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ABSTRACT 

Influence the fatigue behaviors theoretically and experimentally of the material that is manufactured through 

the stacking of four E-glass fiber layers in a variety of the orientations of the angle (0°, ± 45°and 90°) 

immersed in polyester resin in a (4mm) thickness. Tested under 2 dynamic load types as fatigue testing in 

fully reversible spectrum load at (R=-1) and tension load, to determine life curves and examine the fracture 

areas and affected of stress. To evaluate the composite behavior under fatigue conditions,  finite element 

analysis (FEA) has been used. The resulting of fatigue testing has shown that the fatigue degradation has 

maximal strength and the unxial composite is the highest as well]. The method of high magnification optical 

microscopy has shown that the lamina sat failure ( ± 45°and 0o/ 90° ) is caused because the matrix failure in 

the fiber direction, while for uni-directional lamina at 0o, failures occur  because of the fiber breakages.                                                                                                                       
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INTRODUCTION 

 To know the mechanisms of the damages as well as their progression of fatigue behavior of composite materials, 

which are famous, and happen at numerous locations over laminate. The 5 main damage mechanisms, which 

are: matrix cracking, fiber breaking, delimitation starting, crack coupling, and delimitation growth [1]. 

Degrieck  & Van [2] studied the fatigue testing on specimens that have the S-layer plain-woven glass 

epoxy composite [0#], it has been found that the performance of the composite’s bending fatigue from the 

experiments on the straight specimens, which is reduced significantly after 4*1 (f cycles) in their stiffness and 

degrade gradually. while the [±45]s specimens are not that stiff and strong to begin with, following 3*l(f cycles), 

the stiffness hat they have is higher than the stiffness of [08] samples, after that, a substantial 

deformation remains following the removal of grips from [±45s] specimens whereas this did not happen 

in [Oh] specimen. Wahl et al [3], have utilized the E- glass reinforced thermoset matrix laminate (Vf 

=0.360) for the purpose of demonstrating the fatigue damage progression at a low cycle spectrum, 

constant amplitude, and block spectra to include high.  

From measurements of 1100 lab specimens the database was generated for the purpose of establishing 

the proper conditions for the design, providing the needed wind turbine blades’ fatigue life that reach 

about 3 decades (i.e. up to109 cycles). Samborsky & Wahl [4].  Included the simple spectra covering a 

full range of the loads, which include the reversed tension- compression and compression in addition to 

the rest of the spectra, covering a full R-values’ range. Modeling effect assumptions upon the predictions 

of the fatigue Life spectrum has been documented. Freire [5]. Show the mechanism of failure and damage 

preventions in the composites of the E-glass polyester resins, the Freire has been limited to the stacked 

bi-directional- and bi-directional woven fabric textiles. The tensile (R=0.10), alternate axial (R=-l) and 

compression (R=10) fatigue tests have been carried out at several of the maximal stress load values.  

For this study, the subject was split to 2 parts, experimental and theoretical studies into the polymer-

glass composite fatigue behaviors under the impacts of 2 dynamic load types, in the tension-compression 

and the fully reversible loads’ spectrum  for understanding the effects of the orientation of the fibers in 
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laminate. T.W. Clyne & Hull, D. 1996, [6]. Using the form of the heterogeneous structure types meeting the 

specific function and design requirements, which are imbued with the needed characteristics, limiting the 

classification scope. None-the-less, such lapse has been made up for, by a fact there are always new composite 

types being advanced, every one of them with their own particular aim, such as the flake, filled, laminar and 

particulate composites. The laminates can be defined as the composite materials in which there are several 

material layers that provide them with the particular composite material character that has a particular function 

that needs to be performed. The fabrics do not have any matrix that they can fall back on, however, in them, 

different composition fibers are combined for the purpose of giving them a certain property. In general, the 

reinforcing materials are capable of withstanding the maximal load and present the required characteristics. 

