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Abstract  

In today's applications, increasing pipelines' applications have pipes made of glass fibers as 
reinforcement and polymers as a matrix. In this paper, using the winding process will be made 
pipe specimens from polymer composites using glass fibers as reinforcement and two different 
polymers as a matrix. Specimens will be prepared from these pipes for tests of mechanical 
properties such as Apparent Hoop Tensile Strength (according to ASTM D2290) and the 
Determination of External Loading Characteristics of Plastic Pipe by Parallel-Plate Loading 
(according to ASTM D2412). The Determination of the Reinforcement according to EN ISO 1172 
will also be determined. Based on the conducted tests and the obtained results, the paper will 
consider the impact of different polymer composite matrix types on the structure and mechanical 
properties. 
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Sažetak 

U današnjoj primjeni sve veću primjenu u cjevovodima imaju cijevi izrađene od staklenih vlakana 
kao ojačala i polimera kao matrice. U ovom radu će se postupkom namatanja filamenta proizvesti 
uzorci cijevi od polimernih kompozita koristeći staklena vlakna kao ojačalo i dvije različite vrste 
polimera kao matrice. Iz tih cijevi će se pripremiti uzorci za ispitivanja meaničkih svojstava cijevi 
kao što su prividna vlačna čvrstoća obruča (prema ASTM D2290) i određivanje karakteristika 
vanjskog opterećenja plastičnih cijevi postupkom paralelnih ploča (prema ASTM D2412). Također 
će se odrediti maseni udio ojačavala prema EN ISO 1172. Na temelju provedenih ispitivanja i 
dobivenih rezultata donijet će se zaključci vezani uz utjecaj različitih vrsta matrice polimernih 
kompozita na njihovu strukturu i svojstva. 

Ključne riječi: Namatanje filamenta, Staklena vlakna, mehanička svojstva, polimerni kompozit. 
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1. INTRODUCTION 

The application of composite pipes is increasingly using in the industry not only because 
of their excellent properties but also because of the good behavior of the material in 
exploitation. The main feature of fiber-reinforced polymer (FRP) pipes is an excellent 
corrosion resistance that increases service life and reduces maintenance costs compared 
to conventional metal pipes. With a high strength/weight ratio, composite pipes are 
suitable for an ever-widening application. The rapid development of composite pipes has 
been spurred by the oil and gas industry which is developing commercial FRP pipes for 
the transportation of oil and gas at elevated pressures compared to commercial uses such 
as plumbing [1-3]. 

In the last few years, many papers have been available describing various experimental 
tests of composite pipes with a focus on Glass Reinforced Polymers (GRP). Fig. 1 shows 
the different applications of composite pipes concerning the pressure and diameter of the 
pipes [4-5]. 

 

Fig. 1: Applications of composite pipes concerning the pressure and diameter [1] 

The components of fiber-reinforced composites (GRP) are polymer as matrix and fibers 
or particles as reinforcement components. The use of these composites has the greatest 
variety in terms of quantity, properties at room temperature, ease of production, and 
price. Termosets used as matrix materials are: polyester resins, vinyl ester resins, epoxy 
resins, or phenolic resins [2,6]. 

The most used and cheapest polymer resins are polyesters and vinyl esters. These resins 
are primarily used in glass fiber reinforced composites [6]. 

The characteristic structure of the composite pipe (Fig. 2) consists of 3 layers [1]: 
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1. An inner layer of reduced friction (low friction factor wall) which is an anti-leakage 
coating 

2. Reinforcing fiber-reinforced composite layer 

3. Outer layer that serves as protection from external influences 

 

Fig. 2: The characteristic structure of composite pipe [1] 

The most important is the 2nd layer, a fiber-reinforced composite layer, which provides 
and enables the transfer of elevated internal pressure, and which is most often produced 
by filament winding technology [1]. 

 

1.1. Filament winding 

Filament winding is a process in which continuous fibers are wound on a rotating core 
(Fig. 3), and then cross-linked and create hollow shapes. The use of continuous fibers 
ensures a homogeneous structure in the direction of the fibers. The main parameter of 
the process is the winding angle (θ) of the fibers in relation to the longitudinal direction 
through which the mechanical properties of the composite material are optimized. The 
winding angle is controlled by the speed of rotation of the mandrel and/or the fiber 
distribution head. Fiber winding was achieved using specially designed machines. The 
machines can have six axes (even 7 with the addition of robotic enhancements), allowing 
the operator to control many parameters, including winding speed, winding angle, fiber 
position, resin temperature, and fiber tension. The fibers are wound around the core in 
repetitive patterns, in multiple layers. The process is repeated until the required number 
of layers is reached. This technology is most commonly used to produce hollow composite 
shapes such as pipes [2,5]. 

