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ABSTRACT 

This research investigates the mechanical properties of 

3D printed polymers, with materials extracted from 

natural fibers and petroleum sources, such as PLA, 

PETG, PLA with bamboo fibers, PLA with carbon 

fibers, and nylon. Mechanical tests—including tensile, 

impact (Izod), flexural, and hardness tests—were 

conducted following ISO standards to evaluate the 

performance, strength, and durability of these materials. 

These tests provide essential data on how each polymer 

responds to stress, impact, bending, and surface 

deformation. The study aims to understand how 

variations in material composition and processing 

conditions affect mechanical behavior. By analyzing 

differences in tensile strength, impact resistance, 

flexibility, and hardness, the research highlights the 

influence of different formulations on material 

performance. The insights gained are crucial for 

selecting suitable materials for a range of applications, 

from industrial components to consumer products and 

specialized uses. This thorough evaluation supports 

informed decision-making in 3D printing, enhancing 

the technology’s effectiveness and fostering innovation 

in material performance and application. 

INTRODUCTION 

1.1. General Introduction 

3D printing, or additive manufacturing, is a rapidly 

growing technology used to create tangible products 

from digital models. It enables the quick production of  

 

prototypes, customized components, and complete 

items, revolutionizing industries. 3D printing offers 

potential in producing lightweight structures and 

reinforced filaments. 

A key area of study is the mechanical comparison 

between petroleum-extracted and naturally extracted 

filaments. Composite materials, known for their thermal 

insulation, rigidity, and strength-to-weight ratio, play a 

vital role. These materials, often found in bio-

composites, polymers, or metals, are widely used in 

construction, automotive, aerospace, and medical 

fields.Common 3D printing filaments include 

thermoplastics like PLA, PET, nylon, PLA bamboo, 

PLA carbon fiber, and ABS. These filaments are heated 

and extruded in layers to create components. 

Reinforcements like metal particles, glass fiber, carbon 

fiber, or biodegradable materials can enhance properties 

such as strength, stiffness, and durability. Reinforced 

filaments are essential in applications such as aircraft 

components, medical devices, and automotive parts. 

1.2. Basics of Additive Manufacturing 

 The Printing in three dimensions is alternatively called 

additive manufacturing, three dimensional printing is a 

technique for fabrication that creates objects in three 

dimensions by using a computer model. As opposed to 

traditional production processes, which rely on 

subtractive techniques to remove material from raw 
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materials, 3D printing creates products layer by layer, 

offering more efficiency and customization.3D printing 

begins with creating a digital model of the object, which 

is then sliced into thin layers. This layered design is 

uploaded to the printer, which constructs the object 

layer by layer. Various materials, including ceramics, 

metals, and polymers, are used in this process. The 

printer gradually builds the object, adding each layer 

precisely to achieve the final result. Multicolored 

printing is another feature of certain 3D printers.  

Figure 1 3D printing technique 

Different 3D printing technologies, such as FDM, SLA, 

SLS, and DLP, offer various advantages and limitations. 

FDM is the most popular and cost-effective method, 

using melted thermoplastic filament layered to build 

objects, often used for prototyping and small-scale 

production. SLA and DLP use lasers or projectors to 

harden liquid resin layer by layer, producing highly 

detailed and precise objects, commonly used in 

dentistry, jewelry, and industries requiring high 

accuracy. SLS fuses powdered material to create 

durable products, widely used in aerospace, automotive, 

and medical fields. 

Thermoplastics are versatile plastics that soften when 

heated and harden upon cooling, making them reusable 

in various industries. PLA, derived from renewable 

sources like corn or sugarcane, is biodegradable and 

popular for 3D printing and packaging due to its eco-

friendliness. PLA-Bamboo, a composite of PLA and 

bamboo fibers, offers enhanced strength and natural 

aesthetics. ABS, a petroleum-based polymer, is known 

for its strength and impact resistance but requires 

controlled printing conditions. Nylon is highly durable 

and flexible, ideal for producing strong mechanical 

components, while PETG is a modified PET known for 

its durability, impact resistance, and ease of printing, 

often used for food packaging and 3D printed functional 

parts. 

Mechanical characterization, which measures 

properties like elasticity, strength, compression, and 

toughness, is essential for understanding how materials 

respond to stress. This process plays a crucial role in 

developing and testing new materials  

across industries such as automotive, biomedical, and 

aerospace. 

LITERATURE 

2.1 Introduction 

This literature review compares the mechanical 

characteristics of petroleum-based polymers created 

using 3D printing and natural polymers. These materials 

are widely used due to their high energy absorption, 

strength, and lightweight properties, making them ideal 

for industries such as wind energy, shipbuilding, 

automotive, aerospace, and civil construction. The 

tensile, flexural, and impact stresses, as well as surface 

hardness tests, follow ISO standards. The main benefits 

of these materials include a high strength-to-weight 

ratio and low construction costs. Many studies have 

investigated the potential applications of different 

materials across various sectors. 