ACI Committee 215 (1974) [7]. The adoption of widespread of the procedures of the ultimate strength design and 

utilizing more durable and greater strength materials need for the structural members of the concrete to have 

sufficient performance under the impact of the high levels of the stress for longer periods, and in addition to that 

a new recognition of repeated loading impact upon the member, even in the case where the repeated loading 

causes no fatigue failures. The Repeated loading could be attributed to the member’s internal cracking, altering 

its load-carrying and stiffness properties.  

Hanson and Helgason 1974 [8] investigate that the reinforcing bars’ fatigue strength is dependent upon the 

inclusions, microstructure, bar size, minimum stress, beam type, deformation geometry, tensile strength, yield, 

and chemical compositions. The minimal range of the stress was resulted from the bars’ fatigue failure in the 

concrete beam at 145MPa. Assi et al. [9] applied Surface shot peening technique (SPT) on the medium carbon 

steel (CK 50) to increase its hardness under the influence of fatigue-corrosion. Corley et al,1978 [10].  reaching 

to that  the reinforcing bar fatigue strength could be only 50% of the values of the fatigue strength of the coupons 

that have been machined from bar samples. Due to the fact that the strength of the fatigue is considerably 

influenced with the physical properties (bar diameter, bar grade and lug geometry), variables that are associated 

with those physical properties are greatly important. Sadkhan 2021. [11] manufacture  a wind turbine blades from 

composite materials (fiber glass). The data collected from changing rotor speed and different amplitude moments 

together with ultimate moment. The experimental data obtained from the change of air speed, rotor speed and 

amplitude moments together with the ultimate moment obtained from bending test were used to estimate number 

of cycle to failure. Sadkhan and  Omran 2018. [12] aims to study the effect of Cu addition on the behavior of 

mechanical properties of Aluminum-Copper (Al-Cu) alloy. Fatigue tests were also conducted on Al-Cu samples 

with various copper additions. The experimental result showed the clear influence of increasing copper percent. 

It was observed that the increase in Cu% increase the value of tensile strength.  

Meier et al. l992. [13] had made 2 fatigue tests of the reinforced concrete beams that have been strengthened by 

the a hybrid of the glass/carbon sheet. In 1st one of the tests, the sheet has been 0.3mm × 200mm in the cross 

section and has been bonded to the beam’s tensile surface. The beam had a 2,000mm span, 300mm width, and 

250mm depth. The traditional reinforcement included 2 bars, 8mm each in the zone of the tension. This beam has 

been tested in 3rd point bending. Load has been cycled from 1kN to 19kN at a 2Hz frequency; the related range of 

the maximal stress in rebar has been 386MPa. The beam failure had happened following 480000 cycles. The 2nd 

one of the tests has been carried out on a tee-beam that has a 6000mm span and strengthened by a carbon FRP 

(CFRP) sheet 1mm × 200mm in the cross section. The reinforcement of the tension zone included 4 bars (with a 

diameter of 26mm each). The beam has been cycled in the 3rd point that bends from 126kN to 283kN (with an 

815kN ultimate capacity), the corresponding range of the stress in rebar has been 131MPa. Following 10.7x106 

cycles, the temperature of the test has been raised to 40oC and relative humidity has been raised as well to 95%. 

The 1st reinforcing bar had failed at 12x106 cycles, whereas the beam failure had occurred 14x10'' cycles.                                                                                                                                   

Theory 

Fiber Reinforced Polyester composite materials (E-Glass) were deployed with success in the new constructions 

and for repairing and rehabilitating the available structures. It’s the latter utilization in which the FRP materials 

of the E-Glass have the highest potential. Stiffening or strengthening of the pre stressed concrete and the reinforced 

concrete structures could be needed due to increased load requirements, deferent utilizations, man-made or natural 

structure degradations, construction or design defects. The repair with the externally bonded E-Glass F R P is 

interesting for the engineers, owners and contractors due to the speed and simplicity of the installation, the repair 
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structural efficiency, the materials’ corrosion resistance and minimum impact that those material types have upon 

the versatility and the aesthetics of the structural dimensions [14, 15, 16]. Test data statistical analysis from the 

deformed bars have been axially tested in air. They have reached the conclusion that range of the minimal average 

stress upon the reinforcing steel, causing fatigue failure has been 165MPa, and fatigue life equation below has 

been derived:                              

