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Abstract

Indonesia has abundant natural fibre potential to be developed
into engineering materials with good strength. One of the
potential natural strips in Indonesia is bamboo fibre. This study
aims to determine the tensile strength, flexural and ballistic
failure mode of Apus Bamboo Strips Reinforced Epoxy
Composites Materials (BSRECM) as an alternative material for
making bulletproof products. The research was carried out by
making epoxy bamboo fibre composites with laminate
configurations of 0%/0%0° and 0%/90%0°, thickness of 4.5 mm, 3
layers, and volume fraction of 30%. Bamboo strips were soaked
in 5% NaOH, for 72 hours, and dried for 48 hours at room
temperature. Following that process, bamboo strips are heated
in an oven at 40°C for 2 hours, then woven and laminated using
epoxy resin. The tests carried out were tensile, flexural and
ballistic tests. Ballistic testing was carried out with a firing
range of 25 m and bullet speed of 900 + 30 m/s with an
Indonesian SS1 rifle. Based on the tests results, it was obtained
that the average tensile strength was 50.49 + 3.77 MPa, the
average strain was 5.5 = 0.8%, the average flexural strength
was 54.72 + 6.85 MPa. The ballistic failure mode of epoxy
bamboo fibre composites with laminate of 0%0%0Q°
configuration in the form of partial penetration failure mode
and has a complete penetration mode for specimens with
0°/90°/0° laminate configuration. SEM observations with
0°/0°/0° laminate configuration shows that the bamboo strips
are not completely but only locally damaged, the laminate
configuration 0°/90°/0° damage that occurs on the front surface,
the level of damage tends to widen due to the high impact load
of the bullet projectiles. The results of this study will be able to
be used as a reference for further.
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1. INTRODUCTION

The development of natural fibre composites continues to
increase in proportion with the need for products that are
environmentally friendly, recyclable and abundant. One of the
natural fibres that is potential to be developed as a technical
material with various uses is the Apus bamboo fibre. Apus
bamboo fibre is feasible to be developed because it has several
advantages such as environmentally friendly, cheaper
manufacturing costs and materials, abundant, and can be
replanted for sustainability [1], [2], [3], [4], [5]-
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This study aims to determine the ability of bamboo strips
composite with an epoxy matrix as an alternative material for
making bullet-proof products. This is in proportion with the
increasing need for using bullet-proof protective materials. In
making bulletproof materials, it is necessary to design a
material that is lightweight and has a high level of protection
[6], [7]. Bamboo strips composite is one alternative for making
body armour from sharp weapons and bullet shots. Body
armours can prevent penetration and the occurrence of defects
or damage to the human body [6], [8], [9]. The characteristics
of a human body armour can be measured in terms of the
interaction between the armour and the human body.
Effectively as a protector of the human body, there must be no
penetration inside of the human body when receiving external
loads such as bullets and sharp weapons.

Il. MATERIAL AND METHOD
1.1 Bamboo Strips Preparation

The bamboo strips used in this study were Apus Bamboo
(Giganchtoloa Apus), taken from Pebasiran village, Parung
Panjang, West Java, Indonesia. The bamboo is cut manually
using a strip knife with a thickness of 0.5 - 0.7 mm and a width
of 5 - 7 mm. The bamboo strips were soaked in 5% NaOH for
72 hours and dried for 48 hours at room temperature (Fig. 1).
The bamboo fibres are then heated in an oven at a temperature
of 40° C for 2 hours to remove the moisture content in the fibre
and are made woven (Fig. 2)

Fig. 2. Bamboo Strips Drying Process at a Temperature of
40°C
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I1.11 Fabrication of Laminate Composites

The manufacturing process of bamboo strips composite is
carried out by hand layup method using a mould of 200 x 200
mm steel plate made in 3 layers and 4.5 mm thickness. The
matrix used is epoxy resin of diglyceryl ether of bisphenol type
A with a density of 1.15 x 103 kg/m? and working temperature
of 120°C. The epoxy has the characteristics of having high
strength, good dimensional stability, low shrinkage, and a high
level of adhesive. Two types of the test samples were made with
the orientations of 0°/0°/0° and 0°/90°/0° (Fig. 3)

Fig. 3. Fabrication of the BSRECM
11111 Tensile Strength Test

In reference to the ASTM D 3039 standard, tensile testing was
conducted by using the Universal Testing Machine in a room
temperature of 22°C and relative humidity of 63%. The
crosshead speed for tensile testing was 2 mm/min. The
dimensions of the specimens for tensile testing were 250 x 25
x 4 mm (length x width x thickness). Six samples were tested
for tensile testing. The average values were reported including
the standard deviations. The Universal Testing Machine and the
process of tensile testing are shown in Fig. 4. Each sample was
loaded to failure. Based on tensile testing will be obtained for
tensile strength and Young’s Modulus of the BSRECM [10].

