0 | -2,8
1600 | 1668 +1/-7,4/18,9121.0 | -2,9
1800 | 1875 +1/-8,2120,7 123.0 | -3,1
2000 | 2082 +1/-9,0]22,56 [25.0 | -3,3

) A negative tolerance only is given.
2) _ 1,3 when the thickness is equal to 6,0 mm.
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9.2 Flanged pipes

Standardized thickness classes, DNs and PNs of
flanged pipes are specified in the following three
subclauses. The values of L are given in table 4,
For coatings and linings, see 4.4.

NOTE. Flanged dimensions are in conformity with prEN 1092-2.

9.2.1 Centrifugally cast pipes with welded-on
Slanges
- DN 40 to DN 450: K9 for PN 10, PN 16, PN 25
and PN 40;

- DN 500 and DN 600: K9 for PN 10m PN 16 and

PN 25; K10 for PN 40;
700 to DN 1600: K9 for PN 10, PN 16 and

PN 25 and PN 40;

- DN 500 and DN 600: K9 or K10 for PN 10,
PN 16 and PN 25; K10 for PN 40,

- DN 700 to DN 1 200: K10 for PN 10, PN 16
and PN 25;

- DN 1400 to DN 2000: K10 for PN 10 and
PN 16.

9.2.3 Pipes with integrally cast flanges
- DN 40 to DN 600: K12 for PN 10, PN 16,

PN 25 and PN 40;

- UN /UU to DN 1600: K12 for PN 10, PN 16 and
D 800 and DN 2 000: K12 for PN 10 and
N

9.3 Fittings for socketed joints

In the following tables, all the dimensions are
nominal values and are given in millimetres. The
values of L, and /,, have been rounded off to the
nearest multiple of five.

For coating and linings, see 4.5.

9.3.1 Flanged sockets
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Table 15
DN e L, d
series A series B
40 7 i25 75 67
50 7 125 85 78
60 7 126 100 88
65 7 125 105 93
80 7 130 105 109
100 7,2 130 110 130
125 7,5 135 115 156
150 7,8 135 120 183
200 8,4 140 120 235
250 9 145 125 288
300 9,6 150 130 340
350 10,2 155 135 393
400 10,8 160 140 445
450 11,4 165 145 498
500 12 170 - 550
600 i3,2 180 655
700 144 190 - 760
800 15,6 200 865
900 16,8 210 - 970
1000 18 220 - 1075
1100 19,2 230 - 1080
1200 20,4 240 - 1285
1400 22,8 310 - 1477
1500 24 330 - 1580
1600 25,2 330 - 1683
1800 27,6 350 - 1889
2000 30 370 - 2095
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9.3.2 Flanged spigots 9.3.3 Collars
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Figure 5 Figure 6
Table 16
DN e Flanged spigots Collars
L L L' L, L, d
series A series B series A series B
40 7 335 335 200 1556 155 67
40 7 340 340 200 1556 i85 78
60 7 345 340 200 155 155 88
65 7 345 345 200 155 155 93
80 7 350 350 215 160 160 109
100 7,2 360 360 215 160 160 130
125 7,5 370 370 220 165 165 156
150 7,8 380 380 225 165 165 183
200 8,4 400 400 230 170 i70 236
250 9 420 420 240 175 175 288
300 9,6 440 440 250 180 180 340
350 10,2 460 460 260 185 185 393
400 10,8 480 480 270 190 190 445
450 11,4 500 500 280 195 195 498
500 12 520 290 200 550
600 13,2 560 310 210 655
700 14,4 600 330 220 760
800 15,6 600 330 230 865
300 16,8 600 330 240 970
1000 18 600 330 250 1075
1100 19,2 600 330 260 1180
1200 20,4 800 330 270 1285
1400 22,8 710 390 340 1477
1500 24 750 410 350 1580
1600 25,2 780 - 430 360 1683
1800 27,6 850 470 380 1889
2000 30 920 500 400 - 2095

NOTE. The length L’ is the length to which the value of DE and its tolerance, as given in table 14, apply.
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9.3.4 Double socket 90° (1/4) bends

[

4]

7]

9.3.5 Double socket 45° (1/8) bends

Figure 7 Figure 8
Table 17
DN e 90° (1/4) bends 45° (1/8) bends
L, L, L,
series A series B series A series B
40 7 60 85 40 85
50 7 70 85 40 85
60 7 80 90 45 90
65 7 85 90 50 90
80 7 100 85 55 50
100 7,2 120 100 65 60
125 7,5 145 115 75 65
150 7,8 170 130 85 70
200 8,4 220 160 110 80
250 9 270 240 130 135
300 9,6 320 280 160 1656
350 10,2 - - 175 170
400 10,8 195 185
450 11,4 - 220 200
500 12 - 240
600 13,2 285 -
700 14,4 330
800 15,6 370
900 16,8 - 415 -
1000 18 460
1100 19,2 505
1200 20,4 550
1400 22,8 515
1500 24 540 -
1600 25,2 560
1800 27,6 610
2000 30 - - 660 -




Figure 9 Figure 10
Table 18
DN 22° 30’ (1/16) bends 11° 15’ (1/32) bends
L, L, L,
series A series A series B
40 7 30 25 25
50 7 30 25 25
60 7 35 25 25
65 7 35 25 25
80 7 40 30 30
100 7,2 40 30 30
125 7,5 50 35 35
150 7,8 55 35 40
200 8,4 65 40 45
250 9 75 50 55
300 9,6 85 55 bb
350 10,2 95 60 80
400 10,8 110 65 65
450 11,4 120 70 70
500 12 130 75 -
600 13,2 150 85 -
700 14,4 175 95
800 15,6 195 110
900 16,8 - 415
1000 18 - 460
1100 19,2 220 120
1200 20,4 240 130 -
1400 22,8 260 130 -
1500 24 270 140 _
1600 25,2 280 140
1800 27,6 305 155
2000 30 330 165 -
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Figure 11
Table 19
DN x dn Body Branch
e1 Ly e
geries A series B ceries A
40 x 40 7 120 155 7 60
50 x 50 7 130 155 7 65
60 x 60 7 145 155 7 70
65 x 65 7 150 155 7 75
80 x 40 |7 120 155 7 80
80 x 80 7 170 175 7 85
100 x 40 7,2 120 155 7 90
100 x 60 |7.2 145 155 7 90
100 x 80 7,2 170 165 7 95
100 x 100 7,2 190 195 7,2 95
125 x40 7,5 125 155 7 100
125 x 80 7,6 170 175 7 105
1256 x 100 7,6 195 195 7,2 110
125 x 125 |7,5 225 225 7,5 110
150 x 40 7,8 125 160 7 115
150 x 80 7,8 170 180 7 120
150 x 100 7,8 195 200 7,2 120
150 x 150 |7,8 255 260 7.8 125
200 x 40 8,4 130 165 7 140
200 x 80 84 175 180 7 145
200 x 100 8,4 200 200 7,2 145
200 x 150 8,4 255 260 7,8 150
200 x 200 | 8,4 315 320 8,4 155
260 x 80 9 180 185 7 170
250 x 100 9 200 205 7,2 170
250 x 150 |9 260 265 7.8 175
250 x 200 9 315 320 8,4 180
250 x 250 9 375 380 9 190
300 x 100 9,6 205 210 7,2 195
300 x 150 9,6 260 265 7,8 200
300 x 200 9,6 320 325 8,4 205
300 x 250 9,6 375 380 9 210
300 x 300 9,6 435 440 9.6 220
NOTE. The main nominal size is designated DN and the nominal size of the branch is designated dn,
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9.3.9 Double-socket tees with flanged branch, DN 40 to DN 250
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Table 20
DN x dn Body Branch
€1 Lu Ll.! €3 l l
series A series B series A series B
40 x 40 7 120 155 7 130 130
50 x 50 7 130 165 7 140 140
60 x 40 |7 - 155 7 - 130
60 x 60 7 145 155 7 150 150
65 x 40 7 - 156 7 - 135
65 x 65 7 150 155 7 150 155
80 x 40 7 - 155 7 - 135
80 x 60 7 - 155 7 - 155
80 x 80 7 170 175 7 165 165
100 x 40 7 - 155 7 - 145
100 x 60 7 - 155 7 - 165
100 x 80 7 170 165 7 175 170
1006 x 160 7,2 190 195 7,2 180 180
125 x 40 |75 - 155 7 - 160
125 x 60 7,5 - 155 7 - 180
1256 x 80 7,5 170 175 7 190 185
125 x 100 7,5 i95 195 7,2 195 195
125 x 125 7,5 225 225 7,5 200 200
150 x 40 7,8 - 160 7 - 170
150 x 60 7,8 - 160 7 - 190
150 x 80 7,8 170 180 7 205 200
150 x 100 7,8 195 200 7,2 210 205
150 x 125 7,8 - 230 7,5 - 215
150 x 150 7,8 255 260 7,8 220 220
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Table 20 (concluded)
DN x dn Body Branch

