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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fofj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

The ISO 24131 series specifies the requirements and test methods applicable to factory applied
polymeric linings for ductile iron pipes according to ISO 2531, ISO 7186 and ISO 16631. The ISO 24131
series is intended to include several types of polymeric linings.
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Internal protection by polymeric lining for ductile iron

pi

pes — Requirements and test methods —

Part 2:
Epoxy lining

Thi

epoky lining for ductile iron pipes according to ISO 2531, ISO 7186 and ISO 16631,

Itc

opefrating temperature up to 50 °C.

2

The following documents are referred to in the text in such'a way that some or all of th
congtitutes requirements of this document. For dated references, only the edition cited 3
undated references, the latest edition of the referenced document (including any amendmen

ISO
ISO
ISO
ISO

temperature and step height

ISO

piping systems, for water applications and for plastic pipeline connections, repair and replacem

3
For

ISO

3.1

Scope

5 document specifies the requirements and test methods applicable to factory applig

pvers internal linings for use in the conveyance of raw water, potable Water and sewag

Normative references

2531, Ductile iron pipes, fittings, accessories and'their joints for water applications
4624, Paints and varnishes — Pull-off test for<dhesion
7186:2011, Ductile iron products for sewerage applications

11357-2, Plastics — Differential scanning calorimetry (DSC) — Part 2: Determination of glas

16631, Ductile iron pipes;fittings, accessories and their joints compatible with plastic

Terms and definitions
the purposes/of this document, the terms and definitions given in ISO 2531 and the follo
and [EC\maintain terminology databases for use in standardization at the following addj

[SOOnline browsing platform: available at https://www.iso.org/obp

bd internal

b water for

bir content
pplies. For
[s) applies.

S transition

PVC or PE)
ent

ving apply.

esses:

[EC Electropedia: available at https://www.electropedia.org/

epoxy lining
factory applied lining

Note 1 to entry: It can be with either

fusion bonded epoxy powder applied by spraying or dipping in a fluidised bed on preheated parts, with or

without post curing, or

two-pack liquid epoxy consisting of a base and a catalyst component which are mixed together in the

proportion specified by the manufacturer before application.

Note 2 to entry: See Figure 1.

© IS0 2023 - All rights reserved


https://www.iso.org/obp/ui
https://www.electropedia.org/
https://standardsiso.com/api/?name=a82469ef94bd7ee36da37ef0d26820f4

ISO 24131-2:2023(E)
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Figure 1 — Location of the defined pipe areas

3.2
epoxy

family of basic components or cured end products of epoxy regins, which are a class of reac

prepolymefrs and polymers which contain epoxide groups

Note 1 to enftry: Epoxy is created by mixing two different compounds known as a resin and a hardener.

3.3
operating/temperature
applicable femperatures under which the product maintains its properties

3.4
chalking
superficial|reaction of epoxy lining (3.1) due-to exposure to UV-radiation

Note 1 to enftry: The process is confinedtethe surface only and results in a dulling of the surface.

3.5
minimum{lining thickness
minimum yalue of the lining.thickness measured at the lined item

3.6
local thickness
measured thickness'dt any one point of one lined product

3.7
adhesion

tive

pull off test

force per unit area, applied perpendicular to the surface, which is necessary to separate the lining from

its substrate

3.8
cross linkage
chemical reaction between epoxy resin and hardener to form the final cured lining

3.9
non-porosity

absence of electrical puncture in a high voltage test (holiday test) under defined test conditions

2 © IS0 2023 - All rights reserved
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3.10
protection of pipe ends
factory applied coating/lining on spigot end and internal socket profile of pipes

Note 1 to entry: See Figure 1.

3.11
abrasion resistance
ability of materials and structures to withstand abrasion

3.12

impjactresistance
enefgy which a lining can withstand without damage under defined test conditions

31

indfrect impact resistance

impact energy applied from outside of the pipe with deformation to whichalining can
without damage under defined test conditions

31

ovalization

100| times the measured vertical deflection, (caused by the appliedlead) divided by the meg
ext¢rnal diameter

3.1
routine test
test| carried out to control the manufacturing process

Not¢ 1 to entry: The frequency of the test is defined by this document or the manufacturer.

