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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

Interpational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, K
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Introduction

An increasing number of types of polyethylene (PE) polymers, made in a variety of processes, is on the

market for d

ifferent applications in plastic piping and ducting systems. Many applications have their own

system standard that defines the properties and requirements for the pipes and fittings used.

The types

f PE suitable for use in hot and cold water systems are basically different from thaose for

applications

Therefore, it
“PE-RT” (for

See the fore

at ambient temperatures such as in water supply, sewage and drainage, and gaseous fuels:

makes sense to differentiate those PE having raised temperature-resistance by terming [them
polyethylene of raised temperature)?).

vord for details of PE-RT materials, types | and Il

1) Abbreviated term based on the provisions of, and guidance for preparing new abbreviated terms for, basic polymers,
mixtures of polymers, and related terms given in 1ISO 1043-1["],
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Polyethylene of raised temperature resistance (PE-RT) pipes —

Effect of time and temperature on the expected strength

1 cope

This [International Standard specifies minimum values for expected strength as a fdnction
tempgrature in the form of reference lines, for use in calculations on pipes made of:

a) polyethylene of raised temperature resistance (PE-RT) type I;

b) PE-RT type Il

2 ormative references

The f[ollowing referenced documents are indispensable for ‘the application of this documen
refergnces, only the edition cited applies. For undated seferences, the latest edition of th
document (including any amendments) applies.

ISO 1167-1, Thermoplastics pipes, fittings and assémblies for the conveyance of fluids — Det
the r¢sistance to internal pressure — Part 1: General method

ISO 1167-2, Thermoplastics pipes, fittings-and assemblies for the conveyance of fluids — Det
the resistance to internal pressure — Part\27 Preparation of pipe test pieces

3 Terms and definitions

For tihe purposes of this decument, the following terms and definitions apply.

3.1
referpnce line

of time and

t. For dated
b referenced

brmination of

brmination of

(PE-RRT pipes)~generic description of the minimum long-term hydrostatic strength to be expected from a

partigular palymer

NOTH 1~ “A reference line is not to be considered as characteristic of a specific grade or of material f

fom a specific

suppller:

NOTE2 A line is described by a mathematical equation, which permits interpolation and extrapolation in an

unambiguous way at various temperatures.

NOTE 3  The reference lines for PE-RT have been agreed by a group of experts after considering experimental data,

and have been accepted by the relevant ISO technical committees.
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4 Basic equations

The reference lines for PE-RT type | temperatures between 20 °C and 95 °C are described by Equations (1)
and (2):

lgt=44+(By/T)Ig o+ C/T+D,lg o (1)
Igt=A4y+ (By/T)Ig 0 + Co/T+ Dy Ig © (2)
where

t is the {ime, in hours;

T is the femperature, in kelvin;

o is the hoop stress, in megapascals;
A4 =-19(0,481 Ay=-23,7954
B;=-58219,035 B,=-1723,318
C,=78763,07 C,=11150,56
Dy =119,877 Dy, =0

The 110 °C \Jalues have been determined separately using waterinside and air outside the test specimen and
have not begn derived from Equations (1) and (2).

The referenge lines for PE-RT type Il for temperatures between 20 °C and 110 °C are describdd by
Equation (3):

lgt=A4 (B/IT)Igoc+CIT+DIg o (3)
where

A=-219

B =-62 60,752

C=9063b,353

5 Expected strength

5.1 Extrapolation limits

The extrapolation limits (the end points of the reference lines) are based on an experimentally determined life
at 110 °C and an Arrhenius equation for the temperature dependence with an activation energy of 110 kJ/mol
(= 26 kcal/mol). This yields the values given in Table 1 for the extrapolation factor, K (i.e. the expected
lifetime at a given temperature divided by the lifetime at 110 °C).

2 © 1SO 2009 — Al rights reserved
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Table 1 — Extrapolation factors, K

ISO 24033:2009(E)

With

Temperature Extrapolation factor
T K,
°C
100 > 7> 95 2,5
95>T7>90 4
90 > T>85 6
85> T7>80 12
80>T>75 18
75>T>70 30
T<70 50

last gt each of the temperatures given.

