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Research paper

The influence of the properties of water pipes made of PE
on their durability and reliability

Andrzej Studzinski1, Vlasta Ondrejka Harbulakova2,
Izabela Skrzypczak3

Abstract: This article engages in detailed discussion of the material properties of water pipes made
of polyethylene (PE). It describes the influence of properties of the material (including its geometric
dimensions) on the level of reliability of pipelines made from PE 100. Values for the index of reliability
obtained from analyses carried out using probabilistic methods were comparedwith those recommended
for the index in regard to a reference period of 50 years and different Reliability Classes (RCs). The fully
probabilistic (3rd level) method – Monte Carlo simulation method was used to analyze the reliability.
The probabilistic calculations were carried out with account taken of different values for the coefficient
of variation describing material parameters, adopted as random variables; as well as the correlations
between them. The work detailed here reports an influence of material geometry on the reliability index
reported for the analysed pipeline made from PE. Where the analysed PE pipe was associated with
a coefficient of variation for wall thickness at or over 0.07, this denoted non-compliance with standard
PN-EN 1990:2002 as regards the minimum level of reliability recommended for a reference period of
50 years and Reliability Class RC2.
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1. Introduction

The durability and reliability of systems of water pipes offer a measure of ongoing
functionality in defined operational conditions. Specifically, analyses of the anticipated
reliability of pipes made from thermoplastics need to take account of:
– the physical and mechanical properties of the material involved,
– the resistance of that material to environmental factors of a mechanical, chemical,
physical and biological nature,

– stability of mechanical properties,
– the type of ground in which a pipeline is laid,
– the quality of manufacture and installation,
– adherence to operational parameters,
– monitoring of the network in the course of its operation.
The growing demand for plastic pipes and the trend for these to take the place of water

pipes made from steel or grey cast iron is first and foremost a reflection of durability, ease of
installation and desirable operational features. The durability of the pipes and the networks
developed from them also reflects the quality of manufacture and installation, as well as
the quality of monitoring of the system as it is in operation. The current forecast is that
world demand for plastic pipes will reach some 37 million tonnes in 2021. And it should be
stressed that, in the case of systems of pipes, reliability and durability represent measures,
not only of ongoing operability and functionality, but also – above all – of possibilities for
continued safe operation.
In line with the EN 1990 standard [1], reliability is the ability of a structure or struc-

tural member to fulfil specified requirements as regards safety, capacity, serviceability and
durability during the anticipated service life (period in use), as usually expressed probabilis-
tically. The ISO 2394 standard [2] also distinguishes ”reliability of a structural member”
(i.e. an individual construction element), as well as of a system comprising more than one
structural member.
In general, in line with provisions set out in the standards, the key requirements as

regards capacity, serviceability and durability should be met through:
– selection of appropriate materials,
– proper design and calculations in respect of construction and developed details,
– the determination of procedures bywhich tomonitoring and audit design, production,
manufacturing and operation – as appropriate in respect of a given design.

The complexity of issues of durability, reliability and safety of both buildings and
installations in the circumstances in which they are required to operate demands the use of
probabilistic calculations methods, hence the focus here on the impact material properties
and geometric dimensions are able to exert on levels of reliability of water pipes made of
PE. The further goal was to compare the values obtained with those recommended for the
reliability index in relation to a reference period of 50 years, as well as various Reliability
Classes (RCs). The probabilistic calculations that were carried out took account of different
values for coefficients of variation when it came to material parameters adopted as random
variables, as well as the correlations pertaining between them.
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2. Properties of water pipes made of PE

