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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 1SO, also take part in the work. ISO collaborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

Draft Internatjonal Standards adopted by the technical committees are circulated to the member bodieg for voting.
Publication ag an International Standard requires approval by at least 75 % of the membetbodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this International Standard may be the¢ subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent.rights.

International Btandard 1SO 6993 was prepared by Technical Committee ISQ/TC 138, Plastics pipes, fittings and
valves for the|transport of fluids, Subcommittee SC 4, Plastics pipes and fittings for the supply of gaseous fuels.

This second gdition cancels and replaces the first edition (ISO 6993:1990), which has been technicqlly revised.
Substantial changes have been made to the specifications for the(RVC-HI material and to those for the mechanical
properties of |the PVC-HI pipe. In addition, references have_been added to ISO test methods which were not
published at the time the first edition was issued.

Annexes A to|F form a normative part of this InternationalStandard.
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INTERNATIONAL STANDARD
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Buried, high-impact poly(vinyl chloride) (PVC-HI) pipes for the
supply of gaseous fuels — Specifications

1

This Intern
intended to
of 0°Cto 3

Such pipes
concentrati

NOTE

2 Nornm

Scope

ptional Standard specifies the requirements for pipes made of high-impact poly(vinylehlor
be used for the supply of gaseous fuels through buried pipelines with an operating temp
0 °C and a maximum operating pressure of 1 bar.

are only suitable for those gases which do not contain potentially_damaging compo
pns as to impair the properties of the pipe material.

| bar = 10% N/m2 = 100 kPa

ative references

The followi
this Intern

ng normative documents contain provisions which,through reference in this text, constitutg
tional Standard. For dated references, subsequent amendments to, or revisions of,

publications do not apply. However, parties to agreements’based on this International Standard are ¢
investigate|the possibility of applying the most recent editions of the normative documents indicat¢d below. For
undated references, the latest edition of the normative document referred to applies. Members of

maintain r

isters of currently valid International Standards.

ISO 3, Preflerred numbers — Series of preferréd numbers

ISO 161-1,| Thermoplastics pipes fok_the conveyance of fluids — Nominal outside diameters

pressures

Part 1: Metric series

ISO 877:1994, Plastics — Methods of exposure to direct weathering, to weathering using glass-filt

and to inte

EN 922, P
Specimen

ISO 1167,

sified weathering by daylight using Fresnel mirrors

astics pipingzand ducting systems — Pipes and fittings of unplasticized poly(vinyl chloridg
breparation/for determination of the viscosity number and calculation of the K-value

Thermoplastics pipes for the conveyance of fluids — Resistance to internal pressure — Te

ide) (PVC-HI)
erature range

hents in such

provisions of
any of these
ncouraged to

ISO and IEC

and nominal

ered daylight,

) (PVC-U) —

5t method

ISO 2505-1:1994, Thermoplastics pipes — Longitudinal reversion — Part 1: Determination methods

ISO 2505-2:1994, Thermoplastics pipes — Longitudinal reversion — Part 2: Determination parameters

ISO 2507-1, Thermoplastics pipes and fittings — Vicat softening temperature — Part 1. General test method

ISO 2507-2, Thermoplastics pipes and fittings — Vicat softening temperature — Part 2: Test conditions for
unplasticized poly(vinyl chloride) (PVC-U) or chlorinated poly(vinyl chloride) (PVC-C) pipes and fittings and for high
impact resistance poly(vinyl chloride) (PVC-HI) pipes

ISO 3127, Thermoplastics pipes — Determination of resistance to external blows — Round-the-clock method

ISO 4065, Thermoplastics pipes — Universal wall thickness table
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ISO/TR 9080:1992, Thermoplastics pipes for the transport of fluids — Methods of extrapolation of hydrostatic
stress rupture data to determine the long-term hydrostatic strength of thermoplastics pipe materials

ISO 9852, Unplasticized poly(vinyl chloride) (PVC-U) pipes — Dichloromethane resistance at specified temperature
(DCMT) — Test method

ISO 9969, Thermoplastics pipes — Determination of ring stiffness

ISO 11922-1, Thermoplastics pipes for the conveyance of fluids — Dimensions and tolerances — Part 1: Metric
series

3 Terms and definitions

For the purpopes of this International Standard, the following terms and definitions apply.

