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Fiber-reinforced polymer composites are manufactured using various methods, with 

vacuum-assisted resin transfer molding (VARTM or VARIM). This study's primary 

focus lies in assessing how the orientation of sampling impacts the mechanical 

properties of glass fiber-reinforced pure and nanocomposites. 2 wt.% nano Al2O3-

doped and non-doped composites were produced using the VARTM process. 

Tensile, flexural, and density test specimens were extracted from three distinct zones 

and two distinc direction those aligned horizontally to the resin flow (HRF) and those 

oriented vertically to the resin flow (VRF). Remarkably, results showed up to a 

3.91% increase in values from samples in the third zone, particularly on the vacuum 

outlet side. To facilitate precise stress value comparisons across plates, uniform 

sample orientation and consistent zone selection are essential. 

 
1. Introduction 

 

Composite materials have brought a new age in 

materials engineering science, allowing 

engineers to create superior materials with 

outstanding mechanical characteristics. Fiber-

reinforced polymer composites (FRP) are one of 

them and are made up of two major components: 

a load-bearing component, such as fibers, and a 

polymer medium that acts as a binding and 

protection for the fibers [1-3]. The polymer 

matrix plays a pivotal role in ensuring the fibers 

maintain their orientation and structural integrity, 

while also facilitating the transfer of loads. 

Typically, thermoset or thermoplastic materials 

are chosen for the polymer matrix [4, 5]. 

Meanwhile, the fibers primarily shoulder the load 

transmitted from the matrix, imparting 

macroscopic stiffness and strength to the 

structure. Commonly used reinforcing fibers 

include glass, aramid, and carbon fibers. Such 

FRP composites are gaining prominence due to 

their exceptional resistance to corrosion, 

impressive thermo-mechanical characteristics, 

and high strength-to-weight ratio [6, 7]. Their 

diverse range of properties makes them 

indispensable in a wide array of industries, 

including aerospace, marine, construction, 

biomedical, automotive, and many others [8-10]. 

 

The performance of composite materials is 

predominantly influenced by the quality of their 

constituent elements and the precision of their 

manufacturing processes. The manufacturing 

processes need to be investigated to determine 

the material's optimal properties for the specific 

purpose. Various approaches are viable, 

depending on the chosen reinforcement category 

and the intended product application [11, 12]. 

Some of them are as follows; hand layup [13], 

compression molding [14], filament winding 

[15], pultrusion [16], spray-up [17], resin transfer 

molding (RTM) [18], vacuum-assisted resin 

infusion method (VARIM) [19]. Since the 1950s, 

vacuum-assisted resin infusion method 

(VARIM) has been utilized to create fiber 
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reinforced polymer composites in different 

shapes [20-23]. This method is also referred to as 

vacuum assisted resin transfer molding 

(VARTM) in the literature [24]. The technique is 

a closed mold method for producing high-

performance and large-scale fiber reinforced 

polymer (FRP) products with minimal tooling 

costs. Although large and complex composite 

parts can be produced in high quality with this 

method, there are some disadvantages. The 

possibility of air leakage is considerable, and this 

is highly dependent on the worker's ability, 

training, and the consumables (peel ply, vacuum 

bag, distribution medium etc.) condition of each 

VARIM operation. Dry spots and inadequate 

resin infusion might result from air leakage and 

can ruin the composite production [25]. Factors 

such as mold filling, fiber compaction, dry spot 

and micro-voids are the related processing issues 

to be considered in order to produce a stable 

composite. 

 

The VARIM technique is also a key method in 

the production of nanoparticle enhanced FRP 

composites [26-28]. To create nanocomposite, 

nano-enhanced polymers can be injected into 

fiber mats composed of fibers such as carbon, 

aramid or glass fibers. Due to its unique through-

thickness flowing profile the VARIM process 

has been recognized as a potential approach for 

producing nano-enhanced FRP among several 

production methods. However, through-

thickness flow may not reduce the traveling 

distance of the nano resin flow along the fiber 

preform to the desired level [29]. As a result, the 

possibility of nanoparticles being filtered by the 

fiber preform increases. This nanoparticle 

filtration affects the distribution of nano-

enhanced polymer blend in composite. This 

imperfection can also affect the mechanical 

properties of the nanocomposite. The porosity of 

the fiber preform also has an impact on 

nanoparticle filtering. Fan et al. [30] developed a 

new injection and double vacuum assisted resin 

transfer molding (IDVARTM) technique to 

decrease the impacts of porosity. The infusion is 

assisted by capillary pressure in this approach. 