The base materials for producing PE-type piping are medium- and high-density poly-
ethylene (MDPE and HDPE). However, additions as polyethylene is being manufactured
include stabilisers, pigments and antioxidants all brought together in a homogeneous mix.
As can be noted, polyethylene is often classified in terms of its density [3]; hence the
distinction drawn between [4]:
– very low density polyethylene (VLDPE), at < 910 kg/m3,
– low-density polyethylene (LDPE) – in the range 910–930 kg/m3,
– medium-density polyethylene (MDPE) – in the range 930–945 kg/m3,
– high-density polyethylene (HDPE) – in the range 945–965 kg/m3,
– ultra-high molecular-weight polyethylene (UHMWPE), at > 965 kg/m3.
The ethylene polymers used in the production of pipes also gain classification in line

with their strength. Pipes are subject to internal hydrostatic pressure and a temperature of
20◦C, for a service life of at least 50 years. Minimum Required Strength (MRS) expressed
in bars is used to denote the different types of PE, e.g. with PE80 (MRS = 8.0 MPa) and
PE100 (MRS = 10.0 MPa). The utilisation of pipes of high strength requires that a polymer
of higher density and crystallinity be used, with this at the same time denoting a worse
situation where susceptibility to processing is concerned. Nevertheless, improved methods
of polymerisation do allow for the obtainment of MDPE of slightly increase molecular
weight that display lower melt viscosity and enhanced long-term durability. Examples of
polymers of high molecular weight and low values for the Melt Flow Rate (MFR) index
are PE 100-type bimodal polyethylenes. Density (as linked with crystallinity), the flow rate
index (dependent on the polymer’s molecular weight) and the distribution of molecular
weights are all parameters determining the strength-related properties of a polyethylene,
and hence also the durability of pipes made of it. As a given type of PE is selected to
produce pipes, it is important for account to be taken of the influence of quality parameters
on physical and mechanical properties of the product.
It is now common for the polyethylenes PE80 and PE100 to be used as pipes designed

for the transmission of water under pressure are being manufactured. This reflects a good
balance achieved between the three main properties (Fig. 1) [4]:
– resistance to creep and long-term strength,
– resistance to stress corrosion cracking (SCC) – as a critical property when it comes
to resisting the process whereby cracking induced by scratching or point loading is
initiated and propagated, resistance to the rapid propagation of cracks.

A leading parameter in the case of polyethylene piping is its stability – as expressed in
terms of the oxidation induction time (OIT), and thus dependent on the type and amount
of antioxidant added to the polymer. In this context, degradation of pipes made from PE
is found to ensue when the supply of the substance safeguarding the polymer is exhausted,
and there is then a decline in strength-related properties, influencing durability in a drastic
way. Hydrostatic strength is a fundamental parameter relating to the durability, as well as
the reliability, of thermoplastic pipes used under defined operating conditions (and it is
capable of being determined for all suitable materials on the basis of extrapolation) [5].
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Fig. 1. Graphical overview of the properties of PE80 and PE100 – own elaboration on [4]

The suitability of a plastic is defined in line with the behaviour of the material when
placed under a burden (as hoop stress, and with account taken of defined operating con-
ditions, not least temperature). Hoop stress is induced by hydrostatic pressure, with the
assumption being that a pipe of a given material will withstand operating conditions over
a period of 50 years where the temperature in the surroundings is of 20◦C [6–8]. Water is
the internal medium researched. Where extrapolation coefficients are used, the limit time
may be extended to 100 years. Methods applied in determining hoop stress allow for the
determination, not only of service life or exploitation time, but also of:
– the maximal stress (or pressure) a given system of pipes can withstand at a given
temperature over a given period of time,

– the working life of a pipeline under a given amount of stress (or pressure) at a given
temperature,

– the lower limit values for stress (within 97.5% confidence limits) that a pipe made
of a material under study can withstand over 50 years, at a temperature in the
surroundings equal to 20◦C (with either water of air used as the research media),

– the expected lower limit value for stress (within 97.5% confidence limits), or for
different periods of durability, also at a variety of temperatures.

Thus, for each polymer material, it is necessary to determine long-term hydrostatic
strength, so that durability under given operating conditions can be foreseen.
By reference to the research detailed in [9], it was possible to determine the influence

of manufacturing on the quality and durability of pipes. This reflects the way in which
processing not done properly or adequately may have a considerable influence on the
durability of thermoplastics. Inclusions, a lack of uniformity of material and agglomerates
of fillers or dyes in walls can all signal places in which cracking can be initiated, exerting
the obviously major possible influence on durability.
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Pipe networks made of PE and applied in the transmission of media under pressure
are characterised by the key durability parameter that vulnerability to brittle fractures
represents. Given the possibility of pipes being impaired by, for example, mechanical
damage at the surface or sudden jumps in pressure, individual normalised tests are run
to determine resistance to factors of this kind (and at the same time therefore durability).
Requirements regarding the resistance of polyethylene pipes to the rapid propagation of
cracks are as laid down in the PN-EN 12007-2 and ISO 13477 standards [10].
Further key parameters characterising the materials used to manufacture pipes relate to

