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ABSTRACT  

 In this research, the main objectives of this investigation as, first, study the 

effect of fibers orientation on fatigue strength for composite materials, second, study 

the effect of fiber orientation on shape and direction of fracture surface for composite 

materials. The experimental work using to study fatigue limit for composite material 

with different fiber orientation as (00, 30o, 450, 60o, 90o) and study of the fatigue 

surface (shape and direction of fatigue surface of composite material) for each fiber 

orientation fiber.  

 The material using for composite material in this research are epoxy resin 

matrix and glass reinforcement fiber with volume fracture of fiber in composite 

material about (0.21). The results are endurance fatigue strength with number of cycle 

for fiber orientation (00, 30o, 450, 60o, 90o) and the shape and direction of surface 

fatigue of composite material.  

  الخلاصة
 :ثانيا،  زاوية الألياف على مقاومة الكلل للمادة المركبة:أولا، في هذا البحث تمت دراسة تأثير  

تضمنت الدراسة . دراسة تأثير زاوية الألياف على شكل الكسر الناتج وعلى اتجاه مساحة الكسر للمادة المركبة
90، 0(العملية دراسة تأثير زاوية الألياف   ،60 o ،30o ،45o o o ( على إجهاد الكلل وشكل واتجاه مساحة

  .الكسر
والياف الزجاج ) كمادة رابطة(المادة المركبة التي تمت دراستها مكونة من مزيج مادة الايبوكسي   

النتائج التي تم الحصول عليها هي مقاومة الكلل للمادة المركبة وعدد الدورات التي تسبب ). كمادة تقوية(
90،   ).   0(لكسر للمادة المركبة لعدة زوايا لالياف التقوية الكسر وشكل الكسر وزاوية ا  ،60  ،45  ،30o o o o o
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INTRODUCTION 
Fatigue damage in composite materials is very complex, due to several damage 

mechanisms occurring at many locations throughout a laminate. Damage is observed in 
a series of mechanisms, such as matrix cracking, fiber fracture, longitudinal cracking, 
crack coupling, and delaminating growth. As a result of this damage, composite 
components generally do not fail due to a single, large macro-crack, Daniel B. Miracle 
(2001). 

Fatigue failures can and often do occur under loading conditions where the 
fluctuating stress is below the tensile strength and, in some materials, even below the 
elastic limit. Because of its importance, the subject has been extensively researched 
over the last one hundred years but even today one still occasionally hears of a disaster 
in which fatigue is a prime contributing factor, E. J. Hearn (1997). 

The difference between the thermal expansions coefficient of the matrix and 
fiber materials must be minimized. This is not always possible. Flex able fiber coatings 
save used to reducing the differences in thermal expansion coefficient between the 
matrix and fibers. But this step adds considerably cost to the composite materials. 

Fatigue mechanisms in composite materials specimens are considerably 
different when comparable with metallic materials specimens. The fatigue mechanisms 
in composite materials consist of the, ply-cracking, delaminating, and ultimately fiber 
fatigue. 

W.S. Carswell and R.C Roberts (1980) Studied behaviour of chopped strand 
mat glass fiber- reinforced polyester resin under tensile fatigue loading in air. It was 
compared to that aqueous acidic environments. 

Marc and Paul (1995) This in vitro study was conducted to investigate the 
fatigue behavior of several dental restoratives, including composites, glass ionomers 
and a resin-reinforced glass ionomer. 

Al-Assaf and Al-Kadi (2001) Fatigue behavior of unidirectional glass 
fiber/epoxy composite laminae under tension–tension and tension–compression loading 
is predicted using artificial neural networks (ANN). 

Raif and Ramazan (2008) To investigate bending fatigue behaviors for glass-
fiber reinforced polyester composite material, 800 g/m2, 500 g/m2, 300 g/m2, and 
200 g/m2 glass-fiber woven and 225 g/m2, 450 g/m2, and 600 g/m2 randomly distributed 
glass-fiber mat samples with polyester resin have been used. 

Ferreir and costa (1999) This paper concerns fatigue studies of 
polypropylene/glass-fiber thermoplastic composites produced from a bi-directional 
woven cloth of co-mingled E-glass fibers and polypropylene fibers with a fiber volume 
fraction Vf of 0.338. 
 
