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Ö Z

Bu çalışmada, polipropilen ve polietilen matris elemanlarının her birine aynı üretim yöntemi ve aynı koşullarda 6 mm boyut-
larında %5, %10 ve %15 kırpılmış aramid elyaf takviyesi eklenerek toplam 6 farklı kompozit elde edilmiştir. Takviye ve matris 

malzemeleri ekstrüzyon yöntemiyle karıştırılmış ve daha sonra pres kalıplama tekniği ile plakalar haline getirilmiştir. Bu kompozit-
lerin çekme ve charpy testleri yapılarak mekanik özellikleri incelenmiş ve matrisin viskozite ve yüzey enerjisinin kompozit üzerinde 
etkisi tartışılmışıtır. Kompozitlerin mekanik özellikleri için S/N oranları hesaplanmış ve matris, elyaf ve katkı oranlarının mekanik 
özelliklere etkisi varyans analizi (ANOVA) kullanılarak belirlenmiştir. Sinyal/Gürültü (S/N) oranları ve ANOVA sonuçlarına göre kom-
pozitlerin mekanik özellikler üzerinde farklı etkileri olduğu gözlemlenmiştir. Borular, her matris elemanına %15 aramid elyaf ilave 
edilerek kompozit malzemelerin mekanik özellikleri dikkate alınarak tasarlanmıştır. Basınç testi yapılacak kompozit boru tasarımı, 
ISO 1167 standartlarına göre 500 mm uzunluğunda Solidworks programında tasarlanmıştır. Doğalgaz altyapı işlerinde standart 
olarak kullanılan 125mm dış çaplı boru ölçüleri referans alınmıştır.

Anahtar Kelimeler
Kırpılmış fiber, polypropylene, polyethylene, ANOVA, boru.

A B S T R A C T

In this study, a total of 6 different composites were obtained by adding 5%, 10% and 15% chopped aramid fiber reinforcement 
in 6 mm dimensions to each of the polypropylene and polyethylene matrix elements under the same production method and 

same conditions. The reinforcement and matrix materials were mixed using the extrusion method and then formed into plates 
by the press molding technique. The mechanical properties of these composites were investigated by performing tensile and 
charpy tests, and the effects of the surface energy of the matrix on the composite were discussed. S/N ratios were calculated for 
the mechanical properties of the composites and the effect of the matrix, fiber and additive ratios on mechanical properties was 
determined using analysis of variance (ANOVA). According to the Signal/Noise (S/N) ratios and ANOVA results, it was observed that 
the composites had different effects on the mechanical properties. Pipes are designed considering the mechanical properties of 
composite materials with 15% aramid fiber added to each matrix element. The composite pipe design to be pressure tested was 
designed in Solidworks program with a length of 500 mm according to ISO 1167 standards. Pipe dimensions with an outer diame-
ter of 125mm, which are used as a standard in natural gas infrastructure works, are taken as reference.
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INTRODUCTION

Short fiber reinforced polymers (SFRP) are becoming 
increasingly popular in various application areas such 
as the automotive and construction industries [1]. High-
performance materials are obtained by combining poly-
mers with the advantages of good impact resistance 
and low weight with the high stiffness and strength of 
reinforcing fibers [2]. In addition, many chopped fiber 
reinforced polymers are suitable for mass production as 
conventional techniques such as extrusion and injection 
molding can be used [3]. Traditional reinforcing fibers 
are usually glass fibers because it offers good strength 
and stiffness, impact resistance, chemical resistance, 
and thermal stability at a low price [4]. However, since 
glass fiber is not sufficient for special applications, it is 
necessary to use other fiber types. For example, carbon 
fiber is used when high stiffness is required [5], while 
aramid fiber shows high impact resistance [6].

