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Abstract. In most mechanical engineering applications, it is necessary to introduce geometric discontinuities to perform 

specific functions. The most common example is the hole, which is inserted into structures to allow for unions, attachment 

of accessories, cable and duct passages, among others. This study investigated the tensile mechanical properties of 

fiberglass/polyester and carbon fiber/epoxy composites, evaluating the influence of anisotropy under load orientations 

of 0/90° and ±45°, as well as the behavior of these materials in the presence of a concentric circular hole as a stress 

concentrator. Strain measurements in the longitudinal and transverse directions on the specimen surface during uniaxial 

tensile tests were performed using the Digital Image Correlation (DIC) technique, which allowed for measuring the 

strain distribution profile in the section containing the geometric discontinuity and quantifying the stress concentration 

caused by it. The mechanical properties obtained in the tests were the ultimate tensile strength, elastic modulus, and 

fracture strain. The composite laminates exhibited higher stiffness in specimens where the load was applied in the 0/90° 

orientation. The measured stress concentrations showed different values and are not consistent with the expected values 

for isotropic materials. 

 

Keywords: composite, anisotropy, open-hole, DIC, stress concentration factor. 

 

1. INTRODUCTION 

 

Composite materials are defined as materials formed by the combination of two or more insoluble materials. This 

combination or mixture results in a material that exhibits intermediate properties compared to the materials that originated 

it, allowing the attainment of a material with optimized properties suitable for a specific application (Callister and 

Rethwisch, 2020). 

At least one of the phases present in the composite material will act as the matrix, while the other materials will serve 

as filler or reinforcement. The matrix is the predominant phase in the composite, and its main function is to bind the other 

materials together. The reinforcement materials are dispersed within the matrix, playing a crucial role in enhancing 

(increasing) the mechanical properties of the composite (Daniel and Ishai, 2006). 

The utilization of composite materials in the production of components offers several advantages. Among these 

advantages, it is worth mentioning the production of components with fewer process steps, as well as the production of 

parts in their final state (Ansar et al., 2011; Warren et al., 2015; Saleh et al., 2016). Another advantage is related to the 

mass of the produced components, as composite materials enable the manufacturing of relatively lighter structural parts 

compared to conventional structural materials such as steel and aluminum. This characteristic is due to the low density of 

composite materials (Mingming et al., 2017; Morais, 2000). These features make composite materials a good choice in 

structural, military, automotive, sports, and other applications (Ansar et al., 2011; Warren et al., 2015; Saleh et al., 2016). 

The most commonly used reinforcement fibers in the production of structural components are glass, carbon, and 

aramid fibers. However, fiberglass-reinforced plastics are the most common and widely used, mainly due to their low 

cost (Tinô and Aquino, 2016). Carbon fiber composites are more commonly used in high-performance structural 
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applications, despite their higher cost compared to fiberglass composites. On the other hand, aramid fiber composites find 

more focused applications in energy absorption. It is important to note that among these three mentioned composites, the 

ones made with aramid fibers have the lowest density, followed by carbon fiber composites, and finally, fiberglass 

composites (Daniel and Ishai, 2006). 

The presence of geometric discontinuities, such as holes, is of paramount importance in structures, as various 

structural applications, including aerospace and automotive, incorporate a significant number of engineered holes. Holes 

are introduced into structures to enable connections, attachment of accessories, routing of electrical cables, hydraulic 

ducts, and more (Khashaba and Khdair, 2017; Shafighfard et al., 2019; Yudhanto et al., 2012). 

Geometric discontinuities cause significant changes in stress distribution within the cross-section containing them, 

resulting in stress concentration in the vicinity of these discontinuities (Yudhanto et al., 2012). This can lead to premature 

failure of the component (Pierron et al., 2007; Koord et al., 2020), especially in polymer composites that exhibit brittle 

behavior, which directly influences the final fracture of the material (Mollenhauer et al., 2006). 

Understanding the stress distribution and stress concentration around notches is crucial to increase the reliability of 

the design, particularly when the employed material exhibits anisotropic behavior, as is the case with composite materials 

(Dandekar and Shin, 2012; Mingming et al., 2017; Hallett and Wisnom, 2006). 

The need to understand the mechanical behavior of laminated composite materials with geometric discontinuities, 

especially circular holes, has prompted numerous studies on the fracture mechanics of these materials (Yudhanto et al., 

2012; Camanho et al., 2007; Dandekar and Shin, 2012). 