EXPERIMENTAL WORK 

In this search we study fatigue behavior for composite material and effect of the 
direction for the fiber on the fatigue stress and the behavior of fracture of composite 
material. The process of manufacturing composite samples depends on the components 
of the composite material. These components are matrix and fibers, 

1. The matrix, The resin type used in this work is Epoxy resin (Quickmast 105) 
which is manufactured by (Ayla Construction Chemicals Under Licence From 
DCP ,England). The (Quickmast 105) is a low viscosity component epoxy resin 
system with formulated amine hardener .This type of epoxy has the following 
properties, Valery V. Vasiliev (2007), tabulated in Table 1, 
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Table 1. Properties of matrix materials. 
 

Compressive Strength > 72 N/mm2 at 7days@  20

Tensile Strength > 60 N/mm2 at C 35

Flexural Strength > 25 N/mm2 

Pot life 85 minutes at C 20

Specific gravity 1.04 

Viscosity 1.0 poise at C 35

Min. application Temperature 5 C 

 
This type of resin has the ability to undergo a quick transformation from the 

liquid state to hard solid at room temperature and this process is much faster at a high 
temperature and is called (curing process).  

2. The fiber glass, The type of fibers used is (E-glass) with the commercial name of 
(Vela Glass 875U) .This type of fibers is dry, unidirectional glass fiber . For most 
applications Vela Glass 875U is a proven cost effective alternative to traditional 
strengthening techniques .The general properties of this glass fiber are, Valery V. 
Vasiliev (2007), tabulated in Table 2, 

 
Table 2. Properties of reinforcement Fiber materials. 

 

Color white 

Primary Fiber Direction 0o (unidirectional ) 

Density (Kg/m3) 2285   

Tensile Strength (N/mm2) 1350  

Modulus of Elasticity (GPa): 60   

 
After measuring its Length (L) to get the fiber volume according to the 

relations: 

               

m

V                                                                                                              (1) 

V =Volume of fiber (m3) 
m =Mass of fiber (kg) 
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The density of fiber is taken from its specifications while the mass of the fiber is 
measured directly by electronic balance, then the fiber diameter can be measured 
according to : 

ff LdV 2

4


                                                                                                                (2) 

fd = Equivalent fiber diameter (m) 

Lf = Fiber length (m) 
   
Preparation of Samples 

For the work of test samples were manufactured five glass forms as shown in 
Fig. 1. The objective of this method is to get a careful organization of the fiber and the 
required angles, which is (0o, 30o, 45o, 60o, 90o). The mixing of resin –fiber using are 
about 0.21 (volume fraction of fiber 0.21) for all sample of test using in the fatigue test 
shown below.  

After plating mold material in order to facilitate separation of fatty composite  
material for the form and then work on the glass molding composite material which 
includes fiber and resin, and has the casting process at room temperature (  25 oC ). 

It was subsequently cut composite material for each of the models of the five by 
ten pieces to be tested, and after the cutting process was the formation of each piece by 
machine turning to the desired shape, as shown in Figs. 2 and 3. and in accordance 
with the design of the test fatigue shown in Figs. 4 and 5. 

 
 

Sample of Test  
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                                                 Fig.1. Glass Forms 
 
 
 
 
 
 
 
 

 
 

2 cm 

 
Fig.2.  Dimension of Simple of Test. 
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S1-0o S2-30o

Fig.3.  Test Samples. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.4. Fatigue Test Machine 
 
 
 
 
 
 
 
 

S3-45o S4-60o S -90o 5
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Fig.5. Parts of fatigue Test Machine, (a) load part machine, (b) digital part 
machine, (c) computer part machine. 
Test of Samples 

Has been shed loads specimens according to the following, Tables 3 and 4. and 
Figs. 6 to 13., Figs. 14 to 19. shown the samples of fatigue after the test (fatigue 
shape). 
Table  3. Fatigue Stress and Number of Cycle with various fiber orientation angle. 
 

Fiber Orientation (deg) Endurance Fatigue Stress (Mpa) Number of Cycle Fatigue Stress
0o 95.7405 35935 
30o 39.62763 27067 
45o 33.52418 20824 
60o 28.44629 15056 
90o 23.68721 10508 

 
Table 4. Fatigue Stress (Mpa), for Different Fiber Orientation Angle (deg). 