2.2 Summary of the Literature 

1. Atakok, Kam, Koc: This study evaluates the 

mechanical properties of 3D-printed parts made from 

PLA and recycled PLA, comparing tensile strength, 

three-point bending, and impact resistance. It highlights 

the sustainability benefits of using recycled PLA 

without compromising mechanical properties. 

2. Palacios, Velazquez, Zelaya, Patterson: The 

authors focus on enhancing the performance of 3D-

printed composites through hybrid filler materials, 
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offering insights into improving strength and stiffness 

for high-performance applications. 

3. Tarfaoui, Daly, Kbaier, Chihi: This paper 

examines the tensile behavior of carbon fiber-reinforced 

PETG (CF-PETG) composites, using simulations and 

experiments to optimize design for better strength and 

durability. 

4. Alarifi: The research investigates the 

mechanical properties of PETG/carbon composites 

made via FDM, combining experimental data and 

simulations to optimize strength and performance for 

engineering applications. 

5. Prajapati, Sharma, Kumar, Pandey, Pandey: 

A comparative analysis of PLA, ABS, TPU, and PETG 

in 3D printing, focusing on tensile strength, impact 

resistance, and thermal stability to aid material selection 

for specific applications. 

6. Romeijn, Behrens, Paul, Wei: This study 

assesses the long-term mechanical properties of PETG 

produced by pellet-based material extrusion, offering 

insights into its strength and durability for long-term 

use. 

7. Miller, Carter, Lee: The paper investigates the 

effects of infill density and orientation on the 

mechanical properties of PLA components, providing 

guidelines for optimizing 3D printing parameters to 

achieve desired strength and stiffness. 

8. Kumar, Sharma, Saran, Tripathy, Sangwan, 

Herrmann: This comparative life cycle assessment 

examines the environmental impact of PLA, ABS, and 

PETG in 3D printing, helping stakeholders make 

informed decisions about sustainable material use. 

9. Kumar, Ranjan, Babbar: The study analyzes 

the mechanical properties of 3D-printed nylon 6 parts, 

providing insights into the material's suitability for 

various applications and its performance compared to 

other materials. 

10. Bhandari, Lopez-Anido, Gardner: This 

research explores the effects of annealing on the tensile 

strength of carbon fiber-reinforced PETG and PLA 

composites, offering valuable information on 

optimizing post-processing techniques for enhanced 

material performance. 

 

 

MATERIALS AND METHODOLOGY  

3.1. Introduction  

This project study focuses on evaluating mechanical 

characteristics 3D-printed tensile, flexural, hardness 

and impact. Mechanical characterization is critical in 

the development and testing of novel materials for a 

wide variety of applications. Mechanical 

characterization tests such as tensile, hardness, impact 

and flexural tests. Characteristics aiding understanding 

how a material will react to load changes and can be 

utilized to optimize the material's performance in 

specific applications. 

 3.2. Methodology 

Figure 3 Methodology 

3.2.1 Material Selection 

Materials are selected based on their properties, 

comparing natural and petroleum-based options like 

PLA, ABS, PETG, Nylon, PLA-Bamboo, and PLA-

Carbon Fiber. PLA, derived from plants, offers high 

strength and biodegradability, while ABS, Nylon, and 

PETG, petroleum-based, are chosen for strength, impact 

resistance, and durability. 

Materials 

• ABS (Acrylonitrile Butadiene Styrene): 

Known for strength, toughness, and impact resistance, 

but requires heated bed and emits fumes during printing. 

Used in automotive parts and functional prototypes. 

http://www.ijsrem.com/
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• Nylon: Offers strength, flexibility, and abrasion 

resistance but absorbs moisture and needs precise 

printing conditions. Used for gears, brackets, and 

mechanical parts. 

• PETG (Polyethylene Terephthalate Glycol): 

Strong, impact-resistant, and FDA-approved. Easier to 

print than ABS, but less rigid. Common for food 

containers and prototypes. 

• PLA (Polylactic Acid): Biodegradable, easy to 

print with minimal warping, but brittle and less suited 

for high-stress applications. Ideal for models and 

prototypes. 

• Carbon Fiber Filament: High strength, 

stiffness, and lightweight properties but requires 

specialized nozzles. Used in aerospace and automotive 

parts. 

• PLA Bamboo Filament: Combines PLA’s 

ease of printing with bamboo's strength and aesthetics. 

Biodegradable and suitable for decorative and artistic 

models. 