Fig. 4. Tensile Specimen Test of the BSRECM
1.1V Flexural Strength Test

In reference to the ASTM D 790-03 standard, flexural testing
was conducted by using the Universal Testing Machine with a
testing room temperature of 22.5°C and relative humidity of
63.5%. The load was applied midway between the supports
with a crosshead speed of 1.7 mm/min (Fig. 5). Each sample
was loaded to failure. The dimensions of the specimens for
flexural testing were 120 x 10 x 4 mm (length x width x

thickness). Six samples were tested for flexural testing. The
average values were reported including the standard deviations
[10].

Fig. 5. Flexural Specimen Test of the BSRECM
11.V Ballistic Test

Ballistic testing was carried out at the ballistic testing
laboratory of the Indonesian Army Research and Development
Agency (Dislitbangad), Bandung, Indonesia, as in Figure 6.
This test was conducted by the use of 5.56 mm bullets (MU5-
TJ) with an Indonesian-made SS1 gun by the serial number of
JaT 97045854, bullet speed 900 + 30 m/s, firing range of 25 m.
Observations on ballistic test results focused on the failure
mode that occurred in the BSRECM.

Fig. 6. Ballistic Testing Process of the BSRECM

I11. RESULT AND DISCUSSION
I11.1 Tensile Test Results

Based on the results of tensile test on the test sample of the
BSRECM, the average tensile strength is obtained as follows
(Table 1).

Table 1. Tensile Test Results of the BSRECM

Load Area Strain Ultimate tensile
(kgf) (mm2) (%) strength (MPa)
265+244 | 53.8+3.7 55+0.8 50.49 + 3.77

The average tensile strength of the BSRECM resulting from
this test is relatively decent. Based on the obtained tensile
strength, the BSRECM was assessed further in ballistic testing
to obtain alternative materials for making bullet-proof
components. The results of the tensile strength are also
supported by the results of observations using SEM on the
tensile test sample. Based on the SEM test, the interface
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between the strips and the matrix is satisfactory, no voids and
delamination are seen (Fig. 7).

SEl  20kV WD14mm SS30

x100

100pum  —

Fig 7. SEM micrographs of the BSRECM laminate composite
(100x)
111 Flexural Test Results

The average flexural strength of the BSRECM is relatively
decent (54.72 + 6.85 MPa) as shown in Table 2.

Table 2. Flexural Test Results of the BSRECM

b h L Load Flexural
(mm) (mm) (mm) (kgf) strength (MPa)
11.65+ | 427+ | 63.15+ | 1295+ 54.72 £ 6.85
0.54 0.09 0.06 1.51

Flexural strength is required to withstand the movement of the
bullet when fired in ballistic tests. Based on the flexural
strength obtained, it is highly possible for the BSRECM to be
tested further as an alternative material for making bulletproof
components.

I11. 111 Ballistic Test Results

Ballistic testing aims to observe the response of the BSRECM
in receiving a bullet load at a certain speed. The response that
occurs can be observed from the form of failure mode due to
the load from the bullet fired at a certain distance and speed.
Ballistic testing was conducted using SS1 rifles with 5.56 mm
calibre bullets (MU5-TJ), a firing range of 25 m, and a BA 04
S type bullet velocity gauge. The test sample was a 0%/0°%/0°
laminate configuration, 3 layers and volume fraction of 30 %.
Ballistic test results are shown in Fig. 8.

|

a. Bullets b. Front View c. Rear View
Fig. 8. Ballistic Test Results of the BSRECM 0°/0%/0°
Laminate
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Fig. 8 shows the ballistic test results of the BSRECM 0°/0°/0°
laminate configuration and bullet velocity of 894.2 m/s. The
front and back views of the specimens show the partial
penetration failure mode in the form of small deformations
around the area of damage. In Fig. 9, the SEM observations on
the front surface of the ballistic test specimens with the
BSRECM 0%0°%0° laminate configuration show the fracture
area of the front surface as a result of the initial impact load,
which occurs in the front surface of the BSRECM. Most of the
load strikes the fibres on the bamboo strips, causing damage
which causes failure. However, due to the layer configuration,
which allows low damage rates, the bamboo strips are not
completely but only locally damaged.

Ay S .
SEl  20kV WD41mm  SS30 x14 1mm I

Fig. 9. SEM Result of 0°/0°/0° BSRECM Laminate after
Ballistic Test

The results of ballistic testing conducted with the use of SS1
rifles with 5.56 mm calibre bullets (MU5-TJ), a firing range of
25 m, and a type BA 04 S bullet velocity gauge. The test sample
is the BSRECM 0°/90°/0° laminate configuration, 3 layers and
volume fraction of 30%. Ballistic test results are shown in Fig.
10.

b. rear view

a. Front view
Fig. 10. Ballistic Test Results of the BSRECM 0°90°/0°
Laminate

The greatest degree of deformation at the front surface occurs
in the BSRECM with the laminate configuration of 0°/90%0°.
The failure mode describes the occurrence of surface
deformation in the front and rear-view specimens caused by the
projectile energy. This indicates a complex penetration failure
mode. A bullet that is fired into the target area of the specimen
results in penetration of the deformed front surface. The type of
laminate configuration and the velocity of each projectile can
affect the damage and performance of the test specimen [6], [8],
[9]. This has been demonstrated by previous researchers who
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found that the area of damage increases when the impact load
increases [11].