This provided a high void formation, allowing 

the nano-doped resin to pass through the fiber 

with less nanoparticle filtration. Another 

VARTM-based technique to incorporating 

carbon nanofibers (CNFs) into FRP was 

investigated by Movva et al. [31]. They used a 

solvent guided spray method to pre-bond the 

CNFs to the glass fiber matting. This technique 

may lower the risk of CNF filtering during resin 

infusion.  

 

The literature review revealed that the VARTM 

or VARIM method was improved with different 

modifications to minimize nanoparticle filtration 

for nanocomposite production. However, the 

mechanical stability of the sample extraction 

zones of the nanocomposite plate produced by 

the traditional VARTM method is an important 

issue that needs to be investigated in detail. In 

this study, nano alumina (Al2O3) reinforced 

epoxy composites were produced by VARIM. 

Samples were taken from the composites in the 

directions horizontal to the resin flow (HRF) and 

vertical to the resin flow (VRF), and the 

mechanical properties of these directions were 

determined by tensile, three point bending and 

density tests. Also, ANOVA analysis was 

performed to determine the significance of the 

variables and to see if each variable has or not 

significant effect on tensile and flexural strength 

values. 

 

2. Experimental Procedure 

 

2.1. Materials 

 

The nanoparticle to be used for nano 

reinforcement was aluminum oxide (Al2O3) with 

78 nm average particle size (Nanografi). The 

purity of nanoparticles is 99.55%. MGS L285 

epoxy resin and H287 hardener were used for 

obtaining nano-enhanced polymer (HEXION).  It 

was chosen because it has a low viscosity (600-

900 mPas). The resin-to-hardener ratio is 100:40 

by weight. Plain weave-type glass fiber with an 

area weight of 200 gr/m2 was used as the fiber 

reinforcement. A table type circular saw bench 

with water cooling system was used to cut the 

samples. 

 

2.2. Production of glass fiber reinforced epoxy 

nanocomposite 

 

Two different composites were produced by 

using the conventional VARTM method. One 

plate was produced in pure form and the other 

was produced using nano Al2O3 particles to study 
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the dispersion of the nanoparticle in polymer 

resin. The representation of the method is shown 

in Fig 1. 

 

The following steps were applied for production. 

• Release film was applied to prevent the 

composite plate from sticking to the bench. 

• 16 layers of glass fiber were laid on the release 

film. 

• A peel ply was applied for easy removal of the 

composite plate. 

• Infusion mesh was applied on the top of the peel 

ply.  

• A Spiral hose was used to provide a fast resin 

supply in the resin injection line. 

• Ventilation ports are placed in the resin inlet 

and outlet region. 

• The assembly was surrounded with sealing 

tape, which is a double-sided sticky adhesive. 

• The vacuum bag was carefully laid on the 

assembly. 

• Resin injection port was closed, and vacuum 

port opened to apply the vacuum.  

• Pure resin and nano-enhanced resin were 

infused into the resin reservoir. 

• After the vacuum port was closed, the system 

was left to cure at 80 ⁰C for 15 h (bench heater) 

as mentioned by resin manufacturer. 

• Demolding the composite part from the bench 

was successfully made. Fig. 2 shows a cured 

composite plate on the bench.

 

Figure 1. Schematic representation of VARTM 

 

2 wt.% of Al2O3 nanoparticles was used to form 

nano-enhanced epoxy resin using the ultrasonic 

dual mixing method (UMM) [32]. Ultrasonic 

dual mixing is the employment of ultrasonic 

vibration and mechanical stirring at the same 

time to shear the resin matrix. It has the ability to 

modify resin matrix and provide a homogeneous 

distribution of nanoparticles that is nearly 

cluster-free. 