€ L, Ly €y ! l

series A series B series A series B

200 x 40 8,4 - 1656 7 - 195
200 x 60 8,4 - 1656 7 - 215
200 x 80 8,4 175 180 7 235 225
200 x 100 8,4 200 200 7,2 240 230
200 x 125 8,4 - 236 7,5 - 240
200 x 150 8,4 265 260 7,8 250 245
200 x 200 8,4 315 320 8,4 260 260
250 x 60 9 - 165 7 - 260
260 x 80 9 180 180 7 265 265
250 x 100 9 200 205 7,2 270 270
250 x 150 S 260 265 7,8 280 280
250 x 200 |9 315 320 8,4 290 290
250 x 250 9 375 380 9 300 300
NOTE. The main nominal size is designated DN and the nominal size of the branch is designated dn.




9.3.10 Double-socket tees with flanged branch, DN 300 to DN 700

Table 21
DN x dn Body Branch

e L, Ly e l . l .
300 x 60 9,6 - 165 7 - 290
300 x 80 9,6 180 185 7 295 295
300 x 100 9,6 205 210 7,2 300 300
300 x 150 9,6 260 265 7,8 310 310
300 x 200 9,6 320 325 8,4 320 320
300 x 250 9,6 - 380 9 - 330
300 x 300 9,6 435 440 9,6 340 340
360 x 60 10,2 - 170 7 - 320
350 x 80 10,2 - 186 7 - 325
350 x 100 16,2 205 210 7,2 330 330
350 x 150 10,2 - 270 7,8 - 340
350 x 200 10,2 325 326 8,4 350 350
350 x 250 10,2 - 385 9 - 360
350 x 350 10,2 495 500 10,2 380 380
400 x 80 10,8 185 190 7 355 355
400 x 100 10,8 210 210 7,2 360 360
400 x 150 10,8 270 270 7,8 370 370
400 x 200 10,8 325 330 8,4 380 380
400 x 250 10,8 - 385 9 - 390
400 x 300 10,8 440 445 9,6 400 400
400 x 400 10,8 560 560 10,8 420 420
450 x 100 11,4 - 215 7,2 - 390
450 x 150 i1,4 - 270 7,8 - 400
450 x 200 114 - 330 84 - 410
450 x 250 11,4 - 390 9 - 420
450 x 300 11,4 - 445 9,6 - 430
450 x 400 11,4 - 560 10,8 - 450
450 x 450 ii,4 - 620 ii,4 - 460
500 x 100 12 215 - 7,2 420 -
500 x 200 12 330 - 8,4 440 -
500 x 400 12 565 - 10,8 480 -
500 x 500 12 680 - i2 500 -
600 x 200 13,2 340 - 8,4 500 -
600 x 400 13,2 570 - 10,8 540 -
600 x 600 13,2 800 - 13,2 580 -
700 x 200 14,4 345 - 8,4 525 -
700 x 400 14,4 575 ~ 10,8 550 -
700 x 700 14,4 925 - 14,4 600 -

NOTE. The main nominal size is designated DN and the nominal size of the branch is designated DN.




9.3.11 Double-socket tees with flanged branch, DN 800 to DN 2000

Table 22
DN x dn Body Branch

e L, € ! L

series A series A

800 x 200 15,6 350 8,4 585
800 x 400 15,6 580 10,8 615
800 x 600 15,6 1045 13,2 645
800 x 800 15,6 1045 15,6 675
900 x 200 16,8 355 8,4 656
800 x 400 16,8 590 10,8 675
900 x 600 i6,8 1170 13,2 705
900 900 168 1170 16,8 750
1000 x 200 18 360 8,4 705
1000 x 400 18 595 10,8 735
1000 x 600 18 1290 13,2 765
1000 x 1000 18 1290 18 825
1100 x 400 19,2 600 10,8 795
1100 x 600 19,2 830 13,2 825
1200 x 600 20,4 840 13,2 885
1200 x 800 20,4 1070 15,6 915
1200 x 1000 20,4 1300 18 945
1400 x 600 22,8 1030 13,2 980
1400 x 800 22,8 1260 15,6 1010
1400 x 1000 22,8 1495 18 1040
1500 x 600 24 1035 13,2 1035
1500 x 1000 24 1500 18 1595
1600 x 600 25,2 1040 18,2 1090
1600 x 800 25,2 1275 15,6 1120
1600 x 1000 25,2 15056 18 1150
1600 x 1200 25,2 1740 20,4 1180
1800 x 600 27,6 1055 13,2 1200
1800 x 800 27,6 1285 15,6 1230
1800 x 1600 27,6 1520 18 1260
1800 x 1200 27,6 1750 20,4 1280
2000 x 600 30 1065 13,2 1310
2000 x 1000 30 1530 18 1370
2000 x 1400 30 1995 22,8 1430
NOTE. The main nominal size is designated DN and the nominal size of the branch is designated dn.
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Table 23
DN x dn e €y Lu
series A

50 x 40 7 7 70

60 x 50 7 7 70

65 x 50 7 7 80

80 x 40 7 7 - 80
80 x 60 7 7 90 80
80 x 65 7 7 80 80
100 x 60 7,2 7 120
100 x 80 7,2 7 85
125 x 60 7,5 7 - 190
125 x 80 7,5 7 140 135
125 x 100 7,5 7,2 100

150 x 80 7,8 7 190

150 x 100 7,8 7,2 150

150 x 125 7,8 7,5 100

200 x 100 8,4 7,2 250

200 x 125 8,4 7,5 200

200 x 150 8,4 7,8 150
250 x 125 9 7,5 300
250 x 150 9 7,8 250
250 x 200 9 8,4 150
300 x 150 9,6 78 350