Most studies conducted on composites with stress concentrators adopt an experimental and/or numerical approach 

(Wang et al., 2004; Sun et al., 2020). These studies demonstrate that there are several variables that can influence the 

results. Among these variables, material properties, manufacturing processes, notch geometry, fiber orientations, stacking 

sequence, layer thicknesses, among others, can be mentioned (Green et al., 2007; Zhu et al., 2018). 

The present paper aims to conduct a comparative study of the mechanical properties of two composite laminates: one 

reinforced with fiberglass and the other with carbon fiber. The study will analyze the anisotropic effects under load 

orientations of 0/90° and ±45°, as well as examine the behavior of these two laminates in the presence of a concentric 

circular hole and quantify the stress concentration caused by this notch. 

 

2. MATERIALS AND METHODS 

 

2.1 Lamination of composites 

 

In the development of the present work, two distinct laminates were manufactured: one laminate composed of a 

polyester matrix with fiberglass fabric, and another formed by an epoxy matrix and carbon fiber fabric. Both laminates 

were manufactured with eight layers of fabric, where each fabric layer was oriented in the same direction. 

The fiberglass laminate was made with a thermosetting polymer matrix of unsaturated orthophthalic polyester, from 

the brand Veloflex. The resin's curing agent/catalyst used was methyl-ethyl-ketone peroxide (MEKP) in a ratio of 1% by 

volume of resin, providing a gel time of 10 to 15 minutes at 25°C. For the structural reinforcement, a bidirectional fabric 

with a plain weave of E-glass fiber was used, commercially known as RE200P, with a basis weight of 200 ± 20 g/m², 

warp and weft density of 5 ± 0.2 yarns/cm, and thickness of 0.21 ± 0.3 mm. 

The carbon fiber laminate, on the other hand, was obtained using a low-viscosity thermosetting resin, commercially 

known as LR135 Epoxy Resin. The curing agent used is a commercial product called LH 137 Epoxy Hardener, with a 

mixing ratio by weight of 100 parts resin to 33 parts hardener (100:33), resulting in a gel time of approximately 60 minutes 

at 25°C. The carbon fiber fabric used is marketed under the name RC200P, produced from a weave of High Strength 3k 

carbon fibers, with a basis weight of 197 ± 20 g/m², warp and weft density of 5 ± 0.2 yarns/cm, and thickness of 0.22 ± 

0.3 mm. 

The composite laminations were carried out on a 10 mm thick glass sheet using a carnauba wax-based mold release 

agent, commercially known as TR Mold Release. The fabrics were impregnated layer by layer with resin, and a brush and 

roller were used to remove excess resin. The fiberglass laminate was produced by the hand lay-up process, while the 

carbon fiber laminate was obtained through the vacuum bag process. Both laminates were produced with a size of 500 x 

500 mm and subsequently cut to obtain the necessary samples and test specimens. 

 

2.2 Cutting of specimens and configurations 

 

The samples used in the experimental procedures of this study were cut using a circular saw with a segmented 

diamond blade, specifically the IRWIN ϕ4.3/8" x 3/4" blade. Subsequently, the samples were sanded and polished to 

achieve the required finish and dimensional tolerance. For the samples that required circular holes of 6 mm, the holes 

were made using a milling machine with a high-speed steel (HSS) end mill, with a cutting speed of 40 mm/s (Cunha, 

2020). Finally, the test specimens were spray-painted black and sprayed with white droplets, creating a gray pattern 

texture on the specimen surface, necessary for the use of the Digital Image Correlation (DIC) technique. 
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The test specimens for uniaxial tensile testing and uniaxial tensile testing with a concentric hole followed the 

guidelines of ASTM D3039/D3039M (2017) and ASTM D5766/D5766M (2018), respectively. The geometry and 

dimensions of these test specimens are illustrated in Figure 1. The configurations of the test specimens for the tensile 

tests, as well as their nomenclature, are presented in Table 1. Three test specimens were produced for each studied 

configuration. Five samples measuring 25 x 25 mm were used for determining the density of each laminate. 

 

 
 

Figure 1. Geometry and dimensions of the test specimens: (a) Specimens ASTM D3039/D3039M (2017); (b) ASTM 

D5766/D5766M (2018). 

 

 

Table 1. Test specimen settings. 

 

Laminate Specimens Definition 

E-glass Fiber 

Composite (GFC) 

T.GFC.0° 
Traction test on the GFC: Load applied in the direction of the 

fiber, fabric in the 0/90° orientation. 