3.1¢6
perfformance test

tes which is done once and thereafter only when there is a change in the lining materij
profess

4 |Technical requirements

4.1] General

withstand

sured pipe

] or lining

The following techniieal requirements shall be demonstrated by routine tests applied in production,

on in-process andfinished lined products with defined frequency. Routine tests shall be in
with the overview of requirements provided in Table A.2.

Qudlity assurance for epoxy lining shall be in accordance with Annex A.

hccordance

4.2| “Surface preparation

Prior to lining application, all surfaces to be lined shall be substantially clean and free from oil, grease

and moisture.

In cold weather, or anytime when moisture tends to condense on the surface of the pipe,

it shall be

uniformly warmed for sufficient time to dry prior to cleaning. The surface temperature shall be

maintained at least 3 °C above the dew point.

Surface preparation shall be designed in order to reach the required performances specified in this
document. It is the responsibility of the manufacturer to demonstrate the fitness for purpose of surface

© IS0 2023 - All rights reserved
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preparation technology and to put in place a quality control procedure to ensure the stability of those

performan

NOTE

ces.

IS0 8502-3 can be applied.

4.3 Lining appearance

The lining of the final product shall be of

uniform colour, except for permitted marking;

The requirements of Class Sa 2.5 of ISO 8501-1 and < Rating 3 dust quantity and Class 2 for dust size of

unifor

free of]

Slight sup
permissibl

4.4 Min]

When mea
greater tha

4.5 Adh

Adhesion (
samples.

The lining
6,0 MPa. T

Alternativg
test is chog
more than

4.6 Cros

When test
ketone (M
matting a

Alternativg
(ATg) and /

4.7 Non

m appearance and smoothness, except for allowable repairs;
visible defects (i.e. pinholes, bubbles, blisters, wrinkles, cracks or voids).

erficial colour variations due to repairs or long exposure to sunlight).(chalking)

h

'mum lining thickness

n 200 um and the minimum average thickness shall be greater than or equal to 250 pm.

psion (pull off test/cross cut knife test)

pull off test) shall be tested in accordance with the tést method defined in 6.1.4 on produc

ne manufacturer shall determine the test]locations on the products.

ly, the adhesion test can also be done by cross cut knife test method. Where the cross ki
en for adhesion, it shall be carried;out according to Annex B. The adhesion rating shall b
level 2.

s linkage (MIBK/ATg)

bd in accordance with-the test method defined in 6.1.5, after wiping with a methyl isob
BK) solution, thecloth and the lining surface shall be visually examined. Any discolourat
d/or smearingobserved shall not exceed the limits specified by the lining manufacturer.

ly, the cresslinkage of lining can be determined by its change in glass transition temperat
\Tg shallbe no more than 5 °C.

are

sured in accordance with the method defined in 6.1.3, the minimium local thickness shall be

Fion

adhesion shall achieve an average value ofiat least 8,0 MPa and a minimum single value of

hife
b N0

1tyl
ion,

ure

-porosity

When tested in accordance with the test method described in 6.1.6, with a voltage of 1 500 V, the lined
body of the product shall be free from porosity. This means that no electrical puncture should occur.
This requirement does not apply to pipe ends.

The electrode shall not be damaged and shall be in constant touch with the lining.

4.8 Protection of pipe ends

Spigot end and internal socket profile (see Figure 1) shall be coated in accordance with ISO 2531,
ISO 7186 and ISO 16631.

© IS0 2023 - All rights reserved
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Marking

All pipes shall be marked legibly and durably according to the pipe standards, ISO 2531, ISO 7186 and
ISO 16631. Reference to this document shall be legibly and durably applied by any method upon the
external surface.

Marking shall be checked in accordance with the test method described in 6.1.7.

4.10 Repairs

Rey

airs shall be carried out when there is a fault. The fault can be

The
twa

localized damage,

holding point,

earthing surface for the non-porosity test, or
other lining fault.

lining manufacturer should establish the repair procedure. The‘material to be used s
conditions:

be suitable for protecting pipes under the required service-Conditions;

be compatible in all aspects with the previously applied lining.

hall satisfy

The repairs shall conform to the requirements specified in 4.4, 4.6 and 4.7.

The information about handling, transportation and storage of epoxy lined pipes is given in Annex C.

