
 
 

UNIVERSITI PUTRA MALAYSIA 
 

POST OBLIQUE BALLISTIC IMPACT BEHAVIOUR OF HYBRID 
COMPOSITE PLATES REINFORCED WITH CARBON NANOTUBES 

 

 
 
 
 
 
 
 
 
 

ELIAS RANDJBARAN 
 
 
 
 
 
 
 
 
 
 
 
 

FK 2022 99 



© C
OPYRIG

HT U
PMPOST OBLIQUE BALLISTIC IMPACT BEHAVIOUR OF HYBRID 

COMPOSITE PLATES REINFORCED WITH CARBON NANOTUBES 

By 

ELIAS RANDJBARAN 

Thesis Submitted to the School of Graduate Studies, Universiti Putra Malaysia in 
Fulfilment of the Requirements for the Degree of Doctor of Philosophy 

January 2022



© C
OPYRIG

HT U
PM

 

All material contained within the thesis, including without limitation text, logos, icons, 
photographs and all other artworks, is copyrighted material of Universiti Putra Malaysia 
unless otherwise stated.  Use may be made of any material contained within the thesis 
for non-commercial purposes from the copyright holder.  Commercial use of material 
may only be made with the express, prior, written permission of Universiti Putra 
Malaysia.  
 
Copyright © Universiti Putra Malaysia 

  



© C
OPYRIG

HT U
PM

 

DEDICATION 
 

To all the scientists and researchers from the four corners of the world, no matter what 
the nationality, language, race, or skin colour are. 

  



© C
OPYRIG

HT U
PM

i 

Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment of 
the requirement for the degree of Doctor of Philosophy 

POST OBLIQUE BALLISTIC IMPACT BEHAVIOUR OF HYBRID 
COMPOSITE PLATES REINFORCED WITH CARBON NANOTUBES 

By 

ELIAS RANDJBARAN 

January 2022 

Chairperson : Dayang Laila binti Abang Haji Abdul Majid, PhD 
Faculty  : Engineering 

The present experimental investigation endeavoured to examine the tensile, 
compression, and 3-point bending strength of the laminates made of carbon/Kevlar 
hybrid reinforced textiles with carbon nanotubes (CNTs) fillers subjected to oblique 
ballistic impact loads. The advanced nano-fillers were chosen as reinforcement for the 
carbon/Kevlar hybrid textile composite because of their high Young's modulus. 
Although there are a number of experimental investigations on tensile properties of 
CNTs, the coupling effects of CNTs and oblique impacts on tensile, compression, and 3-
point bending strengths have not been examined yet. Consequently, individual oblique 
impacts ranging from 0 to 40 degrees were conducted on the composite plates made-up 
of fabrics with diverse volumes of CNTs, which ranged from 0.1% to 1.5%. The plates 
were fabricated with eight layers of equal thickness arranged in different percentages of 
CNTs and neat epoxy resin. A conical steel projectile at dimensions of 15 mm length and 
10 mm diametre was considered for a high velocity impact. While the projectile was 
placed very close to the plates, i.e. at their centres, they were impacted at sundry speeds. 
The modulus of elasticity and toughness were calculated for the stress-strain curves 
obtained from the mechanical tests. In the progress of the experiments, the variation of 
the kinetic energy, the increase in the internal energy of the laminates, and the decrease 
in the velocity of the projectile with disparate angles were examined. Results from the 
experimental tests indicated that the kinetic energy absorption of the projectile increased 
by 38% with the increase of the oblique angle of 40 degrees at 0.3% CNTs' desperation. 
The optimum dispersion of the CNTs fillers was 0.3% and by adding the CNTs, the 
kinetic energy absorption increased by about 35%. Additionally, the inclusion of the 
CNTs' fillers by 1.5% resulted in improving the compressive toughness of the specimens 
more than triple times. The increase of CNTs fillers by 1.5% caused the decrease of the 
tensile strength and toughness by 86%. Moreover, the incorporation of 1.5% of CNTs 
caused the increase of the flexural bending toughness of the specimens more than four 
times. Simultaneously, the flexural modulus of elasticity decreased by up to 38%. The 
incorporation of CNTs by 1.5% increased the flexural bending toughness more than four 
times; however, the flexural modulus of elasticity decreased by up to 38%. 



© C
OPYRIG

HT U
PM

 

ii 

Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 
memenuhi keperluan untuk ijazah  Doktor Falsafah 

 

TINGKAH LAKU SELEPAS  BALISTIK CONDONG  KE ATAS PLAT 
KOMPOSIT HIBRID DIPERKUAT DENGAN NANOTUB KARBON 

 

Oleh 
 

ELIAS RANDJBARAN 
 

Januari 2022 
 

Pengerusi : Dayang Laila binti Abang Haji Abdul Majid, PhD 
Fakulti  : Kejuruteraan 
 

Penyelidikan eksperimen ini bertujuan untuk mengkaji kekuatan tegangan, mampatan 
dan lenturan lamina yang diperbuat daripada tekstil bertetulang hibrid karbon/Kevlar 
dengan pengisi tiub nano karbon (CNT) tertakluk kepada beban hentaman balistik 
serong. Pengisi nano termaju dipilih sebagai tetulang komposit tekstil hibrid 
karbon/Kevlar kerana modulus Young yang tinggi. Walaupun terdapat beberapa 
penyelidikan eksperimen berkenaan sifat tegangan CNT, namum kesan gandingan CNT 
serta hentaman serong terhadap sifat tegangan, mampatan, dan kekuatan lentur 3 titik 
masih belum disiasat. Oleh itu, hentaman serong individu dalam penjulatan 0 hingga 40 
darjah telah dilakukan pada plat komposit yang dibuat daripada fabrik dengan pelbagai 
isipadu CNT  yang terdiri daripada julat di antara 0.1% hingga 1.5%. Plat telah direka 
dengan lapan lapisan sama ketebalan yang disusun dalam peratusan CNT yang berbeza 
dan resin epoksi. Peluncur keluli kon dengan dimensi 15 mm panjang dan 10 mm 
diameter telah dipertimbangkan untuk hentaman halaju tinggi. Walaupun peluncur itu 
diletakkan di posisi berhampiran dengan plat, iaitu di bahagian tengah, namun  plat 
tersebut terkena impak kelajuan yang pelbagai. Modulus keanjalan dan keliatan dikira 
daripada lengkungan tegasan-terikan yang diperoleh daripada ujian mekanikal. Susulan 
perkembangan eksperimen ini merangkumi penyiasatan dari segi variasi tenaga kinetik, 
peningkatan tenaga dalaman lamina, dan penurunan dalam halaju peluru dengan sudut 
yang berbeza. Keputusan ujian eksperimen ini menunjukkan bahawa penyerapan tenaga 
kinetik peluru meningkat sebanyak 38% dengan peningkatan sudut serong 40 darjah 
pada 0.3% CNT dalam keadaan yang extrem. Penyerakan optimum pengisi CNT ialah 
0.3% dan dengan kehadiran CNT, penyerapan tenaga kinetik meningkat hampir 35%. Di 
samping itu, rangkuman pengisi CNT sebanyak 1.5% mengakibatkan peningkatan lebih 
tiga kali ganda dari segi keliatan mampatan spesimen. Manakala, peningkatan pengisi 
CNT sebanyak 1.5% menyebabkan penurunan keliatan kekuatan tegangan sebanyak 
86%. Selain itu, penggabungan CNT sebanyak 1.5% menyebabkan peningkatan lebih 
daripada empat kali ganda dari segi keliatan lengkung lenturan spesimen. Dalam masa 
yang sama, modulus lentur keanjalan menurun sehingga 38%. 
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CHAPTER 1 
 

1 INTRODUCTION 
 

1.1 Background of the Study  
 

Carbon nanotubes (CNTs) as the filler material could be utilised for composite 
reinforcement. Due to the superlative mechanical properties of carbon nanotubes, it 
seems that using them in the James Webb Space Telescope is apt (Li et al, 2021). It has 
been realised that via the fabrication and experiment connecting the network of carbon 
with the other elements' networks may result in strengthening the backplane (NASA, 
2017). Therefore, this property enables the engineers to design a reliable system resisting 
against the shifted temperatures in the atmosphere of Earth and space. As a subject in 
engineering studies, composite materials have undergone tremendous advancements 
during the past thirty years. Due to the frequent application of composite materials, their 
advantages over other materials have been well documented in the engineering studies 
during the last decades (Delfini et al, 2021; Ismail et al, 2021; Xia et al, 2021). In 
addition, the environmental resistance and strength-to-weight-ratio of composite 
materials have particularly made them pivotal in industries. For example, the United 
States Army is tending to use lightweight alternatives to substitute traditional steel or 
aluminium materials (Flora et al, 2021; Burdette-Taylor, 2018). Therefore, many 
research studies are motivated to investigate new composite systems (Oliveira et al, 
2021; Hueber et al, 2019; Budhe et al, 2018). These desirable types of composite systems 
are regularly thick-section laminates that require significant damage tolerance to 
repeated impacts at the highest levels of energy (Wang et al, 2018; Zhu et al, 2018). 
Consequently, an examination of mechanical behaviour of the under impact plates in a 
laboratory setting is a requirement that may lead to practical results in the field of 
engineering of materials. Some impact experiments might be performed by a controllable 
and repeatable gas tunnel system that monitors the responses of the under impact plates 
and characterises the damage tolerance of them (Prabhakar et al, 2019). 
 

The quest for advanced materials for tailor-made applications and new devices or for 
understanding the complexity of living matter has led to a tremendous research exploring 
the possibilities offered by various kinds of functional building blocks to design matters 
(Boparai et al, 2020; Murray & Örmeci, 2018; Keçili et al, 2018).  Recent technological 
breakthroughs and the need for new functions generate an enormous demand for novel 
materials.  Innumerable volume of the entrenched materials, such as plastics, metals, or 
ceramics cannot perform all technological needs for the various new applications.  
Recently, scholars realised that a mixture of materials can show superior properties 
compared with their pure corresponding items. One of the most lucrative examples is the 
group of composite materials, which are formed by the incorporation of a basic structural 
material into the matrix (Jia et al, 2018; Zhu et al, 2018). 
 

There are two possibilities that the hybrids could be damaged; first, Bird-strikes during 
the flight. Second, dropping of tools during the maintenance service.  Figure 1.1 
illustrates an ongoing possible bird strike.  The ballistic penetrated impact of bullets and 
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bird-strike-taking place at the high speeds during the flight are appropriate examples of 
impact loads that may result to the very serious damages to the surface of the aircraft, 
especially the nose (Liu et al, 2021; Lu et al, 2021; Arachchige et al, 2020). 
 

 

Figure 1.1: Bird Strike Is One of the Common Accidents Between Birds and 
Aeroplanes  
(Source: Zhou et al, 2020) 
 

Most of the bird-strike incidents are not as severe as illustrated in Figure 1.2.  Only large 
and heavy birds can cause such a damage as depicted in Figure 1.2.a, which is resulted 
from a bird strike, a pelican involved (FAA Wildlife Strike Database, 2021), and can 
cause serious damage to aircraft.  Figure 1.2 b, c and d. display United Airlines Boeing 
737 striking a bird as it descended into the Denver International airport (Abbey, 2012). 
Figure 1.2. shows Iberia Airbus A340 with nose damage (Siegfried, 2021).  However, a 
sizeable portion of an airline’s (as well as military force) maintenance budget is for minor 
strikes.  On every occasion, the flight crew becomes aware of or even suspicious of a 
bird strike, the aircraft must be inspected thoroughly for probable damages.  Moreover, 
Federal Aviation Administration in 2019 reported bird-strike damages about $1.2 billion 
to commercial aircraft worldwide yearly in Figure 1.3. After engine damage, wing, body, 
and nose damages are the next (Metz et al, 2021; DiCaprio et al, 2020; Cai et al, 2019; 
Riccio et al, 2018). 
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Figure 1.2: Bird Strike Events 
(Source: Metz et al, 2017) 
 

 

Figure 1.3: Statistics and Analyses for Bird Strikes 
(Source: Novoselova et al, 2020) 
 

Furthermore, the bird strikes put at risk the lives of aircraft crewmembers and their 
passengers.  According to the report of the Associate Administrator of Airports in 2012, 
over 219 people have lost their lives worldwide due to wildlife strikes since 1988.  The 
number of animal strikes reported annually went down from 1,793 in 1990 to 9,622 in 
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2010, with birds involved in 97.2% of the strikes. Seventy percent of those strikes 
occurred when the aircraft was at a height of less than 150 metres elevation (Sarkheil et 
al., 2020). 
 