 

Figure 2. Cured composite plate on the bench 

 

This was important in significantly improving 

the mechanical and physical characteristics of the 

polymeric basis composites. The ultrasonic 

mixing was done with an ultrasonic stirrer (VCX 

500, Sonics, USA) with a maximum power 

output of 750 W and a steady frequency of 20 
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kHz and a 50 mm diameter titanium alloy tip. A 

pulse of 2 s on and 3 s off was used to apply 

sonication with a 70% amplitude for 2 h. During 

sonication process a magnetic mixer (MR Hei-

Tech, Heidolph, Germany) was used 

simultaneously at 400 rpm [5, 19, 26]. To achieve 

a successful dispersion, precautions were taken 

during UMM to ensure that the temperature of 

the polymer mixture did not rise throughout the 

mixing time. The mixing was done in a bowl 

bordered by an ice bath, and the temperature of 

the bath is tracked by immersing a temperature 

probe connected to the ultrasonic mixer to 

prevent an extreme increase in temperature 

during mixing. The schematic representation of 

UMM method is shown in Fig 3. Finally, two 

composite plates were produced for comparison 

purposes. One is pure plate without nanoparticle 

additive, and the other is nanoparticle doped 

plate. 

Figure 3. Schematic representation of UMM method 

 

2.3. Mechanical tests and sampling 

orientation 

 

Tensile and bending tests were performed in 

accordance with ASTM D3039/D3039M-17 [33] 

and ASTM D790-17 [34] using a Shimadzu 

AGS-X Plus Universal test machine. Density 

Measurement was carried out with Archimedes' 

principle with samples having 15x15x3.2 mm3 

dimensions. The bending test specimen's 

dimensions were determined to be 127x12.7x3.2 

mm3 and the dimensions of tensile test specimen 

were 250x25x3.2 mm3. The strain rate was 2 

mm/min for tensile test and 1 mm/min for 

bending test. Samples and dimensions were 

shown in Fig. 4.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4. Test samples and dimensions 

 

Two different plates were produced to examine 

the effect of nanoparticle filtration on the 

mechanical properties of the composite. One 

plate has no nanoparticles, while the other has 2 

wt.% of nanoparticles. The plates were divided 

into 3 different zones to determine in which 

zones the filtration is effective along the vacuum 

line. In addition, to examine the effect of sample 

extraction directions, samples were extracted 

both vertical to the resin flow (VRF) and 

horizontal to the resin flow (HRF). Sample 

notations are given in Fig. 5. Sample extraction 

zones and orientations are shown in Fig. 6.  

 

Figure 5. The notation of samples 
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Figure 6. Sampling orientation of composite  

 

3. Results and Discussion 

 

3.1. Mechanical test results 

 

Tensile, flexural and density tests were carried 

out using 5 samples of each parameter and the 

average results were taken as a basis in the 

graphics. Fig. 7 shows all test results. 

Considering the Fig. 7, it is observed that the 

tensile, bending and density values for both pure 

and nano composite increase from the 1st zone to 

the 3rd zone. This result is valid for both HRF 

and VRF samples. Normally, test results are 

expected to be very close to each other in pure 

composite. But the highest change was observed 

in bending. 

 

VRF samples have an increase rate of 3.23%. 

This is because the resin line of the plate is long. 

The fact that the length of this line was around 1 

m caused the compaction ratio at the vacuum side 

to be higher than the compaction ratio at the resin 

inlet.  It can be concluded that the VARIM or 

VARTM technique was effective in compacting 

the fiber reinforcement under vacuum pressure, 

resulting in samples with a high fiber volume 

percentage, consistent thickness, and minimal 

voids content [35]. Furthermore, the compaction 

pressure is restricted to the pressure of 

atmosphere, prohibiting the vacuum infusion 

process from attaining greater fiber volumetric 

levels [36]. Since the thickness values of the 

composite plate shown in Table 1 are thinner in 

the region where the compaction is high, stress 

values increase due to the cross-sectional area 

difference in the experimental stress calculation. 

Density results also confirm this phenomenon. 

The density values increased from the 1st zone to 

the 3rd zone for both composite plates. The fact 

that the compaction is more on the vacuum side 

has reduced the possible void amount, which has 

caused the density values to increase towards the 

3rd zone. 

 

Considering the Fig.7-b, it is seen that the 

nanocomposite exhibits a similar behavior like 

pure one. Since the phenomena described above 

are also valid for this composite, all test results 

increased from 1st zone to the 3rd zone. 