5 |Performance requirements

5.1 General

The following technical requirements shall be demonstrated by performance tests in ordgr to verify
the|lining material and process prior to production lining. Performance tests shall be in accordance
with the overview of requirements provided in Table A.1. Where there is a change of lining mmaterial or
profess, the performance tests shall be undertaken on the new lining material or process.

5.2| Materials in)contact with water intended for human consumption

When used under the conditions for which it is designed, in permanent or in temporary cgntact with
water intendéd for human consumption, the lining shall not have any detrimental effgcts on the
propertiesof that water for its intended use.

When=Gsed for conveying water intended for human consumption-the lining materials-in cdntact with
the water shall meet the relevant requirements of ISO 2531, or the national standards or regulations in
the country of use with respect to effect on water quality.

5.3 Abrasion resistance only for sewage applications

The linings shall conform to the requirements of abrasion resistance in accordance with ISO 7186:2011,
7.7.

© IS0 2023 - All rights reserved 5
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5.4 Chemical resistance only for sewage applications

The linings shall conform to the requirements of chemical resistance in accordance with
ISO 7186:2011, 7.6. If needed, the chemical resistance test can be performed at pH 1 by agreement
between manufacturer and purchaser.

5.5

Impact resistance

When tested in accordance with the test method described in 6.2.3, no holidays shall be permitted.

5.6 Indifectimpactresistance

Due to handling activities and pipe laying, the epoxy lined pipes can be impacted from the‘out
causing minor deformations and damages to the lining.

The mini
an impact

The lining

5.7 Resi

When test
minimum 1
disbondme

5.8 Resi

There shal
subjected

o
non-poros;Ity test (see 6.1.6) while the pipe is under load.

After the 4
twice the

um impact resistance shall be determined in accordance with the test defined in 6.2.4 v
energy of at least 50 J.

chall subsequently show no damage when tested in accordance with(6yl.6.

stance to hot water

bd in accordance with the test method defined in 6.2.55the lining adhesion shall me
equirement of 6,0 MPa. In addition, on visual examination there shall be no cracks, wrink
nt or blisters.

stance to ovalization

be no detrimental damage to the lining whén the lined pipe is tested according to 6.2.6
an ovalization not less than given in Table 1. This shall be checked by visual inspection

Table.X — Pipe ovalization

Nominaksize
DN
80 to 250
300 to 600
=700

Pipe ovalization
%

bove test,\the lining shall withstand without failure an ovalization equal to not less 4
alue given in Table 1. This shall be checked by visual inspection.

bide

vith

bt a
les,

and
and

han

6 Testr

athadc

ICLIIUUS

6.1 Routine tests

6.1.1 Surface preparation

The blasted or ground surface of the product shall be visually checked for its conformity. It is the
responsibility of the manufacturer to demonstrate the fitness for purpose of surface preparation
technology and to put in place a quality control procedure to ensure the stability of those performances.

6.1.2 Lining appearance

The appearance of the finished lining shall be checked visually.

6
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6.1.3 Lining thickness

The thickness of the lining shall be measured with non-destructive instruments (e.g. based on magnetic
or electro-magnetic principles) with a measuring accuracy of +2 %.

A minimum of 10 measurements evenly distributed over the circumference at each end of the pipe
(between 100 mm and 300 mm after the spigot end and socket end) shall be carried out prior to the

determination of the minimum value.

6.1.

4 Adhesion

Ad
(if

ore convenient). The test plates should be manufactured of identical material and [co3

?E‘:sion (pull off/cross cut knife) shall be defined on surfaces of a lined product, or coated

idemtical process. In order to properly test the adhesion of the lining to the surface, thetest

be s
Pul

If fi
dee

Cro

6.1
The

On
sur
clot

Thd
freq

The
diffi

6.1

Ah
inst
dirg
holi
holi

Dur

elected in such a way that the lining thickness is no less than 250 pm.
off test shall be conducted as specified in ISO 4624.

acture is only associated with the adhesive and the result is less thaw 8,0 MPa, the t
Ined as a no-test, and another test should be performed with a suitable adhesive for the |

5s cut knife test shall be carried out according to Annex B.

