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Foreword

This document (EN ISO 9080:2012) has been prepared by Technical Committee ISO/TC 138 "Plastics pipes,
fittings and valves for the transport of fluids" in collaboration Technical Committee CEN/TC 155 “Plastics
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This European Standard shall be given the status of a national standard, either by publication of an identical
text or by endorsement, at the latest by April 2013, and conflicting national standards shall be withdrawn at the
latest by April 2013.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent rights.

This document supersedes EN ISO 9080:2003.

According to the CEN/CENELEC Internal Regulations, the national standards organisations of the following
countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech
Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France, Germany, Greece,
Hungary, Iceland, Ireland, ltaly, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal,
Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the United Kingdom.

Endorsement notice

The text of ISO 9080:2012 has been approved by CEN as a EN ISO 9080:2012 without any modification.
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Introduction

0.1 General

This Standard Extrapolation Method (SEM) is meant to be used to evaluate the long-term hydrostatic strength
of a material in pipe form. Product standards have specific requirements for the physical and mechanical
properties of the material used for the intended application. It is emphasized that the Standard Extrapolation
Method (SEM) described in this document is not intended to be used to disqualify existing procedures for
arriving at design stresses or allowable pressures for pipelines made of plastics materials, or to disqualify
pipelines made of materials proven by such procedures, for which experience over many years has been
shown to be satisfactory.

Software packages have been developed for the SEM analysis as described in Annex A and Annex B. Windows-
based programmes are commercially available (see Annex E). Use of these software packages is recommended.

0.2 Principles

The suitability of a plastics material for a pressure pipe is determined by its long-term performance under
hydrostatic stress when tested in pipe form, taking into account the envisaged service conditions (e.g.
temperature). For design purposes, it is conventional to express this by means of the hydrostatic (hoop) stress
which a plastics pipe made of the material under consideration is expected to be able to withstand for 50 years
at an ambient temperature of 20 °C using water as the internal test medium. The outside test environment can
be water or air. This method is not intended to imply service life. In certain cases, it is necessary to determine
the value of the hydrostatic strength at either shorter design times or higher temperatures, or on occasion both.
The method given in this International Standard is designed to meet the need for both types of estimate. The
result obtained will indicate the lower prediction limit (LPL), which is the lower confidence limit of the prediction
of the value of the stress that can cause failure in the stated time at a stated temperature.

This International Standard provides a definitive procedure incorporating an extrapolation method using
test data at different temperatures analysed by multiple linear regression analysis. The results permit the
determination of material-specific design values in accordance with the procedures described in the relevant
product standards.

This multiple linear regression analysis is based on the rate processes most accurately described by log1p(stress)
versus log1o(time) models.

In order to assess the predictive value of the model used, it has been considered necessary to make use of
the estimated 97,5 % lower prediction limit (LPL). The 97,5 % lower prediction limit is equivalent to the lower
97,5 % confidence limit for the predicted value. This convention is used in the mathematical calculations to be
consistent with the literature. This aspect necessitates the use of statistical techniques.

The method can provide a systematic basis for the interpolation and extrapolation of stress rupture characteristics
at operating conditions different from the conventional 50 years at 20 °C (see 5.1.5).

Thermoplastic materials in pipe form such as mineralfilled thermoplastic polymer, fibre reinforced thermoplastics,
plasticized thermoplastics, blends and alloys may have further considerations with regards to prediction of long
term strength which have to be taken into account in the corresponding product standards.

It is essential that the medium used for pressurizing the pipe does not have an adverse effect on the pipe. In
general, water is considered to be such a medium.

Long consideration was given to deciding which variable should be taken as the independent variable to
calculate the long-term hydrostatic strength. The choice was between time and stress.

The basic question the method has to answer can be formulated in two ways, as indicated below:

a) What is the maximum stress (or pressure) that a given material in pipe form can withstand at a given
temperature for a defined time?

© 1SO 2012 — All rights reserved \%



EVS-EN ISO 9080:2012

b) What is the predicted time to failure for a material in pipe form at a given stress and temperature?
Both questions are relevant.