 

Fiber Orientation (deg) 
0o 30o 45o 60o 90o 
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Number 
of Cycle 

Fatigue 
Stress 
(Mpa) 

Number 
of Cycle

Fatigue 
Stress 
(Mpa) 

Number 
of Cycle

Fatigue 
Stress 
(Mpa) 

Number 
of Cycle

Fatigue 
Stress 
(Mpa) 

Number 
of Cycle

Fatigue 
Stress 
(Mpa) 

40000 95.7291 35107 38.48812 30081 32.78317 30407 28.30827 30246 23.12245
35935 95.7405 33025 38.98041 25045 32.63669 25288 28.35936 25208 23.21693
33008 96.36609 30563 39.61357 20824 33.52418 20742 28.34446 20903 23.32372
30000 98.22766 27067 39.62763 17491 34.94178 15056 28.44629 15058 23.47127
25040 101.8474 25040 40.2914 15056 36.20798 12052 28.55785 10508 23.68721
20198 106.3256 22010 41.41578 12264 38.01507 10264 28.75434 7012 24.39942
17538 109.375 20084 42.23309 10259 39.66109 8071 29.14297 5002 25.01052
15012 112.8347 17023 43.75 8906 41.01563 6086 29.62091 3113 25.89442
12591 116.879 15049 44.916 5069 46.88867 4088 30.01246 1328 27.5625 
10357 121.5408 10016 48.99292 3197 52.31193 1054 31.23377 1086 28.13994
7615 129.2614 6074 54.51153 1775 60.15625 / / / / 
5001 140.6156 4665 57.67045 1169 68.93698 / / / / 
2570 160.6674 2055 68.69555 / / / / / / 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Fig.6.  Number of Fatigue Cycle with Various Fiber Orientation Angle. 
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Fig.7.  Endurance Fatigue Stress with Various Fiber Orientation Angle. 
 
 
 
 
 
 

Fig.7.  Endurance Fatigue Stress with Various Fiber Orientation Angle. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.8. Fatigue Stress with Various Number of Cycle (S-N-diagram) for Fiber 
Orientation Angle ( 0o ).   
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Fig.9. Fatigue Stress with Various Number of Cycle (S-N-diagram) for Fiber 
Orientation Angle ( 30o ). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 352



Ali S. et. al.                 The Iraqi Journal For Mechanical And Material Engineering, Vol. 11,No. 2, 2011 

Fig.10. Fatigue Stress with Various Number of Cycle (S-N-diagram) for Fiber 
Orientation Angle ( 45o ). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.11. Fatigue Stress with Various Number of Cycle (S-N-diagram) for Fiber 
Orientation Angle ( 60o ). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.12. Fatigue Stress with Various Number of Cycle (S-N-diagram) for Fiber 
Orientation Angle ( 90o ). 
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Fig.13. Fatigue Stress with Various Number of Cycle (S-N-diagram) for Various 
Fiber Orientation Angle. 
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Fig. 14 . fatigue shape of samples with Various Fiber Orientation Angle (Sample 
After Testing). 
  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Direct of Fiber-0o 

Shape of Fracture 
 = 0o  

Fig.15.  Optical Micrograph of Sample at angle (0o). 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Direct of Crack-30o 

30o 

Shape of Fracture 
 = 30o 

 
Fig.16.  Optical Micrograph of Sample at angle (30o). 
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Direct of Crack-45o 

45o 

Shape of Fracture 

 = 45o 
Fig.17.  Optical Micrograph of Sample at angle (45o) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Direct of Crack-60o 

60o 

Shape of Fracture 

 = 60o 
Fig.18.  Optical Micrograph of Sample at angle (60o). 
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Direct of Crack-90o 

Shape of Fracture 
 = 90o 

Fig.19.  Optical Micrograph of Sample at angle (90o). 
 
RESULTS AND DISCUSSION 
           The composite for the experiment were subjected to forces to the point of 
fracture and examined the strength fatigue as shown in Figs. 6 to 13. And Tables 3 and 
4. and microscopically as shown in Figs. 14 to 19. 
 
Tables 3 and 4, and Figs. 7 to 13. Shows the relation between the strength fatigue and 
number of cycles for various fiber orientation angle (00, 30o, 45o, 60o, 90o) of composite 
materials. From tables and figures shows that the fatigue strength of composite material 
decreasing with increasing the fiber orientation angle due to decreasing module of 
elasticity (strength) of composite materials. 
 
Table 3 and Fig. 6 . shown cycle number of fatigue with various fiber orientation angle 
(00, 30o, 45o, 60o, 90o) of composite materials. From table and figure shows that the 
number of fatigue cycle decreasing with increasing the fiber orientation angle, 
maximum at fiber angle (0o) and minimum at fiber angle (90o). 
 