The events of the impact can be divided into four types of velocity ranges.  They are low 
velocity, high velocity, hypervelocity and ballistic impact.  Low velocity impact (less 
than 30 m/s) might be included in the situations like dropped tools whereas high velocity 
(50 m/s – 300 m/s) might include birds colliding with an aircraft.  Situations such as the 
projectiles being fired from a gun at speeds exceeding 250 m/s classified under ballistic 
impact events (Yeter, 2019). Finally, orbital debris travelling in outer space at the 
velocity of 15,240 m/s as shown in Figure 1.4 is considered a hypervelocity impact event 
(Mahesh, 2021; Ye, 2018). Hence, Figure 1.4.a shows the computer-generated image of 
the distribution of the catalogued space debris around the Earth (Mahesh, 2021); Figure 
1.4.b illustrates the entry-hole damage (5.5 mm diameter hole) to the endeavour’s left 
side aft-most radiator panel observed during post-flight inspection.  The endeavour 
suffered a major hit on the radiator during STS-118 (Mahesh et al, 2021). 
 

 

Figure 1.4: The Orbital Space Debris Impacts Observed for Modern Space Flight 
(Source: Mahesh et al, 2021) 
 

Orbital debris, though small, could possess incredible amounts of energy.  At typical 
impact speeds of 9,700 ms-1, a one-gram object has the same kinetic energy as a bowling 
ball travelling at 114 ms-1.  That energy is more than sufficient to severely damage a 
satellite or spacecraft, demolish millions of dollars of hardware, or put people's lives in 
danger.  In view of the fact that space is so large, the odds of event impacts are low 
although they are steadily rising with each launch.  Concurrently several environmental 
problems, early prevention might be far economical than a later clean up (Radhamani et 
al, 2018). 
 

Material or structural design must incorporate a consideration of damage. Therefore, the 
objects must be considered resistance, durability, and damage tolerance, as they are 
interrelated.  Damage tolerance of composites is important in both ballistic and structural 
applications.  For example, in ceramic-composite armour systems, high-energy impacts 
typically induce a global deflection of the panel and local crushing and fragmentation of 
the ceramic core at the impact spot.  The effectiveness of the ceramic tile at each impact 
site is dependent on the retention of structural support (i.e. damage tolerance), but 
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technically ceramic composites are heavy.  Therefore, in the case of lightweight 
composite vehicle appliances, the composite materials must be able to withstand multiple 
low velocity impact such as tool drops and tree impacts over the vehicle lifetime without 
losing structural properties or excessive maintenance and repair - the composite materials 
for use in damage tolerance (Zhuang et al, 2018).  They are susceptible to damage from 
out-of-plane impacts that ultimately reduce their overall mechanical properties through 
delamination and matrix and fibre cracking.  
 

Compression after impact (CAI) has become an accepted standard for damage tolerance 
testing, which was developed flanking an impact method by the aerospace industry to 
test materials against simulated bird strikes or accidental tool impacts  (Tuo et al, 2019; 
Liu et al, 2018; Sun et al., 2018; Abir et al., 2017) .  On an actual structure, these events 
are typically considered isolated and the damaged component is promptly replaced or 
repaired.  On the other hand, a thick-section composite structure is expected to be 
impacted consecutively at neighbouring locations before replacement.  The number of 
impacts, dimension, and their proximity to each other is likely to have a unique effect on 
the residual properties of the material probably.  According to the CAI testing, damage 
tolerant materials exhibit smaller damage sizes and higher residual strength after 
conducting the impact scenario (Sasikumar et al., 2021; Rubio-López et al, 2017).  
 

1.2 Problem Statement 
 

A recent material engineering studies mostly focused on simulation research to assess 
mechanical properties of materials (Mahesh et al, 2021). However, there are some other 
research inclined  to do practical studies. On one hand, most researchers tended to do a 
singular mechanical test like impact, tensile, compression, and 3-point bending flexural 
(Panchagnula & Kuppan, 2019). Some other scholars like Cerquaglia  et al (2017) 
conducted research to test materials under impact and compression, which were labelled 
as compression after impact tests (CAI). Therefore, a lot of published scientific articles 
discussed CAI in low velocity (Sasikumar et al., 2021; Tuo et al, 2019; Liu et al, 2018; 
Sun et al., 2018; Abir et al., 2017; Rubio-López et al, 2017).  In contrast to this trend and 
to fill the literature gap, the current experimental study focused on the combination of all 
the mentioned mechanical tests under high velocity impacts in forms of normal and 
oblique impacts (0, 10, 20, 30, and 40 degrees)( Zhang et al, 2019). Thus, all the 
mechanical tests were performed after normal and oblique impacts that were not done in 
the attempts of other research. 
 

Considering the use of the materials, MWCNT was found as  the most conventional 
nano-filler embedding to the resin epoxy (Calado et al, 2018). Due to financially astute 
reasons, most researchers tried to reinforce the glass fibres epoxy with CNT (Pothnis et 
al, 2021; Su et al, 2021; Vertuccio et al, 2018). However, on account of possible 
hazardous effects of glass fibres (Nechifor et al, 2020; Hadley, & Crane, 2019; Loxham, 
& Nieuwenhuijsen, 2019; Du et al, 2018), the current study used the intra-ply hybrid 
carbon-Kevlar/epoxy composite laminates, with neat epoxy, and reinforced with CNTs 
(from 0.1% to 1.5%), which is the particular innovation of this experimental study. 
Moreover, most researchers used the single type of the fabrics and reinforced it with the 
nano-fillers. A very small number of research has since been sporadically reported on 
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interply hybrid fabric (carbon and Kevlar) composites based on epoxy reinforced with 
nano-fillers (Gnanavel et al, 2021; Li et al, 2018; Ndiaye et al, 2018). However, no 
research to date has studied the mechanical testing on employing intra-ply hybrid carbon-
Kevlar/epoxy composites reinforced with CNT.  
 

In brief, an experimental investigation was conducted to explore the effects of applying 
CNTs into the composite system. The effects of mechanical tests after oblique impact 
scenarios were experimentally examined on reinforced hybrid composites. 
 

1.3 Aims and Objectives of the Study 
 

The present study endeavoured to assess the mechanical properties of fabrics under 
oblique ballistic impacts. To achieve this goal, eight layers’ specimens of Carbon-Kevlar 
(reinforced with and without CNTs) were examined. Attempts were given to identify 
those important parameters that were the effects of inclusion of CNTs into laminated 
hybrid composite plates under bending, compression, and tensile after oblique ballistic 
impact scenarios. The most important physical and material parameters that affected 
oblique ballistic penetration were examined.  In other words, the ballistic impact velocity 
as well as the rigidity and strength of the plates and CNTs volume of the plates were 
investigated. Therefore, the following objectives guided the study: 
 

1. To investigate the mechanical behaviour of specimens which are made of 
intraply carbon and Kevlar hybrid fabric/Epoxy with and without CNTs under 
oblique ballistic impact scenarios. 

2. To analyse the impact energy absorption of the specimens. 

3. To calculate the ballistic limit velocity of the specimens under projectiles.  

4. To compare the mechanical properties of the pre- and post-impact specimens in 
terms of tensile, compressive, and flexural strengths. 

 

Some of the research conducted on CAI in hybrid laminated composites demonstrate the 
superiority of using these types of materials with respect to laminated composites made 
up of the single materials (Verma et al, 2021; Verma et al, 2019; Wang et al, 2019; Yeter 
et al, 2019; Zhang et al, 2019; Ye et al, 2018; Yang et al, 2017).  Although there is a lack 
of literature review on CAI for hybrid laminated composite materials, the main 
hypothesis of the present research was that CAI of hybrid laminated composites are 
better than those laminated consisting of a single material.  On the other hand, carbon 
and Kevlar hybrid fabric used in this study are among popular ones used in lightweight 
industries. Hybrid fibres are conventional materials readily available, easily found in the 
market, and they are available for purchase online as well.  In addition, some notable 
advantages of Kevlar fibre can be its high compressive strength, high impact resistance, 
high tensile strength, and high fire resistance. Furthermore, some prominent advantages 
of carbon fibre can be high compressive strength and light. Moreover, the advantages of 
using this fabric provide a fabric, which possesses a high strength-to-weight ratio and 
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dimensional stability as well as a remarkable ballistic impact, abrasion, and fatigue 
resistance. As a result, combining them can result in an appropriate plate for the 
applications, such as lightness, high strength, impact resist, and economic feasibility. 
 

The various interesting properties of these fibres, which will be discussed in the 
following section, could not be achieved via only one of them.  Therefore, achieving a 
suitable CNT volume is required to determine the effect of using hybrid materials to 
increase the impact resistance and mechanical testing considerably. 
 

1.4 Scope of the Study 
 

This study examined the mechanical strength of carbon/Kevlar hybrid laminate 
specimens, which were reinforced with carbon nanotubes (CNTs) subjected to oblique 
ballistic impact loads.  CNTs were used with different volume fractions in reinforcing 
the epoxy matrix.  Such an approach is proposed to cover: 
 

1. The concept of using carbon/Kevlar hybrid laminate specimens is based on 
using the combination of dual properties of Kevlar and carbon fibres, which 
consolidated primarily from different broad views of argumentation into a 
specific perspective i.e. the structure modified to mass reduction in order to 
increase useful structural loads. 

2. Experimental arguments such as inclusion of CNTs into epoxy resin with the 
variform volume fractions in reinforcing the epoxy matrix and the drawbacks 
of a relatively large amount of CNTs, which obtained the CNTs agglomerations 
to behave as crack initiation. 

3. The inferences from the oblique ballistic impact testing method and post 
impacts have indicated that factors including speed, thickness, ballistic limit 
velocity, angles of the target, cutting of the specimens are practically significant 
in conducting of the impact scenario. Moreover, tensile, bending, compressive 
tests conducted to measure the mechanical properties of the specimens such as 
ultimate strength, breaking strength, maximum elongation, reduction in area, 
Young's modulus, yield strength, and more importantly the stress-strain curves 
of the specimens. 

4. The inclusion of CNTs into epoxy has received great attention not only in the 
improvement of mechanical, chemical, and electrical properties, but also in 
other fields of investigation. However, this study focused on mechanical 
properties of the reinforced composite plates. Moreover, the results of the study 
were compared and contrasted  with other significant studies on oblique impact, 
normal impact, tensile, three-point bending flexural, and compression tests.  

5. The study additionally consolidated and focused on the other pertinent studies 
and the most identified variables (such as the CNTs’ fractions and the angled 
targets) have been examined from other perspectives.  This has rendered 
auxiliary support to the variables in conceptualising the new context.  
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6. Cross-sectional data have been collected from specimens with and without 
CNTs . 

7. The proposed optimal amount of CNTs and the competing different mechanical 
examinations have been performed to verify the nanofiler effect and the angle 
targets in the ballistic impact tests and their relative post impact. 

 

Concisely, the study specifically encompasses the mechanical properties of 
carbon/Kevlar fabrics, which were strengthened with CNTs subjected to angled impacts.  
CNTs were utilised with distinctive volume divisions in strengthening the epoxy network 
by using the NIJ Standard 0108.01 for the impact tests. The Dual Column tabletop 
Universal - 3360 Series from Instron testing machines for the tensile tests contingent on 
ASTM D3039 (2017), compressive tests according to ASTM D6641 (2021), and the 
Three-Point Bending Flexural test setup following the ASTM D0790 (2017) was 
performed.  Finally, the recording of data for the mechanical tests was generated by using 
the Blue Hill Software for Static Test Systems. 
 

1.5 Thesis Organisation 
 

This thesis was organised in five chapters. Chapter one encompassed the background of 
the study, problem statement, aims and objectives of the study together with research 
questions, and scope of the study. 
 

Chapter 2 provided detailed background information on the processing and testing 
methods used in this research. Therefore, a literature map including five concise tables 
were arranged to review related literature about compression of the ballistic impact, 
tensile compression impact and flexural testing and effects of CNTs on them. This review 
of literature not only resulted in an insight into the application of the used composite 
system in the present study, but also it  clarified the gap in the literature and directed the 
study towards answering its research questions.  
 

Chapter 3 introduced research design and methodology of the study. Besides, the 
characteristics of the used materials and test methods were presented. Testing procedures 
including tensile, compression, flexural bending, and importantly ballistic impacts at 
different angles were explained and clarified. Different specimens of Carbon-Kevlar 
fabrics reinforced with and without CNTs as the targets of impact scenarios introduced.  
How the specimens were divided into two groups of intact and impacted clarified and 
methods of targeting were discussed.  
 

Chapter 4 introduced the results of the study including oblique ballistic impacts,  ballistic 
limit velocities, calculating energy absorption after impact, chemical composition of 
applied materials, calculating strengths, toughness and modulus of tensile bending and 
compression, and microscopic inspections. All the achieved results were compared and 



© C
OPYRIG

HT U
PM

 

9 

contrasted with the related literature and the innovative result of this study denoted CNT 
inclusion is in reality is different from some published literature. 
 

Finally, Chapter 5 discusses the results achieved during the experimental testing.  
Conclusions made of reinforced composite plates with and without CNT under tensile, 
compression, and bending after oblique ballistic impact.  Approximating the residual 
mechanical properties according to damage size, ballistic energy absorption, and 
compression energy absorption (after and before conducting an impact test) are also 
discussed.  Ultimately, the ability to modify these methods to accommodate full-scale 
panels will be discussed determine the relevance of the results to future studies.  
  