However, when increase percentages in Table 2 
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are examined, it is seen that the increase in the 

test results in nanocomposite for each region is 

higher than in pure composite. The percentage 

increase rates were calculated based on how 

much the test results in zone 2 and 3 increased 

compared to zone 1. Based on the tensile test 

result, an increase of 2.82% was observed in NV-

3, while this rate was 1.49% in PV-3. Similarly, 

in bending test results, an increase of 3.31% in 

NV-3 and 3.23% in PV-3 was observed. Results 

demonstrate a consistent pattern in regions 

aligned horizontally with the resin flow.

 

Figure 7. Test results of nanocomposite plates a) pure composite b) nanocomposite 

 

2 wt.% of Al2O3 nanoparticles increased the 

tensile and flexural strength of glass fiber 

reinforced epoxy composites. Although there is 

variation between regions, an improvement in 

tensile strength from 5.97% to 8.61% was 

observed. This improvement varied between 

5.62% and 6.41% in flexural strength. If a 

comparison is made between HRF and VRF 

directions, it is seen that HRF values are higher 

than VRF values both for pure and nano 



Gökhan Demircan  

64 
 

composite. This is because the thickness is more 

stable in the HRF direction than in the VRF 

direction. 

 
Table 1. Thickness values of zones of composite 

plates 

Zone Thickness (mm) 

Pure Zone 1 2.404 

Pure Zone 2 2.374 

Pure Zone 3 2.341 

Nano Zone 1 2.556 

Nano Zone 2 2.515 

Nano Zone 3 2.476 

 

Table 2. Percentage increase of tensile and bending 

test results 

No. 

Tensile 

Strength  

(MPa) 

Perc. 

Increase 

(%) 

Flexural 

Strength 

(MPa) 

Perc. 

Increase 

(%) 

P-V1 469±1.5 --- 681±2.5 --- 

P-V2 471±2.6 0.43 689±3.2 1.17 

P-V3 476±3.2 1.49 703±3.1 3.23 

N-V1 497±1.7 --- 724±2.6 --- 

N-V2 500±1.3 0.60 735±3.3 1.52 

N-V3 511±2.4 2.82 748±2.7 3.31 

P-H1 455±1.6 --- 675±2.4 --- 

P-H2 460±1.3 1.10 678±2.8 0.44 

P-H3 465±2.8 2.20 685±3.1 1.48 

N-H1 486±2.2 --- 713±3.2 --- 

N-H2 492±1.9 1.23 719±3.1 0.84 

N-H3 505±2.1 3.91 726±3.4 1.82 

 

2 wt.% of Al2O3 nanoparticles increased the 

tensile and flexural strength of glass fiber 

reinforced epoxy composites. Although there is 

variation between regions, an improvement in 

tensile strength from 5.97% to 8.61% was 

observed. This improvement varied between 

5.62% and 6.41% in flexural strength. If a 

comparison is made between HRF and VRF 

directions, it is seen that HRF values are higher 

than VRF values both for pure and nano 

composite. This is because the thickness is more 

stable in the HRF direction than in the VRF 

direction. The reason why the increase between 

regions in nanocomposite is higher than in pure 

composite depends on the compaction ratio. 

Since compaction ratio is more on the vacuum 

port, the movement of the resin in the through-

thickness direction is shortened in this port. Since 

the nano-doped resin will travel less distance in 

vacuum port, the nanoparticle filtration is less in 

this line, resulting in relatively higher mechanical 

properties of the region close to the vacuum line 

[27]. In other words, the mechanical properties 

are affected by the resin flow direction. The first 

resin flow occurs horizontally through the 

infusion mesh, while the second resin flow 

occurs within the fiber through thickness. Hsiao 

et al. [37] presented an analytical solution for this 

and stated that a dimensionless approach with the 

expression given in Equation 1 is an important 

approach in determining the main production 

parameters. 

 
𝑄𝑥

𝑄𝑦
~

𝐾2𝑥𝑥ℎ2
2

𝐾2𝑦𝑦𝑑2
≪ 1                                                      (1) 

 

The structural layer's permeabilities in the x and 

y directions are K2xx and K2yy, respectively. h2 is 

the thickness of fiber preform and d is the length 

of flow front region.  