300 x 200 9,6 8,4 250

300 x 250 9,6 9 150

350 x 200 10,2 8,4 360

350 x 250 10,2 9 260

350 x 300 10,2 9,6 160
400 x 250 10,8 9 360

400 x 300 10,8 9,6 260
400 x 350 10,8 10,2 160
450 x 350 114 10,2 260
450 x 400 11,4 10,8 160

500 x 350 12 10,2 360

500 x 400 i2 10,8 260




Table 23 (concluded)
DN x dn e €y L, L,
series A ries B
600 x 400 13,2 10,8 460
600 x 500 13,2 12 260
700 x 500 14,4 12 480
700 x 600 14,4 13,2 280
800 x 600 15,6 13,2 480
800 x 700 15,6 i4,4 280
900 x 700 16,8 144 480
900 x 800 16,8 15,6 280
1000 x 800
18 15,6 480
1000 x 900 18 i6,8 280
1100 x 1000 19,2 18 280
1200 x 1000 20,4 18 480
1400 x 1200
22,8 20,4 360
1500 x 1400 24 22,8 260
1600 x 1400 25,2 22,8 360
1800 x 1600 27,6 25,2 360
2000 x 1800 30 27,6 360
NOTE. The larger end is designated DN and the smaller end is dn.

9.4 Fittings for flanged joints

In the following tables, all the dimensions are
nominal values and are given in millimetres. For
coatings and linings, see 4.5.



9.4.1 Double-flanged 90° (1/4) bends
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9.4.2 Double-flanged duckfoot 90° (1/4) bends
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Figure 14
Table 24
e 90° (1/4) bends | 90° (1/4) duckfoot bends
40 7 140 - - -
50 7 150 150 95 150
60 7 160 160 100 160
65 7 165 165 100 165
80 7 165 165 110 180
100 7,2 180 180 125 200
125 7,5 200 200 140 225
150 7,8 220 220 160 250
200 8,4 260 260 190 300
250 9 350 350 225 350
300 9,6 400 400 255 400
350 10,2 450 450 290 450
400 10,8 500 500 320 500
450 11,4 550 550 355 550
500 12 600 600 385 600
600 13,2 700 700 450 700
700 14,4 800 - - -
800 15,6 900 - - -
900 16,8 1000 - - -
1000 18 1100 - - -
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9.4.3 Double-flanged 45° (1/8) bends

Figure 16
Table 25
DN e
40 7
50 7
60 7
65 7
80
100 7,2
125 7,5
150 7,8
200 8,4
250 9
300 9,6
350 10,2
400 10,8
450 11,4
500 12
600 13,2
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Table 25 (concluded)

DN e L L
series A series B
700 14,4 478 -
800 15,6 529 -
900 16,8 581 -
1000 18 632 -
1100 18,2 694 -
1200 20,4 750 -
1400 22,8 775 -
1500 24 810 -
1600 25,2 845 -
1800 27,6 910 -
2000 30 980 -
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9.4.4 All-flanged tees, DN 40 to DN 250
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Table 26
DN x dn Body Branch
e L L e 12 l
series A series B series A series B
40 x 40 7 280 256 7 140 130
50 x 50 7 300 280 7 150 140
60 x 40 7 300 - 7 130 -
60 x 60 7 320 300 7 160 150
65 x 65 7 330 305 7 165 150
80 x 40 7 - 10 7 - 135
80 x 60 7 - 310 7 - 155
80 x 80 7 330 330 7 165 165
100 x 40 7,2 - 320 7 145
166 x 60 7,2 - 320 7 165
100 x 80 7,2 360 330 7 175 170
100 x 100 7,2 360 360 7,2 180 180
1256 x 40 7,6 - 330 7 - 160
1256 x 60 7,6 - 330 7 - 180
126 x 80 7,5 400 350 7 190 185
125 x 100 7,5 400 370 7,2 195 195
126 x 126 |75 400 400 7,5 200 200
150 x 40 7,8 - 340 7 - 170
150 x 60 7,8 - 340 7 - 190
150 x 80 7.8 440 360 7 205 200
150 x 100 7,8 440 380 7,2 210 205
150 x 125 7,8 440 410 7,5 2156 2156
150 x 150 7,8 440 440 7,8 220 220
200 x 40 8,4 - 365 7 - 195
200 x 60 8,4 - 365 7 - 215
200 x 80 8,4 520 380 7 235 225
200 x 100 8,4 520 400 7,2 240 230
200 x 125 8,4 - 435 7,5 - 240
200 x 150 8,4 520 460 7,8 250 245
200 x 200 8,4 520 520 8,4 260 260
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Table 26 (concluded)
DN x dn Body Branch
e L L e l l
series A series B series A series B
250 x 60 |9 - 385 7 - 260
250 x 80 9 - 405 7 - 265
250 x 100 9 700 425 7,2 275 270
250 x 150 9 - 485 7,8 - 280
250 x 200 9 700 540 8,4 325 290
250 x 250 9 700 600 9 350 300
NOTE. The main nominal size is designated DN and the nominal size of the branch is designated dn.
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9.4.5 All-flanged tees, DN 300 to DN 700

94

Table 27
DN x dn Body Branch

[ L e l 1

serics A series B series A series B
300 x 60 9,6 - 405 7 - 290
300 x 80 9,6 - 425 7 - 295
300 x 100 9,6 800 450 7,2 300 300
300 x 150 9,6 - 505 7,8 - 310
300 x 200 9,6 800 565 8,4 350 320
300 x 250 9,6 - 620 9 - 330
300 x 300 9,6 800 680 9,6 400 340
350 x 60 10,2 - 430 7 - 320
350 x 80 10,2 - 445 7 = 325
350 x 100 10,2 850 470 7,2 325 330
350 x 150 10,2 - 530 7,8 - 340
350 x 200 |10,2 850 585 8,4 325 350
350 x 250 10,2 - 645 9 - 360
360 x 350 10,2 850 760 10,2 425 380
400 x 80 10,8 - 470 7 - 335
400 x 100 110,8 900 490 7,2 350 360
400 x 150 10,8 - 560 7,8 - 370
400 x 200 10,8 900 610 8,4 350 380
400 x 250 10,8 - 665 9 - 390
400 x 300 10,8 - 725 9,6 - 400
400 x 400 10,8 900 840 10,8 450 420
450 x 100 11,4 950 515 7,2 375 390
450 x 150 114 - 570 7,8 - 400
450 x 200 ii4 950 630 8,4 375 410
450 x 300 114 - 690 9 - 420
450 x 400 11,4 745 9,6 - 430
450 x 450 11,4 - 860 10,8 - 450
950 920 11,4 475 460

500 x 100 12 1000 535 7,4 400 420
500 x 200 12 1000 650 8,4 400 440
500 x 400 12 1000 885 10,8 500 480
500 x 500 12 1000 1000 12 500 500
600 x 200 13,2 1100 700 8,4 450 500
600 x 400 13,2 1100 930 10,8 550 540
600 x 600 13,2 1100 1165 13,2 550 580
700 x 200 14,4 650 - 8,4 525 -
700 x 400 14,4 870 - 10,8 555 -
700 x 700 14,4 1200 - 14,4 600 -