3.1 Geometrical definitions

311
nominal outside diameter
dn
numerical designation of size which is common to all components in a thérmoplastics piping system,| other than
flanges and cpmponents designated by thread size, and is a convenient round number for reference purposes

NOTE For metric pipes conforming to ISO 161-1, the nominal outside diameter, expressed in millimetres, is the minimum
mean outside diameter dg, i
3.1.2
mean outside diameter
dem
measured length of the outer circumference of the pipe divided by © and rounded up to the nearest 0,1 nim

NOTE The value of & is taken to be 3,142.

313
minimum mean outside diameter
de.mzmin . . e .
minimum valye of the mean outsjdediameter specified in this International Standard

NOTE It ig equal to the nominal outside diameter d,,, expressed in millimetres.
314

maximum mean outside diameter

dem,max

maximum valyeof the mean outside diameter specified in this International Standard

315

outside diameter at any point

outside diameter measured through the cross-section at any point along the pipe, rounded up to the nearest
0,1 mm

3.1.6

out-of-roundness

difference between the measured maximum outside diameter and the measured minimum outside diameter in the
same cross-sectional plane of the pipe

2 © ISO 2001 - All rights reserved
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31.7

nominal wall thickness

en

wall thickness, in millimetres, tabulated in 1SO 4065, corresponding to the minimum wall thickness at any point
€y,min

3.1.8

mean wall thickness

€m

arithmetic mean of at least four measurements regularly spaced around the same cross-sectional plane of the pipe,
including the measured minimum and maximum values obtained, rounded up to the nearest 0,1 mm

3.1.9
wall thickness at any point
e
y
wall thickngss measured at any point around the circumference of the pipe, rounded up to theynearesf 0,1 mm

3.1.10
minimum wall thickness
€y,min
minimum wall thickness specified for the pipe in this International Standard

3.1.11
maximum jwall thickness
€y,max
maximum \vall thickness of the pipe, not specified in this International Standard but which can be determined from
the tolerange on e, ,;, given in ISO 11922-1

3.1.12
standard dimension ratio
SDR
numerical designation of a pipe series, which is:gqual to the ratio of the nominal outside diameter d,, fo the nominal
wall thickngss e,

SDR 5 d_n

€n

3.2 Matgrial definitions

3.21
high-impact PVC
mixture of Yinplasticized PVC and an impact-resistance modifier

3.2.2
lower confidence limit

Ojcl

quantity with the dimensions of stress, in megapascals, which can be considered as a property of the material and
represents the 97,5 % lower confidence limit of the mean long-term hydrostatic strength at 20 °C for 50 years
determined by pressurizing internally with water

[ISO 8085-1]

© ISO 2001 — All rights reserved 3
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3.23

minimum required strength

MRS

value of oj, rounded down to the next value in the R 10 series when o is less than 10 MPa, or to the next lower
value in the R 20 series when o is greater than or equal to 10 MPa

NOTE The R 10 and R 20 series are the Renard number series as defined in ISO 3 and ISO 497.

[ISO 8085-1]

3.24

overall service (design) coefficient

C
overall coeffi
properties of {

NOTE Fo

3.3 Definifions related to service conditions

3.31

natural gas
gaseous fuel
propane and

NOTE 1 Na

trace constituents.

NOTE 2 Na
3.3.2
pressure
overpressure

3.3.3

maximum operating pressure

MOP
maximum effe

NOTE It takes into account thevphysical and the mechanical characteristics of the components of the piping s

given by the eq

MOP = —]
C

[ISO 8085-1]

Cient with a value greater than 1, which takes into consideration service conditions
he components of a piping system other than those represented in the lower confidence lin

gas applications, C can have any value > 2,0.

containing a mixture of hydrocarbons, primarily methanef but generally also includi
higher hydrocarbons in much smaller amounts

ural gas generally also includes some inert gases, such as nittogen and carbon dioxide, plus mino

ural gas remains in the gaseous state under the température and pressure conditions normally foung

relative to atmospheric pressure

ctive pressure of the gastin' a piping system, expressed in bars, which is allowed in contind

uation:

PO x MRS
(SDR-J]

as well as
hit

ng ethane,

amounts of

in service.

ous use

stem and is

4 Symbo

Is and abbreviated terms

overall service (design) coefficient

ou

d

em

41 Symbols
d

tside diameter at any point

C
AD indentation, in millimetres
ey

mean outside diameter
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S

em,max

¥

em,min

IS8

3

IS8

=}

i

mod

o

Oicl

4.2 Abb

PVC-AK
PVC-CPE
PVC-EPR
MOP
MRS
PVC-HI
PVC-U
SDR
STIS

THT

maximum mean outside diameter
minimum mean outside diameter
mean diameter (= dg, — €,)
nominal outside diameter

initial modulus of elasticity

mean wall thickness

nominalwall thickness

ISO 6993:2001(E)

wall thickness at any point
maximum wall thickness
minimum wall thickness
moment of inertia

internal hydraulic pressure
strain, in percent

hoop stress

lower confidence limit

reviated terms

acrylate-modified PVC

chlorinated polyethylene modified"PVC

ethylene propylene rubber modified PVC

maximum operating pressure
minimum required@trength
high-impact RVC
unplasticized PVC

standard dimension ratio

specific tangential initial stiffness

tetrahydrothiophene

5 Operating conditions

When considering the use of PVC-HI pipes, the impact strength and the environmental conditions may have more

influence on performance than the internal pressure.

The most commonly used SDR values are 41 and 33. For specific applications, other SDR values can be taken
from all series given in ISO 4065 and ISO 161-1. SDR 41 series pipes are suitable for use under a maximum
service pressure of 0,2 bar. SDR 33 series pipes are suitable for use under a maximum service pressure of 1,0 bar.

© ISO 2001 — All rights reserved
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Transport, handling and storage, climatic conditions and the buried environment (notably soil loading) will vary in
different countries. It will therefore be necessary to refer to the codes of practice and the local regulations within
each country.

6 Product requirements

6.1 Pipe appearance and finish
Pipes shall be conditioned for at least 4 h and then examined visually without magnification.
The internal g rifg and other

defects. The pipe ends shall be cut cleanly and square to the axis of the pipe. The cut end shall. nof show any
voids.

6.2 Pipe material

6.2.1 Composition

The pipes shall be made of high-impact PVC, to which shall be added only those.additives that are n¢cessary to
facilitate conformity of the pipes to this International Standard.

The impact-rgsistance modifier shall be one of the following:

a) a mixturgd based on PVC;

b) a blend based on PVC;

c) acopolymer based on PVC;

d) a combingtion of these types.

The proportiop of PVC in the material shall be atleast 80 % by mass.

NOTE Only materials such as PVC-CPE, PVC-EPR and PVC-AK, for which studies have been completed by J]SO/TC 138,
are included inthis International Standard.

6.2.2 Long-term strength
The MRS value of the material’shall be at least 18 MPa. Conformity to this requirement shall be demonstrated

using a long-term evaluation in‘accordance with ISO/TR 9080:1992, method I. Testing shall be carried opt at 20 °C,
40 °C and 60(°C, for perigds up to 10000 h. The knee at 60 °C shall occur beyond 5000 h.

6.2.3 Vicat softening temperature

The Vicat sdftening temperature of the high-impact PVC shall be not less than 76 °C, when mleasured in
accordance with ISO 2507-1 and ISO 2507-2.

6.2.4 Degree of gelation

When tested in accordance with ISO 9852, the material shall not show any visual deterioration at 15 °C.

6.2.5 K-value

The K-value of the unplasticized poly(vinyl chloride) (PVC-U) shall exceed 65, when measured in accordance with
EN 922.

6 © ISO 2001 - All rights reserved
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6.2.6 Initial modulus of elasticity

The initial modulus of elasticity E,,,4 calculated from the specific tangential initial stiffness (STIS) measured in
accordance with ISO 9969 shall be at least 2150 MPa.

sTIg = Zmoa X1

(dm)®

3
Emod = STISx[(d’}‘) j

12

6.2.7 Contaminants

3
Emog E STIS x[—(dem ; m) j

3
o )’

When testgd in accordance with clause 8 and annex A, the pipe material shall not show any contamipant particles,

such as ingrganic particles or agglomerations thereof, exceeding 50um in size.