Glass fiber is constantly used in the manufacture of pi-
pes that require high pressure and high temperature 
[7]. Polypropylene composites reinforced with conti-
nuous glass fibers have a higher modulus of elasticity 
than pure polypropylene due to the stiffening effect 
of the fibers [8]. However, continuous glass fibers limit 
the processing and forming capabilities of composites. 
The injection method is common in the production of 
randomly oriented long (ranging from 5 to 25 mm) and 
short (less than 3 mm) fiber-reinforced composites [9]. 
This method provides flexibility and significant strength 
values in the production of short glass fiber reinforced 
composites [10]. Therefore, polymer composites rein-
forced with chopped fibers are used in pipe production. 
However, polymer reinforcement fails when the fiber 
length is less than the critical length required to trans-
fer the mechanical load from the polymer matrix to the 

fiber [11]. It also exhibits undesirable performance due 
to its high fiber content, poor fiber-matrix interaction, 
widening of matrix cracks and consequent low load be-
aring capacity [12].

Recently, aramid fiber reinforced polymer composites 
have been highly preferred. It has been preferred in en-
gineering fields due to its high strength values and low 
densities [13]. Various studies have been carried out to 
modify the aramid fiber surface in order to improve the 
interfacial adhesion between the fiber and the matrix. 
The purpose of aramid fiber surface modification is to 
improve the chemical activity of the surface, increase 
the surface roughness and provide an excellent chemi-
cal bond and mechanical interlocking between the fiber 
and the matrix [14].

In the study, polypropylene (PP), and polyethylene (PE), 
were chosen as matrix materials and the matrix mate-
rials were reinforced with aramid fibers. The main ob-
jective of this study is to provide detailed and collective 
information about the mechanical properties of the 
composites in question since the above-mentioned 
composites have a wide area of use in engineering app-
lications and contribute to the literature.

MATERIALS and METHODS

Material and Production Method
In the experimental studies, PP and PE were used as 
matrix materials and aramid (Twaron) fibers were used 
as reinforcement material. Chopped fiber of 6 mm 
length was used in composites. The fiber ratios were 
determined as 5%, 10% and 15%. The mechanical pro-
perties of matrix and fiber materials are taken from the 
catalog values (Table 1).

Materials
Density
(g/cm3)

Tensile Strength
(MPa)

Stress Modulus
(GPa)

Elongation at Break 
(%)

Polypropylene (PP) 0.9 38 1.3 > 50

Polyethylene (PE) 0.95 24 1.1 > 50

Aramid Fiber (AF) 1.44 2800 70 2.3-4.2

Table 1. Mechanical properties of materials.
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Twin screw extruder (Polmak Plastik 22 mm Lab type 
research extruder) was used for composite produc-
tion. The temperature values for the five zones in the 
extruder were determined using the literature and the 
product catalog of the materials (Table 2). After the 
composites were obtained, they were granulated with 
a cutter. 500mmx500mm composite plates were obtai-
ned by granular press molding method. The production 
parameters of composites made with each matrix are 
shown in figure 1. Molding consists of 3 stages and all 
samples taken were kept for 120 seconds in the first 

stage, 180 seconds in the second stage and 60 seconds 
in the third stage. The test samples were prepared by 
cutting the relevant molds in standard dimensions on 
the CNC machine [15,16].

Experimental Design and Anova Analysis
In this study, it is necessary to determine the experi-
mental factors and their levels to interpret their effects 
on the response variable by making the changes in Tab-
le 3 [17]. 

Figure 1. Press molding production parameters.

Figure 2. Cropped fiber production in twin screw extruder.

Matrix Material Extruder Temperature Screw Rotation Speed (rpm)

Polypropylene 195-215-225-225-240 30

Polyethylene 170-195-220-220-230 30

Table 2. Extrusion production parameters.
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In this process, the experimental matrix indicated in 
Table 4 was used to observe, obtain and interpret the 
effects on the response variable by making desired 
changes on the input variables [18].

In the analysis of variance, it is revealed to what extent 
the examined factors affect the output value chosen 
to measure quality and how kind of variability different 
levels cause. In addition, the statistical reliability of the 
obtained results is also tested. For this purpose, first of 
all, the SST value (sum of total squares), which indicates 
the total variability of the signal/noise (S/N) ratio, is cal-
culated according to equation 1 [19].

   
(1)

In Equation 1, ƞi is the signal-to-noise ratio calculated 
over the measured value, ƞm is the average of the signal-
to-noise ratios calculated over the measured value, and 
n is the total number of experiments [20]. The SST value 
consists of the sum of the squares of the three factors 
(SSA, SSB, and SSC) and the SSE value is the sum of the 
squares of the margin of error. The sum of the squares 
of each factor was calculated separately using equation 
2.