 

Fig. 3: Filament winding procedure [5] 

Glass, carbon and aramid fibers are most commonly used in this process. The most used 
are glass fibers (E-glass and S-glass) [2,7]. 
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Plastomers and durometers are used as matrix materials. Termoset resins such as epoxy 
resin, polyester resin and vinyl ester are most commonly used. Phenolic and polyimide 
resins are less used due to heavier handling and slightly higher cost. Polyester matrix is 
used for commercial products while epoxy resins have better mechanical properties and 
are used in the aerospace industry. To achieve the best possible humidity, the resin fibers 
must have a sufficiently low viscosity [8-9]. 

There are two types of winding, depending on whether the fibers pass through the resin 
before winding or prepregs are used. Subsequent impregnation is a process in which the 
fibers are first wound on a core and then impregnated with resin. Subsequent 
impregnation is less used. There is dry and wet winding [2]. 

Dry winding is applied less frequently than wet winding. In the case of dry winding, the 
prepregs wound on the coils are wound. The fibers in this case do not pass through the 
resin bath. The process is easily controlled. The disadvantage of prepregs is the storage of 
prepregs in special conditions to avoid networking and higher prices [1-3]. 

In wet winding, the fibers pass through a resin bath or resin-soaked rollers before 
winding. The resin bath is heated, thus increasing the viscosity of the resin, ie wetting the 
fibers. The control of the applied resin layer is difficult, and the resin content depends on 
the viscosity, wetting, winding speed, and fiber stress. Wet winding is more difficult to 
control compared to dry winding, but it is cheaper. Crosslinking is subsequently at room 
temperature or in ovens [2-5]. 

The winding process can be divided into four steps: fiber and core preparation, winding, 
crosslinking, and core removal [2]. 

Preparation begins by placing the fiber coils and cores on a winding machine. The core is 
coated with a layer of a separator to allow easier removal of the core. There are several 
types of cores depending on how the filament is removed. The cores are most often made 
of steel or aluminum. There are also disposable cores that are destroyed to free the piece 
[2-6]. 

The winding can be annular, polar, parallel to the axis of the core and screw. Polar and 
screw windings are most commonly used. In the process of polar winding, the core is at 
rest and the winding machine arm rotates about a longitudinal axis, tilted at a certain 
angle. Once the arm is rotated about the axis, the core is rotated by the thickness of the 
fiber. The procedure is repeated at positive and negative angles until the desired layer 
thickness is obtained. In screw winding, the core rotates continuously as the machine arm 
moves back and forth at a certain speed along the core axis. This procedure requires 
multiple passes to cover the entire surface of the core because the fibers are not located 
next to each other [2,10]. 

Advantages of fiber winding [1-2]: 

- high repeatability of the procedure, 

- continuous trains in the direction of stress, 

- low cost of equipment and production, 

- large parts can be produced, 

- cheap material, 

- high strength/density ratio, 
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- high fiber content. 

Disadvantages of fiber winding [1-2]: 

- difficulties in making complex shapes, 

- expensive core fabrication process, 

- poor surface quality, 

- the need for post-processing 

 

2. EXPERIMENTAL PART 

In the experimental part, tests were performed to determine Apparent Hoop Tensile 
Strength (according to ASTM D2290), to determine the External Loading Characteristics 
of Plastic Pipe by Parallel-Plate Loading (according to ASTM D2412) and The 
Determination of the Reinforcement according to EN ISO 1172. 

Specimens (n=10) of composite pipes with diameter Φ=100 mm were made by winding 
process. The wall thicknesses of the polyester samples were h=7 mm, and of the vinyl 
ester samples h=8 mm. The samples contain the same reinforcements (S fiberglass) and 
different matrix material. Vinyl ester (V) and polyester (P) matrices were used. The 
samples are shown in Fig. 4. 

 

Fig. 4: Specimens: (a) polyester matrix (P), (b) vinyl ester matrix (V) 

 

2.1. Determination of apparent hoop tensile strength 

The test was performed according to the ASTM D2290 standard on the universal machine 
for testing the mechanical properties EU 40mod (VEB Werkstoffprüfmaschinen GmbH, 
Germany). The procedure is based on the load of the sample of the separated disks 
applying the tensile stress to the sample. The Apparent Hoop Tensile Strength is 
measured, not the tensile strength due to the bending moment that occurs due to the 
change in the contour of the samples caused by the separation of the discs. The tool for 
testing is shown in Fig. 5. 
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Fig. 5: Grip for testing the tensile strength of hoops: (a) jaws, (b) jaws with a pattern 

 

The test specimens of length l=25 mm were tested with a constant load increment of  
10 mm/min. The test was performed until the specimen ruptured (Fig. 6) and the 
maximum force was measured (Tab. 1). 

