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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.
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Introduction

Plastic pipes and fiberglass reinforced plastic (FRP) pipes exhibit corrosion resistance against water
including sea water and liquid chemicals. These pipes have been used on ships in various applications,
such as piping supplying fresh water, sanitary and drain piping, sea-water piping and liquid cargo
piping.

The International Maritime Organization (IMO) adopted guidelines on use of plastic pipes (see
Reference [1]). These guidelines contain requirements on the fire performance of plastic pipes and of
FRP pipes to be used on-board shlps These guidelines also contain brief explanation of test procedures
applieable—to-flame—spreadfor-plastiespipesandtFRPpipes—Hoeweverthe-detatsprevidad regarding
thesg fire tests are very short and are insufficient to conduct these tests in a uniform mdnmnler.

This|document was developed based on the IMO Guidelines, ISO 5658-2:2006, Annex E arld the NATO
Reacftion-to-fire tests for materials surface spread of flame (see AFAP - 4 Edition 3[2])] It provides
detalled descriptions of the test methods for assessing the flame spread of plastic pipes and FRP pipes.

This|document is applicable, on a voluntary basis, to plastic pipes and toFRP pipes for use|in ships, air
craftfs, vehicles, building and land-based structures.

© IS0 2023 - All rights reserved v
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Plastics — Application of spread of flame test to plastic
pipes

1 Scope

This document specifies test methods for assessing the flame spread of plastic pipes including fiberglass
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Terms and definitions

ps, air crafts and vehicles.

ormative references

following documents are referred to in the text in such a way that some or all of t
fitutes requirements of this document. For dated references, only(the edition cited
ted references, the latest edition of the referenced document (inclitding any amendme

b658-2:2006, Reaction to fire tests — Spread of flame — Part-2: Lateral spread on
port products in vertical configuration

3943, Fire safety — Vocabulary

he purposes of this document, the terms and‘definitions given in ISO 5658-2, ISO 1394
nd IEC maintain terminological databases for use in standardization at the following g

SO Online browsing platform: available at https://www.iso.org/obp

EC Electropedia: available athttps://www.electropedia.org/

Principle

est procedure in-this document uses the test method given in ISO 5658-2 to evaluatd
hd of flame characteristics of test specimens. Additional test protocols and procedure
ic pipes are also specified in this document.

fest specimen is constructed in such a way that plastic pipes are cut to a length of 8
h of cut pipes are further cut laterally. The cut pipe sections are placed side by sid
ustible backing board, with dimensions of 155 mm wide and 800 mm long. The test sp

ipes for use

heir content
applies. For
hts) applies.

building and

B apply.

ddresses:

the surface
s for testing

00 mm. The
e on a non-
ecimens are

secu

nt heat flux

field,

Fed hy means of narrow metal wires_The test Qppr‘impn is prncpd to.a grndnd radia

as specified in ISO 5658-2.

Data on critical heat flux at extinguishment and average heat for sustained burning are derived from
observations of time to ignition, lateral spread and extinguishment of flame along the surface of the
test specimen which is exposed such that the surface is vertical and the longer edge in horizontal.

5 Test apparatus

The test apparatus described in ISO 5658-2 shall be used. The test apparatus shall be adjusted,
calibrated and controlled in accordance with ISO 5658-2.
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6 Test specimen

6.1 General

Tests shall b

Test results

e conducted for each pipe material.

are affected by the thickness of the pipe wall and the curvature (diameter) of the pipe.

6.2 Number of test specimens

Unless othe

testing. The

6.3 Thicl
Pipes of a th

greater than 40 mm, the unexposed face shall be cut away so as to reduce the test'specimen thick
he original thickness and the reduction in thickness shall be recordéd jin the test repoj

to 40 mm. T
6.4 Rigid
6.4.1 The

6.4.2 Ifth
in a such w4
shown in Fi

(ness of the test specimen

material, mass and dimensions of the test specimen shall be recorded in the test repeo

ickness of 40 mm or less shall be tested at their full thickness. For pipesefa wall thic

pipes
samples of plastic pipes shall be cut to length of ( 800fg) mm.

e inner diameter of the pipe is greater than 10 mny, the pipes shall be further cut latg
y that the height under the curvature of the sections shall be equal to or less than 5 m
pure 1.