  

(2)

In Equation 2, kA represents the number of levels of the 
A factor, the number of experiments at the i level of the 
A factor, the S/N ratio of the A factor at the i level, and  
the average S/N ratio.

Then the F-Test is performed by calculating with equa-
tion 3 to show how much each experimental factor af-
fects the test results.

   

(3)

In Equation 3, k-1 is the degree of freedom for the nu-
merator by subtracting one from the number of groups, 
N-k, the degree of freedom for the denominator is de-
termined by subtracting the number of groups from the 
number of observations in all groups [21].

RESULTS and DISCUSSION

Tensile Properties and Fractography
Tensile tests were completed with the Besmak-BMT 
100E brand Universal Tensile Tester (100 kN). Tensile 
test specimens were prepared according to TS EN ISO 
527-2 type 2 standards. Tensile speed was set to 2 mm/
min, and pre-tension value was set to 10N. The mea-
suring length is 50 mm video extensometer. Test con-
ditions completed at 21 oC. Fractured surface images 
of 15% fiber reinforced samples were examined with 
Hitachi TM3000 brand SEM.

Factors 1. Level 2. Level 3. Level 4. Level

A- Matrix Type PP PE - -

B- Fiber Percentage % 0* 5 10 15

Table 3. Experiment factors and levels.

Experiment No A-Matrix Type B-Fiber Percentage %

1 1 1

2 2 1

3 1 2

4 1 3

5 1 4

6 2 2

7 2 3

8 2 4

Table 4. Experimental design.
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It was observed that as the ratio of AF increased, the 
tensile strength of the composites increased and the 
highest tensile strength was observed in the reinforced 
composites with 15%. When the matrix materials were 
compared, it was seen that the best performance was 
15% AF reinforced PE composite.

-15% AF increased the tensile strength of PE by 1.7 times 
and increased it from 19 MPa to 34 MPa.

-15% AF increased the tensile strength of PP by 1.5 times 
and increased it from 38 MPa to 57 MPa.
The yield of fibers on matrix materials can be calculated 
using the Kelly–Tyson model [22].

  

(4)

The yield decreased gradually with the increasing fiber 
content of PP. However, as the PE fiber ratio increased, 
the yield increased, but after 15%, the graph started to 
draw a horizontal direction. This means that the PE+15% 
AF mixture is optimal. When we look at the literature, 
the fiber yield is expected to be between 0.2-0.38 in the 
form of randomly dispersed fibers in the matrix [23]. In 
our study, the fiber yield of 15% AF reinforced PE was 
0.03, and the fiber yield of 15% AF reinforced PP was 
0.06. This showed us the result that the bond formation 
between the fiber and the matrix is weak [24]. 

Figure 3. Tensile test results of PP+AF composites. Figure 4. Tensile test results of PE+AF composites.

Figure 5. Aramid fiber yield factor in PP and PE.
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Figure 6 shows SEM images of 15% fiber reinforced 
composites. It is seen that there is pull out in the fibers 
and when the surface of the fibers is examined, it is not 
covered with a polymeric matrix. This indicates poor 
interface adhesion between fiber and matrix. Dark circ-
les around the fibers indicate local deformation of the 
matrix around the fibers. In addition, these dark circles 
at the interface indicate that the fibers are not connec-

ted with the matrix. The dark circle is caused by local 
deformation of the matrix around the fiber after the 
fibers are separated from the matrix. When the fractu-
re surfaces of the 15% AF reinforced composites were 
examined, it was observed that bending and crossing 
occurred in the fibers with the increase in the fiber con-
tent. This adversely affected fiber performance [25].

Figure 6. SEM images of 15% AF reinforced a) PE and b) PP composites aramid fiber reinforced.

Figure 5. Aramid fiber yield factor in PP and PE.
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Charpy impact Properties 
Experiments were made in Testform-SDTC-50J/PL-057 
brand impact tester. Charpy impact test specimens 
were prepared with notches according to TS EN ISO 
179-1 standards and the tested ambient temperature 
was set as 21 oC. 