The micro-structural changes that result from fatigue damage can be shown in the Figs. 
14 to 19. for various fiber orientation angle (00, 30o, 45o, 60o, 90o) of composite 
materials. Figures shows that the fracture surface of composite materials oblique 
(fatigue surface parallel to fiber direction) with the fiber orientation angle for fiber 
orientation angle (30o, 45o, 60o,90o) as in Figs. 16 to 19, for non-unidirectional fiber or 
load applied oblique on the fiber direction, becomes, the poor plane is parallel on fiber 
direction since the strength of composite material in fiber direction (perpendicular 
plane of fiber direction) greater than strength in perpendicular on fiber direction 
(parallel plane of fiber direction).  
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Fig. 15 . shown the fracture and micro-structural of unidirectional fiber, load supplied 
parallel to fiber direction. From figure shown that the fatigue surface perpendicular on 
the fiber direction, fatigue surface perpendicular to fiber direction, due to no load on 
the parallel plane to fiber direction. 
 
CONCLUSIONS 

1. The magnitude of fatigue strength and number of cycle of fatigue for composite 
material using in this research are found to lie between (95.7405 and 23.68721 
MPa) and (35935 and 10508 cycle), respectively, for different orientation states 
of fibers. 

2. The magnitude of fatigue strength and number of cycle of fatigue for composite 
material are decreasing with increasing fiber orientation angle, increasing with 
increasing the strength of composite material and decreasing with decreasing 
the strength of composite materials.  

3. For oblique load on fiber direction, the surface fatigue of composite materials 
parallel of fiber direction and for unidirectional fiber, surface fatigue 
perpendicular on fiber direction. 
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INTRODUCTION 
Fatigue damage in composite materials is very complex, due to several damage 

mechanisms occurring at many locations throughout a laminate. Damage is observed in 
a series of mechanisms, such as matrix cracking, fiber fracture, longitudinal cracking, 
crack coupling, and delaminating growth. As a result of this damage, composite 
components generally do not fail due to a single, large macro-crack, Daniel B. Miracle 
(2001). 

Fatigue failures can and often do occur under loading conditions where the 
fluctuating stress is below the tensile strength and, in some materials, even below the 
elastic limit. Because of its importance, the subject has been extensively researched 
over the last one hundred years but even today one still occasionally hears of a disaster 
in which fatigue is a prime contributing factor, E. J. Hearn (1997). 

The difference between the thermal expansions coefficient of the matrix and 
fiber materials must be minimized. This is not always possible. Flex able fiber coatings 
save used to reducing the differences in thermal expansion coefficient between the 
matrix and fibers. But this step adds considerably cost to the composite materials. 

Fatigue mechanisms in composite materials specimens are considerably 
different when comparable with metallic materials specimens. The fatigue mechanisms 
in composite materials consist of the, ply-cracking, delaminating, and ultimately fiber 
fatigue. 

W.S. Carswell and R.C Roberts (1980) Studied behaviour of chopped strand 
mat glass fiber- reinforced polyester resin under tensile fatigue loading in air. It was 
compared to that aqueous acidic environments. 

Marc and Paul (1995) This in vitro study was conducted to investigate the 
fatigue behavior of several dental restoratives, including composites, glass ionomers 
and a resin-reinforced glass ionomer. 

Al-Assaf and Al-Kadi (2001) Fatigue behavior of unidirectional glass 
fiber/epoxy composite laminae under tension–tension and tension–compression loading 
is predicted using artificial neural networks (ANN). 

Raif and Ramazan (2008) To investigate bending fatigue behaviors for glass-
fiber reinforced polyester composite material, 800 g/m2, 500 g/m2, 300 g/m2, and 
200 g/m2 glass-fiber woven and 225 g/m2, 450 g/m2, and 600 g/m2 randomly distributed 
glass-fiber mat samples with polyester resin have been used. 

Ferreir and costa (1999) This paper concerns fatigue studies of 
polypropylene/glass-fiber thermoplastic composites produced from a bi-directional 
woven cloth of co-mingled E-glass fibers and polypropylene fibers with a fiber volume 
fraction Vf of 0.338. 
 