© C
OPYRIG

HT U
PM

 

 

116 

REFERENCES 
 

Abdelal, N. R., & Donaldson, S. L. (2018). Interlaminar fracture toughness and 
electromagnetic interference shielding of hybrid-stitched carbon fiber 
composites. Journal of reinforced plastics and composites, 37(18), 1131-1141. 

Abedini, M., & Zhang, C. (2021). Dynamic performance of concrete columns retrofitted 
with FRP using segment pressure technique. Composite Structures, 260, 113473. 

Abidin, M. S. Z., Herceg, T., Greenhalgh, E. S., Shaffer, M., & Bismarck, A. (2019). 
Enhanced fracture toughness of hierarchical carbon nanotube reinforced carbon 
fibre epoxy composites with engineered matrix microstructure. Composites 
Science and Technology, 170, 85-92. 

Abir, M. R., Tay, T. E., & Lee, H. P. (2019). On the improved ballistic performance of 
bio-inspired composites. Composites Part A: Applied Science and 
Manufacturing, 123, 59-70. 

Abir, M. R., Tay, T. E., Ridha, M., & Lee, H. P. (2017). On the relationship between 
failure mechanism and compression after impact (CAI) strength in 
composites. Composite Structures, 182, 242-250. 

Abtew, M. A., Boussu, F., Bruniaux, P., Loghin, C., & Cristian, I. (2019). Ballistic 
impact mechanisms–a review on textiles and fibre-reinforced composites impact 
responses. Composite structures, 223, 110966. 

Ajori, S., Boroushak, S. H., & Ansari, R. (2020). Fracture analysis and tensile properties 
of perfect and defective carbon nanotubes functionalized with carbene using 
molecular dynamics simulations. Journal of the Brazilian Society of Mechanical 
Sciences and Engineering, 42(9), 1-11. 

Al Abadi, H., Thai, H. T., Paton-Cole, V., & Patel, V. I. (2018). Elastic properties of 3D 
printed fibre-reinforced structures. Composite Structures, 193, 8-18. 

Albahash, Z. F., & Ansari, M. N. M. (2017). Investigation on energy absorption of 
natural and hybrid fiber under axial static crushing. Composites Science and 
Technology, 151, 52-61. 

Alemour, B., Badran, O., & Hassan, M. R. (2019). A review of using conductive 
composite materials in solving lightening strike and ice accumulation problems 
in aviation. Journal of Aerospace Technology and Management, 11. 

Allaeys, F., Luyckx, G., Van Paepegem, W., & Degrieck, J. (2017). Numerical and 
experimental investigation of the shock and steady state pressures in the bird 
material during bird strike. International journal of impact engineering, 107, 12-
22. 



© C
OPYRIG

HT U
PM

 

 

117 

Anderson, A., Feng, S. F., Interlandi, F., Melkonian, M., Parezanović, V., Woolsey, M. 
L.,. & King, N. (2020). Building a Socio‐cognitive Evaluation Framework to 
Develop Enhanced Aviation Training Concepts for Gen Y and Gen Z Pilot 
Trainees. A Framework of Human Systems Engineering: Applications and Case 
Studies, 129-141. 

Arachchige, B., Ghasemnejad, H., & Yasaee, M. (2020). Effect of bird-strike on 
sandwich composite aircraft wing leading edge. Advances in Engineering 
Software, 148, 102839. 

Arena, A., Taló, M., Snyder, M. P., & Lacarbonara, W. (2020). Enhancing flutter 
stability in nanocomposite thin panels by harnessing CNT/polymer 
dissipation. Mechanics Research Communications, 104, 103495. 

Arumugam, S., & Ju, Y. (2021). Carbon nanotubes reinforced with natural/synthetic 
polymers to mimic the extracellular matrices of bone–a review. Materials Today 
Chemistry, 20, 100420. 

Arun, D. I., Santhosh Kumar, K. S., Satheesh Kumar, B., Chakravarthy, P., Dona, M., & 
Santhosh, B. (2019). High glass-transition polyurethane-carbon black electro-
active shape memory nanocomposite for aerospace systems. Materials Science 
and Technology, 35(5), 596-605. 

ASTM D3039 (2017). Test Method for Tensile Properties of Polymer Matrix Composite 
Materials. ASTM International.  

ASTM D6641 (2021). Test Method for Compressive Properties of Polymer Matrix 
Composite Materials Using a Combined Loading Compression (CLC) Test 
Fixture. ASTM International.  

ASTM D0790 (2017). Test Methods for Flexural Properties of Unreinforced and 
Reinforced Plastics and Electrical Insulating Materials. ASTM International.  

Ata, M. S., Poon, R., Syed, A. M., Milne, J., & Zhitomirsky, I. (2018). New 
developments in non-covalent surface modification, dispersion and 
electrophoretic deposition of carbon nanotubes. Carbon, 130, 584-598. 

Averesch, N. J., & Rothschild, L. J. (2019). Metabolic engineering of Bacillus subtilis 
for production of para‐aminobenzoic acid–unexpected importance of carbon 
source is an advantage for space application. Microbial biotechnology, 12(4), 
703-714. 

Badjian, H., & Setoodeh, A. R. (2017). Improved tensile and buckling behavior of 
defected carbon nanotubes utilizing boron nitride coating–A molecular dynamic 
study. Physica B: Condensed Matter, 507, 156-163. 

 



© C
OPYRIG

HT U
PM

 

 

118 

Baek, Y. M., Shin, P. S., Kim, J. H., Park, H. S., DeVries, K. L., & Park, J. M. (2020). 
Thermal transfer, interfacial, and mechanical properties of carbon 
fiber/polycarbonate-CNT composites using infrared thermography. Polymer 
Testing, 81, 106247. 

Baguer, D. O., Piotrowska-Kurczewski, I., & Maass, P. (2021). Inverse Problems in 
designing new structural materials. In Modeling, Simulation and Optimization of 
Complex Processes HPSC 2018 (pp. 149-163). Springer, Cham. 

Baharozu, E., Soykan, G., & Ozerdem, M. B. (2017). Future aircraft concept in terms of 
energy efficiency and environmental factors. Energy, 140, 1368-1377. 

Bal, S., & Saha, S. (2017). Mechanical performances of hygrothermally conditioned 
CNT/epoxy composites using seawater. Journal of Polymer Engineering, 37(6), 
633-645. 

Baloš, S., Nikačević, M., Ristić, P., & Šiđanin, L. (2010). Jacketed long-rod penetrators: 
Problems and perspectives. Scientific Technical Review, 60(2), 70-75. 

Basheer, B. V., George, J. J., Siengchin, S., & Parameswaranpillai, J. (2020). Polymer 
grafted carbon nanotubes—Synthesis, properties, and applications: A 
review. Nano-Structures & Nano-Objects, 22, 100429. 

Basheer, B. V., George, J. J., Siengchin, S., & Parameswaranpillai, J. (2020). Polymer 
grafted carbon nanotubes—Synthesis, properties, and applications: A 
review. Nano-Structures & Nano-Objects, 22, 100429. 

Behzad, S., & Chegel, R. (2019). Engineering thermal and electrical properties of B/N 
doped carbon nanotubes: Tight binding approximation. Journal of Alloys and 
Compounds, 792, 721-731. 

Belingardi, G., Koricho, E. G., & Beyene, A. T. (2013). Characterization and damage 
analysis of notched cross-ply and angle-ply fabric GFRP composite material. 
Composite Structures. 

Benda, R., Zucchi, G., Cancès, E., & Lebental, B. (2020). Insights into the π–π 
interaction driven non-covalent functionalization of carbon nanotubes of various 
diameters by conjugated fluorene and carbazole copolymers. The Journal of 
chemical physics, 152(6), 064708. 

Berretta, S., Davies, R., Shyng, Y. T., Wang, Y., & Ghita, O. (2017). Fused Deposition 
Modelling of high temperature polymers: Exploring CNT PEEK 
composites. Polymer Testing, 63, 251-262. 

Bian, L., & Gao, M. (2019). Thermal environment and strain energy related micro-model 
for properties of carbon nanotubes. Materials Science and Engineering: B, 244, 
72-80. 



© C
OPYRIG

HT U
PM

 

 

119 

Boparai, K. S., Singh, R., & Hashmi, M. S. J. (2020). Reinforced non-conventional 
material composites: a comprehensive review. Advances in Materials and 
Processing Technologies, 1-10. 

Budhe, S., Banea, M. D., & De Barros, S. (2018). Bonded repair of composite structures 
in aerospace application: a review on environmental issues. Applied Adhesion 
Science, 6(1), 1-27. 

Burdette-Taylor, M. (2018). Charcot-Marie-Tooth disease: A United States army 
soldier. World Council of Enterostomal Therapists Journal, 38(2), 24-30. 

Buticchi, G., Costa, L., & Liserre, M. (2017). Improving system efficiency for the more 
electric aircraft: A look at dc\/dc converters for the avionic onboard dc 
microgrid. IEEE Industrial Electronics Magazine, 11(3), 26-36. 

Caglayan, C., Gurkan, I., Gungor, S., & Cebeci, H. (2018). The effect of CNT-reinforced 
polyurethane foam cores to flexural properties of sandwich 
composites. Composites Part A: Applied Science and Manufacturing, 115, 187-
195. 

Cai, J., Bao, H., Zuo, H., & Huang, Y. (2019). Safety evaluation of airworthiness 
requirement of bird-strike on aeroplane. Engineering Failure Analysis, 102, 407-
416. 

Calado, E. A., Leite, M., & Silva, A. (2018). Selecting composite materials considering 
cost and environmental impact in the early phases of aircraft structure 
design. Journal of Cleaner Production, 186, 113-122. 

Campbell, F. C. (2010). Structural Composite Materials.USA, ASM international. 

Caprino, G., Lopresto, V., & Santoro, D. (2007). Ballistic impact behaviour of stitched 
graphite/epoxy laminates. Composites Science and Technology, 67(3-4), 325–
335. 

Cerquaglia, M. L., Deliége, G., Boman, R., Papeleux, L., & Ponthot, J. P. (2017). The 
particle finite element method for the numerical simulation of bird 
strike. International journal of impact engineering, 109, 1-13. 

Cha, J., Jun, G. H., Park, J. K., Kim, J. C., Ryu, H. J., & Hong, S. H. (2017). Improvement 
of modulus, strength and fracture toughness of CNT/Epoxy nanocomposites 
through the functionalization of carbon nanotubes. Composites Part B: 
Engineering, 129, 169-179. 

Chakraborty, B., Ray, P., Garg, N., & Banerjee, S. (2021). High capacity reversible 
hydrogen storage in titanium doped 2D carbon allotrope Ψ-graphene: Density 
Functional Theory investigations. International Journal of Hydrogen 
Energy, 46(5), 4154-4167. 



© C
OPYRIG

HT U
PM

 

 

120 

Chaudhry, M. S., Czekanski, A., & Zhu, Z. H. (2017). Characterization of carbon 
nanotube enhanced interlaminar fracture toughness of woven carbon fiber 
reinforced polymer composites. International Journal of Mechanical 
Sciences, 131, 480-489. 

Chazot, C. A., & Hart, A. J. (2019). Understanding and control of interactions between 
carbon nanotubes and polymers for manufacturing of high-performance 
composite materials. Composites Science and Technology, 183, 107795. 

Chen, B., Shen, J., Ye, X., Imai, H., Umeda, J., Takahashi, M., & Kondoh, K. (2017). 
Solid-state interfacial reaction and load transfer efficiency in carbon nanotubes 
(CNTs)-reinforced aluminum matrix composites. Carbon, 114, 198-208. 

Chen, G., Zhu, S., Jiang, Z., Gao, L., Ma, Z., & Liu, L. (2017). Laser ablation protection 
of polymer matrix composites by adhesive inorganic coatings. Journal of 
Materials Science, 52(21), 12734-12741. 

Chen, J., Han, J., & Xu, D. (2019). Thermal and electrical properties of the epoxy 
nanocomposites reinforced with purified carbon nanotubes. Materials 
Letters, 246, 20-23. 

Conejo, L. S., Costa, M. L., Oishi, S. S., & Botelho, E. C. (2017). Degradation behavior 
of carbon nanotubes/phenol-furfuryl alcohol multifunctional composites with 
aerospace application. Materials Research Express, 4(10), 105701. 

Crini, G., Lichtfouse, E., Chanet, G., & Morin-Crini, N. (2020). Applications of hemp in 
textiles, paper industry, insulation and building materials, horticulture, animal 
nutrition, food and beverages, nutraceuticals, cosmetics and hygiene, medicine, 
agrochemistry, energy production and environment: a review. Environmental 
Chemistry Letters, 18, 1451-1476. 

Deep, N., & Mishra, P. (2018). Evaluation of mechanical properties of functionalized 
carbon nanotube reinforced PMMA polymer nanocomposite. Karbala 
International Journal of Modern Science, 4(2), 207-215. 