When the impact results of the composites are exami-
ned (figure 7.), it is seen that the impact force increases 
as the fiber ratio increases. However, Aramid Fiber sho-
wed higher performance with PP matrix composite.

-15% AF increased the tensile strength of PE by 2,6 times 
and increased it from 5 MPa to 13 MPa.

-15% AF increased the tensile strength of PP by 2.38 ti-
mes and increased it from 6 MPa to 14.3 MPa.

For the next section, the impact of each factor at each 
level should be disassembled. For this purpose, the ave-
rage of the S/N ratios calculated in Table 5 is considered 
independent for each level of each factor. The greatest 
signal-to-noise ratio gives the best experimental result. 
These values are graphically presented in Figures 8-9. 
The highest S/N ratio was the PP in all tests. Meanwhile, 
the S/N ratio increases as the fiber percentage increa-
ses. It is seen that the composites are quite effective on 
the tensile strength of the marix type.

Analysis of Experimental Results
Signal value (S) denotes the actual value presented by 
the system and intended to be measured. The noise 
factor (N) refers to the share of undesirable factors in 
the measured value. The aim of this study is to reach 
the highest value. The equation below is used to cal-
culate the S/N ratio according to this method [26]. S/N 
ratios of test results are shown in Table 4.

   
(5)

In Equation 5,  is the measurement value and n is the 
number of experiments.

When the S/N ratios of the tensile and charpy tests are 
examined (Figure 8-9), it is seen that the mechanical 
properties increase as the fiber ratio increases. In ad-
dition, molecules in a low surface energy liquid are not 
strongly attracted to each other; instead, they tend to 
spread and adhere to the surface, so a high free energy 
liquid will not bind to the fiber surface. To form a good 
bond, the matrix surface energy must be low [27]. Since 
the surface energy of the PP matrix is lower than that of 
the PE matrix, the composite with PP matrix performed 
better [28].

Experiment No Tensile (MPa) S/N Charpy impact (kJ/m2) S/N

1 38 31.59 6 15.56

2 19 25.57 5 13.97

3 45.32 33.12 8.35 18.43

4 52.56 34.41 12.78 22.13

5 57.73 35.22 14.35 23.13

6 24.04 27.61 7,.3 17.06

7 28.22 29.01114 57.41 35.18

8 31.92 30.081258 42.9142 32.65

Table 5. S/N ratios of experimental results.
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Figure 8. S/N Ratios for Tensile Strength.

Figure 9. S/N Ratios for Charpy Test.

S/N ratio:    30,83 Average S/N Values

Degrees 
of 

Freedom
Level 1 Level 2 Level 3 Level 4

Sum of 
Squares

Variance F Percentage of 
Contribution (%)

A- MATRIX TYPE 1 33.59 28.07 0.00 0.00 60.92 60.92 603.19 90.58

B- FIBER 
PERCENTAGE %

3 28.59 30.37 31.71 32.65 18.71 6.24 61.75 9.27

Error 2 0.20 0.10 0.15

Total 6 79.83 67.26

Table 6. ANOVA Table for Tensile Test.
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To explain how each experimental factor influences the 
experimental results, the calculated F values are 1 for 
the A factor, 3 for the B factor and 3 for the error term, 
the degrees of freedom taken from the critical F table 
are F 0.05;1;2 (18.53) and F are compared with 0.05;3;2 
(19.164). The calculated F values were greater than the 
critical F values and provided the targeted 95% confi-
dence level.

When Table 6-7 is examined, it is seen that the factor af-
fecting the tensile strength of composite materials the 
most is the matrix type with 90.58%. It was observed 
that the factor affecting the impact resistance the most 
was the fiber additive ratios with 85.06%. It was obser-
ved that the effect on the matrix material increased as 
the fiber additive ratio increased [29].

Finite Element Analysis of Composite Pipes
Numerical finite element analysis ANSYS program 2021 
R1 version was used in the pressure test of composite 
materials in the computer environment. The mechani-
cal properties of the materials are taken from the test 
results.

If we list the steps of problem definition in ANSYS in its 
most basic form,

• Material Identification
• 3D Model Creation
• Creating Mesh
• Definition of Boundary Conditions
• Problem Solving
• Results

Material Identification
When the test results are examined, it has been seen 
that the increased fiber ratio improves the mechanical 
properties of the materials. Therefore, pipes are de-
signed considering the mechanical properties of com-
posite materials with 15% fiber added to each matrix 
element.