T.GFC.45° 
Traction test on the GFC: Load applied at ±45° from the 

direction of the fiber, fabric in the ±45° orientation. 

TH.GFC.0° 
Traction test on the GFC with hole 6 mm: Load applied in the 

direction of the fiber, fabric in the 0/90° orientation. 

TH.GFC.45° 
Traction test on the GFC with hole 6 mm: Load applied at ±45° 

from the direction of the fiber, fabric in the ±45° orientation. 

Carbon Fiber 

Composite (CFC) 

T.CFC.0° 
Traction test on the CFC: Load applied in the direction of the 

fiber, fabric in the 0/90° orientation. 

T.CFC.45° 
Traction test on the CFC: Load applied at ±45° from the 

direction of the fiber, fabric in the ±45° orientation. 

TH.CFC.0° 
Traction test on the CFC with hole 6 mm: Load applied in the 

direction of the fiber, fabric in the 0/90° orientation. 

TH.CFC.45° 

Traction test on the CFC with hole 6 mm: 

Load applied at ±45° from the direction of the fiber, fabric in the 

±45° orientation. 

 

2.3 Density test 

 

In accordance with the guidelines of ASTM D792 (2020), using Method A for the characterization of solid plastics 

in water, five samples of each laminate measuring 25 x 25 mm were used. The masses of the samples were measured on 

a Marte AD330 digital balance with a maximum capacity of 340 g and a resolution of 0.01 g. 

 

2.4 Uniaxial tensile test 

 

The uniaxial tensile tests followed the guidelines of ASTM D3039/D3039M (2017) and ASTM D5766/D5766M 

(2018) and were conducted on an EMIC DL10000 universal testing machine, equipped with a 30 kN load cell and a test 

speed of 0.008 mm/s. The strain measurements of the samples were performed using the Digital Image Correlation (DIC) 

technique. For this purpose, images during the tensile tests were captured by a CANON D60i digital camera with a 100 

mm macro lens. The image acquisition was performed every 5 seconds. Figure 2 illustrates the setup of the experimental 

apparatus.  
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Figure 2. Experimental setup of the tensile test. 

 

The processing of the images obtained during the tests was carried out using the NCORR V1.2 software, which is an 

open-source 2D digital image correlation program. In addition to being free, NCORR has an accessible and intuitive 

graphical user interface, and it is fully integrated with the MATLAB® environment (Blaber et al., 2015). 

From the tests, it was possible to determine the following mechanical properties of the material: ultimate tensile 

strength (𝜎𝑢𝑡), longitudinal elastic modulus (𝐸𝑦), and fracture strain (𝜀𝑢𝑡). Additionally, it was possible to determine the 

strain distribution across the entire surface of the test specimen, providing data to determine the stress concentration 

caused by the presence of the geometric discontinuity in the specimen. 

 

2.5 Residual properties and stress concentrator 

 

The assessment of strength loss caused by the presence of geometric discontinuities in composite materials can be 

conducted through the Residual Strength (𝑅𝑆). In a simplified manner, 𝑅𝑆 allows quantifying the impact caused by the 

existence of a geometric discontinuity in a composite, which was determined by Eq. (1) (Acmc et al., 2020). 

 

𝑅𝑆 =
𝜎𝑁
𝜎𝑢𝑡

 (1) 

 

Where 𝜎𝑁 is the average tensile strength of the specimens with geometric discontinuity, considering the cross-sectional 

area without the discontinuity. 

With the use of the DIC technique, it was possible to measure the strain distribution profile along the cross-section 

of the specimen containing the hole, particularly in the region around the hole's edge. Thus, the stress concentration factor 

(𝐾𝑡) caused by the circular hole was determined by Eq. (2) (Fontes, 2017). It is important to note that Eq. (2) is valid only 

for the linear elastic regime. 

 

𝐾𝑡 =
𝜎𝑚𝑎𝑥.

𝜎𝑚
=
𝐸𝑦 . 𝜀𝑚𝑎𝑥.

𝜎𝑚
 

(2) 

 

Where 𝜎𝑚𝑎𝑥. is the maximum stress at the hole edge, 𝜎𝑚 is the average normal stress in the cross-section containing the 

hole, and 𝜀𝑚𝑎𝑥. is the maximum strain at the hole edge. 