Delfini, A., Anwar, A., Pastore, R., Bassiouny, L., Marchetti, M., & Santoni, F. (2021). 
Space Environment Effect on Polymeric Nano-Composite Materials. Aerotecnica 
Missili & Spazio, 100(1), 25-32. 

Di Caprio, F., Sellitto, A., Saputo, S., Guida, M., & Riccio, A. (2020). A Sensitivity 
Analysis of the Damage Behavior of a Leading-Edge Subject to Bird 
Strike. Applied Sciences, 10(22), 8187. 

Dickson, A. N., Barry, J. N., McDonnell, K. A., & Dowling, D. P. (2017). Fabrication 
of continuous carbon, glass and Kevlar fibre reinforced polymer composites using 
additive manufacturing. Additive Manufacturing, 16, 146-152. 



© C
OPYRIG

HT U
PM

 

 

121 

Du, Z., Zhang, S., Zhou, Q., Yuen, K. F., & Wong, Y. D. (2018). Hazardous materials 
analysis and disposal procedures during ship recycling. Resources, Conservation 
and Recycling, 131, 158-171. 

Duan, B., Zhou, Y., Wang, D., & Zhao, Y. (2019). Effect of CNTs content on the 
microstructures and properties of CNTs/Cu composite by microwave 
sintering. Journal of Alloys and Compounds, 771, 498-504. 

Duodu, E. A., Gu, J., Ding, W., Shang, Z., & Tang, S. (2018). Comparison of ballistic 
impact behavior of carbon fiber/epoxy composite and steel metal 
structures. Iranian Journal of Science and Technology, Transactions of 
Mechanical Engineering, 42(1), 13-22. 

Duodu, E. A., Gu, J., Ding, W., Shang, Z., & Tang, S. (2018). Comparison of ballistic 
impact behavior of carbon fiber/epoxy composite and steel metal 
structures. Iranian Journal of Science and Technology, Transactions of 
Mechanical Engineering, 42(1), 13-22. 

Dydek, K., Latko-Durałek, P., Boczkowska, A., Sałaciński, M., & Kozera, R. (2019). 
Carbon Fiber Reinforced Polymers modified with thermoplastic nonwovens 
containing multi-walled carbon nanotubes. Composites Science and 
Technology, 173, 110-117. 

El Assami, Y., Drissi Habti, M., & Raman, V. (2020). Stiffening offshore composite 
wind-blades bonding joints by carbon nanotubes reinforced resin–a new 
concept. Journal of Structural Integrity and Maintenance, 5(2), 87-103. 

Elhenawy, Y., Fouad, Y., Marouani, H., & Bassyouni, M. (2021). Performance Analysis 
of Reinforced Epoxy Functionalized Carbon Nanotubes Composites for Vertical 
Axis Wind Turbine Blade. Polymers, 13(3), 422. 

Eltaher, M. A., Almalki, T. A., Ahmed, K. I., & Almitani, K. H. (2019). Characterization 
and behaviors of single walled carbon nanotube by equivalent-continuum 
mechanics approach. Advances in nano research, 7(1), 39. 

Engelbrecht-Wiggans, A., Burni, F., Krishnamurthy, A., & Forster, A. L. (2020). Tensile 
testing of aged flexible unidirectional composite laminates for body 
armor. Journal of materials science, 55(3), 1035-1048. 

Esawi, A. M. K., Morsi, K., Sayed, A., Taher, M., & Lanka, S. (2011). The influence of 
carbon nanotube (CNT) morphology and diameter on the processing and 
properties of CNT-reinforced aluminium composites. Composites Part A: 
Applied Science and Manufacturing, 42(3), 234-243. 

Esbati, A. H., & Irani, S. (2018). Effect of functionalized process and CNTs aggregation 
on fracture mechanism and mechanical properties of polymer 
nanocomposite. Mechanics of Materials, 118, 106-119. 



© C
OPYRIG

HT U
PM

 

 

122 

FAA Wildlife Strike Database (2021) Federal Aviation Administration, Washington, 
DC.  

Ferreira, F. V., Franceschi, W., Menezes, B. R. C., Brito, F. S., Lozano, K., Coutinho, 
A. R., & Thim, G. P. (2017). Dodecylamine functionalization of carbon nanotubes 
to improve dispersion, thermal and mechanical properties of polyethylene based 
nanocomposites. Applied Surface Science, 410, 267-277. 

Flora, F., Boccaccio, M., Fierro, G. P. M., & Meo, M. (2021). Real-time thermography 
system for composite welding: Undamaged baseline approach. Composites Part 
B: Engineering, 215, 108740. 

Fras, T., Roth, C. C., & Mohr, D. (2019). Dynamic perforation of ultra-hard high-
strength armor steel: Impact experiments and modeling. International Journal of 
Impact Engineering, 131, 256-271. 

Frikha, A., Zghal, S., & Dammak, F. (2018). Dynamic analysis of functionally graded 
carbon nanotubes-reinforced plate and shell structures using a double directors 
finite shell element. Aerospace Science and Technology, 78, 438-451. 

Furumoto, M., Fujita, K., Hanada, T., Matsumoto, H., & Kitazawa, Y. (2017). Orbital 
plane constraint applicable for in-situ measurement of sub-millimeter-size 
debris. Advances in Space Research, 59(6), 1599-1606. 

Gautam, G. D., & Mishra, D. R. (2019). Dimensional accuracy improvement by 
parametric optimization in pulsed Nd: YAG laser cutting of Kevlar-29/basalt 
fiber-reinforced hybrid composites. Journal of the Brazilian Society of 
Mechanical Sciences and Engineering, 41(7), 1-22. 

Gautam, G. D., & Mishra, D. R. (2020). Parametric Investigation in Pulsed Nd: YAG 
Laser Cutting of Kevlar-Basalt Fiber Composite. Lasers in Manufacturing and 
Materials Processing, 7(4), 373-398. 

George, N., Bipinbal, P. K., Bhadran, B., Mathiazhagan, A., & Joseph, R. (2017). 
Segregated network formation of multiwalled carbon nanotubes in natural rubber 
through surfactant assisted latex compounding: A novel technique for 
multifunctional properties. Polymer, 112, 264-277. 

Giasin, K., Hawxwell, J., Sinke, J., Dhakal, H., Köklü, U., & Brousseau, E. (2020). The 
effect of cutting tool coating on the form and dimensional errors of machined 
holes in GLARE® fibre metal laminates. The International Journal of Advanced 
Manufacturing Technology, 107(5), 2817-2832. 

Gnanavel, C., Saravanan, R., Gopalakrishnan, T., & Pugazhenthi, R. (2021). Fracture 
toughness reinforcement by CNT on G/E/C hybrid composite. Materials Today: 
Proceedings, 37, 1046-1050. 



© C
OPYRIG

HT U
PM

 

 

123 

Gökçeli, G., & Karatepe, N. (2020). Improving the properties of indium tin oxide thin 
films by the incorporation of carbon nanotubes with solution-based 
techniques. Thin Solid Films, 697, 137844. 

Gong, B., Ikematsu, A., & Waki, K. (2017). Impacts of structure defects and carboxyl 
and carbonyl functional groups on the work function of multiwalled carbon 
nanotubes. Carbon, 114, 526-532. 

Gunes, R., Hakan, M., Apalak, M. K., & Reddy, J. N. (2020). Numerical investigation 
on normal and oblique ballistic impact behavior of functionally graded 
plates. Mechanics of Advanced Materials and Structures, 1-17. 

Guo, B., Zhang, X., Cen, X., Chen, B., Wang, X., Song, M., & Du, Y. (2018). Enhanced 
mechanical properties of aluminum based composites reinforced by chemically 
oxidized carbon nanotubes. Carbon, 139, 459-471. 

Gürbüz, R., Sarac, B., Soprunyuk, V., Yüce, E., Eckert, J., Ozcan, A., & Sarac, A. S. 
(2021). Thermomechanical and structural characterization of polybutadiene/poly 
(ethylene oxide)/CNT stretchable electrospun fibrous membranes. Polymers for 
Advanced Technologies, 32(1), 248-261. 

Hadley, J. G., & Crane, A. E. (2019). Letter to the Editor on “Chrysotile and rock wool 
fibers induce chromosome aberrations and DNA damage in V79 lung fibroblast 
cells”. Environmental Science and Pollution Research, 26(3), 3091-3093. 

Haghgoo, M., Ansari, R., Hassanzadeh-Aghdam, M. K., & Nankali, M. (2019). 
Analytical formulation for electrical conductivity and percolation threshold of 
epoxy multiscale nanocomposites reinforced with chopped carbon fibers and 
wavy carbon nanotubes considering tunneling resistivity. Composites Part A: 
Applied Science and Manufacturing, 126, 105616. 

Haris, A., & Tan, V. B. C. (2020). Experimental study on compaction effects on the 
ballistic resistance of sandbags. International Journal of Impact 
Engineering, 142, 103609. 

Hassanzadeh-Aghdam, M. K., Ansari, R., & Mahmoodi, M. J. (2019). Thermo-
mechanical properties of shape memory polymer nanocomposites reinforced by 
carbon nanotubes. Mechanics of Materials, 129, 80-98. 

He, Q., Pang, J., Dai, H. L., Xu, X. M., & Li, X. Q. (2019). Thermo-electro–elastic 
behavior of a carbon nanotubes bundles–reinforced electro-active polymer 
hollow cylinder considering hierarchical structure of the bundles. Journal of 
Reinforced Plastics and Composites, 38(23-24), 1089-1107. 

Heller, D. A., Jena, P. V., Pasquali, M., Kostarelos, K., Delogu, L. G., Meidl, R. E., & 
Yudasaka, M. (2020). Banning carbon nanotubes would be scientifically 
unjustified and damaging to innovation. Nature nanotechnology, 15(3), 164-166. 



© C
OPYRIG

HT U
PM

 

 

124 

Hou, Y., Tie, Y., Li, C., Meng, L., Sapanathan, T., & Rachik, M. (2019). On the damage 
mechanism of high-speed ballast impact and compression after impact for CFRP 
laminates. Composite Structures, 229, 111435. 

Hsiao, Y. T., & Meng, H. H. (2020). Evaluation of wounding potential of airguns using 
aluminium witness plates. Australian Journal of Forensic Sciences, 52(4), 417-
427. 

Huang, C. Y., & Chen, Y. L. (2017). Effect of varied alumina/zirconia content on 
ballistic performance of a functionally graded material. International Journal of 
Refractory Metals and Hard Materials, 67, 129-140. 

Huang, S. J., Abbas, A., & Ballóková, B. (2019). Effect of CNT on microstructure, dry 
sliding wear and compressive mechanical properties of AZ61 magnesium 
alloy. Journal of Materials Research and Technology, 8(5), 4273-4286. 

Huang, Z., Luo, Z., Gao, X., Fang, X., Fang, Y., & Zhang, Z. (2017). Preparation and 
thermal property analysis of Wood’s alloy/expanded graphite composite as highly 
conductive form-stable phase change material for electronic thermal 
management. Applied Thermal Engineering, 122, 322-329. 

Hueber, C., Fischer, G., Schwingshandl, N., & Schledjewski, R. (2019). Production 
planning optimisation for composite aerospace manufacturing. International 
Journal of Production Research, 57(18), 5857-5873. 

Hussein, M. I., Jehangir, S. S., Rajmohan, I. J., Haik, Y., Abdulrehman, T., Clément, Q., 
& Vukadinovic, N. (2020). Microwave Absorbing properties of metal 
functionalized-CNT-polymer composite for stealth applications. Scientific 
Reports, 10(1), 1-11. 

Iljin. (2021, 09 09). Iljin Nanotechnology Co. Ltd (Korea). Retrieved from ILJIN 
NANOTECH CO. LTD. 

Iqbal, A., Saeed, A., & Ul-Hamid, A. (2020). A review featuring the fundamentals and 
advancements of polymer/CNT nanocomposite application in aerospace 
industry. Polymer Bulletin, 1-19. 

Irshidat, M. R., & Al-Shannaq, A. (2018). Using textile reinforced mortar modified with 
carbon nano tubes to improve flexural performance of RC beams. Composite 
Structures, 200, 127-134. 

Ismail, K. I., Sultan, M. T. H., Shah, A. U. M., Jawaid, M., & Safri, S. N. A. (2019). Low 
velocity impact and compression after impact properties of hybrid bio-composites 
modified with multi-walled carbon nanotubes. Composites Part B: 
Engineering, 163, 455-463. 

 



© C
OPYRIG

HT U
PM

 

 

125 

Ismail, S. O., Sarfraz, S., Niamat, M., Mia, M., Gupta, M. K., Pimenov, D. Y., & Shehab, 
E. (2021). Comprehensive study on tool wear during machining of fiber-
reinforced polymeric composites. In Machining and Machinability of Fiber 
Reinforced Polymer Composites (pp. 129-147). Springer, Singapore. 