For t¢mperatures up to and including 50 °C, an extrapolation factor K 0f*100 is acceptable.

5.2

Figun
Claus

The
obtai

5.3

The

Graphical representation

Tabulated values

inclugle no safety factors or design‘factors.

The t
one
temp

a life of 1 year at 110 °C, these values are therefore the number of years'the pipes would b¢ expected to

e 1 and Figure 2 contain the reference lines corresponding to the values of the parameters given in
e 4, to be used for demonstrating conformity to this'specification, as specified in Annex A.

broken lines represent the extrapolation of thelfeference lines, applicable when longer failfire times are
hed at 110 °C, extrapolation being permitted up to the limits given by the extrapolation factorg in Table 1.

talculated hoop strength values ta be used for various temperatures and times are given in Table 2 and

mes at 80 °C, 90 °C and 95 °C not in brackets in the “Time” column in Table 2 are based on a lifetime of
ear at 110 °C. Proof-of-a longer lifetime at 110 °C allows a corresponding extension of the times at lower
eratures. Such values’are given in brackets in Table 2.
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Table 2 — Expected hoop strength values for various values of time and temperature for PE-RT

Temperature Time Expected strength Temperature Time Expected strength
°C a MPa °C a MPa
Type | Type Il Type | Type I
1 8,8 9,8
1 51 5,4
5 8,6 9,6
5 4.8 5,3
10 8,5 9,5
20 70 10 4.8 52
25 8,4 9,4
25 71,7 5,1
50 8,3 9,3
50 4.1 54
100 8,3 9,3
1 8,1 8,9
1 4,3 4,6
5 79 8,7
5 4.2 4,5
10 7.8 8,6
3( 80 10 3,8 4.4
25 7,7 8,5
18 3,4 4,3
50 7,6 8,5 (25) 3.2) 4.3)
100 7,6 8,4 ’ '
1 7,3 8,0
1 3,6 3,8
5 7,2 7,8
4 3,1 3,7
10 71 7,8
4 90 6 2,9 3,6
25 7,0 7,7 (10) 26) 3.6)
50 6,9 7,6 5) (2’4) (3'6)
100 6,8 7.5 ’ '
1 6,6 72
5 6,4 70 1 3,2 3,4
10 6,3 6,9 4 2,6 3,3
5( 95
25 6,2 6,8 (6) (2,4) (3,3)
50 6,2 6,7 (10) 2,1 (3,2)
100 6,1 6,7
1 5,8 6,3
5 57 6,1
6 10 5,6 6,1
25 5,5 6,0
50 5.4 5,9
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Figure 1 — Expected strength of PE-RT type | pipes
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Figure 2 — Expected strength of PE-RT type Il pipes
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Annex A
(normative)

Demonstrating conformity of pipes to reference lines

At each of the following temperatures, specimens shall be tested at each of the temperatures given; at least

three

failure times shall fall in each of the following time intervals:

Tem|]>eratures: 20 °C, 60 °Cto 82 °C, 95 °C and, for type I, 110 °C

NOTE

Time,

In the
time.

Testi

Confi

82 °C is equivalent to 180°F, commonly used as a test temperature in ASTM standards
intervals: 10 hto 100 h
100 hto 1000 h
1000 hto8760 h
>8760 h

case of tests lasting longer than 8 760 h, any test time after this value may be considered

ng shall be carried out in accordance with ISO 1167<1 and ISO 1167-2.

graph. At least 97,5 % of them shall lie on or abpve the reference lines given in either Figure 1 or

For
prese

PE-RT type Il materials, these expefimental results shall not give any brittle failures i
nce of a knee at any temperature upto 110 °C within 8 760 h.

as the failure

brmity to reference lines shall be demonstratéd by plotting the individual experimental r¢sults on the

Figure 2.

ndicating the
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