 

3. RESULTS AND DISCUSSION 

 

3.1 Density and thickness of laminates 

 

The obtained data for the density of the laminates used in this study are presented in Table 2. Both produced laminates 

exhibited low density compared to steel and aluminum alloys, being 7.80 g/cm³ and 2.80 g/cm³, respectively (Daniel and 

Ishai, 2006). The low density is an important and required characteristic in composites for structural applications, and 

thus, both laminates meet this requirement. 
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Table 2. Density and thickness of laminates. 

 

Laminate Density (g/cm³) Thickness (mm) 

E-glass Fiber Composite (GFC) 1.690 ± 0,012 1.85 ± 0.08 

Carbon Fiber Composite (CFC) 1.404 ± 0,010 1.91 ± 0.05 

 

The standard deviations of the densities for both laminates showed close values, being 0.710% for the GFC laminate 

and 0.712% for the CGC laminate. The low standard deviation indicates that the samples of each laminate exhibited 

similar characteristics, suggesting that the laminates were homogeneous throughout their extent. 

Considering the density of E-glass fiber as 2.54 g/cm³ and the polyester matrix as 1.20 g/cm³, and assuming that the 

amount of voids within the laminate is negligible, it can be stated that the volumetric fractions of matrix and reinforcement 

in the GFC laminate were approximately 63.4% and 36.6%, respectively. For the CFC laminate, considering the density 

of carbon fiber as 1.76 g/cm³ and epoxy matrix as 1.11 g/cm³, also neglecting the presence of voids, the volumetric 

fraction of carbon fiber is 43.3% and the epoxy matrix is 54.70%. The main justification for the higher matrix fraction in 

the GFC laminate compared to the CFC laminate is the lamination process. In the hand lay-up lamination process, there 

is no precise control of the matrix quantity, while the vacuum bag process allows for the removal of excess matrix used 

in the composite lamination. 

Regarding the thickness of the laminates, it was found that the GFC laminate has a smaller value compared to the 

CFC laminate, as well as the thicknesses of the fabrics. The standard deviation of the GFC laminate was 4.32% and for 

the CFC laminate was 2.62%, a fact justified by the better control of the vacuum bag lamination process. 

 

3.2 Mechanical tensile properties of laminates (unnotched specimens) 

 

From the tensile tests of the unnotched specimens, it was possible to plot the stress-strain curves of the studied 

configurations (Figure 3). The tensile mechanical properties of the configurations are presented in Table 3. 

 

Figure 3. Stress-strain curve for T.GFC.0°, T.GFC.45°, T.CFC.0°, and T.CFC.45°. 

 

  
 

 

Table 3. Mechanical properties of laminates (unnotched). 

 

Specimens 𝝈𝒖𝒕 (MPa) 𝑬𝒚 (GPa) 𝜺𝒖𝒕 (%) 

T.GFC.0° 202.968 ± 3.691 14.339 ± 0.846 1.613 ± 0.157 

T.GFC.45° 105.779 ± 0.627 7.024 ± 0,413 8.820 ± 0.710 

T.CFC.0° 617.838 ± 21.599 48.772 ± 2.947 1.225 ± 0.058 

T.CFC.45° 158.927 ± 3.809 12.193 ± 0.744 10.920 ± 0.565 

 

Based on the data from Table 3, the higher tensile strength of the CFC laminate compared to the GFC laminate was 

evident. For the average strength values, the T.CFC.0° configuration is approximately 300% stronger than the T.GFC.0° 

configuration. In the same configuration, the CFC laminate exhibits a stiffness around 3.4 times higher than the GFC 

laminate. However, in terms of strain at failure, the GFC laminate deforms over 30% more than the CFC laminate. The 
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higher values observed in the mechanical properties of the CFC laminate are attributed to the carbon fiber reinforcement 

compared to the fiberglass-reinforced composite. 

For the configurations where the load is applied to the specimens with an orientation of ±45° with respect to the 

reinforcement fibers, the differences between the mechanical properties of the CFC laminate and the GFC laminate are 

smaller. The tensile strength of T.CFC.45° is 1.5 times higher than that of T.GFC.0°. For these same configurations, the 

stiffness of CFC is approximately 70% higher, and the strain at failure is about 23% higher. 