6.2.8 UV stability

Test speci

ens with a d,, of 63 mm shall be exposed for weathering in accordance with clause 8 [and annex B.

After expogure, the impact resistance of the weathered side shall be determined in accordance with 7.3, using a

falling weight of (750 *3 ) g and a drop height of (2000 *1°) mm.

6.2.9 Resgistance to gas constituents

The resistance to gas constituents shall’'be determined in accordance with clause 8 and annex D.
6.3 Pipg dimensions and tolerances

6.3.1 Nominal outside.diameter 4,

The nominal outside.diameter d,, shall be selected from those given in Table 1.

6.3.2 Mefn outside diameter d,,

The mean outside diameter at any point shall conform to Table 1.

6.3.3 Out-of-roundness (d

d

em,max ~ em,min)

The out-of-roundness at any cross-section shall conform to Table 1.

6.3.4 Wall thickness e

y

The wall thickness at any point shall conform to Table 1. The measured value of ¢, shall not be less than e,

NOTE In order to meet the requirements for handling and resistance to soil loads, a minimum wall thickness of 2,0 mm is
specified for all series.

© ISO 2001 — All rights reserved 7
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Table 1 — Pipe dimensions and tolerances

Dimensions in millimetres

Mean outside diameter |Out-of-roundness Wall thickness
e
& o “ommasc ~ ommi SDR 41°  soRaw
min. max.2 max.P min.d max.® min.d max.®

25 25 25,2 0,6 2,0 24
32 32 32,2 0,8 2,0 24
4 40 40,2 1,0 20 2.4
5 50 50,2 1,2 2,0 2,4
6 63 63,2 1,6 20 2.4
7 75 75,3 1,8 20 24 2,3 2,8
9 90 90,3 2,2 2,2 2,7 2,8 3,3
11 110 110,4 2,7 2,7 3,2 34 3.9
1 125 125,4 3,0 3,1 3,6 3,8 4.4
1 140 140,5 34 3,5 4,0 4,3 4,9
1 160 160,5 3,9 39 4,6 4,9 5,6
1 180 180,6 4,4 4,4 51 55 6,3
2 200 200,6 4,8 4,9 5,6 6,1 6,9
2 225 2257 54 55 6,3 6,9 7.8
2 250 250,8 6,0 6,1 7,0 7,6 8.6
2 280 280,9 6,8 6,9 7,6 8,6 9,6
31 315 316,0 7,6 7,7 8,7 9,6 10,8
355 355 356,0 8,6 8,7 9,6 10,8 12,
400 400 401,0 9,6 9,8 11,0 12,2 13,6
450 450 451,0 10,8 11,0 12,3 13,7 15,8
500 500 501,0 12,0 12,2 13,7 15,2 16,9
560 560 561,0 13,5 13,7 15,2 17,0 18.9
630 630 631,0 15,2 15,4 17,2 19,1 21,8

a 0,00351em rounded up to the nearest 0,1 mm, with a minimum of 0,2 mm and a maximum of 1 mm.

b 0,044, rounded up to the next 0,1 mm.

€ The designation SDR applies starting from a nominal diameter of 63 mm.

d €y min = n

e 1,1e,, + 0,2 mm, rounded up to the nearest 0,1 mm.

8 © ISO 2001 - All rights reserved
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7 Functional requirements

7.1 Longitudinal reversion

Longitudinal reversion shall be determined in accordance with clause 8 of this International Standard,
ISO 2505-1:1994 and I1SO 2505-2:1994.

Using the test parameters given in ISO 2505-2:1994, Table 2, for PVC-U, the calculated longitudinal reversion shall
be <5 %.

In addition, there shall be no visible cracks, voids or blisters.

7.2 Resistance to internal hydrostatic pressure

When testdqd in accordance with clause 8 and annex E, using the pressures and temperatures ‘given in Table 2, the
failure time|shall be in accordance with Table 2.