NOTE. The main nominal size is designated DN and the nominal size of the branch is designated dn.
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9.4.6 All-flanged tees, DN 800 to DN 2000
Table 28
DN x dn Body Branch
e l e 1
series A series A
800 x 200 15,6 690 8,4 585
800 x 400 15,6 910 10,8 615
800 x 600 15,6 1350 13,2 645
800 x 800 15,6 1350 15,6 675
900 x 200 16,8 730 8,4 645
900 x 400 16,8 950 10,8 675
900 x 600 16,8 1500 13,2 705
900 x 900 16,8 1500 16,8 750
1000 x 200 18 770 8,4 705
1000 x 400 18 990 10,8 735
1000 x 600 18 1650 13,2 765
1000 x 1000 18 1650 18 825
1100 x 400 19,2 980 8,4 795
1100 x 600 19,2 1210 13,2 8256
1200 x 600 20,4 1240 13,2 885
1200 x 800 20,4 1470 15,6 915
1200 x 1000 20,4 1700 18 945
1400 x 600 22,8 1550 13,2 980
1400 x 800 22,8 1760 15,6 1010
1400 x 1000 22 8 2015 18 1040
1500 x 600 24 1575 13,2 1035
1500 x 1000 24 2040 18 1095
1600 x 600 25,2 1600 13,2 1090
1600 x 800 25,2 1835 15,6 1120
1600 x 1000 25,2 2065 18 1150
1600 x 1200 25,2 2300 20,4 1180
1800 x 600 27,6 1655 13,2 1200
1800 x 800 27,6 1885 15,6 1230
1800 x 1000 27,6 2120 18 1260
1800 x 1200 27,6 2350 20,4 1290
2000 x 600 30 1705 13,2 1310
2000 x 1000 30 2170 18 1370
2000 x 1400 30 2635 22,8 1430

NOTE. The main nominal size is designated DN and the nominal size of the branch is designated dn.




9.4.7 Double-flanged tapers
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Table 29
DN x dn e € L L
series A series B
50 x 40 7 7 150 165
60 x B0 7 7 160 160
60 x 50 7 7 200 190
80 x 60 7 7 200 185
80 x 65 7 7 200 190
100 x 80 7,2 7 200 195
125 x 100 7,5 7,2 200 185
150 x 125 7,8 7,5 200 190
200 x 150 8,4 7,8 300 235
250 x 200 9 8,4 300 250
300 x 250 9,6 9 300 265
350 x 300 10,2 9,6 300 290
400 x 350 10,8 10,2 300 305
450 x 400 11,4 10,8 300 320
500 x 400 12 10,8 600 -
0600 x 500 13,2 12 600
700 x 600 14,4 13,2 600
800 x 700 15,6 14,4 600 -
900 x 800 16,8 15,6 600
1000 x 900 18 16,8 600
1100 x 1000 i9,2 18 600
1200 x 1000 20,4 18 790
1400 x 1200 22,8 20,4 850
1500 x 1400 24 22,8 695 -
1600 x 1400 25,2 22,8 910
1800 x 1600 27,6 25,2 970 .
2000 x 1800 30 27,6 1030
NOTE. The larger nominal size is designated DN and the smaller nominal size is designated by dn.
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9.4.8 Blank flanges PN 10 9.4.9 Blank flanges PN 16
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Table 30
DN PN 10 PN 16
D a b c D a b c
40 150 19 16 3 150 19 16 3
50 165 i9 i6 3 165 ig 16 3
60 175 19 16 3 175 19 16 3
65 185 19 16 3 185 19 16 3
80 200 19 16 3 200 19 16 3
100 220 19 16 3 220 i56 16 3
125 250 19 16 3 250 19 16 3
160 285 19 16 3 285 19 16 3
200 340 20 17 3 340 20 17 3
250 400 22 19 3 400 22 19 3
300 455 24,5 20,5 4 455 24,5 20,5 4
350 5056 24,5 20,5 4 520 26,5 22,6 4
400 565 24,5 20,5 4 580 28 24 4
450 615 25,5 21,5 4 040 30 26 4
500 870 26,5 22,5 4 7158 315 27,5 4
600 780 30 25 5 840 36 31 5
700 895 32,56 27,6 5 910 39,56 34,5 5
800 1015 35 30 5 1025 43 38 5
900 1115 37,5 32,5 5 1125 46,5 41,5 5
1000 1230 40 35 5 1255 50 45 5
1100 1340 425 37,5 5 1356 53,5 48,5 5
1200 1455 45 40 5 1485 57 52 5
1400 1675 46 41 5 1685 60 55 5
15600 1785 47,5 42,5 5 1820 62,5 57,5 5
1600 1915 49 44 15) 1930 65 60 5
1800 2115 52 47 5 2130 70 65 5
2000 2325 55 50 5 2345 75 70 5
NOTE. For blank flanges of nominal diameter greater than or equal to DN 300, the centre of blank flanges may be dished
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9.4.10 Blank flanges PN 25 9.4.11 Blank flanges PN 40
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Figure 21 Figure 22
Table 31
DN PN 25 PN 40
D a b ¢ D a [ c
40 150 19 16 3 150 19 16 3
50 165 19 16 3 165 19 16 3
60 175 19 16 3 175 19 16 3
65 185 19 16 3 185 19 16 3
80 200 i9 i6 3 200 i9 i6 3
100 235 19 16 3 235 19 16 3
125 270 19 16 3 270 23,5 20,5 3
150 300 20 17 3 300 26 23 3
200 360 22 19 3 375 30 27 3
250 425 24,5 21,5 3 450 34,5 31,5 3
300 485 27,5 23,5 4 515 39,5 35,5 4
350 555 30 26 4 - - - -
400 620 32 28 4 - - -
450 670 34,5 30,5 4 - - - -
500 730 36,5 32,6 4 - - - -
600 845 42 37 5 - - - -
NOTE. For blank flanges of nominal diameter greater than or equal to DN 300, the centre of blank flanges may be dished.




9.4.12 Reducing flanges PN 10 9.4.13 Reducing flanges PN 16
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Table 32
DN x dn PN 10 PN 16

D a b cy Cy D a b [ Cy
200 x 80 340 40 17 3 3 340 40 17 3 3
200 x 100 340 40 17 3 3 340 40 i7 3 3
200 x 125 340 40 17 3 3 340 40 17 3 3
350 x 250 505 48 20,6 4 3 520 b4 22,5 4 3
400 x 250 b6b 48 20,5 4 3 580 54 24 4 3
400 x 300 565 49 20,5 4 4 580 55 24 4 4

700 x 500 895 56 27,6 5 4 900 67 34,5 5 4

900 x 700 1115 63 32,56 5 5 1125 73 41,5 5 5
1000 x 700 1230 63 35 5 5 12556 73 45 5 5
1000 x 800 | 1230 68 35 5 5 1255 73 45 b b
NOTE. The larger nominal size is designated DN and the smailer nominal size is designated dn.
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Table 33
DN x dn PN 26 PN 40
D a b C Cy D a b [} Cy
200 x 80 | 360 40 19 3 3 375 40 27 3 3
200 x 100 | 360 47 19 3 3 375 47 27 3 3
200 x 125 | 360 53 19 3 3 375 53 27 3 3
350 x 250 | 5565 60 26 4 3 - - - - -
400 x 250 [620 |60 28 4 3 - - - - -
400 x 300 | 620 61 28 4 4 - - - -
NOTE. The main nominal size is designated DN and the nominal size of the branch is designated dn.