In terms of laminate anisotropy, the differences in mechanical properties between the T.CFC.45° and T.GFC.45° 

configurations are smaller compared to the T.CFC.0° and T.GFC.0° configurations. This is due to the load not being 

applied longitudinally to the fibers, where carbon fibers exhibit significantly higher strength than glass fibers. With the 

±45° orientation, the laminates show lower stiffness, with a reduction of nearly 50% in the GFC laminate and 75% in the 

CFC laminate. Regarding strain at failure, the GFC laminate had an increase of over 400% by simply changing the load 

orientation, while the CFC laminate showed an increase of over 800%. 

Comparing the obtained data with other studies, Fontes (2017) conducted research on fiberglass-reinforced 

composites using reinforcement fabric with similar characteristics to the present study, but without weft and with a lower 

grammage. He obtained a tensile strength of 297 MPa for a configuration similar to T.GFC.0° and an average value of 

105 MPa for a configuration similar to T.GFC.45°. The difference in the obtained value can be justified by the fact that 

the non-woven fabric in the T.GFC.0° configuration has the fibers arranged more efficiently to withstand the tensile load 

that directly acts on them, as they are parallel to the direction of the applied load. 

 

3.3 Tensile tests on specimens with holes (notched specimens) 

 

From the tensile tests of the notched specimens, it was possible to measure the tensile strength of the notched 

specimens, which allowed determining the residual strength for each laminate configuration, as presented in Table 4. 

 

Table 4. Tensile strength of notched laminate, resistência residual and stress concentration factor. 

 

Specimens 𝝈𝑵 (MPa) 𝑹𝑺 𝑲𝒕 
TH.GFC.0° 98.147 ± 1.854 0.484 ± 0.013 1.827 ± 0.055 

TH.GFC.45° 84.175 ± 4.332 0.796 ± 0.041 1.620 ± 0.066 

TH.CFC.0° 299.868 ± 8.980 0.485 ± 0.022 1.644 ± 0.179 

TH.CFC.45° 131.927 ± 2.612 0.830 ± 0.026 1.196 ± 0.050 

 

The average values obtained for 𝑅𝑆 in the TH.GFC.0° and TH.CFC.0° configurations were equal. For the 

TH.GFC.45° and TH.CFC.45° configurations, although the average values were different, statistically, the results were 

considered equal, as the standard deviations intersect. In this study, the 𝑅𝑆 analysis suggests that the damage caused to 

the laminates by the presence of the notch is determined solely by the geometry since statistically, the data obtained in 

the studied configurations were similar for both GFC and CFC laminates. 

According to Daniel and Ishai (2006), in laminates reinforced with boron fiber fabric in configurations similar to 

TH.CFC.45°, 𝑅𝑆 values ranging from 0.833 to 0.909 were obtained. This supports the suggestion that 𝑅𝑆 is strongly 

influenced by geometry rather than the composite's reinforcement fiber. 

The data obtained for the TH.GFC.45° configuration were almost identical to those obtained by Fontes (2017), who 

obtained an 𝑅𝑆 value of 0.773 in laminates reinforced with fiberglass with a similar composition and configuration as 

TH.GFC.45°. 

 

3.4 Stress concentration and strain distribution in the notched specimens 

 

To determine the stress concentration caused by the hole, longitudinal strains along the cross-section containing the 

hole were plotted (Figure 4 and Figure 5). Stress magnitudes around 30% of 𝜎𝑁 were selected, ensuring that the test 

specimens were subjected to a condition in the linear elastic region. The values obtained for 𝐾𝑡 are presented in Table 4. 

Just like in the 𝑅𝑆 analysis, the TH.GFC.0° and TH.CFC.0° configurations showed statistically the same result for 

stress concentration, despite the different mean values of 𝐾𝑡 obtained. However, for the TH.GFC.45° and TH.CFC.45° 

configurations, it can be stated that the stress concentration was more intense in the GFC laminate, approximately 35% 

higher compared to the mean values. 

For isotropic materials, the value of 𝐾𝑡 is solely a function of the geometry of the test specimen. Considering the 

geometry with a width of 36 mm and a 6 mm hole, according to Pilkey and Pilkey (2008), the value of 𝐾𝑡 is 2.58, and 

according to Norton (2013), the value is 2.60, which are much higher than the experimental values obtained for the 

laminates. This highlights the importance of understanding the behavior of composite materials for the proper design of 

structures in which they are used. 