EXPERIMENTAL WORK 

In this search we study fatigue behavior for composite material and effect of the 
direction for the fiber on the fatigue stress and the behavior of fracture of composite 
material. The process of manufacturing composite samples depends on the components 
of the composite material. These components are matrix and fibers, 

1. The matrix, The resin type used in this work is Epoxy resin (Quickmast 105) 
which is manufactured by (Ayla Construction Chemicals Under Licence From 
DCP ,England). The (Quickmast 105) is a low viscosity component epoxy resin 
system with formulated amine hardener .This type of epoxy has the following 
properties, Valery V. Vasiliev (2007), tabulated in Table 1, 
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Table 1. Properties of matrix materials. 
 

Compressive Strength > 72 N/mm2 at 7days@  20

Tensile Strength > 60 N/mm2 at C 35

Flexural Strength > 25 N/mm2 

Pot life 85 minutes at C 20

Specific gravity 1.04 

Viscosity 1.0 poise at C 35

Min. application Temperature 5 C 

 
This type of resin has the ability to undergo a quick transformation from the 

liquid state to hard solid at room temperature and this process is much faster at a high 
temperature and is called (curing process).  

2. The fiber glass, The type of fibers used is (E-glass) with the commercial name of 
(Vela Glass 875U) .This type of fibers is dry, unidirectional glass fiber . For most 
applications Vela Glass 875U is a proven cost effective alternative to traditional 
strengthening techniques .The general properties of this glass fiber are, Valery V. 
Vasiliev (2007), tabulated in Table 2, 

 
Table 2. Properties of reinforcement Fiber materials. 

 

Color white 

Primary Fiber Direction 0o (unidirectional ) 

Density (Kg/m3) 2285   

Tensile Strength (N/mm2) 1350  

Modulus of Elasticity (GPa): 60   

 
After measuring its Length (L) to get the fiber volume according to the 

relations: 

               

m

V                                                                                                              (1) 

V =Volume of fiber (m3) 
m =Mass of fiber (kg) 
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The density of fiber is taken from its specifications while the mass of the fiber is 
measured directly by electronic balance, then the fiber diameter can be measured 
according to : 

ff LdV 2

4


                                                                                                                (2) 

fd = Equivalent fiber diameter (m) 

Lf = Fiber length (m) 
   
Preparation of Samples 

For the work of test samples were manufactured five glass forms as shown in 
Fig. 1. The objective of this method is to get a careful organization of the fiber and the 
required angles, which is (0o, 30o, 45o, 60o, 90o). The mixing of resin –fiber using are 
about 0.21 (volume fraction of fiber 0.21) for all sample of test using in the fatigue test 
shown below.  

After plating mold material in order to facilitate separation of fatty composite  
material for the form and then work on the glass molding composite material which 
includes fiber and resin, and has the casting process at room temperature (  25 oC ). 

It was subsequently cut composite material for each of the models of the five by 
ten pieces to be tested, and after the cutting process was the formation of each piece by 
machine turning to the desired shape, as shown in Figs. 2 and 3. and in accordance 
with the design of the test fatigue shown in Figs. 4 and 5. 

 
 

Sample of Test  
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                                                 Fig.1. Glass Forms 
 
 
 
 
 
 
 
 

 
 

2 cm 

 
Fig.2.  Dimension of Simple of Test. 
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S1-0o S2-30o

Fig.3.  Test Samples. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.4. Fatigue Test Machine 
 
 
 
 
 
 
 
 

S3-45o S4-60o S -90o 5
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Fig.5. Parts of fatigue Test Machine, (a) load part machine, (b) digital part 
machine, (c) computer part machine. 
Test of Samples 

Has been shed loads specimens according to the following, Tables 3 and 4. and 
Figs. 6 to 13., Figs. 14 to 19. shown the samples of fatigue after the test (fatigue 
shape). 
Table  3. Fatigue Stress and Number of Cycle with various fiber orientation angle. 
 

Fiber Orientation (deg) Endurance Fatigue Stress (Mpa) Number of Cycle Fatigue Stress
0o 95.7405 35935 
30o 39.62763 27067 
45o 33.52418 20824 
60o 28.44629 15056 
90o 23.68721 10508 

 
Table 4. Fatigue Stress (Mpa), for Different Fiber Orientation Angle (deg). 