Key
1
2

lines of ¢

6.4.3

uttings

height equal to or less than 5 mm

Figure 1 — Method of cutting of pipe sample

pipe shall be further cut laterally into two equal parts.

rwise agreed among the parties concerned, at least six test specimens shall be supplied for

t.

ness
ness

o

rally
m as

If the inner diameter of the pipe is greater than 5 mm but less than or equal to 10 mm, the cut
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6.4.4 Iftheinner diameter of the pipe is equal to or less than 5 mm, the pipes cut to alengt

shall

be used for assembling the pipes into the test specimen.

6.4.5 Iftheinner diameter of the pipe is equal to or less than 40 mm, and it has been agree
parties concerned, it shall be acceptable to test the pipe at its full section regardless of the requirements
shown in 6.4.2 to 6.4.4.

h of 800 mm

d among the

6.4.6 The pipe sections cut according to 6.4.1 to 6.4.5, shall be placed on a non-combustible backing
board having a nominal density of (900 + 100) kg/m3, a width of 155J_'(5) mm, a length of 8001'(5) mm, a
thickness of 20 mm * 1 mm. The pipe test specimens shall be secured by means of narrow metal wires

(pref
back

6.4.7
distq
shall
test

spec

surface of the backing board.

nce between the securing (fixing) wires shall be such that they ensuse’that the p

men shall be such that the total width of the lined pipe sections is7as much as much a

155 mm. The typical specimen assembly is shown in Figure 2.

erably stainless steel wire having approximately 0,5 mm in diameter) tightened by twjisting at the

The assembled test specimen shall exhibit no gaps between individual’pipe s¢ctions. The

[pe sections

remain in place when the surface of test specimen is exposed verticallyyand the long edge of the
specimen is horizontal. The number of pipe sections to be assembled together to fom each test

5 possible to

Key
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) // // | —
—— — _—]
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E — T /) | \ —|
o+ b
,/\ 4 5
20 =\
/<'3 400

calcium silicate board (substrate)

edge of the pipe specimen sealed by mineral wool.
interval of the wire

wire

pipe test specimen

Figure 2 — Typical mounting and fixing of a test specimen constructed from pipe sections
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In case the plastic pipe undergoes deformations or softening when exposed to the heat resulting

from the test, the pipe sections shall be affixed to the non-combustible backing board by using thin
wire mesh. An example of a fixing system using wire mesh is shown in Figure 3.

Figure

6.49 The
non-combu{

6.5 Flexil

Flexible pip
is able to be
pipe specim
small pins o

7 Condif

The test spe
humidity of]
considered {
do not differ

3 — Example of test specimen where a wire mesh is for fixing pipe sections

»

O
space between the concave unexposed surface o@‘h\e test sections and the surface g
tible backing board shall be left void. \‘_Q

ble pipes A\Q)
O

s shall be performed to be tested, iﬂ%’l% pipe is able to be fixed in accordance with 6.4

kept in a stable condition as secug@i o the test specimen backing board. In case a fle

en cannot be secured firmly urﬁ,e the fixing wires (see Figure 1), it is acceptable t

I nail for fixing the pipes to@e’ backing board.

O

mef

\%tioned to constant mass at a temperature of (23 + 2) °C, and a rel
%aintained in this condition until required for testing. Constant md

en two successive weighing operations, carried out at an interval of
0,1 % of the mass of the specimen, or 0,1 g, whichever is the greater.

lioning of speci

cimens shall be
(50 £+5) % a
o be attain
by mor

D

f the

I and
xible
h use

ative
1SS is
24 h,

Cnk

8 Testp res
8.1 General
The test shall be conducted in accordance with ISO 5658-2.

8.2 Additional test procedures for pipes

In the cases of plastic pipes which have a thick wall (e.g. a thickness of over 5 mm), it is feasible that the
specimen will develop large amount of fumes and gases. In such cases, care shall be taken to effectively

exhaust the

fumes and gases during the tests.
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Calculation of the test results

The average heat for sustained burning Qg, and the critical heat flux at extinguishment Cgg shall be
calculated in accordance with ISO 5658-2.