Log (N) = 6.9690 - 0.0055𝜎𝑟                                                                                                                                   (1)  

Where 𝜎𝑟 represents the value of the applied stress in MPa; N represents number of cycles to failure 

Moss [17], fined the fatigue life equation below for the axially loaded reinforcing bars that have been embedded 

in the concrete: 

𝑁𝜎𝑟
𝑚 = 𝑘                                                                                                                                                                 (2) 

where𝜎𝑟
𝑚  represents the range of the stress in the tensile reinforce steel in MPa; m represents the inverse slope of 

log 𝜎𝑟 − log N curve = 8.70; K = 0.11x1029 for the average line of the relationship; and K = 0.59 X 1027 for the 

two mean standard deviations(minus) line. As the beam of the reinforced concrete cracks in the beam’s tension 

zone, high values of the strain and thus high stress values in bar spanning, cracks have been developed. Due to 

the fact that maximal stress had occurred at limited locations, less than the ones occurring with bar defects. Those 

results in a fatigue life that is longer for the reinforcing steel that is embedded in concrete beam in comparison to 

the reinforcing steel that has been subjected an identical range of stress (in the air). With the progression of the 

beam’s fatigue loading, and additional cracks spread, there’s a stress redistribution; which is why, the fatigue 

failure isn’t always by an identical mechanism like the static failure (Mays & Barnes)[18] had recommended that 

maximal permissible range of the stress in the straight deformed reinforcements in the beams of reinforced 

concrete,𝜎𝑟,can be represented as:                                                                                                                                          

𝜎𝑟 = 161 − 0.33𝜎𝑚𝑖𝑛                                                                                                                                             (3) 

Where 𝜎𝑚𝑖𝑛= minimal stress (compression negative, tension positive) in MPa; 𝜎𝑟 can take as more than 138MPa. 

Experimental 

Raw materials that have been utilized to make E-glass fibers can be summarized as: 

Silica sand, fluorspar, limestone, clay and boric acid. The silica makes up over 50% of total material, are 

thoroughly mixed and melted in at 2500oF to 3000oF in a furnace the processes that is used to make E-

glass fibers have been listed below:                         

1 - Melting flows to 1 or several bushings that contain hundreds of small orifices. 

2 -  The filaments of the glass are produced as molten glass are assessed via those orifices. 

3 - An area of quenching, in which the air and/or water cool filaments below the temperature of the glass transition 

quickly. 

4 - filaments are pulled over a roller at an approximately 50miles/h speed. 

5 - The roller coats them with the sizing. 

6 - Using the sizing amount ranges between 0.25% and 6% of the original weight of the fiber. 

7 - AII filaments have been pulled to one strand and wound on a tube. 

Carbon and graphite fibers are manufactured with the use of the pitch or PAN-based precursors. Precursor 

undergo a set of the processes:                         

a-initially, precursors are oxidized through being exposed to very high temperature degrees. 

b- after that, graphitization and carbonization processes are carried out. 

Throughout those operations, chemical variations take place and result in a high strength-to-weight and 

stiffness-to-weight characteristics. According to ASTM standard D5687 Composite panels were prepared, and via 

a hand lay-up procedure. Through carrying out the process of the lay-up in a particularly made frame of  the mold, the 

orientations of the lamina and thickness of the panel have been regulated. This frame has been produced from a steel 
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plate that has 2 thickness values, which are 12mm for the heavy weight cover and 6mm for base, the net area of the 

molding has been 30cm x 30cm. through the use of a steel ruler that is fixed to frame the thickness of the layers has 

been controlled to 1mm and 12 vertical bolts of the fastener have been welded in base for the purpose of keeping fibers 

strung as can be seen in Figure1. The cover has been utilized for the prevention of the occurrence of any buckling 

throughout the process of the curing, which has been finished in a 24h period at the temperature of the room, succeeded 

by oxen cure at 70C° for 3h. specimens have been cut out of 30cm x30cm panels based on the standards of the ASTM 