Jha, R., Singh, A., Sharma, P. K., & Fuloria, N. K. (2020). Smart carbon nanotubes for 
drug delivery system: A comprehensive study. Journal of Drug Delivery Science 
and Technology, 101811. 

Jia, D., Liang, B., Yang, Z., & Zhou, Y. (2018). Metastable Si-BCN ceramics and their 
matrix composites developed by inorganic route based on mechanical alloying: 
Fabrication, microstructures, properties and their relevant basic scientific 
issues. Progress in Materials Science, 98, 1-67. 

Jian, W., & Lau, D. (2020). Understanding the effect of functionalization in CNT-epoxy 
nanocomposite from molecular level. Composites Science and Technology, 191, 
108076. 

Jiang, L. Y., Huang, Y., Jiang, H., Ravichandran, G., Gao, H., Hwang, K. C., & Liu, B. 
(2006). A cohesive law for carbon nanotube/polymer interfaces based on the Van 
der Waals force. Journal of the Mechanics and Physics of Solids, 54(11), 2436-
2452. 

JIAXING. (2021, 09 09). JIAXING NEWTEX COMPOSITES. Retrieved from 
JIAXING NEWTEX COMPOSITES CO., LTD.:  

Jo, M. C., Kim, S., Suh, D. W., Hong, S. S., Kim, H. K., Sohn, S. S., & Lee, S. (2020). 
Effect of tempering conditions on adiabatic shear banding during dynamic 
compression and ballistic impact tests of ultra-high-strength armor 
steel. Materials Science and Engineering: A, 792, 139818. 

Jolowsky, C., Sweat, R., Park, J. G., Hao, A., & Liang, R. (2018). Microstructure 
evolution and self-assembling of CNT networks during mechanical stretching and 
mechanical properties of highly aligned CNT composites. Composites Science 
and Technology, 166, 125-130. 

Jyoti, J., & Arya, A. K. (2020). EMI shielding and dynamic mechanical analysis of 
graphene oxide-carbon nanotube-acrylonitrile butadiene styrene hybrid 
composites. Polymer Testing, 91, 106839. 

Kamarian, S., Bodaghi, M., Isfahani, R. B., Shakeri, M., & Yas, M. H. (2019). Influence 
of carbon nanotubes on thermal expansion coefficient and thermal buckling of 
polymer composite plates: Experimental and numerical investigations. Mechanics 
Based Design of Structures and Machines, 1-16. 

Karataş, M. A., & Gökkaya, H. (2018). A review on machinability of carbon fiber 
reinforced polymer (CFRP) and glass fiber reinforced polymer (GFRP) composite 
materials. Defence Technology, 14(4), 318-326. 



© C
OPYRIG

HT U
PM

 

 

126 

Kassapoglou, C., Jonas, P. J., & Abbott, R. (1988). Compressive strength of composite 
sandwich panels after impact damage: an experimental and analytical study. 
Journal of composites technology & research, 10(2), 65-73. 

Kausar, A., Rafique, I., & Muhammad, B. (2017). Significance of carbon nanotube in 
flame-retardant polymer/CNT composite: a review. Polymer-Plastics 
Technology and Engineering, 56(5), 470-487. 

Keçili, R., Dolak, İ., Ziyadanoğulları, B., Ersöz, A., & Say, R. (2018). Ion imprinted 
cryogel-based supermacroporous traps for selective separation of cerium (III) in 
real samples. Journal of Rare Earths, 36(8), 857-862. 

Khalilov, U., & Neyts, E. C. (2021). Mechanisms of selective nanocarbon synthesis 
inside carbon nanotubes. Carbon, 171, 72-78. 

Khan, M. A., Wang, Y., Cheng, H., Nazeer, F., Yasin, G., Farooq, M. U., & Nazir, Z. 
(2019). Ballistic behaviour of spray formed AA7055 aluminum alloy against 
tungsten core projectile impact. Vacuum, 159, 482-493. 

Khodadadi, A., Liaghat, G., Bahramian, A. R., Ahmadi, H., Anani, Y., Asemani, S., & 
Razmkhah, O. (2019). High velocity impact behavior of Kevlar/rubber and 
Kevlar/epoxy composites: A comparative study. Composite Structures, 216, 159-
167. 

Kim, D. H., & Kim, S. W. (2019). Evaluation of bird strike-induced damages of 
helicopter composite fuel tank assembly based on fluid-structure interaction 
analysis. Composite Structures, 210, 676-686. 

Kim, J. J., Brown, A. D., Bakis, C. E., & Smith, E. C. (2021). Hybrid carbon nanotube-
carbon fiber composites for high damping. Composites Science and Technology, 
108712. 

Kishi, N., Komuro, M., Kawarai, T., & Mikami, H. (2020). Low-Velocity Impact Load 
Testing of RC Beams Strengthened in Flexure with Bonded FRP Sheets. Journal 
of Composites for Construction, 24(5), 04020036. 

Konsta-Gdoutos, M. S., Batis, G., Danoglidis, P. A., Zacharopoulou, A. K., 
Zacharopoulou, E. K., Falara, M. G., & Shah, S. P. (2017). Effect of CNT and 
CNF loading and count on the corrosion resistance, conductivity and mechanical 
properties of nanomodified OPC mortars. Construction and Building 
Materials, 147, 48-57. 

Krishnan, K. S. G., Bertram, O., & Seibel, O. (2017). Review of hybrid laminar flow 
control systems. Progress in Aerospace Sciences, 93, 24-52. 

Kristnama, A. R., Xu, X., Nowell, D., Wisnom, M. R., & Hallett, S. R. (2019). 
Experimental investigation of high velocity oblique impact and residual tensile 
strength of carbon/epoxy laminates. Composites Science and Technology, 182, 
107772. 



© C
OPYRIG

HT U
PM

 

 

127 

Kumar, N., & Dixit, A. (2019). Nanomaterials-Enabled Lightweight Military Platforms. 
In Nanotechnology for Defence Applications (pp. 205-254). Springer, Cham. 

Laban, O., Gowid, S., Mahdi, E., & Musharavati, F. (2020). Experimental investigation 
and artificial intelligence-based modeling of the residual impact damage effect on 
the crashworthiness of braided Carbon/Kevlar tubes. Composite Structures, 243, 
112247. 

Lecocq, H., Garois, N., Lhost, O., Girard, P. F., Cassagnau, P., & Serghei, A. (2020). 
Polypropylene/carbon nanotubes composite materials with enhanced 
electromagnetic interference shielding performance: Properties and 
modeling. Composites Part B: Engineering, 189, 107866. 

Lee, E. S., Kim, Y. O., Ha, Y. M., Lim, D., Hwang, J. Y., Kim, J., & Jung, Y. C. (2018). 
Antimicrobial properties of lignin-decorated thin multi-walled carbon nanotubes 
in poly (vinyl alcohol) nanocomposites. European Polymer Journal, 105, 79-84. 

Lee, K. S., Phiri, I., Kim, S. H., Oh, K., & Ko, J. M. (2021). Preparation and Electrical 
Properties of Silicone Composite Films Based on Silver Nanoparticle Decorated 
Multi-Walled Carbon Nanotubes. Materials, 14(4), 948. 

Lee, S. H., Kang, D., & Oh, I. K. (2017). Multilayered graphene-carbon nanotube-iron 
oxide three-dimensional heterostructure for flexible electromagnetic interference 
shielding film. Carbon, 111, 248-257. 

Li, G., Yao, Y., Ashok, N., & Ning, X. (2021). Ultra‐Flexible Visible‐Blind 
Optoelectronics for Wired and Wireless UV Sensing in Harsh Environments. 
Advanced Materials Technologies, 6(9), 2001125. 

Li, T., Li, M., Gu, Y., Wang, S., Li, Q., & Zhang, Z. (2018). Mechanical enhancement 
effect of the interlayer hybrid CNT film/carbon fiber/epoxy 
composite. Composites Science and Technology, 166, 176-182. 

Li, Y., Wang, S., Wang, Q., & Xing, M. (2018). A comparison study on mechanical 
properties of polymer composites reinforced by carbon nanotubes and graphene 
sheet. Composites Part B: Engineering, 133, 35-41. 

Liang, L., Xie, W., Fang, S., He, F., Yin, B., Tlili, C., & Li, Q. (2017). High-efficiency 
dispersion and sorting of single-walled carbon nanotubes via non-covalent 
interactions. Journal of Materials Chemistry C, 5(44), 11339-11368. 

Liao, T., Kou, L., Du, A., Chen, L., Cao, C., & Sun, Z. (2018). H2S Sensing and Splitting 
on Atom‐Functionalized Carbon Nanotubes: A Theoretical Study. Advanced 
Theory and Simulations, 1(3), 1700033. 

Liu, H., Falzon, B. G., & Tan, W. (2018). Predicting the Compression-After-Impact 
(CAI) strength of damage-tolerant hybrid unidirectional/woven carbon-fibre 
reinforced composite laminates. Composites Part A: Applied Science and 
Manufacturing, 105, 189-202. 



© C
OPYRIG

HT U
PM

 

 

128 

Liu, H., Man, M. H. C., & Low, K. H. (2021). UAV airborne collision to manned aircraft 
engine: Damage of fan blades and resultant thrust loss. Aerospace Science and 
Technology, 113, 106645. 

Liu, J., Li, Y., Yu, X., Tang, Z., Gao, X., Lv, J., & Zhang, Z. (2017). A novel design for 
reinforcing the aircraft tail leading edge structure against bird strike. International 
Journal of Impact Engineering, 105, 89-101. 

Liu, L., Cai, M., Liu, X., Zhao, Z., & Chen, W. (2020). Ballistic impact performance of 
multi-phase STF-impregnated Kevlar fabrics in aero-engine containment. Thin-
Walled Structures, 157, 107103. 

Low, F. Z., Chua, M. C. H., Lim, P. Y., & Yeow, C. H. (2017). Effects of mattress 
material on body pressure profiles in different sleeping postures. Journal of 
chiropractic medicine, 16(1), 1-9. 

Loxham, M., & Nieuwenhuijsen, M. J. (2019). Health effects of particulate matter air 
pollution in underground railway systems–a critical review of the 
evidence. Particle and fibre toxicology, 16(1), 1-24. 

Lu, X., Liu, X., Zhang, Y., Li, Y., & Zuo, H. (2021). Simulation of Airborne Collision 
between a Drone and an Aircraft Nose. Aerospace Science and Technology, 
107078. 

Mahesh, V., Joladarashi, S., & Kulkarni, S. M. (2021). Comparative study on 
kevlar/carbon epoxy face sheets with rubber core sandwich composite for low 
velocity impact response: FE approach. Materials Today: Proceedings, 44, 1495-
1499. 

Malikan, M. (2020). On the plastic buckling of curved carbon nanotubes. Theoretical 
and Applied Mechanics Letters, 10(1), 46-56. 

Masri, R. (2022). Practical Formulae for Predicting the Ballistic Limit Velocity of 
Armour Perforation by Ductile Hole Growth. International Journal of Impact 
Engineering, 104219. 

May, M., Arnold-Keifer, S., Landersheim, V., Laveuve, D., Asins, C. C., & Imbert, M. 
(2021). Bird strike resistance of a CFRP morphing leading edge. Composites Part 
C: Open Access, 4, 100115. 

May, M., Rupakula, G. D., & Matura, P. (2020). Non-Polymer-Matrix Composite 
Materials for Space Applications. Composites Part C: Open Access, 100057. 

Mehar, K., Panda, S. K., & Patle, B. K. (2017). Thermoelastic vibration and flexural 
behavior of FG-CNT reinforced composite curved panel. International Journal 
of Applied Mechanics, 9(04), 1750046. 

Metz, I. C., Ellerbroek, J., Mühlhausen, T., Kügler, D., & Hoekstra, J. M. (2020). The 
bird strike challenge. Aerospace, 7(3), 26. 



© C
OPYRIG

HT U
PM

 

 

129 

Metz, I., Ellerbroek, J., Mühlhausen, T., Kügler, D., Kern, S., & Hoekstra, J. (2021). The 
Efficacy of Operational Bird Strike Prevention. Aerospace, 8(1), 17. MDPI AG. 

Mirkhani, S. A., Arjmand, M., Sadeghi, S., Krause, B., Pötschke, P., & Sundararaj, U. 
(2017). Impact of synthesis temperature on morphology, rheology and 
electromagnetic interference shielding of CVD-grown carbon 
nanotube/polyvinylidene fluoride nanocomposites. Synthetic Metals, 230, 39-50. 

Miyashiro, D., Taira, H., Hamano, R., Reserva, R. L., & Umemura, K. (2020). 
Mechanical vibration of single-walled carbon nanotubes at different lengths and 
carbon nanobelts by modal analysis method. Composites Part C: Open Access, 2, 
100028.  

Moon, J., Choi, J., & Cho, M. (2017). Opto-mechanical behavior and interfacial 
characteristics of crosslinked liquid crystalline polymer composites with carbon 
nanotube fillers. Carbon, 121, 181-192. 