Annex A (normative)
Allowable pressures

1

pes and fittings, as defin
and 3.21 respectlvel , shal
in A.2, A.3 and A.4.
Appropriate limitations shall be taken into account
which may prevent the full range of these
pressures being used in an instalied pipeline, for

avamnle:
exampie:

- operation at the PFA 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 some designs

pipeline anchorage system and/or the design of
flexible joints.
A.2 Socket and spigot pipes (see 9.1)

The maximum values of PFA, PMA and PEA as
given in table A.1 are calculated as follows:

20 x e x R
a) PFA = “—,.In
D X dp
where:
e is the minimum pipe wall thickness, in
nillimetres;
T 2o +lhn smrmnam smtean Aimrmn b~ MTY S N
L7 1D LILE 1l1Eail PIPU ulaltieecl (v — U}, 1
millimetres;

al meter
(see table 14), in millimetres;
Ry, is the minimum tensile strength of ductile
iron, in megapascals
(Rpy x 420 MPa; see 4.3.1);
St is a safety factor of 3.
b) PMA: as PFA, but with Sg = 2,5; therefore
PMA = 1,2 x PFA;

c) PEA = PMA + b5 bar in general;
PEA = 1,5 x PFA when PFA = 64 bar.

DE is the nominal pipe external dia
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A.3 Fittings for socketed joints (see 9.3)

The maximum values of PFA, PMA and PEA are as

follows:

socketed fittings, except tees: their PFA, PMA
A »

A avn a~niia 1 4+a thAaca fitran in
I alc cyuali LU bllUDC giveil 1t

- socketed tees: their PFA, PMA and PEA may
be less than those given in A.2 for K9 pipes, they
shall be given in the manufacturer’s catalogues;

- fittings with one flange, such as double-socket
tees with flanged branch, ﬂanged spigots and
flanged sockets: their PFA, PMA and PEA are

limited by their flange; they are equal to those

given in A.4 for the corresponding PN and DN.
When other limitations exist due to the joint type
or to any specific design arrangement, they shall be
given in the manufacturer’s catalogues.

A.4 Flanged pipes (see 9.2) and fittings for
flanged joints (see 9.4)

The maximum values for PFA, PMA and PEA are
given in table A.2.
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Table A.1
DN K9 K10
PFA PMA PEA PFA PMA PEA

40 64 77 96 64 77 96

50 64 77 96 64 77 96

60 64 i 96 64 77 96

65 64 77 96 64 77 96

80 64 77 96 64 77 96

100 64 77 96 64 77 96

125 64 77 96 64 77 96

150 64 77 96 64 77 96

200 62 74 79 64 i 96

2560 54 65 70 61 73 78

300 49 9 64 56 67 72

350 45 54 59 51 61 66

400 42 51 56 48 58 63

450 40 48 53 45 b4 59

500 38 46 51 44 53 58

600 36 43 48 41 49 54

700 34 41 46 38 46 51

800 32 38 43 36 43 48

900 31 37 42 35 42 47
1000 30 36 41 34 41 46
1100 29 35 40 32 38 43
1200 28 34 39 32 38 43
1400 28 33 38 31 37 42
1500 27 32 37 30 36 41
1600 27 32 37 30 36 41
1800 26 31 36 30 36 41
2000 26 31 36 29 35 40
NOTE 1. See limitations given in A.1.
NOTE 2. For other wall thickness classes, the maximum values of PFA, PMA and PEA are calculated in the same way and in this
case 2 PFA limitation different from 64 bar may be agreed between manufacturer and purchaser.
Table A.2
DN PN 10 PN 16 PN 25 PN 40

PFA PMA |PEA PFA PMA |(PEA PFA PMA |PEA PFA PMA | PEA

40to 50 |see PN 40 see PN 40 see PN 40 40 48 53

60to 80 |see PN 16 16 20 25 see PN 40 40 48 53

100 to 150 |see PN 16 16 20 25 25 30 35 40 48 53
200to 600 |10 |12 |17 |16 |20 |25 (25 |30 |35 |40 (48 |53
700 to 1200 10 |12 |17 16 20 25 25 30 35 - - -
1400 to 2000 |10 |12 !17 16 {20 25 |- |- - |- |- |-




Annex B (normative)

Longitudinal bending resistance of pipes

Pipes with an aspect ratio (length/diameter) equal
to or greater than 25 may be subjected to high
stresses due to bending moments caused for

example by ground subsidence or by differential
settlement.

In order to provide a high degree of safety in such
situations, ductile iron pipes shall withstand the

AnAding mamanta givan in fahla D 1 s

bcuuu|5 noments slveh i tabe b.1, with no
visible damage to the pipe wall and to the

and internal coatings. ‘These bendmg moments
have been calculated assuming a pipe of minimum
wall thickness for its class and a bending stress in
fhn maotal onnq] fn 9Kn MPa

1TV Ty QU AVAL Qe
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E is the modulus of elasticity of the material, in
madgannanala {170 NON MDY

dllTRaApacLald {11V VvV il aj

Tia tha annand mmarmant ~Af cvan ~F ¢l snienn <2enll
4 1D LT ST UIIU 11U L altca L LI plw wall
per unit length, in millimetres to the third
power;

e is the wall thickness of the pipe, in millimetres;
D is the mean diameter of the pipe (D — ¢), in
millimetres;

DE is the nominal pipe external diameter, in
millimetres.

Table B.1
DN Bending moments
kN -m K10
K9
40 2,4 2.4
50 3,4 3,4
an AQ 4Q
uyv "k’ (o} ‘:t, Q
65 5,5 5,5
80 8,0 8,0
100 11,8 11,8
125 17,9 18,2
150 25,2 26,7
200 44,4 50,6
NOTE 1. These bending moments, expressed in kilonewton
metres, correspond to a load of the same value, expressed in
kilonewton, applied at mid-point of a 4 m span.
NOTE 2. Bending moments that may cause failure of the pipes
are at least 1,7 times higher than the given values.

Annex C (normative)
Diametral stiffness of pipes

LI LI Al LESRIRE:OND AT

Ductile iron pipes can undergo large ovalizations in
operation while keeping all their functional
charactenstlcs Allowable pipe ovalizations, when

P [ P <_A r.,‘_.“.-.,. chaM

the pipeline is in service, shall be as given in
table C.1.

NOTE. The ovalization is one hundred times the vertical pipe
deflection in millimetres divided by the initial pipe external

diameter in millimetres.

In order to withstand large heights of cover and/or
heavy traffic loads in a wide range of installation
conditions, ductile iron pipes shall have the

l'lullul‘lulll dla.'l‘lleudl bLlllllt‘bb leueb glVCIl lIl
table C.1.