D3479-76. Specimens have been shaped with dimensions that have been illustrated in Figure2. There have been 4 layer 

composite samples utilized at a 1mm layer thickness. [+45s], [0/90s], and [04] composite laminates have been produced 

in paper. Utilizing the difference weight fractions Mf of fiber in composite, none-the-less, this facility has been one of 

the substitute methods that are utilized through the weighing of fibers prior to the lay-up and after that, weighting   

composite panel following the curing and computation by the (SROM) strength ratio mechanics formula.                  

Then: 

a- Weight of the fiber prior to the lay-up  has been (110.76gm).  

b- Weight of the composite panel following the curing has been (318.5gm).  

c-Then  Wf =0.3478, giving a (0.202) volume   fraction   value.     

The fiber volume fraction in composite has been 0.22. The laminates’ engineering constants have been obtained from 

the tensile measurements, and have been listed in Table1. 

Table 1. Composite Laminates’ Mechanical Characteristics, [19] 

Laminates 
E1 

(GPa) 

E2 

(GPa) 
E3 (GPa) 

E12 

(GPa) 

E13 

(GPa) 

E23 

(GPa) 
v12 v13 v23 

[0]s 18.40 3.740 3.740 1.570 1.570 1.490 0.340 0.340 0.250 

[-45/45]s 5.030 5.030 6.750 4.930 1.530 1.530 0.210 0.150 0.150 

[0/90]s 11.040 11.040 6.750 1.570 1.530 1.530 0.120 0.320 0.320 

Fatigue Test Procedure  

As shown in figure (3)  an a very Fatigue Testing Machine Type - 7305 has been utilized for testing composite laminates. 

The machine has been made for the purpose of using the reverse loads of the constant amplitude with the use of the 

value of R= -1, where R represents the ratio of minimal stress to maximal stress that are applied to samples under fatigue 

tests.  

R= 
σmin

σmax
                                                                                                                                                                                                                               (4)   

With an oscillating spindle that is regulated with the connecting rod, double eccentric attachment and crank, grips have 

been supplied for bend test, in which load is imposed at one specimen’s end, eccentric attachment can be adjusted for 

giving the required bending angle range. The dynamometer of the torsion has been utilized for the measurement of 

applied loads at the specimen’s opposite end. The angle of the twist has been registered on calibration curves of a dial 

gauge, creating the correlation between imposed torque and dial gauge reading. For the purpose of recording the number 

of the cycles, an revolution counter has been fitted to motor of a 1420rpm(cycling rate). 
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Figure 3. Fatigue Testing AVERY Machine Type7305 

RESULT AND DISCUSSION 

The examination of some of the samples that have been under the impact of the fatigue test presented an indication of 

the fact that transversely isotropic or strongly orthotropic characteristics had yielded the creation of the zones of the 

damage that had included a multiple of the macroscopic cracks, delimitation and fiber/matrix interface de-boning, fibers’ 

pull out from matrix, and fibers distribution arrangement. Such damage could’ve started quite early in test and succeeded 

with a step-by-step degradation and degrease of stiffness, culminating eventually in the breakage of the fiber and 

disastrous failure. The utilization of (Conventional Theory of Lamination), assuming a simple rectangular cantilever 

beam. The stress that was applied has been calculated from applied moment of the bending. The data on the constant 

amplitude fatigue have been summarized in the S-N diagrams according to 2 trends of regression, logarithmic-linear 

laws and power. Those trends of the regression format are usual for the presentation of the fatigue data, [20].                                                                                                     

The equation of the power regression can be represented as:                                       

σ = a Nb                                                                                                                                                                                 (5) 

And the equation of the low linear-logarithmic regression is: 

σ = c + d  log(N)    (6                                                                                                                             )                                     

c & d represent the constants of the regression that represent the fatigue trend.  N represents the number of the cycles at 

the failure. 