Mora, A., Verma, P., & Kumar, S. (2020). Electrical conductivity of CNT/polymer 
composites: 3D printing, measurements and modeling. Composites Part B: 
Engineering, 183, 107600. 

Morais, M. V. C., Oliva-Avilés, A. I., Matos, M. A. S., Tagarielli, V. L., Pinho, S. T., 
Hübner, C., & Henning, F. (2019). On the effect of electric field application 
during the curing process on the electrical conductivity of single-walled carbon 
nanotubes–epoxy composites. Carbon, 150, 153-167. 

Mu, J., Shi, X., Zhang, H., Yang, L., & Han, X. (2021). Microstructures and enhanced 
flexural properties of single-crystalline HfC nanowires in-situ modified 
carbon/carbon composites by electrophoresis-thermal evaporation using CNTs as 
the template. Ceramics International, 47(3), 3063-3069. 

Mucha, M., Krzyzak, A., Kosicka, E., Coy, E., Kościński, M., Sterzyński, T., & 
Sałaciński, M. (2020). Effect of MWCNTs on wear behavior of epoxy resin for 
aircraft applications. Materials, 13(12), 2696. 

Murray, A., & Örmeci, B. (2018). Competitive effects of humic acid and wastewater on 
adsorption of Methylene Blue dye by activated carbon and non-imprinted 
polymers. Journal of Environmental Sciences, 66, 310-317. 

Nair, S., Pitchan, M. K., Bhowmik, S., & Epaarachchi, J. (2018). Development of high 
temperature electrical conductive polymeric nanocomposite films for aerospace 
applications. Materials Research Express, 6(2), 026422. 

NASA, R. (2017, August 7). Webb Telescope “Wings” Successfully Deployed. 
Retrieved July 18, 2022, from National Aeronautics and Space Administration 
website: https://www.nasa.gov/feature/goddard/james-webb-space-telescope-
wings-successfully-deployed 



© C
OPYRIG

HT U
PM

 

 

130 

Naveen, J., Jawaid, M., Zainudin, E. S., Sultan, M. T., & Yahaya, R. (2018). Evaluation 
of ballistic performance of hybrid Kevlar®/Cocos nucifera sheath reinforced 
epoxy composites. The Journal of the Textile Institute. 

Ndiaye, A. L., Brunet, J., Varenne, C., & Pauly, A. (2018). Functionalized CNTs-based 
gas sensors for BTX-type gases: how functional peripheral groups can affect the 
time response through surface reactivity. The Journal of Physical Chemistry 
C, 122(37), 21632-21643. 

Nechifor, G., Totu, E. E., Nechifor, A. C., Constantin, L., Constantin, A. M., Cărăuşu, 
M. E., & Isildak, I. (2020). Added value recyclability of glass fiber waste as 
photo-oxidation catalyst for toxic cytostatic micropollutants. Scientific 
reports, 10(1), 1-16. 

Neto, J. D. S. A., Santos, T. A., de Andrade Pinto, S., Dias, C. M. R., & Ribeiro, D. V. 
(2021). Effect of the combined use of carbon nanotubes (CNT) and metakaolin 
on the properties of cementitious matrices. Construction and Building 
Materials, 271, 121903. 

Nistal, A., Falzon, B. G., Hawkins, S. C., Chitwan, R., García-Diego, C., & Rubio, F. 
(2019). Enhancing the fracture toughness of hierarchical composites through 
amino‒functionalised carbon nanotube webs. Composites Part B: 
Engineering, 165, 537-544. 

Nomula, S. S. R., Rathore, D. K., Ray, B. C., & Prusty, R. K. (2019). Creep performance 
of CNT reinforced glass fiber/epoxy composites: Roles of temperature and 
stress. Journal of Applied Polymer Science, 136(25), 47674. 

Novoselova, N. S., Novoselov, A. A., Macarrão, A., Gallo-Ortiz, G., & Silva, W. R. 
(2020). Remote sensing applications for abating aircraft–bird strike risks in 
southeast Brazil. Human–Wildlife Interactions, 14(1), 8. 

Oliveira, M. S., Luz, F. S. D., & Monteiro, S. N. (2021). Research Progress of Aging 
Effects on Fiber-Reinforced Polymer Composites: A Brief 
Review. Characterization of Minerals, Metals, and Materials 2021, 505-515. 

Oluwalowo, A., Nguyen, N., Zhang, S., Park, J. G., & Liang, R. (2019). Electrical and 
thermal conductivity improvement of carbon nanotube and silver 
composites. Carbon, 146, 224-231. 

Orlando, S., Marulo, F., Guida, M., & Timbrato, F. (2018). Bird strike assessment for a 
composite wing flap. International journal of crashworthiness, 23(2), 219-235. 

Özen, İ., Gedikli, H., & Öztürk, B. (2021). Improvement of solid particle erosion 
resistance of helicopter rotor blade with hybrid composite shield. Engineering 
Failure Analysis, 121, 105175. 



© C
OPYRIG

HT U
PM

 

 

131 

Pan, J., Fang, H., Xu, M. C., & Wu, Y. F. (2018). Study on the performance of energy 
absorption structure of bridge piers against vehicle collision. Thin-Walled 
Structures, 130, 85-100. 

Panchagnula, K. K., & Kuppan, P. (2019). Improvement in the mechanical properties of 
neat GFRPs with multi-walled CNTs. Journal of Materials Research and 
Technology, 8(1), 366-376. 

Pandian, G., Pecht, M., Enrico, Z. I. O., & Hodkiewicz, M. (2020). Data-driven 
reliability analysis of Boeing 787 Dreamliner. Chinese Journal of 
Aeronautics, 33(7), 1969-1979. 

Papadopoulos, V., & Impraimakis, M. (2017). Multiscale modeling of carbon nanotube 
reinforced concrete. Composite Structures, 182, 251-260. 

Parsapour, H., Ajori, S., Ansari, R., & Haghighi, S. (2019). Tensile characteristics of 
single-walled carbon nanotubes endohedrally decorated with gold nanowires: A 
molecular dynamics study. Diamond and Related Materials, 92, 117-129. 

Parvin, S. A., Ahmed, N. A., & Fattahi, A. M. (2020). Numerical prediction of elastic 
properties for carbon nanotubes reinforced composites using a multi-scale 
method. Engineering with Computers, 1-12. 

Pervaiz, S., Kannan, S., Huo, D., & Mamidala, R. (2020). Ecofriendly inclined drilling 
of carbon fiber-reinforced polymers (CFRP). The International Journal of 
Advanced Manufacturing Technology, 111(7), 2127-2153. 

Poblete, F. R., & Zhu, Y. (2019). Interfacial shear stress transfer at nanowire-polymer 
interfaces with Van der Waals interactions and chemical bonding. Journal of the 
Mechanics and Physics of Solids, 127, 191-207. 

Pothnis, J. R., Kalyanasundaram, D., & Gururaja, S. (2021). Enhancement of open hole 
tensile strength via alignment of carbon nanotubes infused in glass fiber-epoxy-
CNT multi-scale composites. Composites Part A: Applied Science and 
Manufacturing, 140, 106155. 

Prabhakar, M. M., Rajini, N., Ayrilmis, N., Mayandi, K., Siengchin, S., Senthilkumar, 
K.,& Ismail, S. O. (2019). An overview of burst, buckling, durability and 
corrosion analysis of lightweight FRP composite pipes and their 
applicability. Composite Structures, 230, 111419. 

Priyanka, P., Dixit, A., & Mali, H. S. (2019). High strength Kevlar fiber reinforced 
advanced textile composites. Iranian Polymer Journal, 28(7), 621-638. 

Qian, H., Greenhalgh, E. S., Shaffer, M. S., & Bismarck, A. (2010). Carbon nanotube-
based hierarchical composites: a review. Journal of Materials Chemistry, 20(23), 
4751-4762. 



© C
OPYRIG

HT U
PM

 

 

132 

Qiu, L., Guo, P., Yang, X., Ouyang, Y., Feng, Y., Zhang, X., & Li, Q. (2019). Electro 
curing of oriented bismaleimide between aligned carbon nanotubes for high 
mechanical and thermal performances. Carbon, 145, 650-657. 

Quan, D., Urdániz, J. L., & Ivanković, A. (2018). Enhancing mode-I and mode-II 
fracture toughness of epoxy and carbon fibre reinforced epoxy composites using 
multi-walled carbon nanotubes. Materials & Design, 143, 81-92. 

Radhamani, A. V., Lau, H. C., & Ramakrishna, S. (2018). CNT-reinforced metal and 
steel nanocomposites: A comprehensive assessment of progress and future 
directions. Composites Part A: Applied Science and Manufacturing, 114, 170-
187. 

Raghuwanshi, M., Cojocaru-Mirédin, O., & Wuttig, M. (2019). Investigating Bond 
Rupture in Resonantly Bonded Solids by Field Evaporation of Carbon 
Nanotubes. Nano letters, 20(1), 116-121. 

Rajak, D. K., Pagar, D. D., Kumar, R., & Pruncu, C. I. (2019). Recent progress of 
reinforcement materials: A comprehensive overview of composite 
materials. Journal of Materials Research and Technology, 8(6), 6354-6374. 

Randjbaran, E., Zahari, R., Majid, D. L., Sultan, M. T. H., & Mazlan, N. (2017). Research 
paper in literature of increasing thickness by inclined target.  International 
Journal of Engineering Science Technologies, 1(1), 20-30. 

Randjbaran, E., Majid, D. L., Zahari, R., Sultan, M. T., & Mazlan, N. (2021). Impacts of 
volume of carbon nanotubes on bending for carbon-Kevlar hybrid fabrics. J. Appl. 
Comput. Mech, 7, 839-848. 

Randjbaran, E., Zahari, R., Majid, D. L., Sultan, M. T. H., & Mazlan, N. (2018). Research 
paper in literature of increasing thickness by inclined target. Ely J Mat Sci 
Tech, 1(1), 104. 

Rao, B. S., Rao, G. S., & Kumar, J. S. (2018). Prediction of Failure mode of thin FRP 
laminate under Thermal Loading. Materials Today: Proceedings, 5(5), 12803-
12813. 

Rathod, V. T., Kumar, J. S., & Jain, A. (2017). Polymer and ceramic nanocomposites for 
aerospace applications. Applied Nanoscience, 7(8), 519-548. 

Reddy, P. R. S., Reddy, T. S., Mogulanna, K., Srikanth, I., Madhu, V., & Rao, K. V. 
(2017). Ballistic impact studies on carbon and E-glass fibre based hybrid 
composite laminates. Procedia engineering, 173, 293-298. 

Reid, S. R., & Wen, H. M. (2000). Perforation of FRP laminates and sandwich panels 
subjected to missile impact (pp. 239-279). Woodhead Publishing Limited, 
Cambridge. 



© C
OPYRIG

HT U
PM

 

 

133 

Rezvanpanah, E., Anbaran, S. R. G., & Di Maio, E. (2017). Carbon nanotubes in 
microwave foaming of thermoplastics. Carbon, 125, 32-38. 

Riccio, A., Cristiano, R., Saputo, S., & Sellitto, A. (2018). Numerical methodologies for 
simulating bird-strike on composite wings. Composite Structures, 202, 590-602. 

Rodríguez, A., Calleja, A., de Lacalle, L. L., Pereira, O., Rubio-Mateos, A., & 
Rodríguez, G. (2021). Drilling of CFRP-Ti6Al4V stacks using CO2-cryogenic 
cooling. Journal of Manufacturing Processes, 64, 58-66. 

Rojas, J. A., Ardila-Rodríguez, L. A., Diniz, M. F., Gonçalves, M., Ribeiro, B., & 
Rezende, M. C. (2019). Optimization of Triton X-100 removal and ultrasound 
probe parameters in the preparation of multiwalled carbon nanotube 
buckypaper. Materials & Design, 166, 107612. 

Roy, A., Sreejith, C., Abhishek, S., Ragul, G., & Ghosh, I. (2017). Effect of Multi-
Walled Carbon Nanotubes on Automotive and Aerospace Applications—Case 
Study. Int. J. Emerg. Trends Sci. Technol, 5, 5102-5113. 

Rubio-López, A., Artero-Guerrero, J., Pernas-Sánchez, J., & Santiuste, C. (2017). 
Compression after impact of flax/PLA biodegradable composites. Polymer 
Testing, 59, 127-135. 

Ryan, S., Nguyen, L. H., Gallardy, D., & Cimpoeru, S. J. (2018). A scaling law for 
predicting the ballistic limit of aluminium alloy targets perforated in ductile hole 
formation. International Journal of Impact Engineering, 116, 34-50. 

Salama, E. I., Abbas, A., & Esawi, A. M. (2017). Preparation and properties of dual-
matrix carbon nanotube-reinforced aluminum composites. Composites Part A: 
Applied Science and Manufacturing, 99, 84-93. 