Table 1 Material Properties 

3.2.2. Fabrication  

A material is made to laminated composite material 

with a 3D printed core is one of the latest versions of 

lightweight construction. It exhibits excellent 

characteristics such as very high absorption of energy 

and strength-to-weight ratio under the action of tensile, 

bending, hardness and impact loads. The tensile, 

flexural, hardness and impact test specimen is fabricated 

by using technique of Fused Deposition Modelling 

(FDM). The process and flow chart for the 3D printing 

of the test specimen is as depicted in Figure 4. 

 

 

Figure 4: Fabrication Process of Test Specimens via 

FDM Technique 

The fabrication process begins with creating the CAD 

model using SolidWorks. After exporting it in STL 

format, the model is sliced in Creality slicer software, 

which generates G-codes for the printing process. These 

G-codes are transferred to the Creality Ender 3 V2 FDM 

3D printer. Filament, fed by rollers, is heated to the 

required temperature within the nozzle. As the nozzle 

follows the G-code instructions, the material is precisely 

deposited onto the build platform layer by layer. The 

process continues until the desired specimen is fully 

fabricated, ensuring 100% infill with a 2mm thickness 

for optimal strength 

3.2.3. Mechanical Characterization  

3.1.1 Tensile Test 

 

Figure 5 Tensile testing UTM machine 
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 The specimen is prepared according to ISO 527, which 

establishes benchmarks for determining the tensile 

properties of materials, such as those that are 3D-

printed. The tensile test assesses how well a material 

resists forces that attempt to pull it apart and measures 

its elongation capability before reaching fracture. This 

test uses a stress-strain diagram to determine the 

material's stiffness, represented by the tensile modulus. 

For different 3D-printed materials such as PLA, PLA-

Bamboo, PLA-Carbon fiber, ABS, PETG, and Nylon, 

the specimens are clamped horizontally in the testing 

device. This standardized approach ensures accurate 

and comparable results, providing insights into each 

material's strength, flexibility, and overall suitability for 

various applications.. 

3.1.1 Flexural Test 

Figure 6 Flexural testing with sample  

The specimen is prepared according to ISO 178, which 

outlines the procedure for evaluating the flexural 

properties of materials, including various types that are 

3D printed. The flexural test measures a material's 

resistance to bending and assesses its deformation 

characteristics under a flexural load. This test uses a 

stress-strain diagram to determine the material's flexural 

modulus, which indicates its stiffness and rigidity. For 

different 3D-printed materials such as PLA,PLA-

Bamboo, PLA-Carbon fiber ABS, PETG, and Nylon, 

the specimens are supported on two points and 

subjected to a bending force until failure. This 

standardized method ensures consistent and comparable 

results, offering insights into each material's flexural 

strength, rigidity, and overall performance in 

applications requiring bending resistance. 

3.1.1 Impact Test 

Figure 7 Notch cutter and IZOD impact testing 

machine  

The specimen is prepared according to ISO 180, which 

outlines the procedure for determining the impact 

resistance of materials, including those that exhibit in 

3D-printed. The Izod impact test measures a material's 

ability to withstand sudden forces or shocks by striking 

a notched specimen with a pendulum hammer. This test 

provides data on the material’s impact toughness and 

resilience, as the energy absorbed by the specimen 

before fracture is recorded. For different 3D-printed 

materials such as PLA, PLA-Bamboo, PLA- Carbon 

fiber, ABS, PETG, and Nylon, the specimens are 

positioned with a notch facing the impact point and 

subjected to a controlled impact force. This 

standardized approach ensures accurate and comparable 

results, offering insights into each material's impact 

strength and overall durability under sudden stress or 

shock. 
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3.1.1 Hardness Test 

 

Figure 8 Shore D hardness tester 

 The specimen is prepared according to ISO 868, which 

details the procedure for assessing the hardness of 

materials, including 3D-printed ones. The Shore D 

hardness test measures a material’s resistance to 

indentation by using a standardized durometer, which 

presses a specified indenter with a sharp point and flat 

tip into the surface of the specimen with a consistent 

force. The depth of indentation left by the indenter is 

used to calculate the Shore D hardness value, reflecting 

the material's ability to withstand surface deformation. 

Shore D hardness is measured on a scale from 0 to 100, 

with the typical range being between 50 and 90. This 

method is particularly suitable for hard polymers, 

thermosetting plastics, and reinforced plastics. For 

various 3D-printed materials such as PLA, PLA- 

Bamboo, PLA Carbon fiber ABS, PETG, and Nylon, 

specimens are placed flat on a stable surface, and the 

hardness test is performed to evaluate the effectiveness 

of each material resists indentation and maintains its 

structural integrity under applied stress. This 

standardized approach ensures reliable and comparable 

data, providing insights into the hardness characteristics 

of different materials, which is crucial for applications 

requiring resistance to surface wear and mechanical 

stress. 

