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Abstract. Lately, PP-R pipes have become increasingly popular in terms of drinking water installations
and heating. Comparated to the classic pipes from copper or steel, pipes from propylene are much easier
to use, they have obvious qualities and they are marketed at a much lower price. The study aims a
comparative analysis of the physical-mechanical properties of the four most common types of pipes from
propylene, which are currently found in commerce : simple without insertion(PP-R), with insert of
composite fiber (PP-R-CF), with insert of basalt fiber (PP-R-BF) and with insert of aluminium (PP-R-
AIF). Experimental research showed that from the point of view of thermal expansion, the best behavior
is from the pipes from propylene without any insert and the value of the thermal expansion coefficient
for the reinforcement pipe with basaltic fiber is very small. After these attempts at tensile, it resulted
that all four samples which were analyzed from the point of view of the tensile strength, don 'z exceed
the limit that was given by the manufacturer (10-30 MPa), the values obtained being: for pipe from
polypropylene of 17 MPa, for pipe from polypropylene with insert of aluminium of 18 MPa, for the test
tube from pipe of polypropylene with insert of basalt fiber of 29 MPa and for the test tube from pipe of
polypropylene with insert of composite fiber of 30 MPa. Therefore, from the point of view of the behavior
at tensile and bending, the best behavior is from the pipes from polypropylene with insert of basalt fiber
and pipes from polypropylene with insert of composite fiber.
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1. Introduction

The economic-industrial competitiveness will always impose ways on how to obtain your products,
with high technical parameters, to which the functional characteristics are combined with complete
exploitation of materials properties. This can be realized by using high generation materials, with a better
machinability and made through new or improved technologies, adapted to the new needs of humanity.

In this context are also included new materials, generically called “second generation materials”
(including composite materials, minerale ones, ceramical and syntetized), this already have found a large
utilization on different areas, from which we can mention: in construction of technological equipament
and machine tools, in electronics and electrotechnics, in the aerospace field, in naval transport, in the
rolling stock industry, in car industry and energy equipment etc.

Since the oldest times, people have accomplished composite materials of what the nature has given
them, from which we remember: the brick (made of mud and straw), security fences ( made of twigs and
earth) and more recently reinforcement concrete (cement, gravel and iron). Also, the natura is offering
us models of composite materials: bones, muscles, bamboo, wood, etc. [1-5]

Composite materials are included in the category of compound materials, which were called not long
ago consolidated plastic materials.
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Pipes made of polypropylene, also called PPR pipes, have become increasingly used in the field of
drinking water installations and heating for household and industrial use. Making a comparison with the
classic pipes used in installations made of copper or steel, the ones which are made of polypropylene are
much easier to handled, they have obvious better qualities being sold at a much lower price than the
others, imposing themselves on the profile market, being appreciated by clients but also by professionals
[5-8].

The tests performed by the manufacturers had revealed the fact that these pipes made of
polypropylene can be used in systems and installations that use fluids with temperatures between — 20
and + 95°C, working pressures of maximum 20 bar, have a high resistance to chemical corrosion and
last but not least they can be mounted in direct contact with the building materials, didn’t need
necessarily their protection with different types of insulation.[9-13]. For installations which are executed
on the outside must be used, though, insulation elements and protection, because direct exposure to
ultraviolet rays of poypropylene pipes will be able to produce their degradation, by decomposing
polymers from the outer layer of the pipe, generating a process of grinding the pipe material [14-18].

2. Materials and methods

The analyzes are realized on four types of pipes, from different materials, which will have the
following acronyms used in the text, such us: PP-R (polypropylene without insertion), PP-R-CF
(reinforcement polypropylene with composite fiber), PP-R-BF (reinforcement polypropylene with basalt
fiber), PP-R-AIF (reinforcement polypropylene with aluminium fiber). All the pipes used in this study
have had the same diameter of @ 20mm.

Polypropylene lend themself with succes at the construction of the hot water pipes which are intended
for continuous functioning at a temperature of 180F, with a pressure depending on the thickness and
type of the wall that pipe has. The pipes can be build with reinforcement layers to increase specific
properties such us decrease expansion / longitudinal thermal contraction, which makes them suitable for
important aplications, such us pressure pipes (sanitary facilities, hydraulic) in the high commercial
buildings.

strat interior $i exterior din polipropilona

Figure 1. PP-R pipe without insertion Figure 2. Arrangement of the three
layers at the PP-R-CF pipe

This type of pipe (Figure 1) doesn’t have any type of insert, being used especially in cold water
installations, having the biggest thermal expansion coefficient, according to the graph in Figure 6.

The PP-R pipe reinforcement with composite fiber (Figure 2) is considered to be the most
performance version in the entire range of polypropylene. In the figure can be distinguished the three
layers from which the pipe is formed and namely: polypropylene-composite fiber-polypropylene. The
color of the composite fiber is personalized by every manufacturer. The composite fiber layer provides
a lower coefficient of thermal expansion, according to Figure 7.
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Figure 3. Arrangément of the three layers at Figure 4. Arrangement of the three layers
the PP-R -AlF pipe at the PP-R -BF pipe

The pipe PP-R-AIF with aluminium insert (Figure 3), as well as the reinforcement one with
composite fiber, is made of three layers: the outer and inner layers are made of polypropylene, and in
the middle we have a layer represented by an aluminium foil. This foil is wrapped, combined and then
glued to polypropylene support with the help of a special film, also made of polypropylene.