The diametral stiffness § of a pipe is given by the
formula:

[>)
s=100E%1_ 1000 E (&
fo 12 D
where
L T YT R T T I,
ALLIIESY, 1L KLHOIICWLOILS PEl

Table C.1
DN Minimum diametral
stiffness S f‘l}‘:wable
2 pipe
KN/ ovalization
K9 K10 %
40 14000 14000 0,50
50 8000 8000 0,55
60 5G00 5600 0,65
65 4000 4000 0,70
80 2400 2400 0,85
100 1350 1350 1,0
125 800 800 1,25
150 480 600 1,45
200 230 340 1,85
250 155 220 2,20
300 110 160 2,45
350 88 124 2,65
400 72 102 2,90
450 61 86 3,05
500 52 74 3,25
600 41 58 3,50
700 34 49 3,75
800 30 42 4
Oy on ar7 A
JUv -\ Qi 4
1000 24 34 4
1100 22 31 4
1200 20 29 4
1400 - 26 4
1500 17 24 4
1600 i7 23 4
1800 16 22 4
2000 16 22 4
Note. The values of S have been calculated assuming a pipe
wall thickness equal to the minimum thickness plus half of
the tolerance, in order to take account that there are only a
few points with a thickness equal or close to the minimum
thickness.
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Annex D (informative)

Field of use, characteristics of soils

Ductile iron pipelines supplied with external
coatings complying with 4.4.2 and 4.5.2 may be
buried in contact with the majority of soils, except

Al o

nose!
- with a low resistivity, less than 1500 £-cm
above the water table or less than 2500 Q-cm
below the water table;

- with a low pH, below 6;

- with contamination by certain wastes or
organic or industrial effluents.

In such soils, and also in the occurrence of stray
currents or of corrosion cells due to external
metallic structures, it is recommended that an

Aditinnal nratacti i
additional protection is used

(polyethylene sleeving) or other types of external
coatings as appropriate (see 4.4.1 and 4.5.1).

Annex E (informative)

Field of use, water characteristics

Ductile iron pipelines supplied with internal linings
complying with 4.4.8 and 4.5.2 may be used to
convey all types of potable water in conformity
writh tha RE( Thrastivo Qﬂy/?’?g‘

YWILLIL UWIU LU Juvtiuyve Uu

For other types of water, the limits of use are as
given in table E.1, depending on the type of
cement used for the lining.

Table E.1
Water Portland cement Sulfate resisting cements High alumina cement
Characteristics (including blast-furnace slag
cements)

Minimum value of pH 6 5,5 4
Maximum content (mg/1)

f:
0a,gressive COy 7 15 no limit
sulfates (SO4~) 400 3000 no limit
magnesium (Mg* *) 100 500 no limit
ammonium (NHg*) 30 30 no limit




Annex F (informative)

Calculation method of buried pipelines,
heights of cover

where:
A is the pipe ovalization (%)
K is the bedding factor;

P, 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 square metre, see table C.1;
S is the factor of lateral pressure (f = 0,061);

1

moduius of soil reaction, in kilonewtons

calenlated b hv means of this formula

should not xc;eed the allowable ovalization shown
in the table C.1. The allowable ovalization
increases with DN while remaining well below the

KRR I iy

value that the internal cement mortar llIllﬂg can
withstand without damage: in addition. it nrovides

yvaviisvaiata WauiiQ ALAGHT,y il GUALWTLL, v pPLUVIuTS

a safety factor of 1,5 with respect to the elastic
limit of ductile iron in bending (500 MPa minimum)
by limiting the stress in the pipe wall at 330 MPx;
finaily, it is limited to 4 % for DN = 800.

F.1.2 Pressure from earth loading

The pressure P, uniformly distributed at the top of

4lan adenn e o Al P e

distance equal to the ext

[

Ildl

diameter, is c_, culated according to the earth prism
method by the formula below:

P, = vH
where:

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

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

metres, that is the

he pipe to the ground

In the absence of other data, the unit weight of the
soil is taken as being equal to 20 kN/m?3 in order to
cover the vast majority of cases. If a pre]jminary
geotechnical survey confirms that the actual unit
weight of the backfill will be less than 20 kN/m3,
the actual value may be used for determining Pe.

If, however, it appears that the actual value will be
more than 20 kN/m3, the actual value should be

nignd
usS<ia,

Page 49
EN 545 : 1994

F.1.3 Pressure from traffic loading
The pressure P¢, uniformly distributed at the top of

0

the pipe over a distance equal to the external

diameter, is calculated by means of the formula
below:

P, =40BH(1 - 2 x 10-1DN)
where:

P, is the pressure from traffic loading in

kilonewtons per square metre;
B is the traffic load factor.
This formula is not valid for H < 0,3 m.
Three types of traffic loading are to be considered:

- traffic areas with main roads, § = 1,5 : this is
the general case of all roads, except access roads;

- traffic areas with access roads, p = 0,75 :
roads where lorry traffic is prohibited;

- rural areas, B = 0,5 : all other cases.

It should be noticed that all pipelines should be
designed for at least p = 0,5 even where they are
not expected to be expﬁscd to traffic loading. In
addition, pipelines laid in the verge and
embankment of roads should be de31gned to
withstand the full traffic loading expected on these
roads. Finally, for pipelines which may be exposed

tn narticonlarly high fraffia laoding fantanw N _ 9

v pal u.\.u..l.axx_y ll.lsll. uviallic lUd.\J.lllS, a l1Tacvuul P = L
should be adopted.
F.1.4 Bedding factor, K

~ ~ am o £ ond e armarde 13 PR
The bt:ddulg factor K, depends upon the soil
pressure dic tribLtion a the top of the pipe (over a

invert of the plpe (over a distance correspondmg to
the theoretical bedding angle 2¢).
K normally varies from 0,11 for 2o = 20° to 0,09

for 2a = 120°. The 'v'alue of 20° corresponds to a

aid on the flat trench bottom

VALY 2iGv vaTailar UV LRI,

this corresponds to a parabolic distribution of the
lateral soil pressure over an angle of 100°,
according to the IOWA-Spangler model.

F.1.6 Modulus of soil reaction, E'

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

- 222 Bq_2x104DN) + 05 H| - 22
O X j \u1 < J
where:

FE’ is the modulus of soil reaction, in kilonewtons
per square metre;
é is the allowable ovalization, in %.

In table F.1, values of E' equal to i 000 kN/m2,

2 000 kN/m2 and 5 000 kN/m2 are taken as

guidelines; they correspond to a compaction level
which is respectively nil, low and good. The value
E’' = 0 has also been shown as the limit case for
unfavourable laying conditions in poor soils (no

comapaction, water table above the pipe, trench
shoring removed after backfilling or embankment
condltlons)

If a preliminary geotechnical survey allows the
determination of the value of the modulus of soil
reaction this value should be taken into account in

Ll i€ Ld.lL u1a blUl TisS.

F.2 Heights of cover

The table F.1 gives the most pessimistic range of
values of the allowable heights of cover for each
group of diameters. These values can be used
without any additional calculation: they are given
in metres, with E’ in kilonewtons per square
metre.

For heights of cover outside the ranges given in
table F.1 and for better laying conditions, a

verification can be made using the formulas given

CLCALR0N0 Call DT QLT Usilip vale 10LINRES

inF.1.