Table 2 — Minimum failure times at a given temperature and-hoop stress

Temperature Hoop stress Minimum failure time
°C MPa h
30 1
20
25 100
60 9 1000

The interngl hydrostatic pressure py,, expressed in MRa, shall be calculated using the following equatign:

_ ZO'Xey‘min
Pb .
¥em ~ €y min

where o is fhe specified hoop stress;.expressed in MPa.

7.3 Resistance to impact

When testdd in accordance with clause 8 and annex C, under the conditions given in Table 3, the pipgs shall either
exhibit no fpilure in 606\tests or shall fail not more than two out of 100 tests.

NOTE [hese\requirements are based on a true impact rate (TIR) of not more than 5 % with a reliability interval of 90 %.
This is iIIustrlated graphically in Figure C.1 of annex C.

7.4 Ring stiffness of pipes with d,, > 63 mm

When determined in accordance with clause 8 and annex F, the initial value for the ring stiffness shall not be less
than 2,75 kN/m2 for SDR 41 pipes and 5,50 kN/m2 for SDR 33 pipes.

© ISO 2001 — All rights reserved 9
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Table 3 — Conditions for impact resistance testing

d, Falling weight Drop height
mm g mm
25 5003
32 7505
40 1000 "}
50 1250 ' 0
63 1750 p° 2000 "
75 2250710
90 3000 "y
110 4000 "%
>125 4000 "%

8 Test specimens
All test specimens used shall be at least 15 h old.

The tests shall be carried out in triplicate, unless otherwise specified. In addition, a representative seleftion of the
different dimensions from the entire range of dimensions shall be made.

The pipe dimgnsions shall be checked usingra measuring instrument capable of reading to £0,05 mm. [The values
shall conform(to those given in clause 6 in addition to any values specified by the manufacturer.
9 Marking

The pipes shpll be clearlyland durably marked in accordance with the relevant national standard with the word
"Gas" and thq following.information:

— the manyfactufer’s mark;

—  the matetal dneignnfinn;

— the nominal outside diameter;

— for d, < 63 mm: the mean wall thickness e,;,, and for d,, > 63 mm: the SDR designation;,
— the production period (year and week, if desired coded);

— the extruder number.

The marks shall be made in such a way that the properties of the pipe are not adversely affected.

10 © 1SO 2001 — All rights reserved
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Annex A
(normative)

Examination for contaminant particles

ISO 6993:2001(E)

Cut out at random from a pipe five test specimens, each measuring approximately 5 mm x5 mm and of the
thickness of the pipe wall (see Figure A.1). Cool the specimens for 20 min in liquid nitrogen in order to prevent any

deformation during the subsequent microtoming.

Smooth thg radial surfaces of the test specimens using a microtome with a diamond-tipped blade!

Examine the smoothed surfaces, using transmitted light, under a microscope with a graduated @

0,01 mm divisions) for contaminant particles exceeding 50 um in size.

a All four|radial surfaces to be smoothed and examined.

Dimension

Figure A.1 — Test:specimen for contaminant-particle examination

© ISO 2001 — All rights reserved
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Annex B
(normative)

Weathering procedure

Carry out the weathering procedure on pipes with a d,, of 63 mm in accordance with ISO 877:1994, method A.

Expose a total of 24 test specimens with a length of 1 m to sunlight at the selected site, at 45° facing south for
countries in tthe northern hemisphere and at 45° facing north for countries in the southern hemisphere.] Set up the
test specimens next to each other in such a way that they are in the same plane. Record the incident radiation
energy in situ

After exposurg to a total incident radiation energy of 3,5 GJ/mZ2, cut each test specimen ntd)five pieces of about
200 mm in length for impact resistance testing.

12 © ISO 2001 - All rights reserved
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Annex C
(normative)

Determination of resistance to impact at 0 °C

C.1 Apparatus

Carry out the impact resistance test using the apparatus described in ISO 3127, except for the shape|of the bottom
face of theffalling weight and observing the conditions given in Table 3. The bottom face of the-falling weight shall
be in the form of a hemisphere of diameter (25 £ 0,5) mm.
C.2 Progedure

Carry out the test as described in ISO 3127, using a temperature of (0 = 1) %C*for conditioning andl testing. The
minimum number of blows shall be 60.