Sankar, V., Balasubramaniam, K., & Sundara, R. (2021). Insights into the Effect of 
Polymer Functionalization of Multiwalled Carbon Nanotubes in the Design of 
Flexible Strain Sensor. Sensors and Actuators A: Physical, 112605. 

Sarkheil, H., Eraghi, M. T., & Khah, S. V. (2020). Hazard identification and risk 
modeling on runway bird strikes at Sardar-e-Jangal International Airport of 
Iran. Modeling Earth Systems and Environment, 1-10. 

Sasikumar, A., Trias, D., Costa, J., Blanco, N., Orr, J., & Linde, P. (2019). Impact and 
compression after impact response in thin laminates of spread-tow woven and 
non-crimp fabrics. Composite Structures, 215, 432-445. 

Senokos, E., Ou, Y., Torres, J. J., Sket, F., González, C., Marcilla, R., & Vilatela, J. J. 
(2018). Energy storage in structural composites by introducing CNT 
fiber/polymer electrolyte interleaves. Scientific reports, 8(1), 1-10. 



© C
OPYRIG

HT U
PM

 

 

134 

Shahrubudin, N., Lee, T. C., & Ramlan, R. (2019). An overview on 3D printing 
technology: Technological, materials, and applications. Procedia 
Manufacturing, 35, 1286-1296. 

Shajari, S., Arjmand, M., Pawar, S. P., Sundararaj, U., & Sudak, L. J. (2019). Synergistic 
effect of hybrid stainless steel fiber and carbon nanotube on mechanical properties 
and electromagnetic interference shielding of polypropylene 
nanocomposites. Composites Part B: Engineering, 165, 662-670. 

Sharma, S., Dhakate, S. R., Majumdar, A., & Singh, B. P. (2019). Improved static and 
dynamic mechanical properties of multiscale bucky paper interleaved Kevlar 
fiber composites. carbon, 152, 631-642. 

Sharma, S., Pathak, A. K., Singh, V. N., Teotia, S., Dhakate, S. R., & Singh, B. P. (2018). 
Excellent mechanical properties of long multiwalled carbon nanotube bridged 
Kevlar fabric. Carbon, 137, 104-117. 

Shojaei, T. R., & Azhari, S. (2018). Fabrication, functionalization, and dispersion of 
carbon nanotubes. In Emerging Applications of Nanoparticles and Architecture 
Nanostructures (pp. 501-531). Elsevier. 

Siegfried, P. (2021). 11 FedEx. Land & Sea Transport Aviation Management: Daimler 
trucks, DHL, JD Retail, Amazon, DB Schenker, COSCO Shipping, UPS, DSV, 
Anji Logistics. FedEx Quatar Airways, Lufthansa, China Eastern Airlines, 
Emirates Airlines, easyJet, Air China, Austrian Airlines, Iran Air, 125. 

Siemann, M. H., & Ritt, S. A. (2019). Novel particle distributions for SPH bird-strike 
simulations. Computer Methods in Applied Mechanics and Engineering, 343, 
746-766. 

Signetti, S., Bosia, F., Ryu, S., & Pugno, N. M. (2020). A combined 
experimental/numerical study on the scaling of impact strength and toughness in 
composite laminates for ballistic applications. Composites Part B: 
Engineering, 195, 108090. 

Soydan, A. M., Tunaboylu, B., Elsabagh, A. G., Sarı, A. K., & Akdeniz, R. (2018). 
Simulation and experimental tests of ballistic impact on composite laminate 
armor. Advances in materials science and engineering, 2018. 

Su, Y., Xu, L., Zhou, P., Yang, J., Wang, K., Zhou, L. M., & Su, Z. (2021). Carbon 
nanotube-decorated glass fibre bundles for cure self-monitoring and load self-
sensing of FRPs. Composites Communications, 100899. 

Suemori, K., & Kamata, T. (2017). Thermoelectric characteristics in out-of plane 
direction of thick carbon nanotube-polystyrene composites fabricated by the 
solution process. Synthetic Metals, 227, 177-181. 



© C
OPYRIG

HT U
PM

 

 

135 

Suemori, K., & Kamata, T. (2017). Thermoelectric characteristics in out-of plane 
direction of thick carbon nanotube-polystyrene composites fabricated by the 
solution process. Synthetic Metals, 227, 177-181. 

Sukhodub, L. B., Sukhodub, L. F., Kumeda, M. O., Prylutskyy, Y. I., Pogorielov, M. V., 
Evstigneev, M. P., & Ritter, U. (2020). Single-walled carbon nanotubes loaded 
hydroxyapatite–alginate beads with enhanced mechanical properties and 
sustained drug release ability. Progress in biomaterials, 9(1), 1-14. 

Sun, X. C., & Hallett, S. R. (2018). Failure mechanisms and damage evolution of 
laminated composites under compression after impact (CAI): Experimental and 
numerical study. Composites Part A: Applied Science and Manufacturing, 104, 
41-59. 

Sun, Y., Hou, K., Zhang, D., Chang, S., Ye, L., Cao, A., & Shang, Y. (2021). High 
performance carbon nanotube/polymer composite fibers and water-driven 
actuators. Composites Science and Technology, 206, 108676. 

Supian, A. B. M., Sapuan, S. M., Zuhri, M. Y. M., Zainudin, E. S., & Ya, H. H. (2018). 
Hybrid reinforced thermoset polymer composite in energy absorption tube 
application: A review. Defence Technology, 14(4), 291-305. 

Suresh-Babu, K. S., Shivanand, D., BK, R. D. N., & Sunil Kumar, K. V. (2017). 
Evaluation of flexural properties of frp honeycomb core sandwich composites 
reinforced with cnt. International Journal of Current Research, 9(08), 55586-
55588. 

Suttichart, C., Boonyawan, D., Nhuapeng, W., & Thamjaree, W. (2019). Synthesis and 
characterization of multi-wall carbon nanotubes/DLC incorporated composites as 
electrode materials for supercapacitor. Diamond and Related Materials, 100, 
107591. 

Syafiqah Nur Azrie, S., Mohamed Thariq, H. S., & Francisco, C. (2017). Impact 
Characterisation of Glass Fibre-Reinforced Polymer (GFRP) Type C-600 and E-
800 Using a Single Stage Gas Gun (SSGG). Pertanika Journal of Science & 
Technology, 25(1). 

Talawar, M. B., Jangid, S. K., Nath, T., Sinha, R. K., & Asthana, S. N. (2015). New 
directions in the science and technology of advanced sheet explosive formulations 
and the key energetic materials used in the processing of sheet explosives: 
Emerging trends. Journal of hazardous materials, 300, 307-321. 

Talò, M., Krause, B., Pionteck, J., Lanzara, G., & Lacarbonara, W. (2017). An updated 
micromechanical model based on morphological characterization of carbon 
nanotube nanocomposites. Composites Part B: Engineering, 115, 70-78. 

Tanabi, H., & Erdal, M. (2019). Effect of CNTs dispersion on electrical, mechanical and 
strain sensing properties of CNT/epoxy nanocomposites. Results in Physics, 12, 
486-503. 



© C
OPYRIG

HT U
PM

 

 

136 

Tarfaoui, M., Nachtane, M., & El Moumen, A. (2019). Energy dissipation of stitched 
and unstitched woven composite materials during dynamic compression 
test. Composites Part B: Engineering, 167, 487-496. 

Tatlıer, M. S., & Baran, T. (2020). Structural and CFD analysis of an airfoil subjected to 
bird strike. European Journal of Mechanics-B/Fluids, 84, 478-486. 

Tawfik, B. E., Leheta, H., Elhewy, A., & Elsayed, T. (2017). Weight reduction and 
strengthening of marine hatch covers by using composite materials. International 
Journal of Naval Architecture and Ocean Engineering, 9(2), 185-198. 

Tepeduzu, B., & Karakuzu, R. (2019). Ballistic performance of ceramic/composite 
structures. Ceramics International, 45(2), 1651-1660. 

Torija, A. J., Roberts, S., Woodward, R., Flindell, I. H., McKenzie, A. R., & Self, R. H. 
(2019). On the assessment of subjective response to tonal content of 
contemporary aircraft noise. Applied Acoustics, 146, 190-203. 

Tirella, A., Mattei, G., & Ahluwalia, A. R. T. I. (2014). Strain rate viscoelastic analysis 
of soft and highly hydrated biomaterials. Journal of biomedical materials 
research Part A, 102(10), 3352-3360. 

Trompeta, A. F. A., Koumoulos, E. P., Stavropoulos, S. G., Velmachos, T. G., Psarras, 
G. C., & Charitidis, C. A. (2019). Assessing the critical multifunctionality 
threshold for optimal electrical, thermal, and nanomechanical properties of 
carbon nanotubes/epoxy nanocomposites for aerospace 
applications. Aerospace, 6(1), 7. 

Tuo, H., Lu, Z., Ma, X., Xing, J., & Zhang, C. (2019). Damage and failure mechanism 
of thin composite laminates under low-velocity impact and compression-after-
impact loading conditions. Composites Part B: Engineering, 163, 642-654. 

Turner, P., Liu, T., Zeng, X., & Brown, K. (2018). Three-dimensional woven carbon 
fibre polymer composite beams and plates under ballistic impact. Composite 
Structures, 185, 483-495. 

Ubaid, M., Bajaj, D., Mukhopadhyay, A. K., & Siddiquee, A. N. (2020). Friction stir 
welding of thick AA2519 alloy: defect elimination, mechanical and micro-
structural characterization. Metals and Materials International, 26(12), 1841-
1860. 

Ulus, H., Kaybal, H. B., Eskizeybek, V., & Avcı, A. (2021). Significantly improved 
shear, dynamic-mechanical, and mode II fracture performance of seawater aged 
basalt/epoxy composites: The impact of halloysite nanotube 
reinforcement. Engineering Science and Technology, an International Journal. 

Vasigh, B., Azadian, F., & Moghaddam, K. (2021). Methodologies and Techniques for 
Determining the Value of an Aircraft. Transportation Research Record, 2675(1), 
332-341. 



© C
OPYRIG

HT U
PM

 

 

137 

Vasudevan, A., Senthil Kumaran, S., Naresh, K., & Velmurugan, R. (2020). Layer-wise 
damage prediction in carbon/Kevlar/S-glass/E-glass fibre reinforced epoxy 
hybrid composites under low-velocity impact loading using advanced 3D 
computed tomography. International Journal of Crashworthiness, 25(1), 9-23. 

Verma, L., Andrew, J. J., Sivakumar, S. M., Balaganesan, G., Vedantam, S., & Dhakal, 
H. N. (2021). Compression after high-velocity impact behavior of pseudo-elastic 
shape memory alloy embedded glass/epoxy composite laminates. Composite 
Structures, 259, 113519. 

Verma, L., Sivakumar, S. M., Andrew, J. J., Balaganesan, G., Arockirajan, A., & 
Vedantam, S. (2019). Compression after ballistic impact response of 
pseudoelastic shape memory alloy embedded hybrid unsymmetrical patch 
repaired glass-fiber reinforced polymer composites. Journal of Composite 
Materials, 53(28-30), 4225-4247. 

Vertuccio, L., Guadagno, L., Spinelli, G., Lamberti, P., Zarrelli, M., Russo, S., & 
Iannuzzo, G. (2018). Smart coatings of epoxy based CNTs designed to meet 
practical expectations in aeronautics. Composites Part B: Engineering, 147, 42-
46. 

Vertuccio, L., Guadagno, L., Spinelli, G., Russo, S., & Iannuzzo, G. (2017). Effect of 
carbon nanotube and functionalized liquid rubber on mechanical and electrical 
properties of epoxy adhesives for aircraft structures. Composites Part B: 
Engineering, 129, 1-10. 

Villanueva, G. R., & Cantwell, W. J. (2004). The high velocity impact response of 
composite and FML-reinforced sandwich structures. Composites Science and 
Technology, 64(1), 35-54. 

Wang, G., Liu, L., & Zhang, Z. (2021). Interface mechanics in carbon nanomaterials-
based nanocomposites. Composites Part A: Applied Science and 
Manufacturing, 141, 106212. 

Wang, K., Li, S., Rao, Y., Wu, Y., Peng, Y., Yao, S., & Ahzi, S. (2019). Flexure 
behaviors of ABS-based composites containing carbon and Kevlar fibers by 
material extrusion 3D printing. Polymers, 11(11), 1878. 

Wang, L., Tan, Y., Wang, X., Xu, T., Xiao, C., & Qi, Z. (2018). Mechanical and fracture 
properties of hyperbranched polymer covalent functionalized multiwalled carbon 
nanotube-reinforced epoxy composites. Chemical Physics Letters, 706, 31-39. 

Wang, S., Gao, E., & Xu, Z. (2019). Interfacial failure boosts mechanical energy 
dissipation in carbon nanotube films under ballistic impact. Carbon, 146, 139-
146. 