MECHANICAL TESTING RESULTS  

4.1. Introduction  

The mechanical test the outcomes act as critical 

evaluation of the different materials, providing essential 

insights into their performance. In this research, 

mechanical analyses, including tests for tensile and 

impact resistance, hardness and flexural resistance, 

were meticulously conducted in according to necessary 

ISO standards to comprehensively assess the load-

bearing capacity surface hardness, impact and structural 

stability of the materials. The tensile test’s were 

instrumental in determining the material's ultimate 

tensile strengths of the materials, shedding light on their 

ability to withstand tensile forces. The impact (Izod) 

tests were crucial in evaluating the material's impact 

resistance, providing insights into their ability to absorb 

and withstand sudden forces or shocks before fracturing 

flexural tests assessed the material's resistance to 

bending and its ability to maintain structural integrity 

under applied loads. They provided key insights into the 

material's stiffness and flexibility. The Shore D 

hardness tests were crucial for evaluating the material's 

resistance to surface indentation and wear. These tests 

can provided insights into the material's hardness and 

durability. Understanding hardness is essential for 

applications requiring resistance to deformation and 

surface stress. Crucial for applications where bending 

performance is critical. By rigorously evaluating these 

mechanical properties, the study aims to ascertain the 

structural integrity and performance of the different 

materials. The mechanical tests conducted in this 

research offers a valuable information’s on the tensile, 

impact, hardness and flexural strengths of the materials. 

These mechanical properties are crucial in assessing the 

structural stability and load-bearing capabilities of the 

materials. By conducting tests in accordance with 

recognized ISO standards, this research ensures reliable 
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and accurate results, enabling a thorough understanding 

of the materials mechanical performance. Such 

comprehensive analysis aids in determining the 

materials suitability for various applications in 

industries that prioritize lightweight, robust, and 

structurally sound materials. 

4.2. Tensile test results  

The sample printed using 3d printer is tested in UTM to 

obtain the tensile strengths of the sample. In this 

particular test, the sample of the different materials is 

loaded into the UTM one by one and subjected to a 

tensile force at a speed of 1mm/min displacement. The 

UTM measures the amount of force necessary 

requirement for ultimate tensile force for the sample and 

records this information. A tensile test were conducted 

on three specimens of different materials fabricated 

using the Fused Deposition Modelling (FDM) 3D 

printing technique. The test sample was printed in 

accordance with the ISO-527 standard. The specimen of 

dog bone shape with a width of 19 mm, thickness of 4 

mm, and length of 115 mm The results of the tests 

conducted on the materials specimens are illustrated in 

Table 2. 

 

During the tensile test, the specimen displayed ultimate 

tensile strengths are. PLA-22.76 MPa , PLA-

Carbonfiber-24.11MPa,PLA-Bamboo-18.63 

MPa,PETG-33.41 MPa, NYLON- 22.76,ABS-23.55 

MPa all data is expressed in bar graph figure-1 

 

The test sample before and after the testing are as 

depicted in the figure 9 and figure 10 respectively. 

 

PETG- (Polyethylene Terephthalate Glycol) 

demonstrates superior tensile strength compared to 

materials such are PLA, PLA composites, and ABS due 

to several factors. Firstly, PETG is a polyester made by 

adding glycol to PET (Polyethylene Terephthalate). 

This modification prevents the crystallization that 

occurs in standard PET, resulting in an amorphous 

http://www.ijsrem.com/
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structure that enhances the material’s flexibility and 

impact resistance. This amorphous nature allows PETG 

to better absorb and distribute stress, making it less 

brittle and more durable under tensile loads. Secondly, 

PETG’s printing process contributes to its strength. It 

has excellent layer adhesion, meaning the layers of 

material bond well during this printing process. This 

strong interlayer bonding reduces weaknesses between 

layers, which helps to maintain overall strength and 

cohesion of the printed part. In comparison, PLA 

(Polylactic Acid) is more rigid and tends to be more 

brittle, which can lead to lower tensile strength and an 

increased likelihood of breaking under stress. PLA 

composites, such as those infused with carbon fiber or 

bamboo, can improve specific properties but generally 

do not match PETG's overall tensile strength. ABS 

(Acrylonitrile Butadiene Styrene) and Nylon also have 

their strengths but typically do not reach the tensile 

strength of PETG due to differences in their molecular 

structure and processing characteristics. Overall, 

PETG’s combination of a flexible, impact-resistant 

molecular structure, excellent layer adhesion, and stress 

absorption capabilities results in its higher tensile 

strengths which compared to these other 3D printing 

materials. 