chemical resistance and that involving abrasive wear. It is generally true that the polymer
materials used in this context are resistant to most of the typical corrosive environments.
Therefore the degradation of the polymers concerned is mainly induced by substances
capable of acting as oxidants, as well as by UV, thermal loading and cyclical mechanical
loading. To enhanced the resistance displayed to agents capable of causing these kinds of
degradation it is necessary to enhance stability through the addition of an antioxidant, soot
and heat stabilisers.
A key sphere of use of PE pipes is the transport of drinking water, hence the importance

of using appropriate means of disinfection that do nothing to impair the durability of pipes.
Research into this has been done in Italy [11] and – where pipes made from PE100

were concerned – the impact on properties of pipes was found to be greater where chlorine
dioxide (ClO2) was used, as opposed to sodium hypochlorite (NaClO). However, in the
cases of samples in contact with both substances it was possible to note impairment as
regards elongation at break, as well as reduced oxidation induction time (OIT) (Fig. 2) [4].
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Fig. 2. The impact on properties of pipes PE100 after 360 hours contact with water containing
chlorine dioxide and sodium hypochlorite – own elaboration on [4]

However, where the disinfectant was ClO2, these effects were more rapid and larger. A
major decline in OIT noted for a sample exposed for several weeks to water treated with
ClO2 attests to a clear deactivation of antioxidants present in the polymer – in particular
in the surface layers making direct contact with the treated water. However, the work
revealed no significant influence of the chemicals studied on the ultimate tensile strength
or hydrostatic strength of the pipes researched [4].
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In water-supply systems that are under pressure it is possible for short-lived increases
in internal pressure to arise – to a degree that exceeds the nominal value for working
pressure. This is the so-called “water hammer” effect, and it arises in water-supply systems
where pumps begin or cease operating, there are sudden opening or closing of armatures,
fracturing of pipes and so on, with the result that continuity of flow is interrupted by sudden
changes in flow conditions. Where there is short-term loading of the pressure-wave type,
the stresses that a designed pipe should be in a position to withstand over 50 years may
be exceeded greatly, as long as the waves remain within reasonable limits. Testing done
in Gothenburg, Sweden, involved the impact of the water hammer on 110 mm-diameter
PE100 pipes. This found that the pipes could withstand 106 pulses of changed pressure
without showing any signs of damage (where the temperaturewas 23◦C, pressure deviations
were of ±50% around the 10-bar nominal pressure and the frequency of change was at 5
impulses each 10 seconds) [9]. It was also confirmed that the influence of the water-hammer
effect on the durability of pipes where depths of notches on the surface were of up to 5%
of the thickness of the wall did not exert an influence on fatigue limit.
Pipes laid in the ground are subject to burdening by both the soil itself and by circular

motion. Where pipes characterised by elasticity are laid, their capacity to tolerate loading
also depends on the circumferential rigidity of the pipes themselves, and the rigidity of the
surrounding ground [12, 13]. Thermoplastic pipes – displaying elasticity – bear external
loading along with the ground surrounding them. A feature inseparable from pipes with
elastic properties is that external loading causes them to bend. The size of the distortion
involved is in the main dependent on the burdening of the land surrounding the pipe.
Research shows that 80% of deflection noted is a reflection of (the quality of) the work
done at the time of installation, while 15% is depth-related. That leaves just around 3.5%
attributable to circumferential rigidity and some 1.5% to the material used [14].
Clearly then, it is not really the technical parameters of the piping used that makes

a difference here, but rather the quality of the work done at the time of installation – proving
to be of key importance in determining how much deflection of the courses followed by
pipingwill take place subsequently. Equally, where some limit value for the loading of pipes
laid in the ground is exceeded, this will then induce excessive radial deflection, buckling
or compression, or else the mechanical destruction of walls [15].
Experiments to date plus the study of samples of PE piping from operational water-