If the test data for the pipe under study does not show any scatter and if the pipe material can be described
perfectly by the chosen empirical model, the regression with either time independence or stress independence
will be identical. This is never the case because the circumstances of testing are never ideal nor will the
material be 100 % homogeneous. The observations will therefore always show scatter. The regressions
calculated using the two optional independent variables will not be identical and the difference will increase
with increasing scatter.

The variable that is assumed to be most affected by the largest variability (scatter) is the time variable and it
has to be considered as a dependent variable (random variable) in order to allow a correct statistical treatment
of the data set in accordance with this method. However, for practical reasons, the industry prefers to present
stress as a function of time as an independent variable.

0.3 Use of the methods

The purpose of this extrapolation method is to estimate the following:

a) The lower prediction limit) (at 97,5 % probability level) of the stress which a pipe made of the material
under consideration is able to withstand for 50 years at an ambient temperature of 20 °C using water or air
as the test environment. In accordance with ISO 12162, the categorised value of this lower prediction limit
is defined as MRS and is used for classification of the material.

b) The value of the lower prediction limit (at 97,5 % probability level) of the stress, either at different design
times or at different temperatures, or on occasion both. In accordance with ISO 12162, the categorised
value of this lower prediction limit is defined as CRS 6 and is used for design purposes.

There are several extrapolation models in existence, which have different numbers of terms. This SEM will use
only models with two, three or four parameters.

Adding more terms could improve the fit but would also increase the uncertainty of the predictions.

The SEM describes a procedure for estimating the lower prediction limit (at 97,5 % probability level) whether a
knee (which demonstrates the transition between data type A and type B) is found or not (see Annex B).

The materials are tested in pipe form for the method to be applicable.

The final result of the SEM for a specific material is the lower prediction limit (at 97,5 % probability level) of the
hydrostatic strength, expressed in terms of the hoop stress, at a given time and a given temperature.

For multilayer pipes, the determination of the long-term hydrostatic pressure strength of the products is carried
out in accordance with ISO 17456.

For composite and reinforced thermoplastics pipes, guidance on the use of this method is given in the
product standards.

Guidance for the long-term strength of a specific material with reference lines is given in the appropriate
product standard.

1) In various ISO documents, the lower prediction limit (LPL) is defined incorrectly as the lower confidence limit (LCL),
where LCL is the 97,5 % lower confidence limit for the mean hydrostatic strength.

vi © IS0 2012 — All rights reserved
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Plastics piping and ducting systems — Determination of the
long-term hydrostatic strength of thermoplastics materials in
pipe form by extrapolation

1 Scope

This International Standard specifies a method for predicting the long-term hydrostatic strength of thermoplastics
materials by statistical extrapolation. The method is applicable to all types of thermoplastics pipe at applicable
temperatures. It was developed on the basis of test data from pipe systems.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced document
(including any amendments) applies.

ISO 1167-1, Thermoplastics pipes, fittings and assemblies for the conveyance of fluids — Determination of the
resistance to internal pressure — Part 1: General method

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

ISO 2507-1:1995, Thermoplastics pipes and fittings — Vicat softening temperature — Part 1: General test method
ISO 3126, Plastics piping systems — Plastics piping components— Measurement and determination of dimensions

ISO 11357-3, Plastics — Differential scanning calorimetry (DSC) — Part 3: Determination of temperature and
enthalpy of melting and crystallization

ISO 12162, Thermoplastics materials for pipes and fittings for pressure applications — Classification,
designation and design coefficient

ISO 17456, Plastics piping systems — Multilayer pipes — Determination of long-term strength

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

31
internal pressure

4
force per unit area exerted by the medium in the pipe, in bars

3.2

stress

o)

force perunitareain the wall of the pipe in the hoop (circumferential) direction due to internal pressure, in megapascals

NOTE It is derived from the internal pressure using the following simplified equation:

Pdgm = €y,min )
20

o =
ey,min

where
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