4.3. Flexural test results 

 Similarly the flexural test was carried out on three 

different material specimens manufactured using the 

FDM three dimension’s printing technique. The test 

specimen was printed in accordance with the ISO-178 

standard. The test parameters for the different materials 

specimen were as follows: rectangular sample type with 

a width of 10 mm, thickness of 4 mm, and specimen 

length of 80 mm. This test results for the samples are 

presented in Table 

 

 

 

 

 

Table 3 Flexural test result for the different 

materials 

In a 3-point flexural test, materials which are evaluated 

for their bending strength and flexibility. PLA generally 

shows high stiffness but is brittle, making it prone to 

cracking under stress. PETG offers a good balance of 

flexibility and impact resistance, though it has lower 

stiffness compared to PLA. ABS provides a mix of 

strength and flexibility, with decent impact resistance. 

Nylon typically exhibits superior bending strength and 

toughness, handling deformation better than the others. 

Composite materials like PLA-carbon fiber enhance 

stiffness but may be more brittle, while PLA-bamboo 
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composites improve aesthetics but generally have lower 

strength. During the 3-point bending test, the specimen 

exhibited varying flexural strengths: PLA-59.52 MPa, 

PLA-Carbonfiber-55.72 MPa, PLA- Bamboo-33.40 

MPa, PETG-50.09 MPa, Nylon-15.81 MPa, and ABS-

47.99 MPa. These results highlight differences in the 

materials' bending resistance, with PLA showing the 

highest flexural strength and Nylon the lowest. The data 

which provides valuable insights into each material's 

ability to withstand bending forces and maintain 

structural integrity under load. This results are shown in 

bar graph figure-2 

 

Figures 11 and 12 depict the test sample after and before 

testing, respectively 

PLA (Polylactic Acid) shows the highest flexural 

strength in your test results due to several key factors. 

PLA's inherent rigidity stemes from its high degree of a 

crystallinity, which provides a firm and stable structure 

that resists bending forces effectively. Additionally, 

PLA tends to exhibit strong layer adhesion during the 

3D printing process, which enhances its overall strength 

and reduces weaknesses between layers. PLA’s 

molecular structure, characterized by its orderly 

arrangement of polymer chains, contributes to its 

greater resistance to bending, making it stiffer and more 

durable under flexural stress. PETG (Polyethylene 

Terephthalate Glycol), while offering good flexibility 

and impact resistance, does not match PLA’s rigidity, as 

it is designed to be more flexible and impact-resistant. 

ABS (Acrylonitrile Butadiene Styrene) provides a 

balance of strength and flexibility but generally does not 

achieves the same level of rigidity as PLA, often making 

it more prone to bending under stress. Nylon, known for 

its toughness and flexibility, displays lower flexural 

strength due to its design for different stress 

distributions, focusing more on its ability to absorb 

impacts rather than resist bending. Composite materials 

like PLA-carbon fiber enhance stiffness, making them 

stronger, but they can become more brittle to which may 

affect their performance under different conditions. 

PLA-bamboo composites, while improving aesthetic 

properties and sustainability, typically offer lower 

strength compared to pure PLA due to the incorporation 

of bamboo fibers. Overall, PLA's combination of high 

rigidity, effective crystallinity, and strong layer 

adhesion results in its superior performance in flexural 

strength tests. This makes PLA particularly suitable for 

various applications where structural rigidity and for 

resistance to bending are critical. 

4.4. Impact (izod) test results  

Similarly the impact (izod) test was carried out for three 

different material specimen’s manufactured using the 

FDM 3D printing technique. The test specimen was 

printed in accordance with the ISO-180 standard. The 

test parameters for the different materials specimen 

were as follows: rectangular sample with v-notch type 

with a width of 10 mm, thickness of 4 mm, notch angle 

is 45 degree and specimen length of 80 mm. The test 

results for the samples are presented in Table 3. 
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 Table 4 Impact test result for the different materials 

 

 

In an Izod impact test, materials which are assessed for 

their ability to withstand sudden impacts or shocks, 

reflecting their toughness and resistance to fractures. 

PLA generally shows moderate impact resistance but 

can be brittle, leading to fractures under high-impact 

forces. PLA-carbon fiber, though stiffer, tends to be 

more brittle, which reduces its ability to absorb impacts. 

PLA-bamboo, while offering aesthetic improvements, 

usually shows the lowest impact resistance due to the 

reduction in toughness from the bamboo fibers. PETG 

typically offers a good balance of flexibility and impact 

resistance, making it better at absorbing shocks 

compared to PLA and its composites. Nylon, however, 

exhibits the highest impact resistance, demonstrating 

exceptional durability and toughness, ideal for 

applications that which involve significant impact 

forces. During the impact test, the specimen exhibited 

varying impact strengths PLA-2.69 KJ/m2, PLA-

Carbonfibere-2.01 KJ/m2, PLA-Bamboo-0.78 KJ/m2, 

PETG-nb, NYLON-15.25 KJ/m2, ABS-8.77 KJ/m2. 

These results highlight differences in the materials' 

impact resistance, with nylon showing the highest 

impact strength and petg an the null. The data provides 

a valuable insight into each material's ability to 

withstand impact forces and maintain structural 

integrity under load. These results are shown in bar 

graph figure-3. 