supply systems allow us to anticipate that these will retain their operability for at least
100 years, provided that external and internal loading do not give rise to hoop stress
of more than 12.5 MPa; and further assuming that the walls of the pipes are free of
microfractures and mechanical damage, that the system will run with low water pressures
and limited fluctuations in pressure, and that new connections are not made. Equally, this
anticipated level of operational durability of existing plastic pipeline systems is capable of
being curbed – especially where there is qualitatively “worse” situation – as a consequence
of additional burdening, the presence of microfractures, or land subsidence [4, 9].
There are many cases in which what serves as a measure of the durability of water

pipes made of different materials is simply their failure rates. UKWIR (UKWater Industry
Research) runs a database of pipeline failure developed in cooperation with all the country’s
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water companies. It runs to some half a million entries relating to failures and breakdowns
along some 350,000 km of water mains. Analysis of what has been registered there in
the years since 1995 shows that PE is the material among all possible candidates used in
the manufacture of pipes that is least prone to failure. Furthermore, where failures do relate
to PE as the material, it is mostly first-generation examples that are involved [15].
Likewise, work carried out in Denmark – which has considerable experience with the

operation of plastic pipelines (given that 50% of the network is of PVC and 23% of PE)
– confirms that installations made of this material manifest the lowest rates of failure.
When relevant research in the USA is concerned, PE pipes are again shown to fail less than
networks made of traditional materials. Furthermore, a figure in excess of 100 years is again
given for the duration of possible exploitation of the material in water-supply networks.
It is further important to note that the main causes of failure are considered to be design
flaws, as well as poor practice at the installation stage [16]. Polish studies have furnished
similar results [4, 17].
An advantage of plastic pipes that determines their durability in many cases relates

to their capacity to carry weight in cooperation with the ground around them. This fact
gains confirmation in the case of sewer systems located in Germany, The Netherlands and
Sweden [18].

3. Reliability
The properties and quality of materials have an impact on the assessment of built

infrastructure, hence efforts to determine the influence of both the geometry of materials
and operating pressure on the failures rates noted for water pipes made from PE 100. In
the case of designs in line with the standards EN 12201-1 [19] and ISO 13761 [20], it has
been possible to ascribe a failure index. The present study has limited its considerations
to what is recommended in the EN 1990 [1] and ISO 2394 [2] standards, when it comes
the First-Order Reliability Method relating to the 𝛽 probability of failure/reliability index.
It is assumed there that random variables are defined with the aid of two parameters of
a normal or normal equivalent distribution, i.e. the mean and the standard deviation.
The reliability index 𝛽 in the case of two independent primary variables can be entered

as (3.1):

(3.1) 𝛽 =
𝑍̄

𝜎𝑍

=
𝑅 − 𝐸

𝜎𝑍

where: 𝑍̄ – mean value for the limit-state condition, 𝜎𝑍 – standard deviation for the
limit-state condition, 𝑅 – mean effect of capacity, 𝐸 – mean effect of impacts.
On the other hand, the measure of reliability 𝛽 is linked with the probability of an

element or construction being destroyed, by way of relationship (3.2), i.e.:

(3.2) 𝑃 𝑓 = Φ(−𝛽)

where: 𝑃 𝑓 is a probability of failure, Φ(. . .) is the Laplace function.
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A construction may be regarded as reliable where the value for the index calculated in
line with formulae (3.1) and (3.2) is not lower than the target value (3.3):

(3.3) 𝛽 ≥ 𝛽lim

where: 𝛽lim is a recommended minimum value.
Annex B of standard PN-EN 1990 [1] supplies recommended minimum (target) values

for the index (𝛽lim) in respect of limit-states function for capacity of constructions assigned
to different Reliability Classes and for different reference periods, i.e. 𝑇0 = 1 year and
50 years (Table 1).