 

Tensile and flexural test results were also given 

as stress-strain graphics in Fig.8 and Fig.9, 

respectively. Tensile and bending forces 

represent fundamental aspects of mechanical 

loading, constituting two of the five primary 

types of loads in the field. The stress-strain 

curves of fiber-reinforced polymer composites 

under tensile and bending forces are different 

from each other. Since FRP composites are in a 

brittle structure, they do not have yield points 

[38]. When the tensile stress-strain curves (Fig.8) 

are examined, the curves demonstrate a linear 

relationship and the sample is suddenly broken 

without any yielding. The rupture happens 

without any obvious difference in the rate of 

elongation [39]. The curves obtained in this study 

are similar to the typical curves observed in FRP 

composites. No abnormality was found between 

the curves of pure and nanocomposite or between 

the curves of VRF and HRF zones. A similar 

trend occured in bending (flexural) curves. But 

here, when the stress reaches its maximum point, 

the fracture does not occur suddenly, as in tensile 

test. Once stress reaches its peak, the sample 

sustains bending load until a specific threshold, 

as bending stress is highest at the specimen's 

surface and zero at the neutral axis. This behavior 

reflects the material's capacity to withstand 

bending forces and highlights the distribution of 
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stress across the specimen. The normal bending 

stress changes linearly according to the distance 

from the neutral axis in the elastic range. 

Therefore, the surface of the sample is subjected 

to maximum stress and the fibers on the surface 

begin to rupture first. The rupture of fibers 

continues gradually from the surface to the 

neutral axis. This means that the fracture event 

occurs with a long strain and this causes the 

flexural stress-strain curves to form as in Fig. 9. 

Fig. 10 shows the damage mechanism of tested 

samples. The reason for the behavior of flexural 

stress-strain curves is more clearly understood 

with this figure. The fiber ruptures on the surface 

of the sample are clearly visible. 

 

Figure 8. Tensile strength-strain curves of composite plates a) vertical to the resin flow (VRF) b) horizontal 

to the resin flow (HRF) 

 

Figure 9. Flexural strength-strain curves of composite plates a) vertical to the resin flow (VRF) b) horizontal 

to the resin flow (HRF) 

 

In tensile test samples, failure modes should be 

analyzed according to ASTM D3039 standard. In 

this standard three-character coding is used to 

identify failure modes. The first character 

represents the failure type, the second character 

represents the failure area, and the third character 

represents the failure location. The failure types 

with respect to coding system were shown in Fig. 

10. The first character “L” represents the lateral 

failure type observed similarly in all samples. 

The second character "M" and "A" are the failure 

area codes of "multiple areas" and "at grip", 

respectively. These two failure areas were 

observed predominantly in all samples. The third 

character, "V" and "T" are failure location codes 

of "various" and "top", respectively. These two 

failure locations are valid for all samples. 

Damage mechanisms with the above codes were 

observed in all samples regardless of 

nanoparticle contribution and sampling 

orientation.   

 

The first character “L” represents the lateral 

failure type observed similarly in all samples. 

The second character "M" and "A" are the failure 

area codes of "multiple areas" and "at grip", 

respectively. These two failure areas were 

observed predominantly in all samples. The third 

character, "V" and "T" are failure location codes 

of "various" and "top", respectively. These two 

failure locations are valid for all samples. 

Damage mechanisms with the above codes were 
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observed in all samples regardless of 

nanoparticle contribution and sampling 

orientation. The SEM images of nanocomposite 

tensile test samples are shown in Fig.11. The 

homogeneous distribution of nanoparticles is 

shown in the surface image in Figure 11-a. The 

various damage modes, encompassing fiber 

fracture, matrix breakage, and delamination are 

demonstrated in Fig. 11b and Fig. 11c. It can be 

seen in Fig.11b that nano Al2O3 particles 

strengthen the matrix-fiber bonding

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 10. Damage mechanism of tensile and flexural test samples 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. SEM images of test sample 
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3.2. Statistical analysis (ANOVA) 

 

One-way ANOVA analysis was used to 

determine whether the means of three 

independent variables were statistically 

significant [40]. The three different variables are 

the first, second and third zones from which the 

samples are extracted. A null hypothesis (H0) is 

needed to use the ANOVA test. In this study, the 

H0 hypothesis was considered as “there is no 

difference between the means for three different 

regions.” To test this hypothesis, strength values 

was used as dependent variable and three 

different regions were used as factor variables. 