From the strain distribution profiles in Figure 4 and Figure 5, it can be observed that for the TH.GFC.0° and 

TH.CFC.0° configurations, the strain distribution tends to stabilize or vary little from 4 mm from the side edges of the 
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holes (-7 and 7 mm on the graph axes). In contrast, for the TH.GFC.45° and TH.CFC.45° configurations, the 

uniformization of strain begins to occur from 5 mm from the edges. Although the values of 𝐾𝑡 are higher in the 0° 

configurations, in the ±45° configurations, the highest strains occur at a greater distance from the hole edge. This fact was 

also observed prior to the fracture of the test specimen, where cracks propagated more in the ±45° configurations. 

 

Figure 4. Distribution of strain in the cross-section of test specimens with holes. (a) TH.GFC.0°. (b) TH.GFC.45°. 

 

(a) (b) 

  
 

 

Figure 5. Distribution of strain in the cross-section of test specimens with holes. (a) TH.CFC.0°. (b) TH.CFC.45°. 

 

(a) (b) 

  
 

 Figure 6 and Figure 7 illustrate the strains on the surface of a test specimen for each studied laminate configuration. 

The strains are plotted on the 𝑥 and 𝑦 axes, corresponding to the horizontal and vertical axes, respectively. The strains 

were represented for a stress state close to the rupture of the test specimen. 

It is evident that the strains along the 𝑥-axis for the TH.GFC.0° and TH.CFC.0° configurations vary little in the test 

specimens of these configurations, due to the high rigidity of the material compared to the other configurations. This high 

rigidity results in a higher strain peak along the 𝑦-axis at the sides of the hole. It can be observed that one side of the hole 

has a higher strain peak than the other side, due to the material heterogeneity, where the fracture initiates on one side and 

not instantaneously on both sides of the hole, or due to the fact that the hole is never exactly centered. 

The pattern of strains along the 𝑦-axis for the TH.GFC.45° and TH.CFC.45° configurations presents a very similar 

shape, although with distinct magnitudes. In these configurations, which are less rigid, the progression of strain along the 

test specimen is more visible, as well as the strain peaks on each side of the hole that resemble each other more closely. 
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Furthermore, in terms of strain along the 𝑦-axis, a region in the shape of an "X" in light green shade can be observed, 

where fracture propagation occurred in the test specimens. 

 

Figure 6. Strain in specimen TH.GFC.0° and TH.GFC.45°. 

 

 
 

 

Figure 7. Strain in specimen TH.CFC.0° and TH.CFC.45°. 

 

  
 

 

4. CONCLUSIONS 

 

After subjecting the CFC and GFC specimens to tensile testing and analyzing the strain using DIC, it was observed 

that in both fiber orientations, carbon fiber composites are stronger and stiffer compared to the fiberglass composite 

specimens. Due to the anisotropic nature of the material, the difference in tensile strength and modulus of elasticity 

between the T.CFC.0° and T.GFC.0° configurations is twice as large as that between the T.CFC.45° and T.GFC.45° 

configurations. 
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Comparing the 0/90º and ±45º configurations, it is observed that in the latter, the strain until failure is significantly 

higher than in the former. When considering the difference in materials, it is noted that in the T.GFC.0º specimens, the 

strain is higher compared to the T.CFC.0º specimens, while in the T.GFC.45º and T.CFC.45º specimens, the carbon fiber 

specimens exhibit greater strain. In the first comparison, this difference can be attributed to the higher ductility of 

fiberglass compared to carbon fiber, while in the second comparison, the increased strain in both cases is due to the 

improved interaction between the matrix and the reinforcement, resulting from the anisotropic behavior. 

With regards to the behavior in the presence of a concentric circular hole, the damage caused to the material depends 

solely on the geometry of the notch. The specimens showed equal average values of residual strength for the TH.CFC.0° 

and TH.GFC.0° configurations, and statistically equal values for the TH.CFC.45° and TH.GFC.45° configurations. The 

stress concentration caused by the hole is the same for the 0/90° configuration of both matrices, and it is higher in the 

fiberglass specimens, where the load is applied at ±45°. 

With the DIC analysis, it was observed through the strain profile around the hole that in the TH.CFC.0° and 

TH.GFC.0° configurations, cracks propagate perpendicular to the loading direction. In the TH.CFC.45° and TH.GFC.45° 

configurations, however, propagation occurs in an X-shaped region. 

Finally, unlike traditional methods such as strain gauges that measure strain at specific predetermined points before 

conducting the test, DIC analyses enable the evaluation of the complete distribution of strain in the test specimen at any 

defined point after the test. Therefore, they offer advantages over classical methods and are of utmost importance for 

material characterization, particularly in studies of stress concentration caused by notches. 
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