 

Figures 11 and 12 depict the test sample after and before 

testing, respectively. 
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Nylon shows the highest impact resistance in your test 

results due to several key factors. Firstly, Nylon's 

flexibility and toughness allow it to absorb and 

distribute impact energy’s more effectively than more 

rigid materials. This flexibility means Nylon can deform 

and stretch under impact without breaking, which 

significantly enhances its ability to handle shock loads. 

Secondly, Nylon's molecular structure contributes to its 

impact resistance. The material has long, flexible 

polymers chains that form a strong, interconnected 

network. This structure helps the material absorb energy 

and resist breaking under stress, as the chains can move 

and slide past on each other rather than snapping under 

pressure. Thirdly, Nylon has a high elongation at break, 

meaning it can stretch extensively before failing. This 

characteristic allows Nylon to absorb more energy 

during an impact, as it can deform significantly without 

fracturing. This ability to stretch and bend under stress 

is crucial for handling sudden forces and impacts. 

Additionally, the way Nylon is processed and printed 

can affect its impact performance. Proper printing 

techniques that ensure good layer adhesion and 

minimize defects are important for maximizing the 

material's toughness. When printed with optimal 

settings, Nylon parts maintain excellent layer bonding 

and overall structural integrity, which contributes to 

their high impact resistance.In comparison, PLA 

(Polylactic Acid) is more rigid and brittle, due to which 

limits its ability to absorb impact energy. PLA typically 

fractures under lower impact forces because it lacks the 

flexibility to deform and distribute stress effectively. 

PLA-carbon fiber composites, while stiffer and 

stronger, can be more brittle due to the carbon fibers, 

reducing their impact resistance. PLA-bamboo 

composites, although they offer aesthetic 

improvements, generally have lower impact resistance 

because the bamboo fibers make the material more 

prone to brittleness.PETG (Polyethylene Terephthalate 

Glycol) provides better impact resistance than PLA due 

to its flexibility and toughness, but it still does not match 

Nylon's performance. PETG can also absorb more 

impact energy than PLA, but it cannot stretch and 

deform as effectively as Nylon. ABS (Acrylonitrile 

Butadiene Styrene) offers a good balance of strength 

and flexibility and has decent impact resistance, but it is 

still less capable of handling impact energy compared to 

Nylon. Overall, Nylon's superior impact resistance is a 

result of its combination of flexibility, high elongation 

at break, robust molecular structure, and effective 

printing conditions, making it the best performer among 

the tested materials for absorbing and withstanding 

impact forces. 

 

4.5. Hardness (shore d) test results  

Similarly the hardness test was carried out for three 

different material specimens manufactured using the 

FDM 3D printing technique. The test specimen was 

printed in accordance with the ISO-868 standard. The 

http://www.ijsrem.com/
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test parameters for the different materials specimen 

were as follows: rectangular sample with width of 60 

mm, thickness of 6 mm, and specimen length of 60 mm. 

The test results for the samples are presented in Table 3.  

Table 5 Hardness test result for the different 

materials 

Shore hardness testing evaluates the resistance of 3D-

printed materials to indentation by using a durometer for 

measure the depth of penetration of an indenter under a 

specific force. For softer materials like TPU, the Shore 

A scale is used, while harder materials such as PLA, 

ABS, and PETG are tested with the Shore D scale. In 

your case, materials like PLA, PLA- carbon fiber, PLA-

bamboo, PETG, Nylon, and ABS are tested. The 

specimen should be at least 6 mm thick to ensure 

accurate readings, with a flat and smooth surface to 

prevent measurement errors. After conditioning the 

specimen in a controlled environment, the durometer is 

pressed into the material, and the hardness value is read 

based on the depth of indentation, which reflects the 

material's resistance to deformation. The hardness 

strength of PLA-83.33, PLA-Carbonfibere-87.66, PLA-

Bamboo-76.66, PETG-68, NYLON-58.66, ABS-74.66 

. These results highlight differences in the materials' 

surface resistance, with pla carbon fiber showing the 

highest surface hardness and nylon as the lowest. The 

data which provides valuable insights into each 

material's ability to withstand surface hardness and 

maintain structural integrity under load. This results are 

shown in bar graph. Figure 11 the test sample testing, 

respectively bar graph figure 4. 

PLA-carbon fiber stands out with the highest hardness 

among the materials tested to the significant 

enhancement provided by the embedded carbon fibers. 