When the material densities are calculated theoreti-
cally;

S/N ratio:    19,08 Average S/N Values

Degrees 
of 

Freedom
Level 1 Level 2 Level 3 Level 4

Sum of 
Squares

Variance F Percentage of 
Contribution (%)

A- MATRIX TYPE 1 19.82 18.35 0.00 0.00 4.30 4.30 65.95 14.72

B- FIBER 
PERCENTAGE %

3 14.77 17.75 21.23 22.58 74.47 24.82 381.07 85.06

Error 2 0.13 0.07 0.22

Total 6 78.90 29.19

Table 7. ANOVA Table for Charpy Test.

Degrees 
of 

Freedom
Level 1 Level 2 Level 3 Level 4

Sum of 
Squares

Variance F Percentage of 
Contribution (%)

A- MATRIX TYPE 1 19.82 18.35 0.00 0.00 4.30 4.30 98.93 14.73

B- FIBER 
PERCENTAGE %

3 14.77 17.75 21.23 22.58 74.47 24.82 571.60 85.12

Error 3 0.13 0.04 0.15

Total 7 78.90 29.16
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The fiber volume ratio is defined as Vf, the matrix volu-
me ratio Vm and their density ρ.
Accordingly, the theoretical density calculation of com-
posite materials can be made from the following equ-
ation 6.

   
(6)

Creating a 3D Model and Mesh
The composite pipe design to be pressure tested was 
designed in Solidworks program with a length of 500 
mm according to ISO 1167 standards. Pipe and pipe di-
mensions of 125 mm outer diameter, which are used 
as a standard in natural gas infrastructure works, are 
taken as reference.

The equation used in ISO 1167 standards is used to cal-
culate the test pressure of the pipe to be used under 19 
bar pressure.

   
(7)

There are 108656 nodes and 20928 elements in the 
analysis model.

Density of matrix material (gr/
cm3)

Density of fiber material
(gr/cm3)

Total density (gr/cm3)

PP+%15 AF 0.90 1.44 0.98

PE+%15 AF 0.95 1.44 1.02

8 31.92 30.081258 42.9142

Table 8. Densities of 15% reinforced composite materials.

outer diameter (mm) inner diameter (mm) wall thickness (mm)

125 102.6 11.2

Table 9. Pipe dimensions.

Figure 10. Composite pipe design. Figure 11. Analysis model of composite pipe.
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Defining Boundary Conditions
The two ends of the composite pipe to be tested were 
closed with a steel cap and the mechanical behavior of 
the material was examined at 37.5 bar pressure.

Finite Element Analysis Results
When Figure 12-13 is examined, it is seen that the factor 
of safety of PP+15%AF is 2.44, and the factor of safety 
of PE+15%AF is 1.36.

CONCLUSION

1-It was concluded that the type of reinforcement ma-
terial, the degree of adhesion between the matrix and 
the interface, the fiber percentage and its orientation 
in the matrix affect the mechanical properties of the 
composite.

2-It was observed that the mechanical values of the 
composites increased with the increase in the reinfor-
cement fiber ratio. The fiber yield decreased due to the 
withdrawal of aramid fibers from the matrix and the de-
formations around the fiber. 

3-Aramid fiber showed higher performance over PE 
matrix composite. The surface energy of the matrix af-
fected the efficiency of the composites formed with the 
fiber. Surface energy of the PP matrix is lower than that 
of the PE matrix, the composite with PP matrix perfor-
med better.

4-According to the results of ANOVA analysis, it is seen 
that11” the percentages of effect of matrix and fiber 
additive ratios on the mechanical properties of compo-
site materials are different.

5-The safety coefficient of the pipe designed from 
PP+15% AF composite material is 2.45. Therefore, the 
safest composite material was found to be PP+15% AF.

Figure 12. Finite Element Analysis Results of PP+%15 AF a)Equivalent Stress, b)Safety Factor.

Figure 13. Finite Element Analysis Results of PE+%15 AF a)Equivalent Stress, b)Safety Factor.
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