 

Fiber Orientation (deg) 
0o 30o 45o 60o 90o 
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Number 
of Cycle 

Fatigue 
Stress 
(Mpa) 

Number 
of Cycle

Fatigue 
Stress 
(Mpa) 

Number 
of Cycle

Fatigue 
Stress 
(Mpa) 

Number 
of Cycle

Fatigue 
Stress 
(Mpa) 

Number 
of Cycle

Fatigue 
Stress 
(Mpa) 

40000 95.7291 35107 38.48812 30081 32.78317 30407 28.30827 30246 23.12245
35935 95.7405 33025 38.98041 25045 32.63669 25288 28.35936 25208 23.21693
33008 96.36609 30563 39.61357 20824 33.52418 20742 28.34446 20903 23.32372
30000 98.22766 27067 39.62763 17491 34.94178 15056 28.44629 15058 23.47127
25040 101.8474 25040 40.2914 15056 36.20798 12052 28.55785 10508 23.68721
20198 106.3256 22010 41.41578 12264 38.01507 10264 28.75434 7012 24.39942
17538 109.375 20084 42.23309 10259 39.66109 8071 29.14297 5002 25.01052
15012 112.8347 17023 43.75 8906 41.01563 6086 29.62091 3113 25.89442
12591 116.879 15049 44.916 5069 46.88867 4088 30.01246 1328 27.5625 
10357 121.5408 10016 48.99292 3197 52.31193 1054 31.23377 1086 28.13994
7615 129.2614 6074 54.51153 1775 60.15625 / / / / 
5001 140.6156 4665 57.67045 1169 68.93698 / / / / 
2570 160.6674 2055 68.69555 / / / / / / 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Fig.6.  Number of Fatigue Cycle with Various Fiber Orientation Angle. 
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Fig.7.  Endurance Fatigue Stress with Various Fiber Orientation Angle. 
 
 
 
 
 
 

Fig.7.  Endurance Fatigue Stress with Various Fiber Orientation Angle. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.8. Fatigue Stress with Various Number of Cycle (S-N-diagram) for Fiber 
Orientation Angle ( 0o ).   
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Fig.9. Fatigue Stress with Various Number of Cycle (S-N-diagram) for Fiber 
Orientation Angle ( 30o ). 
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Fig.10. Fatigue Stress with Various Number of Cycle (S-N-diagram) for Fiber 
Orientation Angle ( 45o ). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.11. Fatigue Stress with Various Number of Cycle (S-N-diagram) for Fiber 
Orientation Angle ( 60o ). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.12. Fatigue Stress with Various Number of Cycle (S-N-diagram) for Fiber 
Orientation Angle ( 90o ). 
 

 353



EFFECT OF FIBER ORIENTATION ON FATIGUE OF GLASS-FIBER      Ali S. Hammood 

REINFORCEMENT EPOXY COMPOSITE MATERIAL                          Muhannad Al-Waily  

                                                                                                                                    Ali  Abd. Kamaz 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.13. Fatigue Stress with Various Number of Cycle (S-N-diagram) for Various 
Fiber Orientation Angle. 
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Fig. 14 . fatigue shape of samples with Various Fiber Orientation Angle (Sample 
After Testing). 
  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Direct of Fiber-0o 

Shape of Fracture 
 = 0o  

Fig.15.  Optical Micrograph of Sample at angle (0o). 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Direct of Crack-30o 

30o 

Shape of Fracture 
 = 30o 

 
Fig.16.  Optical Micrograph of Sample at angle (30o). 
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Direct of Crack-45o 

45o 

Shape of Fracture 

 = 45o 
Fig.17.  Optical Micrograph of Sample at angle (45o) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Direct of Crack-60o 

60o 

Shape of Fracture 

 = 60o 
Fig.18.  Optical Micrograph of Sample at angle (60o). 
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Direct of Crack-90o 

Shape of Fracture 
 = 90o 

Fig.19.  Optical Micrograph of Sample at angle (90o). 
 
RESULTS AND DISCUSSION 
           The composite for the experiment were subjected to forces to the point of 
fracture and examined the strength fatigue as shown in Figs. 6 to 13. And Tables 3 and 
4. and microscopically as shown in Figs. 14 to 19. 
 
Tables 3 and 4, and Figs. 7 to 13. Shows the relation between the strength fatigue and 
number of cycles for various fiber orientation angle (00, 30o, 45o, 60o, 90o) of composite 
materials. From tables and figures shows that the fatigue strength of composite material 
decreasing with increasing the fiber orientation angle due to decreasing module of 
elasticity (strength) of composite materials. 
 