First, to test the hypothesis, the data of the PV 

samples were tested using the IBM SPSS 

Statistics 22. Table 3 shows the descriptives of 

PV samples for tensile strength. N represents the 

number of samples and tests were performed at 

the 95% Confidence Interval for the Mean. 

 

After determining the descriptives, the one-way 

ANOVA analysis was performed. Table 4 shows 

the results of PV samples for tensile strength. df 

means degree of freedom and F is the variance of 

the group means. The value in the last column 

indicates statistical significance. It's generally 

represented by P-Value. The null hypothesis 

should be assessed by comparing the P-value to 

the significance level to see if any of the 

comparison of means are statistically significant. 

A significance score of 0.05 is usually sufficient. 

With a significance level of 0.05, there's a 5% 

chance of determining that a difference exists. 

The null hypothesis is rejected if the P-value is 

below or equal to the significance level [41]. If 

the P-value is greater, the null hypothesis is 

accepted. In Table 4, the P-value is 0.104, which 

is greater than 0.05 and the hypothesis is 

accepted. It means that there is no difference 

between the means for three different regions. 

Although the experimental results show an 

increase from the first zone to the third zone for 

PV samples, statistical analysis indicates that this 

change is not significant.

 
Table 3. Descriptives of PV (Pure-Vertical) samples 

 N Mean 

Std. 

Deviation 

Std. 

Error 

95% Confidence 

Interval for Mean 

Minimum Maximum 

Lower 

Bound 

Upper 

Bound 

PV-1 5 469.4306 5.15650 2.30606 463.0280 475.8332 463.33 475.41 

PV-2 5 471.1172 4.96969 2.22251 464.9465 477.2879 465.77 476.62 

PV-3 5 476.0494 3.63552 1.62585 471.5353 480.5635 470.47 480.50 

Total 15 472.1991 5.18457 1.33865 469.3279 475.0702 463.33 480.50 

Table 4. One way ANOVA of PV (Pure-Vertical) 

samples 

 

Sum of 

Squares df 

Mean 

Square F P 

Between 

Groups 
118.300 2 59.150 2.751 0.104 

Within 

Groups 
258.017 12 21.501   

Total 376.316 14    

 

Normally, if the null hypothesis is accepted, the 

analysis is not continued. Because the result 

already indicates that the mean of the 

independent variables is not significant. 

However, Tukey test from post hoc analysis is  

given in Table 5 to show that the results between 

groups are not significant. Tensile stress 

variables of PV-1, PV-2 and PV-3 samples were 

evaluated among themselves and P-values were 

higher than 0.05 in all comparisons. This means 

that although there is an experimental difference 

between the stress values of the tensile samples 

extracted from three different zones, this 

difference is not statistically significant. The 

above-mentioned analysis was performed for 

only one parameter. Since it is meaningless to 

give each table in detail for each parameter, the 

results of ANOVA analysis, which is the most 

important table for all parameters, are given in 

Table 6. All p-values for each parameter are 

greater than 0,05. This shows that in all samples, 

from the first region to the third region, the test 
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results are not statistically significant in terms of 

tensile and flexural stress for both pure and 

nanocomposite. The fact that group comparisons 

do not show a statistically significant difference 

does not mean that the experimental results are 

insignificant. According to McLean and Ernest 

[42], significance tests may not give information 

regarding the practical importance of an event or 

whether the result can be replicated. Slight 

differences between experimental results make 

sense in the test evaluation. In the realm of 

experimental applications, it is of paramount 

importance to meticulously extract the samples 

from precisely the same orientation. This 

meticulous approach ensures that the samples 

being compared are not only consistent but also 

align perfectly, thereby enhancing the accuracy 

and reliability of the results obtained. This 

critical step serves as the cornerstone for the 

entire experimental process, laying the 

foundation for meaningful and robust evaluations 

that can lead to invaluable insights and scientific 

advancements.

 

Table 5. Multiple comparisons (Tukey) of PV (Pure-Vertical) samples 

Groups (I) Groups (J) 

Mean Difference 

(I-J) 

Std. 