Table F.1

DIN 40 to 300 350 to 450 500 to 2000

K (2a) 0,110 (20°) 0,105 (45°) 0,103 (60°)

g =075 E =0 0,3t0 10,5 0,3to 7,5 0,5 to0 2,0
E' = 1000 0,3 to 11,0 0,3 to 8,6 0,3 to 3,6
E' = 2 000 0,3 to 12,0 0,3 t0 9,0 0,3 to 4,5
E' = 5000 0,3 to 14,0 0,3 to 12,0 0,3 t0 8,5

p=1,50 E'=0 0,3 to 10,6 0,4t07,0 *)
E' = 1000 0,3 to 11,0 0,4 to 8,0 0,6 to 3,0
E = 2000 0,3 to 11,5 0,3 to 9,0 0,5 to 4,5
E = 5000 0,3 to 14,0 0,3 to 12,0 0,3 to 8,0

*) Not recommended; only a specific calculation for each case can provide an adequate answer.

NOTE . The values given for the heights of cover have been established for the class K9; they are also valid for classes K = 10.
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National annex NA (informative)

Additional information

NA.1 Introduction
This annex has been written to identify the most significant changes from BS 4772 (superseded) that

TONT A IR, W |

have been auupLeu in BS EN 545; and it is not intended to contradict nor repiace any of the clauses or

provisions in BS EN 545.

NA.2 Materials in contact with potable water

JLLE 11l POULaIC

Clause 4.1.4 of this standard requires that ‘when used under the conditions for which they are designed,
in permanent or in temporary contact with water intended for hyman consumption, ductile iron pipes,
fittings and their joints shall not change the quality of that water to such an extent that it fails to
comply with the requirements of EU and EFTA regulations at the end user’.

Pending the development of an agreed European mechanism for the acceptance of materials to be used

in contact with potable water in public supply, and/or the publication of European Standards for

assessing the suitability of materials for this purpose, all materials to be used in the UK public water
supply system are currently covered by the requirements of Regulation 25 of the Water Supply (Water
Quality) Regulations 1989 (as amended by the Water Supply (Water Quality) (Amendment) Regulations

1001 X7, 7YXT, anan

1991), or of the Water Supply (Water Quality) (Scotiand) Reguiations 1990, as appropriate.

Y

NA.3 Pipeline fittings and dimensions

Thi Aiff, +
This standard allows for two different

applications, i.e:

- Series A: the dimensions and deviations (design tolerances) of these fittings correspond to those
detailed in ISO 2531;

- Series B: the dimensions of these fittings are in accordance with a ‘Unified Design’ approach. The
‘Unlfied Design’ of flttmgs 1s an Opthl’l by Wthh standardization of laymg lengths of fittlngs s achieved
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It should be nnfed that the rz n_g_.s of types and dimensions of both series A a

Ly pes (il 115101 LIl 2EIICS A L oCliTo D 1WUAsS a.

in this standard do not inall ¢ coincide with those given previously in BS 47:72 (superseded).

Consequently, when ordering fittings which are not detailed in the tables in this standard, the purchaser
should consult the manufacturer’ catalogues to:

- determine which of series A or series B fittings is being offered; and
- check the key dimensions of the products of interest, as these may differ significantly from one

manufacturer to another.
For similar reasons, manufacturers’ catalogues should be consulted when considering the replacement of
existing ductile iron pipeline fittings, in order to ensure that any dimensional differences are identified

and taken into account in the design of the replacement section.

NA.4 Surface imperfections

This standard requires that pipes, fittings and accessories shall be free from defects and surface
imperfections which could resuit in non-compliance with the technical requirements and performance
ieqairemento given in clauses 4 and 5 respectively. No quantitative guidance is however given on the
sizes or numbers of such surface imperfections. This is in contrast with BS 4772 (st !pemednm which
defined the maximum permissible depths of surface imperfections on ductile iron pipes and fittings.

The only clearly unacceptable defect within the definitions of this standard is one Wthh penetrates the
full wall thickness of the pipe or fitting, repair of such defects is not permissible.
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NA.5 Cement types

As written, this standard permits the use of any of the cements listed in ENV 197-1, or high alumina
cement, pr0v1ded that the cured lining meets the requirements of clause 4.1.4 in relatlon to the effect of
materials in contact with potable water. (See also NA.2 above.)

However, it has been agreed between EUREAU (the Union of European Water Supply Association) and
CEMBUREAU (the European Cement Association) that, for the time bemg, cements contammg slags

produced from the smelting of non-ferrous metais (which are aliowed as a 0 % to 5 % minor additional

mman it s e b 107_1) chhnas
constituent in EN 197-1) should not be perrmttcd for applications involving either temporary or

permanent contact with potable water in public supply. This agreement is to be incorporated in

EN 197-1 as an amendment to table 1 of that standard.

In addition, it should be noted that ENV 197-1 has the effective status of a European Standard Draft for
Development. As such, the CEN Internal Regulatlons permlt the co-existence of national standards

which conflict (i.e. cover the same ground as) with the ENV. Consequently, until ENV 197-1 is ratified

as an agreed European Standard, UK purchasers who are subject to the requirements of the Public

Procurement or Utilities Directive are recommended to continue to specify cements to those British
Standards previously permitted in BS 4772 (superseded) in tender documents (subject to the normal
qualification ’ or equivalent’), i.e.:
- Type A: Portland pulvenzed -fuel ash cement (PFAC) in accordance with BS 6588 with a minimum
pulverized fuel ash content of 25 %;

- Type B: Suifate-resisting cement (SRC)

m.oo Vg WU EPlppiie naedk T aon A Aar A
- Type C: Ordinary Portland cement {

Mhien s T Daset]
- Type D Portland blast furnace ¢

NOTE. Cement types A and B are suitable for the majority of pipeline installations which require the cement mortar lining to be
suifate resisting.

Where an installation requires a lining having a higher level of sulfate resistance than that prov1ded by
type Aor type B cements, the purchaser should consult the manufacturer regarding the type of cement
to be used.

Guidance on the selection of cements for use in situations, where the conveyed water contains high
levels of sulfate is available in the Building Research Estabhshment (BRE) Digest 363 Sulphate and acid

resistance of concrete in the ground (BRE, Watford, 1991).

NA.6 Cement mortar linings

The nominal cement mortar lining thicknesses and their tolerances are given in table 8.

For sizes DNSO to DN300, the combination of the lower nominal thicknesses together with their
max1mum permls51ble negatlve tolerances could result in lining thicknesses which are significantly less

than the minimum required previously in BS 4772 (superseded).
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iicker linings are however permitted within the sco

manufacturer and purchaser (see clause 4.4.1b)).
For UK water supply applications, purchasers should exercise their perogative within BS EN 545 to
specify thicker linings for ductile iron pipes and fittings in accordance with table Al

Table A.1 bement mortar iining thicknesses for ductiie iron pipes and fittings for UK water
S"Piﬁy appul,auuua
DN Thickness {(mm)
Nominal Minimum arithmetical mean | Individunal minimum
value
80 5 3,5 2,6

100 to 300 5 4,5 3,5

350 to 600 5 4,5 3,56

700 to 1200 5 5,6 4,5
1400 to 2000 5 8,0 7,0

In order to avoid excessive cement morter lining thicknesses when purchasing according to table A.1,
users should additionally specify that the minimum clear bores in table A.2 should apply.
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Tabie A.2Z Minimum bore ciearances of ductile iron pipe lined in accordance with table A.1

DN Minimum bore of cement mortar lined pipe
()
(112 tty)
80 67,0
100 87,0
150 137,0
200 187,0
250 237,0
300 287,0

This standard requires that the surface of cement mortar linings shall be uniform and smooth; trowel
t -~ - c] 5

A gwaing ava annantalla
marks and protrusion of sand grains are acceptable, b
n

reduce the thickness below the minimum value give

ekt aaheh @R < &

value, where this is different; see table A.1 above).