10 Precision of the test

Some plastic pipes have been tested using the procedure specified in this document. The test specimens
were prepared according to the requirements in 6.4.7 (using thin wires) or in 6.4.8 (using thin wire
mesh), as appropriate. The test results together with the data on repeatability is given in Annex A for

info

11 Test report

11.1| The test report shall include:

a)

11.2| The following information shall also be supplied:

f)

g)

Sy
IIIdUIUILL.

he time for the flame front to reach each one of the standard 50 mm(positions;
the observations made on each specimen tested; and

the required derived fire test characteristics (see Clause 9)

a reference to this document, i.e. ISO 23949:2023;

ame and address of the testing laboratory;
ame and address of the test sponsor;
ame and address of the manufacturer/supplier;

ull description of the producttested including trade name, together with its c
rientation, thickness, density and where appropriate the face subjected to test. In|
pecimens which have beén)painted or varnished, the information to be provided shal
uantity of paint or varnish used in each coat and the number of coats applied, as well 4
f the supporting materials;

escription of the’substrate used, and method of fixing the specimen onto the substra
ow any joints were constructed;

ata from the test including:

) _aumber of specimens tested;

bnstruction,
the case of
include the
s the nature

te, including

= oottt

A gacncadintha nilat flama-

=g piHetflame;

3) ignition time (s);

4) duration of each test (see ISO 5658-2:2006, 11.8);

5) observations of the movement of the flame front recorded in accordance with ISO 5
11.6;

6) other observations of the behaviour of the product (see ISO 5658-2:2006, 11.12
including duration of flaming debris if it occurs;

© IS0 2023 - All rights reserved
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h)

7) derived fire test characteristics as required in Clause 9, i.e. @, and Cpg and their average
values;

A statement of limitations, such as: “These test results relate only to the behaviour of the product
under the particular conditions of this test, and they are not intended to be the sole criterion for
assessing the potential fire hazard of the product in use”;

any explanation of the reason for any tests to be deemed invalid shall also be given.
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Annex A
(informative)

Example of the test results on plastic pipes

A.1 General
A setfies of tests on plastic pipes were conducted at a laboratory and the test results G'{;)J)resented in
this gnnex to indicate the repeatability of this test. q/
b
A.2 | Tested plastic pipes "1?'9
Threg plastic pipes described in Table A.1 were tested. C)O
N\
Table A.1 — Plastic pipes tes(teqs)\
Z
Material Dimensions AQ\ Remarks

ABS Outer diameter 18 mm, wall thickness 2,@

PVC Outer diameter 18 mm, wall thicknesis&\?}rlm

Nylon Outer diameter 15,8 mm, wall thic&&s 0,4 mm Flexible corrugated pipe
A.3 | Assembling the test specimens -\*
Two types of test specimens were prepar‘q‘d}or each plastic pipe sample, as follows:

N

a) plastic pipe sections were fixed@the backing boards using stainless steel wire haying 0,5 mm

iameter as shown in Figure ﬁ.l; and
b) plastic pipe sections we dfixed to the backing boards using steel wire mesh having a|diameter of

,5 mm and an approxinate mesh interval of 20 mm as shown in Figure A.2.

Figure A.1 — Specimen fixed by wire and prepared in specimen holder

© IS0 2023 - All rights reserved 7
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Figure A.2 — Specimen fixed by wire mesh and prepared in sp\ en holder

O
A.4 Obsdrvations during the test QQ<<
ABS pipe w3s stable during the test. ;\\§\
PVC pipe softened and some particles off the test specimeq@ng the test, when the pipes were fixed
by means of wire. The amount of materials that fell off the test specimen was reduced when the pipes
were fixed By means of wire mesh. R
Nylon pipe thelted during the tests. However, the pipés able to be maintained in position when the pipes

were fixed By means of wire mesh as shown in

%’ re A.3.

Figure A.3 — Specimen of nylon flexible corrugated pipe after test

A.5 Testresults

Tables A.2 through A.5 provide the test results.

8 © IS0 2023 - All rights reserved
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