C.3 Interpretation of results

Figure C.1|shows the different areas for the number of fractured“épecimens in relation to the numbagr of blows for
which the 1ot has a TIR smaller than 5 % or a TIR greater than 5 %, and the area where no decision can be taken.

Number of fractured specimensy ———

6
60 ° °
» 3 4 6
3
S
o]
ks
@
QO
E 100 ° °
£ 4 6 10
©
°
|_
13

! 180 ° ° ° ° °

0 2 4 6 8 10 12 14 16

Lothasa TIR<5 % No decision can be taken in Lothasa TIR>5 %
this area

Figure C.1 — Number of specimens for the determination of a true impact rate (TIR) of less than 5 %
with a reliability interval of 90 %

© 1S0 2001 — All rights reserved 13
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Annex D
(normative)

Determination of resistance to gas constituents

Use pipes with a d,, of 63 mm for testing. Cut five rings having a width of (10 + 1) mm from such pipes. Age the
rings for (24 £ 1) h at (60 +£4) °C and, after allowing to cool to (23 + 2) °C, measure the maximum wall thickness

and the mean

outside diameter of each ring.

Place the ring
the points wh
calculated fro

s in a U-shaped holder, ensuring that the position of maximum wall thickness coincides
ich will be subsequently compressed. Compress the rings in the holder to an extent /
m the following equation:

(d em — €max )2

A= X T e x 100
where
£ is the strain, in % (= 1,0 %);
emax IS fhe measured maximum wall thickness, in mm;
dem,  is fhe measured mean outside diameter, in mm.

The actual ex
After 5 h, pladg
(75+5) mg o
mixture shall

Pass a gentle]
at a temperat

After the requ

Determine th¢ THT concentration in the gas mixture again by gas chromatography. The concentration

remained with

Cut two segn
position of ma

ent of the compression shall correspond to the calculated value to within £0,1 mm.
e the holder and rings in a sealed glass:vessel connected to a reservoir filled with nitrogen
f tetrahydrothiophene (THT) per m3'of N,. No part of the apparatus coming into contact W
hbsorb any THT. The exact concentration of the THT shall be determined by gas chromato

flow of this gas mixture through the glass vessel and back into the reservoir for a minimun|
ire of (23 + 2) °C.

red exposure timextake the rings from the holder and expose them for at least 1 h to ambi

in the limitsigiven above.

nentsqabout 20 mm long from each ring at the position of maximum inside tensile stre
ximum thickness).

with one of
\D, in mm,

containing
ith the gas
graphy.

h of 1300 h

ent air.

shall have

ss (i.e. the

Place each segment in a microtome apparatus, orienting the segment so that slices will be cut from one of the long
sides. Clamp the segment in place between two jaws, one of radius equal to the radius of the pipe inside surface
and the other of radius equal to the radius of the pipe outside surface. The microtome blade shall have the shape
shown in Figure D.1 and shall be adequately supported to prevent it bending.

After several slices have been cut to make the surface smooth, cut slices of (7 f‘?)um thickness. From each
segment, cut at least 10 suitable slices, evenly spaced across the entire width of the segment. Leather the
microtome blade after every 20 cuts.

Prepare microscope viewing specimens from the slices by placing each slice between two slides, using
n-hexadecane (analytical grade) as the contact liquid. Examine the slices using transmitted light at a magnification
of x100. Cracks or crazing having a depth of over 30 um are unacceptable.
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NOTE 1 It is recommended that the correct use of this method be checked using a segment from an unexposed pipe in order
to ensure that the apparatus being used is as specified and that the technique has been sufficiently mastered. The slides from
the unexposed pipe shall show no cracks, crazing or damage of any other nature.

NOTE 2  The conditions of this test are geared to those encountered in practice.

NOTE 3  Cracks or crazing less than 30 um deep are not regarded as initiating stress corrosion. In addition, they have been
found to have no effect on the impact resistance of the material.

Key
1 Blade

Figure D.1 & Mounting of blade in microtome
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