Table 1. Recommended minimum (target) values for the index (𝛽lim) [1]

Reliability Class 𝛽lim/𝑃 𝑓 𝑑 for 𝑇0 = 1 year 𝛽lim/𝑃 𝑓 𝑑 for 𝑇0 = 50 years

RC3 5.2 / 9.96E–08 4.3 / 8.54E–06

RC2 4.7 / 1.30E–06 3.8 / 7.23E–05

RC1 4.2 / 1.33E–05 3.3 / 4.83E–04

The fully probabilistic (3rd level) method – Monte Carlo simulation method was used
to analyze the reliability. The procedure algorithm is presented in Table 2.

Table 2. Algorithm for determining the probability of failure using the probabilistic method

No. Step

1 Generate randomly the values of the variables for the R effect according to the assumed
probability distributions

2 Generate randomly the values of the variables for the E effect according to the assumed
probability distributions

3 Calculate 𝑍 (𝑥𝑖) = 𝑅 − 𝐸

4 Keep the calculated value of the variable 𝑍 (𝑥𝑖)

5 Repeat steps 1-4 until the number of generated values of the variable 𝑍 (𝑥𝑖) is 106

6 Adjust the density function to the generated values

7 Read probability value (area under the density function) for values 𝑍 ≤ 0

Algorithms and calculation details for MCS methods can be found, among others in
publications [21–23].
Raw materials used in the manufacture of pipes of appropriate external diameters and

wall thicknesses applied to rated pressures ensure a minimal safety factor adopted for
water pipes that is equal to 1.25 under EN ISO 12162 [24]. To determine the service life
of polyethylene pipes and their creep under external pressure, the producers of the raw
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materials from which pipes are made give so-called “regression curves” for them. Pressure
applied is converted into the tension reduced in the wall, in line with the equation:

(3.4) 𝛿 = 𝑃 · SDR − 1
2

= PN · 𝑑𝑛 − 𝑒𝑛

2𝑒𝑛

where: 𝑃 – internal pressure, PN – nominal pressure, 𝑑𝑛 – outside diameter of the pipe,
𝑒𝑛 – thickness of the pipe wall, SDR – standard dimension ratio – ratio between external
diameter 𝑑𝑛 and pipe wall thickness 𝑒𝑛.
To analyse reliability, it is essential that a statistical model of internal pressure be

determined, and this was adopted by reference to the models proposed in [21, 25]. The
description of the probability distribution for internal pressure was log-normal, while the
coefficients of variation for pressure that were adopted lay in the range 0.05 to 0.2, in line
with [21].
A normal distribution after [21,25] was used in describing the probability distribution

for geometric dimensions. In line with [6,19], values for the coefficient of variation in these
cases were in the range 0.05 to 0.1 (Fig. 3).

Fig. 3. Time dependence on damage (stress) of PE pipes for the 20◦C test temperature
– own elaboration on [9]

The influence of variation in geometric parameters of the pipe on the level of reliability
was defined for the pipes used widely in Poland which are made of PE 100 and have a mean
external diameter of 110 mm, as well as a nominal pressure rating PN equal to 10. Values
obtained were compared with those recommended for the reliability index in respect of
a reference period equal to 50 years, as well as the Reliability Classes recommended in [1].
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4. Case study of calculation

In determining the influence of material geometry on values of the reliability index for
PE100 water piping, the assumption was of a pipe of outside diameter 𝑑𝑛 = 110 mm and
a wall thickness equal to 6.6 mm.
The limit-state condition was then defined as (4.1):

(4.1) 𝑍 = 𝑅 − 𝐸 =
20 ·MRS
𝑑𝑛

𝑒𝑛
− 1

− PN

where: MRS – minimum required strength.
Table 3 and Table 4 sets out the density function and distribution parameters for the

primary variables used in probabilistic-method calculations. Coefficients of variation for
different variables are as adopted from relevant publications [21].