Figures (4), (5) and (6).show S-N curves, the constants of the regression that represent the fatigue trends from the 2 

models have been listed in Table2. Coefficient (c) in logarithmic law and constant (a) in power law are associated with 

the strength of  the static bending. Constants (b) & (d) are associated with the degradation of the fatigue and describe its 

sensitivity. 

Table 2. Fatigue Data Regression Parameters 

 

Glass polyester composite specimens’ fatigue test under the value (R=-1), (fully reversed loading and constant 

amplitude). It can be seen that the [02]s  samples are of the highest degradation rates but also, maximum bending 

strength. See Figure (4). While The [+45s] sample had the minimal static strength, however, it is degraded in a slower 

rate under the conditions of  the cyclic loading. This result was coinciding with the findings of Van and Degrieck [2] 

on[0]8 & [45]8 glass epoxy composite under the fully reversed bending fatigue load (R=-l).see Figure (5). In Figure 

(6), the [0/90o] s samples are of the maximum strength of the bending, however, the maximum rates of degradation as 

Specimen 
Power Law Logarithmic Law 

a b c d 

[02]s 3.4x104 -0.62 274.18 -48.88 

[0/90]s 2.2x104 -0.61 221.51 -39.73 

[+45/-45]s 2.7x102 -0.23 79.24 -11.74 

Specimen  
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well. Fatigue failures in the composites’ tensile fatigue. S-N data of all of the laminates have been plotted on one graph 

that has been given in Figure7 [20]. The diagram includes 3 separated areas, every one of which is related to a specific 

set of the mechanisms of the operative damage. Those    regions    have been    numbered  as Region I, Region II, Region 

III.                                                                           

The data on the fatigue life for glass polyester composites have presented themselves in those regions that have the 

discontinuities in S-N curves. In the region I, in general, the values of the stress coincided with static stress to failure 

scatter band. Region ll, nearly higher than the 5x104cycle, has been named as progressive damage region ll. The 

sensitivity of the fatigue is identified in general with the diagram slope. This slope had implied the fact that there were 

mechanisms of progressive damage and the rate of the progression is dependent upon the values of the applied load. In 

the case of more than 106 cycles, the limit of the fatigue is projected to be in infinitely long period of the time. This has 

been referred to as the Region lll. The values of the stress in this region are expected small that no damage develops 

whatsoever, and composite materials have an optimally elastic behavior in the cyclic load. The 3 fatigue behavior 

regions may be a result of to initial polyester matrix damage at high load. Those results in 1st endurance drop of the 1st 

few hundred cycles. Reinforcing fiber in that region stays unharmed. Some damage propagation in an elimination form 

takes place with no impact upon the specimens’ bulk. Stress cycles that are accommodated with fibers and residual 

sufficient adherence between polyester matrix and the fibers. With the increase of the progressive endurance at smaller 

value of the subcritical stress (region l) failure results from the primary de-boning that can occur in the larger volumes 

across samples.                                                                            

CONCLUSION 

Experimental analysis has been consistent with theoretical observations of the fatigue failures under the fully 

reserved load of the bending and the results of the simulation have shown that[0”]s laminate has been sustaining 

maximum load for maximum fatigue lifetimes, under spectrum loads as well as constant amplitude, while 

thee[i45] laminate had been sustaining minimal load. The [+45], composite laminate had the minimal strength, 

however, degradation has been minimal. Whereas uni-directional [00] s and cross-ply [0/90]s composite laminates 

were having maximal static strength, they had been degraded in a faster rate under the fully  reverse load of the 

bending. 

 

Figure 1. Manufacturing Process and Frame Dimensions 
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Figure 2. The Fatigue Specimens (all the dimensions in mm) 

 

Figure 3. The S-N Curve at (90°) 
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Figure 4. The S-N Curve at (45°) 

 

Figure 5. The S-N Curve at (0°) 
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Figure 6. The Fatigue-Life Diagram [17]. 
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