It should however be noted that:
a) there is no upper limit to the size of sand grains permitted by this standard in cement mortar
hmngs, prev1ously in BS 4772 (superseded), this had been set at a maximum of one-third of the

minimum specified lining thickness; and,

b) pr e'v'iously, BS 4772 (superseded) had set a maximum value on the peak-to-trough height of trowel
marks in cement mortar linings of (0.008P + 0.3 mm, where ] (mm) is the pitch (spacing) between

consecutlve peaks in the pipe ax1a1 dlrectlon The purpose of this limit was to ensure that the Hazen-

haser may ora der pi'pes wi
1 g o

T rck a cement mortar lining with seal coat. The purpose of the seal
coat is to minimize lime leaching of the cement by soft waters which are prevalent in the UK. A draft
British Standard is under preparation for ‘bituminous seal coats for cement mortar lining’. This draft
British Standard will cover the serviceability, testing and water quality requirements for - the

application of bituminous paint to cement mortar linings.
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A.8 Poiyethyiene sieeving

z

Where required, polyethylene (PE) sieeving for the external corrosion protection of buried ductile iron
pipelines should be specified in accordance with BS 6067. This covers the specification of PE film for

CULL [3
site application, and also factory-applied PE sleeving for pipes. Guidance on the ha ndling and
installation of site-applied and factory-applied PE sleeving is given in the UK Water Industry
Information and Guidance Notes (IGNs) 4-50-01 and 4-50-02 respectively.

NA.9 Performance requirements and type tests
his standard inciudes the flange to pipe attachment type test given previously in

a nta Faw 14
\superseded) but goes further by including new requirements for le

Jjoints. Type tests are required for joints under positive internal pressu
positive external pressure and cychc internal pressure with the joint su
angular deflection (see clauses 5 and 7).

These tests are a further addltlon to hose previously given in BS 4772 (superseded). However the
duration of these tests is relative ely short when (,omparea to the design service life of the pipeline

products. This would not be expecte d. to be an issue for those joint types pmduced by European

manufacturers over the past 10 years which have performed successively in service.

This standard given requirements for allowable operating pressure (PFA) similar to those which existed
in BS 4772 (superseded) but it also gives additional information concerning maximum internal
pressure, including surge (PMA) and maximum site test pressure (PEA) (see annex A).

Further information not given in BS 4772 (superseded) concerns longitudinal bending resistance, and

1
diametral stiffness of pipes (see annexes B and C respectively).
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Work is currently bemg undertaken by CEN/TC 164/165/JWG 1 to evaluate the prmc1p1e calculation
methods currently being used in the various European Union Member States. Further design guidance

will be given in the first edition of a European Standard currently being prepared by this JWG (Joint

pe Ly g prepe Y (o
Working Group). The long term aim will be to provide harmonized calculation methods applicable to
all of the major pipeline materials

NA.11 Information to be supplied by purchaser

The following information should be supplied by the purchaser on his enquiry and order:

a) for socket and spigot pipes the quantity, size (DN), length (see table 3) series (see 4.2.3.3) and type
of joint;

b) for flanged pipes: the quantity, size (DN), flange rating (PN), length (see table 4);

¢) for fittings: the quantity, size (DN), type of fitting and type of joint ends (including flange rating
where necessary);

d) where required, the quantity of pipes > DN300 required to be suitable for cutting on site;

e) for pipes and fittings: identification of external and internal coatings which are required (see 4.4
and 4.5);

. Y o~ . ay PR TR Tt Aalran oo -
f) for cement mortar linings, the type of cement required {see 4.4.8), the lining thickness and
minimum bore required (see tables Al and A2);
g) whether a seal coat is required on cement mortar linings;
N ol ala et Ao fe manda 2 R i tin i i
h) whether guidance is needed for jointing new products with existing pipelines or with other types of
joints (see 4.1.3)

or fu h formatlon and guidance reference can be made to the following.
a) UK Water Industry Information and Guidance Note IGN 4-21-01 Ductile Iron Pipes and Fittings,

pubhshed by WRc plc Frankland Road, Blagrove, Swindon, SN5 8YF. Tel 0793 511711.
Fax 0793 511712,

b) Ductile Iron Pipe Committee, 8th Floor, Bridge House, Smallbrook, Queensway, Birmingham,

B5 4JP. Tel 021 643 3377. Fax 0Z1 643 5064.
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National annex NB (informative)

Committees responsible

The United Kingdom participation in the preparation of this European Standard was entrusted by the
Engineering Sector Board (E/-) to Technical Committee PSE/8, upon which the following bodies were
represented:

Adhesive Tape Manufacturers’ Association
British Foundry Association
Ductile Iron Pipe Committee

Tom b idscd Tl = e
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Institution of Water and Envircnmental Management

Pipeline Protection Association
Society of British Water Industries

Water Companies Association
Water Research Centre

National annex NC (informative)

Cross-references

Part 1 : 1990 Method of test at ambzent tempemture

EN 29002 : 19871 BS EN ISO 9002 : 1994 Quality systems — Model for quality assurance in
production, installation and servicing

EN 45012 : 1989 BS 7512 : 1989 General criteria for certification bodies operating quality system
certification

D EN 20002 : 1987 h
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BSI — British Standards Institution

BSI is the independent national body responsible for preparing British
Standards. It presents the UK view on standards in Europe and at the
international level. It is incorporated by Royal Charter.

Contract requirements

A British Standard does not purport to include all the necessary provisions o
contract. Users of British Standards are responsible for their correct
application.

Revisions

British Standards are updated by amendment or revision. Users of British
Standards should make sure that they possess the latest amendments or
editions.
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Standard should bring it to the attention of the Quality Mana ger, BSI without
delay so that the matter may be investigated swiftly.

BSI offers members an individual updating service called PLUS which e

that subscribers automatically receive the latest editions of standards.
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Buying standards
Orders for ail BSI, international and foreign standards publications should be
addressed to Customer Services, Sales Department at Chiswick:

In response to orders for international standards, it is BSI policy to supply the
BSI implementation of those that have been published as British Standards,

unless otherwise requested.

Information on standards

BSI provides a wide range of information on national, European and
international standards through its Library, the Standardline Database, the BSI
Information Technology Service (BITS) and its Technical Help to Exporters
Service. Contact the Information Department at Chiswick:

Tel: 0181 996 7111, Fax: 0181 996 7048.

Subscribing members of BSI are kept up to date with standards developments
and receive substantial discounts on the purchase price of standards. For
details of these and other benefits contact Customer Services, Membership at
Chiswick: Tel: 0181 996 7002; Fax: 0181 996 7001.

Y o P, V'R
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Copyright subsists in all BSI publications and no part may be reproduced in

any form without the prior permission in writing of BSI. This does not
preclude the free use, in the course of implementing the standard of necessary
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