5 Cross linkage (MIBK/ATg)
test shall be conducted using MIBK.

A dust-free lined product, a clean white cloth dipped in MIBK shall be rubbed repeate
face over an area of at least 16 cm? for a period of (30 + 5) s. The colour and the nature
h and the lined surface shall be noted.

limits of discolouration, matting and /0r’smearing can be compared by testing the refe
h sample supplied by the lining manufacturer.

change in glass transition temperature ATg of the lining reference sample shall be detg
prential scanning calorimetryz (DSC) in accordance with ISO 11357-2.

6 Non-porosity

pliday detector setaba voltage of 1 500 V and conductive rubber test electrodes are requ
ruments. A pulsed holiday detector shall be used unless there is an earthing electrode
ctly to the mretal surface. The use of the detector shall follow the manufacturer’s instru

day drilled through the lining (in a lined surface) when set at the required 1 500 V.

ing‘thle measurement, the test electrode shall traverse all the lined surface with intim3

test plates
ited by the
areas shall

bst may be
ning.

dly on the
pbf both the

Fence lined

rmined by

red as test
connected
ctions. The

day detector's suitability shall also be checked by demonstrating that it can detect a 1 min diameter

te contact,

bec

hirse any significant air gap results in a lower voltage being applied to the lining. The teg

t electrode

should be moved slowly with a maximum movement rate of 0,2 m/s. Holidays shall be indicated by an
acoustic and/or optical signal from the test device.

6.1.

7 Marking

The marking of the finished lining shall be checked visually.

6.1.

8 Repairs

Repairs shall be carried out according to the manufacturer's written instructions and then subjected to
visual inspection. All repairs shall subsequently meet the non-porosity test requirements.

© IS0 2023 - All rights reserved
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6.2 Performance test

6.2.1 Abrasion resistance only for sewage applications

Abrasion test shall be conducted in accordance with ISO 7186:2011, 7.7.

6.2.2 Chemical resistance only for sewage applications

Chemical resistance test shall be conducted in accordance with ISO 7186:2011, 7.6.

6.2.3

The impac

Imipact resistance

[ resistance strength shall be tested by dropping a weight on the lining with a given)éeng

and checking for the absence of lining holidays. The sample to be tested shall be supported.by a r

constructi
sample. Th
position of
section of

The test sh
2,5]+5%
is dropped

Ten impac
shall be te
resulting f

6.2.4

In order to
supported
absorbed.
(diameter

shall be ad
constant le
The test w
temperatu

Any damag
defined in |

The pressu
report.

6.2.5 Re

n so that the impact energy caused by the impact of the falling weight is absorbed by
e test specimen shall have a wall thickness no less than 6 mm. The lining thickness at
impact shall be no greater than 350 um. The front surface of the falling weight shall |
sphere of hardened steel with a diameter of 25 mm.

all be carried out at a temperature of 18 °C to 25 °C. The impact ghergy shall not be less t
Care shall be taken to ensure that as little as possible friction oc¢urs when the falling we

s, separated by at least 30 mm, shall be carried out. The occurrence (or not) of holic

rgy
igid
the
the
he a

han
ght

ays

sted at each impact using the non-porosity test definedin 6.1.6. There should be no hol{day

'om any of the 10 impacts.

Indlirect impact resistance

test the impact resistance strength, the specimen (pipe or pipe shell with lining) shall be
in such a way that the spring action of the specimen caused by the impact of falling weight is
[he front surface of the weight used(in the test (5 000 g) shall be part of a spheroidal surface
bf sphere 25 mm). The height of(fall of the falling weight shall be 100 cm; the impact endrgy
usted to within 5 %. Care shall be taken to ensure that the impact energy is maintained|at a
vel by ensuring that little-6rno friction is encountered when the falling weight is dropped.

ith 10 impacts at a mipimum distance of 30 mm each shall be carried out at an amb
Fe of (23 + 2) °C.

e to the lining shall-be detected immediately after impact according to the non-porosity
b.1.6.

re class, nominal diameter of the pipe and the impact energy shall be indicated in the

sistance to hot water

ent

test

test

The test shall be carried out with six pieces of lined products. The test samples shall be immersed for
7 d in deionized water at (70 + 2) °C, or 14 d at (60 * 2) °C.

After this test period, the samples shall be taken from the water bath, cooled and dried. The samples
shall be immediately prepared for testing and shall be tested in accordance with 6.1.4 within 24 h after
removal from the hot water.