As well as the reinforcement pipe of polypropylene with carbon fibers, the reinforcements ones with
basaltic fiber (Figure 4) are new generation of appearances, they are coming with a update that must be
taken into account, namely that the value of the coefficient of the thermal expansion is very small, even
smaller than the coefficient of the reinforcement pipes with composite fiber and the ones with insert of
aluminium.

The most important characteristics of pipes made of polypropylene are: high resistence to pressure
and high temperatures. For example, the polypropylene pipe with insert of aluminium has a bigger
conductivity than that pipe with insert of carbon. The maximum temperature that pipe can bear is 90°C,
and the nominal pressure is 20 bar [18-22].

Compared with the classic pipes from copper or steel, PP-R pipes with insert of composite have a
much lower thermal expansion, especially the ones with basalt fiber. The pipes embedded in different
materials, are constantly under pressure from all directions, demonstrating themselves high strength. The
expansion is reduced up to 75% comparated to other pipes made of classical materials, the danger of the
cracks in the pipe being almost eliminated.

Elongation of the pipe at a temperature difference At=50°C

a)

STABI' PPR/AL/PPR

b)

c)

Pipe length L=50 mm Elongation Al[mm]
Figure 5. Comparison between linear expansions of PP-R pipes with
different inserts a)pipe with insert of aluminium;b) pipe with insert of
fiberglass (composite fiber); ¢) PP-R simple pipe without insertion

Another important characteristic of polypropylene is the resistance to abrasion and heat. At the same
time we must not forget outstanding dielectric and insulation qualities, as well as the resistance to
repeated folding. From the point of view of the fragility, the polypropylene is less fragile than high
density polyethylene and less flexible than low density polyethylene [19, 22, 23].

Polypropylene is a very stable polymer in aggressive chemical environments. At temperatures above
160-170°C, it becomes soft compared to polyethylene, but it has a higher breaking streng.
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To define the minimum requirements for the evaluation of PP-RCT material performance, at the
request of hydrostatic pressure, the reference curves were deducted from the long-term evaluation of the
Beta-PPR RA7050 behavior according to ISO 9080. These reference curves form the basis for pipe
design and are described by the following equation:

Igt=A+$-Igc+%+D~lgc 1)

where:
o — the stress on the circumference(circular request) [MPa];
T - temperature [°K];
t - time [h];
A =119,546;
B =23738,797;
C =52176,696;
D =31,279.
The results obtained by using formula (1) are presented in figure 6.
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Figure 6. The comparison of the reference curves for PP-R and PP-RCT.
The curves define the hydrostatic pressure of the analyzed materials

The equation (1) is valid for the temperature range from 10 to 110° C (230F) and the graphic
representation of the reference curves is shown in Figure 6, which also includes the comparison with the
standard PP-R material. This graph clearly illustrates the long-term resistance of PP-RCT compared to
the standard PP-R.

Increasing the long-term reliability of PP-RCT material lead to the possibility of reducing the outer
dimensions of the pipes used for sanitary facilities and heating.

Therefore, PP-RCT pipes can resist to pressure of function much higher than pipes of the same size
made of PP-R.

3. Results and discussions

The presentation aims to analyze the behavior of the four types of PP-R pipes mentioned, to physico-
mechanical stresses, such as thermal expansion, tensile and bending, knowing that, before breaking, the
values obtained for the simple tensile or repeated tensile cycles (loading - unloading), deformations
(elongations) and necking, depend on the following factors: the type of pipe (with and without insertion
material and its nature), the time of action of the force, the speed of loading; number of cycles and
temperature in the piece.

3.1 Determinations of thermal expansion
PP-R is a material intended for pipe systems that operate at pressure and at high temperatures.
Determinations of thermal expansion were carried out in real conditions of operating of a existing
heating installations, in which PP-R pipes are component parts. Various scenarios in which were
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stimulated the conditions necessary for the study were created. As observation and measurement devices,
a digital camera, respectively a digital thermometer with infrared measurement, laser guidance beam
and a callipers with rod for measuring depths, were used.

The determinations were made on sections of PP-R pipe, having a length of 4 meters and at different
temperatures of the thermal agent, as follows: the initial length of the pipe (which is 4 meters) was
measured at ambient temperature (approximately 30°C); progressive the temperature of the heat agent
has been raised from 10 to 10 degrees Celsius, starting at 30°C to 80°C; at each temperature (30, 40, 50,
60, 70 and 80) °C, respectively the temperature difference AT (10, 20, 30, 40, 50°C) measurements were
made of the elongation of the pipe section in discussion; the results of the measurements were noted in
Table 1, and then interpreted graphically, in Figure 7.