These fibers reinforce the PLA matrix, imparting 

increased rigidity and resistance to indentation. As a 

result, PLA-carbon fiber becomes much stiffer and less 

prone to deformation under pressure compared to pure 

PLA, which, while easy to print and relatively rigid, 

remains softer and more flexible due to its simpler 

polymer structure. PLA-bamboo, though an 

improvement over pure PLA in terms of hardness, still 

does not match the rigidity of PLA-carbon fiber. This is 

because the bamboo fibers, while adding some 

structural strength, also introduce a degree of brittleness 

that limits overall hardness. PETG is designed for 

flexibility and impact resistance, which means it 

sacrifices some rigidity for toughness. Consequently, 

PETG has a lower hardness value as it is less resistant 

to indentation compared to PLA-carbon fiber. Nylon, 

while strong and durable, is inherently more pliable and 

less rigid, contributing to its lower hardness. ABS, 

known for its balance of strength and durability, still 

falls short of PLA-carbon fiber’s hardness because it 

lacks the reinforcing carbon fibers that provide superior 

stiffness. Overall, the enhanced hardness of PLA-

carbon fiber is a direct result for the carbon fibers' 

reinforcing effect, which significantly elevates its 

resistance to deformation and indentation, making it 

more rigid and hard compared to any other materials 

like pure PLA, PLA-bamboo, PETG, Nylon, and ABS. 

Overall, PLA-carbon fiber's superior hardness is a result 

of its enhanced structural reinforcement, making it the 

hardest material among those tested. 

CONCLUSION 

 This section provides a complete summary of the 

mechanical characterization conducted on the different 

materials tests The significance of this study, in addition 

to potential directions for the future research, is also 

discussed in detail within this chapter.  

5.1. Overall Conclusion 

 In accordance with the findings and discussions 

presented in the study, the following conclusions can be 

drawn  

 

http://www.ijsrem.com/
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Mechanical Test  

These conclusions highlight the mechanical properties 

for the materials, providing valuable insights for its 

potential application in industries requiring lightweight 

materials. Further improvements in additive material 

selection can enhance the performance of the materials 

and expand its range of applications. 

 Tensile test  

PETG exhibits the highest tensile strength of 33.41 MPa 

among the tested materials, surpassing PLA (22.76 

MPa), PLA-carbon fiber (24.11 MPa), PLA-bamboo 

(18.63 MPa), Nylon (22.76 MPa), and ABS (23.55 

MPa). This superior performance is due to PETG’s 

combination of flexibility and toughness, which enables 

it to withstand higher stress and strain. Therefore, PETG 

is the most durable and resilient material in tensile tests, 

making it the preferred choice for a applications 

requiring high strength and impact resistance.  

Flexural test 

 PLA has the highest flexural strength of 59.52 MPa 

among the materials tested, outperforming PLA-carbon 

fiber (55.72 MPa), PETG (50.09 MPa), ABS (47.99 

MPa), PLA-bamboo (33.40 MPa), and Nylon (15.81 

MPa). This superior performance is due to PLA’s high 

rigidity and stiffness, which provide exceptional 

resistance to bending. Despite the strong performance 

of PLA-carbon fiber and PETG, PLA’s rigidity makes 

it the most effective material for a applications requiring 

maximum resistance to flexural stress.  

Impact test  

Nylon demonstrates the highest impact resistance of 

15.25 KJ/m² due to its superior flexibility and 

toughness, which enable it to absorb and disperse 

impact energy is more effectively than PLA (2.69 

KJ/m²), PLA-carbon fiber (2.01 KJ/m²), PLA-bamboo 

(0.78 KJ/m²), ABS (8.77 KJ/m²), and PETG (not 

available). This impressive performance highlights 

Nylon's ability to withstand significant impact forces 

without fracturing, making it the most reliable material 

for applications where high impact resistance is crucial, 

compared to other materials with less effective energy 

absorption and impact resistance, with Nylon standing 

out as the best choice for resilience in high-impact 

conditions. 

Hardness test  

PLA-carbon fiber achieves the highest hardness of 

87.66 due to the inclusion of carbon fibers, which 

significantly boost its rigidity and resistance to 

indentation compared to other materials like PLA 

(83.33), PLA-bamboo (76.66), PETG (68), Nylon 

(58.66), and ABS (74.66). The carbon fibers embedded 

in the PLA matrix create a stiffer material that resists 

deformation more effectively. As a result, PLA-carbon 

fiber surpasses all other tested materials in hardness, 

demonstrating the strongest resistance to indentation 

and making it the most rigid option among those 

evaluated.  

Based on the results from expriments the mechanical 

properties (tensile strength, flexural strength, impact 

strength, and hardness), here are potential applications 

and uses for each material: 

1. PLA (Polylactic Acid) 

• Tensile Strength: 22.76 MPa 

• Flexural Strength: 59.52 MPa 

• Impact Strength: 2.69 KJ/m² 

• Hardness: 83.33 

Applications: 

• Prototyping: PLA is widely used for 

prototyping and low-stress applications due to its ease 

of printing and good mechanical properties. 