Table 3. Basic variables dependent on the quality of production, their density functions and distribu-
tion parameters

Dependent
variable

Density
function Mean Coefficient

of variation Unit

MRS lognormal 12.4 0.2 MPa

𝑑𝑛 normal 110 0.05 mm

𝑒𝑛 normal 6.6 0.05 mm

Table 4. Basic variables independent of production quality, their density functions and distribution
parameters

Independent
variable

Density
function Mean Coefficient

of variation Unit

PN determined 10 – MPa

The probabilistic calculations referred towere carried outwith account taken of different
coefficients of variation for parameters of the piping and pressure, as well as in the face of
lack of correlations between primary variables. Particular random variables were treated
as stochastically independent (Tables 3 and 4). The probability of limit states for capacity
being exceeded were calculated, together with the corresponding reliability indices (Fig. 4).
Reliability is inter alia achieved through the incorporation of materials of appropriate

quality. In the same way, the quality of materials implies the achievement by installed
infrastructure of the anticipated level of safety and reliability. The analyses conducted
revealed a noticeable influence of quality of materials on values obtained for the reliability
of piping. A higher coefficient of variation is associated with significantly lower values for
the reliability index.
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Fig. 4. The limit state function for uncorrelated random variables

In the case of the PE100 piping analyzed, and in line with an assumption that its ge-
ometry and pressure are stochastically independent variables, it proved possible to note
non-compliance with requirements for Reliability Class RC2 in relation to a 50-year refer-
ence period.
A further assessment concerned the sensitivity of the reliability index to each of the

independent random variables, in relation to a defined limit-state condition (3.1) – the
values of the latter being obtained via Monte Carlo simulations. Sensitivity coefficients
were designated in the face of a lack of correlation between primary variables, as well as
where a correlation was present between variables for geometry, and where pressures were
of 0.5. Analyses further assumed coefficients of variation for geometry and pressure of
𝑣 = 0.15 and 𝑣 = 0.05 respectively. In the case considered, values obtained for the index
were of 2.22 and 4.73 respectively.
The bar graph in Fig. 5 presents the sensitivity of the response variable (i.e. the reliabil-

ity index) to each random variable. Correlation coefficients are normalised by reference to
the correlation coefficient of the model error. It may be assumed that the Pearson correla-
tion coefficient corresponds with sensitivity coefficients determined for primary variables.

Fig. 5. Sensitivity of the reliability index to random variables of the limit stare function
without taking correlation coefficient into account
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Figure 6 presents sensitivity of the reliability index to random variables of the limit stare
function taking into account the wall thickness and the pressure correlation coefficient at
0.5, Fig. 7 shows correlation between MRS and the effect of capacity, taking into account
the correlation coefficient of wall thickness and pressure at 0.5.

Fig. 6. Sensitivity of the reliability index to random variables of the limit stare function
taking into account the wall thickness and the pressure correlation coefficient at 0.5

Fig. 7. Correlation between MRS and the effect of capacity, taking into account the correlation
coefficient of wall thickness and pressure at 0.5

As will be clear, aspects of key importance when it comes to the operation of pipelines
are:
– the course taken by the curve for destructive hoop stress in the wall over time and
with a given temperature of operation,

– limit values for service life(durability) under defined conditions (e.g. of pressure and
temperature).

The analysis detailed here confirms that the most crucial material variables influencing
a change of response (in the reliability index) is pipe-wall thickness. The diameter of water
piping has a negative influence on values of this index, while wall thickness and pressure
have positive influences. Even as wall thickness is the subject of only limited variation,
uncertainty regarding this variable still has a significant influence on reliability values.
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Analysis of the results obtained for the sensitivity coefficients shows that, where account
is taken of the correlations between primary variables, there is an influence on the result
obtained for the index of reliability.

5. Conclusions
Research carried out to date on the polyethylene piping used in pressurised or unpres-

surised water-supply installations is reinforced by long-term experience with the operation
of systems featuring the material, in implying ongoing reliability for a period of at least
100 years [17, 26]. However, a condition for such durability and operability is proper
(supervision of) installation work, as well as monitoring over the time the system is in use.
The work detailed here reports an influence of material geometry on the reliability

index reported for the analysed system of piping made from PE. The probabilistic analyses
carried out on the reliability of PE100 pipes confirmed that higher coefficients of variation
for materials are associated with significantly lower values for the reliability index.
Where the analysed PE piping was associated with a coefficient of variation for wall

thickness at or over 0.07, this denoted non-compliance with standard PN-EN 1990:2002 as
regards the minimum level of reliability recommended for a reference period of 50 years
and Reliability Class RC2. In the cases of the other Classes, the condition of reliability
continues to be met.