Wang, X., Wang, Q., Gao, L., & Jia, Y. (2018). Effects of key thermophysical properties 
on the curing uniformity of carbon fiber reinforced resin composites. e-
Polymers, 18(1), 19-26. 



© C
OPYRIG

HT U
PM

 

 

138 

Wang, Z., Liu, J., & Hui, D. (2017). Mechanical behaviors of inclined cell honeycomb 
structure subjected to compression. Composites Part B: Engineering, 110, 307-
314. 

Wensheng, Z. H. U., Zhouwei, F. A. N., & Xiongqing, Y. U. (2019). Structural mass 
prediction in conceptual design of blended-wing-body aircraft. Chinese Journal 
of Aeronautics, 32(11), 2455-2465. 

Wu, K., Niu, Y., Zhang, Y., Yong, Z., & Li, Q. (2021). Continuous growth of carbon 
nanotube films: from controllable synthesis to real applications. Composites Part 
A: Applied Science and Manufacturing, 106359. 

Wu, P.-H., Hale, C. M., Chen, W.-C., Lee, J. S. H., Tseng, Y., & Wirtz, D. (2012). High-
throughput ballistic injection nanorheology to measure cell mechanics. Nature 
Protocols, 7(1), 155–70. 

Xiang, D., Zhang, Z., Han, Z., Zhang, X., Zhou, Z., Zhang, J., & Li, Y. (2020). Effects 
of non-covalent interactions on the properties of 3D printed flexible piezoresistive 
strain sensors of conductive polymer composites. Composite Interfaces, 1-15. 

Xie, X., Yin, S., Raoelison, R. N., Chen, C., Verdy, C., Li, W., & Liao, H. (2021). Al 
matrix composites fabricated by solid-state cold spray deposition: A critical 
review. Journal of Materials Science & Technology. 

Xu, H., & Dumitrică, T. (2019). Role of inter-tube corrugation in the dynamic sliding 
friction of concentric carbon nanotubes: Implications for nanomechanical 
oscillator devices. Extreme Mechanics Letters, 30, 100508. 

Xydis, G. A., Liaros, S., & Avgoustaki, D. D. (2020). Small scale Plant Factories with 
Artificial Lighting and wind energy microgeneration: A multiple revenue stream 
approach. Journal of Cleaner Production, 255, 120227. 

Yadav, R., Tirumali, M., Wang, X., Naebe, M., & Kandasubramanian, B. (2020). 
Polymer composite for antistatic application in aerospace. Defence 
Technology, 16(1), 107-118. 

Yang, S., Chalivendra, V. B., & Kim, Y. K. (2017). Fracture and impact characterization 
of novel auxetic Kevlar®/Epoxy laminated composites. Composite 
Structures, 168, 120-129. 

Ye, Z., Zhang, X., Zheng, G., & Jia, G. (2018). A material point method model and 
ballistic limit equation for hyper velocity impact of multi-layer fabric coated 
aluminum plate. International Journal of Mechanics and Materials in 
Design, 14(4), 511-526. 

Yeter, E. (2019). Damage resistance investigation of Armox 500T and Aluminum 7075-
T6 plates subjected to drop-weight and ballistic impact loads. Sakarya 
Üniversitesi Fen Bilimleri Enstitüsü Dergisi, 23(6), 1080-1095. 



© C
OPYRIG

HT U
PM

 

 

139 

Yıldırım, G., Sarwary, M. H., Al-Dahawi, A., Öztürk, O., Anıl, Ö., & Şahmaran, M. 
(2018). Piezoresistive behavior of CF-and CNT-based reinforced concrete beams 
subjected to static flexural loading: shear failure investigation. Construction and 
Building Materials, 168, 266-279. 

YIN, W.-L., SALLAM, S. N., & SIMTSES, G. J. (1986). Ultimate axial load capacity 
of a delaminated beam-plate. AIAA Journal, 24(1), 123–128.  

Yourdkhani, M., Liu, W., Baril-Gosselin, S., Robitaille, F., & Hubert, P. (2018). Carbon 
nanotube-reinforced carbon fibre-epoxy composites manufactured by resin film 
infusion. Composites Science and Technology, 166, 169-175. 

Yousefi, A. H., Memarzadeh, P., Afshari, H., & Hosseini, S. J. (2020). Agglomeration 
effects on free vibration characteristics of three-phase CNT/polymer/fiber 
laminated truncated conical shells. Thin-Walled Structures, 157, 107077. 

Yuan, S., Zheng, Y., Chua, C. K., Yan, Q., & Zhou, K. (2018). Electrical and thermal 
conductivities of MWCNT/polymer composites fabricated by selective laser 
sintering. Composites Part A: Applied Science and Manufacturing, 105, 203-213. 

Zakaria, M. R., Akil, H. M., Omar, M. F., Kudus, M. H. A., Sabri, F. N. A. M., & 
Abdullah, M. M. A. B. (2020). Enhancement of mechanical and thermal 
properties of carbon fiber epoxy composite laminates reinforced with carbon 
nanotubes interlayer using electrospray deposition. Composites Part C: Open 
Access, 3, 100075. 

Zare, Y., & Rhee, K. Y. (2020). A simulation study for tunneling conductivity of carbon 
nanotubes (CNT) reinforced nanocomposites by the coefficient of conductivity 
transferring among nanoparticles and polymer medium. Results in Physics, 17, 
103091. 

Zgheib, E., Alhussein, A., Slim, M. F., Khalil, K., & François, M. (2021). Elastic 
behavior of anisotropic coatings sputter-deposited at oblique 
incidence. International Journal of Mechanical Sciences, 191, 106050. 

Zhang, W., Deng, X., Sui, G., & Yang, X. (2019). Improving interfacial and mechanical 
properties of carbon nanotube-sized carbon fiber/epoxy 
composites. Carbon, 145, 629-639. 

Zhang, Y., Liu, T., & Xu, Z. (2019). Dynamic response of hybrid carbon fibre laminate 
beams under ballistic impact. Composite Structures, 210, 409-420. 

Zhikharev, M. V., Kudryavtsev, O. A., & Pavlovskaya, M. S. (2020). Experimental and 
numerical study of the behavior of a Glass Fiber Reinforced Plastic plate under 
oblique impact. Journal of Composite Materials, 0021998320965663. 

Zhikharev, M. V., Sapozhnikov, S. B., Kudryavtsev, O. A., & Zhikharev, V. M. (2019). 
Effect of tensile preloading on the ballistic properties of GFRP. Composites Part 
B: Engineering, 168, 524-531. 



© C
OPYRIG

HT U
PM

 

 

140 

Zhou, C., Li, F., Hu, J., Ren, M., Wei, J., & Yu, Q. (2017). Enhanced mechanical 
properties of cement paste by hybrid graphene oxide/carbon 
nanotubes. Construction and Building Materials, 134, 336-345. 

Zhou, J., Yuan, M., Li, Z., Meng, H., Zhang, T., & Qi, L. (2019). A great improvement 
of tensile properties of Cf/AZ91D composite through grafting CNTs onto the 
surface of the carbon fibers. Materials Science and Engineering: A, 762, 138061. 

Zhou, Y., Sun, Y., & Huang, T. (2020). Bird-strike resistance of composite laminates 
with different materials. Materials, 13(1), 129. 

Zhu, J., Wang, J., Ni, A., Guo, W., Li, X., & Wu, Y. (2018). A multi-parameter model 
for stiffness prediction of composite laminates with out-of-plane ply 
waviness. Composite Structures, 185, 327-337. 

Zhu, L., Li, N., & Childs, P. R. N. (2018). Light-weighting in aerospace component and 
system design. Propulsion and Power Research, 7(2), 103-119. 

Zhuang, L., Talreja, R., & Varna, J. (2018). Transverse crack formation in unidirectional 
composites by linking of fibre/matrix debond cracks. Composites Part A: Applied 
Science and Manufacturing, 107, 294-303. 

Zulkifli, F., Stolk, J., Heisserer, U., Yong, A. T. M., Li, Z., & Hu, X. M. (2019). Strategic 
positioning of carbon fiber layers in an UHMwPE ballistic hybrid composite 
panel. International Journal of Impact Engineering, 129, 119-127. 



© C
OPYRIG

HT U
PM

141 

BIODATA OF STUDENT 

The student, Elias Randjbaran, was born on 12th of December 1979. His educational 
journey started at Nursey School, which designed to support early development in
preparation for participation in school and society. Programmes designed for children 
from age 3 to the start of primary education. Then he completed his primary education
at Primary School, which typically designed to provide students with fundamental skills
in reading, writing and mathematics and to establish a solid foundation for learning. He 
later furthered his secondary education at Grammar School that offers an academic 
course in preparation for university entrance and for the professions. Students usually
begin attendance at age 12. In addition, he extended his study at High School, which
providing learning experiences that build on secondary education and prepare for labour
market entry and/or tertiary education. The content is broader than secondary but not as
complex as tertiary education. These programmes may also provide a pathway to other
tertiary programmes. The author graduated with Bachelor’s Degree Programme in 
Materials Engineering. In 2008, he continued his journey to get a place at Universiti 
Putra Malaysia to do his Master's degree programme in the field of Materials
Engineering. The topic of his master’s thesis is Effect of Layer Stacking Sequence on
Residual Compressive Strength for Hybrid Composite Plates under supervision of Prof. 
Dr. Rizal Zahari. After the dark days of COVID19, he successfully conducted his viva-
voce on the 27th of January, in 2022. Both degree programmes were at the Department
of Aerospace Engineering. 



© C
OPYRIG

HT U
PM

 

 

142 

LIST OF PUBLICATIONS 
 

Randjbaran, E., Majid, D. L., Zahari, R., Sultan, M. T., & Mazlan, N. (2021). Impacts of 
Volume of Carbon Nanotubes on Bending for Carbon-  Journal of Applied and 
Computational Mechanics, 7(2), 839-848.  

Randjbaran, E., Majid, D. L., Zahari, R., Bin, M. T., Sultan, H., & Mazlan, N. (2021). 
Tensile Strength Of Epoxy Composites Reinforced With Carbon 
Nanotubes. Academic Journal of Manufacturing Engineering, 19(1), 106-112 

Randjbaran, E., Majid, D. L., Sultan, M. T. B. H., Mazlan, N., & Zahari, R. (2020). 
Advantages and Disadvantages of Using Composite Laminates in Industries, 3(2), 
349- 352 

Randjbaran, E., Majid, D. L., Zahari, R., Sultan, M. T., & Mazlan, N. (2020). Effects of 
volume of carbon nanotubes on the angled ballistic impact for carbon Kevlar 
hybrid fabrics. Facta Universitatis, Series: Mechanical Engineering, 18(2), 229-
244. 

Randjbaran, E., Majid, D. L., Zahari, R., Bin, M. T., Sultan, H., & Mazlan, N.. (2019). 
Literature review on the relation between tensile strength and flexural strength in 
isotropic material. Japan Journal of Research, 1(1),1-5. 

Randjbaran, E., Majid, D. L., Zahari, R., Bin, M. T., Sultan, H., & Mazlan, N.. (2018). 
Literature Review Paper on Mechanical Properties of Types of Carbon 
Nanotubes. Journal of New Developments in Chemistry 1 (4), 27-43 

Randjbaran, E., Majid, D. L., Zahari, R., Bin, M. T., Sultan, H., & Mazlan, N. (2018). 
Mechanical properties of disconnected multiwalled carbon nanotubes and carbon 
nanotube composites-a review paper. International Journal of Research-
Granthaalayah 6 (6), 212-225 

Randjbaran, E., Majid, D. L., Sultan, M. T. B. H., Mazlan, N., & Zahari, R. (2018). 
Literature Review of Investigating Mechanical Properties of Disconnected 
Multiwalled Carbon Nanotubes into Composite. SF J Material Res Let 2: 2. SF J 
Material Res Let, 2(2), 9-12. 

Randjbaran, E., Zahari, R., Majid, D. L., Sultan, M. T. H., & Mazlan, N. (2017). 
Literature Review of Increasing Thickness by Inclined Target. International 
Journal of Engineering Science Technologies, 1(1), 20-30. 

Randjbaran, E., Zahari, R., Majid, D. L., Sultan, M. T., & Mazlan, N. (2017). Reasons 
of adding carbon nanotubes into composite systems-review paper. Mechanics and 
Mechanical Engineering, 21(3), 549-568. 

 



© C
OPYRIG

HT U
PM

 

 

143 

Randjbaran, E., Zahari, R., Majid, D. L., Sultan, M. T. H., & Mazlan, N. (2015). Effects 
of Carbon Nanotube on Mechanical Properties of Composite plates-A Review 
Paper. MATRIX Academic International Online Journal of Engineering and 
Technology, 3(2), 1-8. 

Randjbaran, E., Zahari, R., & Vaghei, R. (2014). Computing simulation of post-buckling 
in functionally graded materials-A review. TELKOMNIKA Indonesian Journal of 
Electrical Engineering, 12(12), 8344-8348. 

  


	Blank Page
	Blank Page