• Consumer Products: Ideal for products like 

toys, decorative items, and non-load-bearing parts. 

• Packaging: Used for biodegradable 

packaging solutions due to its environmental benefits. 

Uses: 

3D Printing: PLA is the most common material used 

in FDM (Fused Deposition Modeling) 3D printing. 

http://www.ijsrem.com/
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• Educational Projects: Popular in academic 

settings for projects and experiments due to its 

affordability and ease of use. 

2. PLA-Carbon Fiber Composite 

• Tensile Strength: 24.11 MPa 

• Flexural Strength: 55.72 MPa 

• Impact Strength: 2.01 KJ/m² 

• Hardness: 87.66 

Applications: 

• High-Stress Prototyping: Used for 

applications requiring enhanced mechanical 

properties compared to standard PLA, such as high-

stress prototypes. 

• Lightweight Parts: Suitable for lightweight 

structural components where strength-to-weight ratio 

is crucial. 

Uses: 

• Aerospace Components: Ideal for 

lightweight, high-strength parts. 

• Performance Parts: Used in automotive or 

other performance-related components where rigidity 

is needed without adding significant weight. 

3. PLA-Bamboo Composite 

• Tensile Strength: 18.63 MPa 

• Flexural Strength: 33.40 MPa 

• Impact Strength: 0.78 KJ/m² 

• Hardness: 76.66 

Applications: 

• Eco-friendly Products: Suitable for 

applications emphasizing sustainability and natural 

materials. 

• Decorative Items: Good for creating 

aesthetically pleasing items with a natural look. 

Uses: 

• Sustainable Goods: Ideal for products where 

environmental impact is a concern, such as eco-

friendly packaging and household items. 

4. PETG (Polyethylene Terephthalate Glycol) 

• Tensile Strength: 33.41 MPa 

• Flexural Strength: 50.09 MPa 

• Impact Strength: Not provided (nb) 

• Hardness: 68 

Applications: 

• Durable Parts: PETG is used for parts that 

need a balance of strength, flexibility, and durability. 

• Functional Prototyping: Suitable for 

functional prototypes and parts that require impact 

resistance. 

Uses: 

• Mechanical Components: Often used for 

mechanical parts that need to endure stress and strain. 

• Medical Devices: Used in medical 

applications due to its strength and resistance to 

impact. 

5. Nylon 

• Tensile Strength: 22.76 MPa 

• Flexural Strength: 15.81 MPa 

• Impact Strength: 15.25 KJ/m² 

• Hardness: 58.66 

Applications: 

• High-Impact Components: Excellent for 

applications requiring high impact resistance. 

• Functional Parts: Used for parts that need 

good durability and toughness. 

Uses: 

• Gears and Bearings: Commonly used in 

gears, bearings, and other parts that experience 

friction and mechanical stress. 

http://www.ijsrem.com/
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• Wear-resistant Parts: Ideal for applications 

where wear and tear are significant. 

6. ABS (Acrylonitrile Butadiene Styrene) 

• Tensile Strength: 23.55 MPa 

• Flexural Strength: 47.99 MPa 

• Impact Strength: 8.77 KJ/m² 

• Hardness: 74.66 

Applications: 

• Robust Parts: Used for parts needing 

robustness and impact resistance. 

• Consumer Goods: Common in consumer 

products like LEGO bricks and household appliances. 

Uses: 

• Automotive Parts: Suitable for automotive 

parts due to its strength and impact resistance. 

• Consumer Electronics: Ideal for durable 

housings and enclosures. 

These recommendations are based on the mechanical 

properties provided, and actual suitability may vary 

depending on specific application requirements and 

conditions. 

5.2 Scope for Future  

Work Additional pathways for forthcoming 

investigation exist that can further enhance the current 

study and broaden the potential applications of the 

different materials. The following areas offer 

promising opportunities for future work,  

• Future initiatives should direct attention to on 

developing advanced composites that integrate 

strengths from materials like PETG, PLA-carbon 

fiber, and Nylon, optimizing printing techniques, and 

assessing environmental impacts. Additionally, 

exploring performance across different conditions and 

in various industrial applications could provide an in-

depth knowledge of material characteristics  

• Future work should concentrate on creating 

composites that harness the strengths of PLA, PLA-

carbon fiber, PLA-bamboo, PETG, Nylon, and ABS 

to improve flexural properties. Additionally, 

optimizing printing techniques and assessing 

performance under various conditions and 

environmental impacts could enhance material 

applications and sustainability. 

 • Future initiatives should work towards developing 

and testing new composites that combine the impact 

resistance of Nylon with the hardness of PLA-carbon 

fiber. Additionally, optimizing printing techniques to 

enhance both impact resistance and hardness across 

all materials, evaluating their performance in various 

environmental conditions, and investigating their 

sustainability could provide a comprehensive 

understanding of their practical applications. 
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