References
[1] European Standard. EN 1990: Eurocode – Basis of structural design. 2004.
[2] International Standard. ISO 2394: General principles on reliability for structures. 2015.
[3] ASTM International Standard. D 3350: Standard Specification for Polyethylene Plastics Pipe and Fittings
Materials. 2014.

[4] K. Bortel, “Wpływ wybranych czynników na trwałość rur z tworzyw termoplastycznych”, Przetwórstwo
Tworzyw, 2011, vol. 17, no. 6, pp. 559–566.

[5] Y.G. Hsuan, R.M. Koerner, “Antioxidant Depletion Lifetime in High Density Polyethylene Geomembranes”,
Journal of Geotechnical and Geoenvironmental Engineering, 1999, vol. 124, pp. 532–541.

[6] E. Kuliczkowska, A. Kuliczkowski, B. Tchórzewska-Cieślak, “The structural integrity of water pipelines
by considering the different loads”, Engineering Failure Analysis, 2020, vol. 118, pp. 1–11, DOI: 10.1016/
j.engfailanal.2020.104932.

[7] A.H. Awad, A.A. Abd El-Wahab, R. El-Gamsy,M.H. Abdel-Latif, “A study of some thermal andmechanical
properties of HDPE blend with marble and granite dust”, Ain Shams Engineering Journal, 2019, vol. 10,
pp. 353–358, DOI: 10.1016/j.asej.2020.02.001.

[8] X.T. Zheng, X.H. Zhang, L.W. Ma, W. Wang, J.Y. Yu, “Mechanical characterization notched high density
polyethylene (HDPE) pipe: Testing and prediction”, International Journal of Pressure Vessels and Piping,
2019, vol. 173, pp. 11–19, DOI: 10.1016/j.ijpvp.2019.04.016.

[9] L-E. Janson, Plastics Pipes for Water Supply and Sewage Disposal, 4th ed. Stockholm: Borealis, 2003.
[10] International Standard. ISO 13477: Thermoplastics pipes for the conveyance of fluids – Determination of

resistance to rapid crack propagation (RCP) – Small-scale steady-state test (S4 test). 2008.
[11] D. Castagnetti, E. Dragoni, G. ScireMammano, N. Fontani, I. Nuccini, V. Sartori, “Effect of sodium

hypochlorite on the structural integrity of polyethylene pipes for potable water conveyance”, Proceedings
of Plastic Pipes XIV, Budapest, 2008.

https://doi.org/10.1016/j.engfailanal.2020.104932
https://doi.org/10.1016/j.engfailanal.2020.104932
https://doi.org/10.1016/j.asej.2020.02.001
https://doi.org/10.1016/j.ijpvp.2019.04.016


142 A. STUDZINSKI, V.O. HARBULAKOVA, I. SKRZYPCZAK

[12] F. Majid, F.M. Elghorba, “Critical lifetime of HDPE pipes through damage and reliability models”, Journal
of Mechanical Engineering and Sciences, 2019, vol. 13, pp. 5228–5241.

[13] S. Vlase, D.D. Scarlatescu, M.L. Scutaru, “Stress Field in Tubes Made of High Density Polyethylene Used
in Water Supply Systems”, Acta Technica Napocensis, 2019, vol. 62, pp. 273–280.

[14] The Design Of Buried Thermoplastics Pipes. [Online]. Available: https://www.prik.pl/images/pdf/
bibliografia/DesignOfBuriedPipesArecentUpdate-PDF.pdf. [Accessed: 24.11.2020].

[15] S. MacKellar, “UKWIR National Mains Failure Database”, in Proceedings of the Plastic Pipes XIII.
Washington, 2006.

[16] S. Burn, P. Davis, T. Schiller, “Long-Term Performance Prediction for PVC Pipes”, AWWA Report 91092F,
2006.

[17] M. Kwietniewski, J. Rak, Niezawodność infrastruktury wodociągowej i kanalizacyjnej w Polsce. Warszawa:
Polska Akademia Nauk. Komitet Inżynierii Lądowej iWodnej. Instytut Podstawowych ProblemówTechniki,
2010.