6.2.6 Resistance to ovalization

The test shall be carried out on a pipe section (500 + 20) mm long, cut from the pipe barrel. The pipe
section shall be placed on a support approximately 200 mm wide and 600 mm long, having a V shape
with an angle between 170 °C and 180 °C. The load shall be applied at the pipe crown through a loading
beam approximately 50 mm wide and 600 mm long. Both the V shape support and the loading beam

8
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shall be covered with a sheet of elastomer with a thickness of (10 + 5) mm and a hardness greater than
or equal to 50 IRHD.

The load shall be increased steadily until the pipe ovalization reaches the relevant value given in
Table 1. The integrity of the lining shall be checked by visual inspection and by the non-porosity test
defined in 6.1.6.

The load shall then be increased steadily until the vertical deflection reaches twice the value previously
measured. The absence of lining failure shall be checked by visual inspection.

©1S0 2023 - All rights reserved 9
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A.1 General

Annex A
(normative)

Quality assurance

The manuflacturer should demonstrate the conformity of the product with this document bycearrying
out perforinance tests in accordance with Table A.1 and routine tests in accordance with TableA.2.
Table A.1 — Performance tests
No. Test Requirement Subclause Test method Subclayse
1 Matgrials in contact National standards 5.2 National standards -
with|[potable water
2 Abrakion resistance ISO 7186 5.3 ISO 7186 6.2.1
only for sewage appli-
cations
3 Chenpical resistance ISO 7186 5.4 SO 7186 6.2.2
only for sewage appli-
cations
Imp4ct resistance No holiday after impact |5.5 Impact energy 2,5 ] 6.2.3
5 Indinect impact resist- |No holiday after impact {56 Impact energy 50 ] 6.2.4
ance from outside
7 Resigtance to hot water [Minimum adhesion 5.7 Immersion for 7d at 70 °C |6.2.5
>6,0 MPa, after immer- or 14 dat60°C
sion in hot water
8 Ovaljzation resistance |No damage 5.8 Static deformation test, 6.2.6
holiday test, visual inspec-
tion
Table A.2 — Routine tests
No. Test Requirement Subclause | Test method, minimum | Subclayse
frequency
1 Surfjce preparation Defined by each manu- |4.2 Visual, 100 % of surface 6.1.1
facturer
2 Linirjg appéarance Uniform, free of visual 4.3 Visual, 100 % of surface 6.1.2
defects
3 Lining thickness Average thickness 4.4 Non-destructive method, |[6.1.3
2250 um (lining area) once per shift
4 Adhesion (pull off Average adhesion 4.5 Pull off method, 1/1 000 6.1.4
>8,0 MPa, with the mini- and at least once per week
test or cross cut
mum 26,0 MPa/ or
knife test) or -
Cross cut knife test, once Annex B
No more than rating 2 per day E—
5 Cross linkage No deviation against 4.6 MIBK test, once per shift/ |6.1.5
(MIBK or DSC) reference test sample/ DSC test once per week
ATg<5°C
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Table A.2 (continued)

1SO 24131-2:2023(E)

No. Test Requirement Subclause | Test method, minimum | Subclause
frequency
6 Non-porosity No electrical puncture at |4.7 High voltage test, once per |6.1.6
1,5kV shift

A.2 Performance tests, pipe size grouping

In order to ensure the fitness of the lining material, process and the products to be lined, all the pipes

sha

I'tultil the technical requirements of Clause 4 and performance requirements ot Clause J.

In order to demonstrate this, the performance tests of Clause 6 shall be performed on atledstfone DN for
each of the groupings given in Table A.3. One DN is representative of a grouping when the pefformances
based on the same design parameters and lining process throughout the sizerange. Ifja grouping

are

covgrs products of different designs and/or manufactured by different processes, the group

ng shall be

subtdivided. 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 sam

Table A.3 — DN grouping

P process.

DN

grouping 80 to 250

300 to 600

700 to 1 000

1100to 2000

220

to 2 600

Prd
grd

ferred DN in each 200

uping

400

800

1600

2400

A.3
The

Quality assurance system

manufacturer controls the quality of the products during their manufacture by a systen]

confrol in order to conform to the technicalxequirements of this document.

of process

© IS0 2023 - All rights reserved
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