Table 3 and Fig. 6 . shown cycle number of fatigue with various fiber orientation angle 
(00, 30o, 45o, 60o, 90o) of composite materials. From table and figure shows that the 
number of fatigue cycle decreasing with increasing the fiber orientation angle, 
maximum at fiber angle (0o) and minimum at fiber angle (90o). 
 
The micro-structural changes that result from fatigue damage can be shown in the Figs. 
14 to 19. for various fiber orientation angle (00, 30o, 45o, 60o, 90o) of composite 
materials. Figures shows that the fracture surface of composite materials oblique 
(fatigue surface parallel to fiber direction) with the fiber orientation angle for fiber 
orientation angle (30o, 45o, 60o,90o) as in Figs. 16 to 19, for non-unidirectional fiber or 
load applied oblique on the fiber direction, becomes, the poor plane is parallel on fiber 
direction since the strength of composite material in fiber direction (perpendicular 
plane of fiber direction) greater than strength in perpendicular on fiber direction 
(parallel plane of fiber direction).  
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Fig. 15 . shown the fracture and micro-structural of unidirectional fiber, load supplied 
parallel to fiber direction. From figure shown that the fatigue surface perpendicular on 
the fiber direction, fatigue surface perpendicular to fiber direction, due to no load on 
the parallel plane to fiber direction. 
 
CONCLUSIONS 

1. The magnitude of fatigue strength and number of cycle of fatigue for composite 
material using in this research are found to lie between (95.7405 and 23.68721 
MPa) and (35935 and 10508 cycle), respectively, for different orientation states 
of fibers. 

2. The magnitude of fatigue strength and number of cycle of fatigue for composite 
material are decreasing with increasing fiber orientation angle, increasing with 
increasing the strength of composite material and decreasing with decreasing 
the strength of composite materials.  

3. For oblique load on fiber direction, the surface fatigue of composite materials 
parallel of fiber direction and for unidirectional fiber, surface fatigue 
perpendicular on fiber direction. 
 

REFERENCES 
A M. Ferreira , J. D. M. Costa, P. N. B. Reis and M. O. W. Richardson 

"Analysis of fatigue and damage in glass-fibre-reinforced polypropylene composite 
materials "Volume 59, Issue 10, August 1999, pp.1461-1467. 

Daniel B. Miracle and Steven L. Donaldson "Composites" of ASM Handbook 
,Vol.21, 2001. 

E. J. Hearn" Mechanics of Materials 2" An introduction to the Mechanics of 
Elastic and Plastic Deformation of Solids and Structural Materials Third Edition , 
University of Warwick-United Kingdom Vol.2 .,1997, PP.446-450. 

J.R.Venson and E.W. Oldesenbet _ Fiber Orientation Effect on High Strain Rate 
Properties of Composite _ . Journal of composite material , Vol. 35 , No.6, , 
2001,PP.509-521  

J.Scherf and H.D. Wagner _ Interpretation of Fiber Fragmentation in Carbon-
Epoxy Single Fiber Composites : Possible Fiber Pre-Tension Effects-Polymer 
Engineering and science . Vol.32, No.4, 1992, PP. 298-304. 

Marc J. A. Braem, Paul Lambrechts, Sonia Gladys and Guido Vanherle "In-
vitro fatigue behavior of restorative Volume 11 , Issue 2 , March 1995, PP 137-141. 

Muhannad. L .AL-Waily - Analysis of Stiffened and Un-Stiffened composite 
plates subjected to time dependent loading, M.Sc. thesis -2004. 

Raif Sakin, İrfan Ay and Ramazan Yaman "An investigation of bending fatigue 
behavior for glass-fiber reinforced polyester composite materials" Volume 29, Issue 1, 
2008, PP. 212-217. 

R.P. Sheldon, Composite Polymer Materials, Applied Science Ltd., London 
1982. 

Valery V. Vasiliev and Evgeny V. Morozov 'Advanced Mechanics of 
Composite Materials' Elsevier (2007). 

 358

Y Y. Al-Assaf and H. El Kadi "Fatigue life prediction of unidirectional glass 
fiber/epoxy composite laminae using neural networks "Volume 53, Issue 1, July 2001, 
PP. 65-71. 



Ali S. et. al.                 The Iraqi Journal For Mechanical And Material Engineering, Vol. 11,No. 2, 2011 

 359

 
 