[18] “Flexible and rigid sewer pipes in Europe: Comparing performance and environmental impact”, Report on
the TEPPFA-PLASTICS EUROPE. Sustainable Municipal Pipes Project, 2005.

[19] European Standard. EN 12201: Polyethylene (PE) pipes for water supply, and for drainage and sewerage
under pressure – dimensions. 2011.

[20] International Standard. ISO 13761: Plastics pipes and fittings – Pressure reduction factors for polyethylene
pipeline systems for use at temperatures above 20 degrees C. 2017.

[21] S. Woliński, Podstawy Projektowania Konstrukcji”, in Budownictwo ogólne, Warszawa PWN, 2011.
[22] M. Słowik, I. Skrzypczak, R. Kotynia, M. Kaszubska, “The Application of a Probabilistic Method to the

Reliability Analysis of Longitudinally Reinforced Concrete Beams”, Procedia Engineering, 2017, vol. 193,
pp. 273–280, DOI: 10.1016/j.proeng.2017.06.214.

[23] J. Szyszka, J. Kogut, I. Skrzypczak, W. Kokoszka, “Selective Internal Heat Distribution inModified Trombe
Wall”, IOP Conference Series: Earth and Environmental Science, 2017, vol. 95, no. 4, DOI: 10.1088/1755-
1315/95/4/042018.

[24] International Standard ISO 12162: Thermoplastics materials for pipes and fittings for pressure applications
– Classification, designation and design coefficient. 2009.

[25] M. Bournonville, J. Dahnke, D. Darwin, “Statistical Analysis of the Mechanical Properties and Weight of
Reinforcing Bars”, Structural Engineering and Engineering Materials, SL 04–1, 2004.

[26] M. Kwietniewski, K. Miszta-Kruk, ”Unreliability of Water Supply Networks in the Polish Towns Based
on the Field Reliability Tests”, in Proceedings of The European Safety And Reliability Conference, Esrel,
Troyes France, 2011.

Wpływ właściwości rur wodociągowych wykonanych z PE
na ich trwałość i niezawodność

Słowa kluczowe: niezawodność, rury z PE, właściwości materiałowe, współczynniki zmienności

Streszczenie:

W artykule szczegółowo omówiono właściwości materiałowe rur wykonanych z polietylenu PE.
Określono wpływ właściwości materiału, w tym wymiarów geometrycznych na poziom niezawodno-
ści przewodówwodociągowychwykonanych z PE100.Otrzymanewartościwskaźnika niezawodności
z analiz wykonanych metodami probabilistycznymi porównano z zalecanymi wartościami wskaźnika
niezawodności dla okresu odniesienia 50 lat i różnych klas niezawodności (RC). Obliczenia proba-
bilistyczne przeprowadzono uwzględniając różne wartości współczynników zmienności parametrów
materiałowych przyjętych jako zmienne losowe oraz korelacji pomiędzy nimi.
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W celu określenia wpływu geometrii materiału na wartość wskaźnika niezawodności przewodów
wodociągowych wykonanych z PE 100 przyjęto rurę o średnicy zewnętrznej 𝑑𝑛 = 110 mm oraz
grubość ścianki 𝑒𝑛 = 6,6 mm.
Na podstawie przeprowadzonych analiz stwierdzono wpływ geometrii materiału na wartość

wskaźnika niezawodności dla analizowanego przewodu wodociągowego wykonanego z PE. Prze-
prowadzone analizy probabilistyczne dotyczące niezawodności rury PE100 potwierdziły, że wzrost
współczynników zmienności materiałów powoduje istotny spadek wskaźnika niezawodności.
W przypadku analizowanego przewodu wodociągowego wykonanego z PE i współczynnika

zmienności dla grubości ścianki większego od 0,07 nie są spełnione wymagania normy PN-EN
1990:2002 odnośnie minimalnego poziomu niezawodności zalecanego dla okresu odniesienia 50 lat
i klasy niezawodności RC2. Dla pozostałych klas warunek niezawodności jest spełniony.
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