Error P 

95% Confidence Interval 

Lower 

Bound 

Upper 

Bound 

PV-1 
PV-2 -1.68660 2.93267 .836 -9.5106 6.1374 

PV-3 -6.61880 2.93267 .101 -14.4428 1.2052 

PV-2 
PV-1 1.68660 2.93267 .836 -6.1374 9.5106 

PV-3 -4.93220 2.93267 .252 -12.7562 2.8918 

PV-3 
PV-1 6.61880 2.93267 .101 -1.2052 14.4428 

PV-2 4.93220 2.93267 .252 -2.8918 12.7562 

 

Table 6. One-way ANOVA test results of all parameters 

Groups Types Sum of Squares df Mean Square F P 

PV (Tensile) Between Groups 118.300 2 59.150 2.751 .104 

PH (Tensile) Between Groups 248.914 2 124.457 1.986 .180 

NV (Tensile) Between Groups 521.307 2 260.654 3.041 .085 

NH (Tensile) Between Groups 970.601 2 485.301 2.344 .138 

PV (Flexural) Between Groups 1199.749 2 599.874 1.190 .338 

PH (Flexural) Between Groups 267.103 2 133.551 .540 .597 

NV (Flexural) Between Groups 1430.553 2 715.276 .366 .432 

NH (Flexural) Between Groups 482.234 2 241.117 1.038 .384 

4. Conclusion 
 

The VARTM or VARIM method employed in 

the production of nanocomposites is a subject 

that demands examination from various 

perspectives, particularly concerning 

nanoparticle filtration. In this study, two types of 

materials were manufactured: pure glass fiber-

reinforced composites and glass fiber-reinforced 

nanocomposites with a 2 wt.% Al2O3 doping. 

The study investigated the effects of extracting 

samples from different zones and orientations 

within both the pure and nanocomposite 

materials. Samples were collected from three 

distinct zones: the resin inlet zone (First), the 

middle zone (Second), and the vacuum outlet 

zone (Third). Additionally, two directions were 

considered: horizontal to the resin flow (HRF) 

and vertical to the resin flow (VRF) to provide a 

comprehensive assessment of the mechanical 

properties of the composites. Mechanical 

property assessments were conducted, including 

tensile, three-point bending, and density tests. 

As a result, there was a notable increase in 

tensile, bending, and density values when 

moving from the first zone to the third zone in 

both pure and nanocomposites. This increase can 

be attributed to the slightly higher pressure at the 
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vacuum outlet compared to the pressure at the 

resin inlet. It is worth noting that the plates used 

in this study had a length of approximately 1 

meter. The pressure differential led to variations 

in thickness, resulting in stress value differences 

of up to 3.91%, with the nanocomposites 

exhibiting more pronounced variations compared 

to the pure composites.  

 

The reduction in nanoparticle filtration through-

thickness in the vacuum outlet region can be 

explained by the thinner thickness of the vacuum 

outlet compared to the resin inlet due to 

compaction. This shorter travel distance for the 

nano-doped resin in the vacuum outlet resulted in 

enhanced mechanical properties in the vicinity of 

the vacuum outlet, as supported by the density 

measurements. Notably, the density values of 

both composite plates increased from the first to 

the third zone due to reduced potential voids 

caused by higher compaction on the vacuum 

side. In the context of nanocomposite production, 

using smaller-sized plates has proven to yield 

more consistent outcomes. It's also important to 

mention that the horizontal to the resin flow 

(HRF) values consistently exceeded the vertical 

to the resin flow (VRF) values, highlighting the 

greater thickness stability in the HRF direction. 

To ensure accurate comparisons between stress 

values of samples across different plates, it is 

essential to extract samples with the same 

orientation and from the same zone. 

 

To assess the statistical significance of the means 

of three independent variables, a one-way 

ANOVA analysis was conducted. The null 

hypothesis (H0) posited that there was no 

difference in means across three different 

regions. The null hypothesis was accepted, as the 

calculated p-value of 0.104 exceeded the 

significance level of 0.05. This result indicates 

that there is no statistically significant difference 

in means among the three distinct regions. 

 

While experimental observations may suggest an 

increase in test results from the first to the third 

zones, the statistical analysis reveals that this 

shift is not significant. However, it's important to 

note that a lack of statistical significance does not 

render experimental results meaningless. Instead, 

it indicates the absence of a clear correlation. 

Nonetheless, for a more precise interpretation of 

the results, it remains crucial to consistently 

extract samples from the same zone and 

orientation in experimental tests. 
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