Tabel 1. Centralisation of the elongations of the analyzed pipes

Elongation PP-R- | Elongation PP-R- | Elongation PP-R-
Number of Temperature CF AlF BF Elongation PP-R
determination AT [°C] [mm] [mm] [mm] [mm]
1 0 0 0 0 0
2 10 2 15 1 35
3 20 3,5 2,5 1.5 7
4 30 4 2 10.5
5 40 5 2.5 15
6 50 6 3 18
|
20 |
18 1 PP-R
16
E 14 |
12
2 10 1
Ss | PP-R-CF
S 6 _ PP-R-AIF
4 N
’ | PP-R
0 T T T T T
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Temperature [°C]

Figure 7. Graphic interpretation of the elongation
of the analyzed pipes

The determinations followed the way of behaving at thermal expansion of simple polypropylene and
those with different inserts used in the realisation of the systems and water and heating installations.

The data presented in Table 1 show that the elongation of the measured pipe sections behaved
differently according to the characteristics of each type of pipe, the best behavior was at the simple
polypropylene pipe without reinforcement, and the weakest being the pipe with basaltic insert .

3.2 Determination of tensile strength
Determinations of mechanical properties following bending and tensile requests were carried out on

the same types of test tubes mentioned above, within the Institute of Multidisciplinary Scientific and
Technological Research of the University Valahia of Targoviste (ICSTM-UVT), where it is a static
stretching test system using an MTS Bionix device (as shown in Figure 8).
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K

Figure 8. The attempt machine for mechanical properties

The distance between the supports of the device for the three-point bending is 24 mm.

Various graphic results can be obtained (applied stress-force, arrow-stress, applied force-arrow, etc.).
Importantly, for a material test tube with certain dimensional characteristics, the variation of the arrow
(displacement) can be determined according to the maximum applied force and the maximum bending
stress.

Both graphs (force-displacement and stress-displacement) shows a linear portion parallel to the
abscisa, which corresponds to the distance traveled, in empty, from zero point until the roll of the force

application device reaches the test tube. The second portion represents the curve force-displacement and
stress-displacement.
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Figure 9. Force-displacement curve for the  Figure 10. Stress-displacement curve for the
analysed test tubes analysed test tubes

From Figures 9 and 10, we can conclude that the polypropylene pipe without insertion behaves the
worst from the point of view of bending, instead the pipe in the polypropylene with basaltic insert shows
the best results from the point of view of bending test.

On the same test machine on which the incovation was carried out, the mechanical tensile properties
of the 150 x 20 x 13.4 mm test tubes were also measured.

Figures 11 and 12 shows the results obtained for tensile testing of test tubes.
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Figure 11. Stress-displacement curve for | Figure 12. Force-displacement curve for the
the analysed test tubes analysed test tubes

After all these attempts of tensile, it turned out that all the four samples analysed from the point of
view of tensile strength do not exceed the limit given by the manufacturer (10 - 32 MPa) the values
obtained being: for the polypropylene pipe is 17 MPa, for the polypropylene pipe with aluminum insert
the value is 18 MPa, for the polypropylene pipe test tube with basaltic fiber insert the value is 29 MPa,
and for the polypropylene pipe test tube with composite fiber insert the value is 30 MPa.

4. Conclusions

From the determinations and measurements made in this presentation, where the thermal expansion
and behavior to mechanical stress of polypropylene pipes were studied, it was aimed at highlighting the
behavior of polypropylene in various forms so simple as well as with different inserts.

The data presented in Table 1 shows that the elongation of the measured pipe sections behaved
differently according to the characteristics of each type of pipe, the best behavior was at the simple
polypropylene pipe without reinforcement, and the weakest was the pipe with basaltic insert .

From the point of view of the testing at the bending, the polypropylene pipes with basaltic insert and
composite fiber insert had the best behavior.

So from the point of view of tensile behavior, the polypropylene pipes with basaltic insert and
composite fiber insert had the best behavior.

The values obtained for the test tubes described above are acceptable and fall within the average of
the values given by the pipe manufacturer from PP-RCT.

From Table 1, as well as from graph 7, we can say that the use of composite materials in the
reinforcement of polypropylene pipes, influences in a beneficial way their behavior in different situations
and helps us to be able to choose in knowledge of the cause, suitable materials for the desired type of
installation.

Studies carried out in this presentation can provide to the professionals information that they can use
in the correct execution of an installation, regardless of its domestic or industrial nature.

The compact and uniform structure of the studied materials will prevent the formation of deposits of
any kind on the walls. Therefore, the limestone (CaCOs3) from the water composition will not accede
and implicit will not be able to deposit on the walls of the pipes. Phonic, this material is a good insulator
reducing the noise made by the fluids that circulate through these pipes.

The use of PP-R pipes in installations makes the losses of heat to be small, from here resulting an
important energy economy and implicit of money. The composite from inside the pipe does not allow
a large exchange of temperature with the environment, regardless we are talking about air or concrete.
Compared to copper or steel pipes, those in PPR have a better efficiency, having a very low thermal
transfer coefficient.
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Polypropylene pipes have multiple uses in many fields of activity. Simple pipes without any kind of
insertion are used successfully in drinking water supply systems and installations (not toxic and
hygienic), irrigation systems, waste water collection, transport for natural gas, etc.
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