Tab. 1: Mean value of maximum force (n = 3) 

Specimen Fmax / kN 

V 90,7 ± 753,1 

P 106,9 ± 865,1 

 

Apparent Hoop Tensile Strength (σa) was determined according to ASTM D2290 and 
the mean values are shown in Tab. 2. There is no significant deviation between the 
mean values. 

Tab. 2: Mean value of apparent hoop tensile strength (n = 3) 

Specimen σa / N/mm2] 

V  281,1 ± 7 

P  274,8 ± 19 
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Fig. 6: Specimens after the testing 

2.2. Determination of external loading characteristics of plastic pipe by 

parallel-plate loading 

The test was performed according to the standard ASTM D2412 – Standard test method 
for determining characteristics of the external load of plastic pipes by the process of 
parallel plates. The samples were cut to the length closest to one inch (25,4 mm) and 
placed between two parallel plates (Fig. 7). The test sample is then pressurized at a speed 
of 10mm/min. The test was carried out until the deflection of the pipe was 30% of the 
average inside diameter. The test results are shown in Tab. 3. 

 

 

Fig. 7: The procedure of Determination of External Loading Characteristics of Plastic Pipe by  
Parallel-Plate Loading 

Tests showed that the vinyl ester (V) matrix has a lower pipe stiffness (SN), which means 
that it is more resistant to deformation and has a higher possibility of energy absorption 
before a fracture occurs. 
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Tab. 3: Mean value of Pipe Stiffness SN (n = 3)  

Specimen 
Pipe stiffness SN / 

kN/mm2 

V 21,1±0,4 

P 48,5±0,5 

 

2.3. The determination of the reinforcement 

The fibers in the composite are the main load carriers, information about their share in 
the composite gives a clearer picture of the mechanical properties of the material. The test 
was performed according to EN ISO 1172. Three samples were cut from one sample of 
polyester pipe and three samples were also cut from vinyl ester pipe. These six samples 
were each placed in a separate ceramic pot and placed in furnace at 600 °C (Fig. 8). This 
process burns the matrix, leaving only glass fibers in the pot. 

 

Fig. 8: Reinforcing mass fraction test procedure 

 

The investigation showed that there is a difference in the mass fraction of reinforcing 
(Tab. 4.). 

Tab. 4: Mean value of the mass fraction of the reinforcement (n = 3) 

Specimen Reinfstorcement wt. / % 

V 70,52 ± 0,62 

P 74,94 ± 0,54 
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3. CONCLUSION 

From the results of the determination of the mass fraction of glass fibers in the matrix, we 
can conclude that the fiber content has a very significant influence on the mechanical 
properties of composites. Although better mechanical properties of the vinyl ester matrix 
are expected, we obtain approximately equal amounts of the apparent strength of the 
hoop due to the higher proportion of glass fibers in the composite. An important 
difference between the matrix materials is seen in the pressure testing of samples where 
the vinyl ester matrix shows lower stiffness. 
In this paper, tests of mechanical properties, mass fraction of reinforcements were 
performed to establish the influence of the matrix on individual mechanical properties of 
composites. 
The tests gave the following results (Tab. 5): 
• The amount of mean apparent hoop tensile strength is 281,1±7 N/mm2 for samples with 
polyester matrix, while for samples with vinyl ester matrix it is 274,8±19 N/mm2 
• Pipe stiffness for vinyl ester samples is 21,1±0,4 N/mm2, and for polyester 48,5±0,5 
N/mm2 
• Vinyl ester samples had a mass fraction of glass fibers of 70,52±0,62%, while polyester 
samples amounted to 74,94±0,54% 

 
Tab. 5: Mean values of the tested properties of the composite 

Composite 
properties 

Vinyl esters specimens Polyester specimens 

Apparent Hoop 
Tensile Strength 

274,8±19 N/mm2 281,1±7 N/mm2 

Pipe Stiffness (SN) 21,1±0,4 N/mm2 48,5±0,5 N/mm2 

Mass fraction of 
fiber 

70,52±0,62% 74,94±0,54% 

 
By optimizing the processing of composites, and the correct choice of matrix and 
reinforcement materials, we obtain very good mechanical properties of composites. 
These materials will have increasing potential to replace conventional materials in the 
industry. Special emphasis is placed on the environmental friendliness of these materials 
and the reduction of environmental pollution. 
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