Fig. 11. SEM Result of the BSRECM 0°90%0° Laminate after
Ballistic Test

Fig. 11 shows SEM observations with a laminate configuration
of 0%90°%0° and the damage to the front view surface, due to
impact loads. Part of the load strikes the bamboo strips, causing
surface damage. The damage occurs on the front surface with
the level of damage tends to widen. This is due to the factor of
velocity and laminate configuration. The bamboo strips were
broken randomly and spread outward from the area of damage.
From the condition of the impact load, it is clearly visible on
the front surface that the fibre is damaged on the bamboo strip
due to the high impact load of the bullet projectiles. The
different layers show that the fibre breaks randomly along at its
weakest point [12]. The damage that occurs is usually confined
to the zone near the impact and is limited by the velocity of the
bullet and the impact load. The magnitude of the impact load is
one of the factors that contribute to the fibre breakdown [10],
[12], [13]. The fibres on the surface which are subjected to
impact loads, have been observed to appear with a smooth
surface between the laminate boundaries [12], [13]. The results
of this study indicate that the BSRECM is exceptionally
potential to be further developed as an alternative component
for bullet-proof materials. More testing is needed with various
angles of fire, ballistic speeds and ranges of fire. These data are
very useful for the further design of epoxy bamboo fibre
composites as a bullet-proof material.

IV. CONCLUSION

Research and ballistic testing have been carried out on epoxy
bamboo fibre composites. The observation focus is the failure
mode of the composite material against the impact load of a
bullet fired at a 25 m radius. Based on this research, it can be
concluded that specimens with a 0°%0%0Q° laminate
configuration have a partial penetration failure mode and the
specimen with a 0°/90°/0° laminate configuration has a complex
penetration mode of failure. SEM observations with 0%/0%/Q°
laminate configurations showed that the bamboo strips were
not completely but only locally damaged. Furthermore, the
results of the 0°/90°/0° laminate configuration indicate damages
to the front surface, with the degree of damage tending to
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expand. From the perspective of the impact load, the bamboo
strips were damaged on the front surface due to the high impact
loads of the bullet projectiles. The results of this study will be
able to be used as a reference for further development.

REFERENCES

[1] Ain V Shah, Muhamed TH Sultan, Muhamad Juwaid,
Fransisco Cordona, Abu Thalib Abd R. A review on the
tensile properties of bamboo fiber reinforced polymer
composites, Bioresources 2016;11 (4): 10654-10676.
Ratna Prasad A.V, Mohana Rao K. Mechanical properties
of natural fibre reinforced -polyester composites: jowar,
sisal and bamboo. Materials and Design 2011; 32:4658-
4663.
Kazuya Okubo, Toru Fujii, Yuzo Yamamoto.
Development of bamboo-based polymer composites and
their mechanical properties. Composite Part A 2014;
35:377-383.
Verma C.S., Chariar V.M. Development of layered
laminate bamboo composite and their mechanical
properties. Composites Part B 2012; 43:1063—-1069.
Irawan A.P., Soemardi, T.P., Widjajalaksmi, K.,
Reksoprodjo, A.H.S. Tensile and flexural strength of
ramie fiber reinforced epoxy composites for socket
prosthesis  application.  International Journal of
Mechanical and Materials Engineering (IJMME) 2011; 6
(1): 46-50
Irawan, A.P., Sukania, I.W., Anggarina, P.T., Danendra,
A.R., Baskara, G.D. Socket prosthesis manufacturing
process made from bamboo fiber composite materials.
IOP  Conference Series: Materials Science and
Engineering 2020; 852: 012042
AK Bandaru et al. Ballistic impact response of Kevlar
reinforced thermoplastic composite armours.
International Journal of Impact Engineering 2016;89: 1-
13
A. Ali et al. Ballistic impact properties of woven bamboo-
woven E-glass- unsaturated polyester hybrid composites.
Defence Technology XXX 2018; 1-13
Radif Z.S. et.al. Development of a green combat armour
from ramie-Kevlar-polyester. Composite Pertanika. J. Sci
Technol 2011; 19 (2): 339-348.
[10] American Society for Testing (2002) ASTM D 3039/D
3039M — 00 and ASTM D790 — 03, West Conshohocken
[11] E.E. Haro et al. The energy absorption behaviour of
hybrid composite laminates containing nano-fillers under
ballistic impact. Defence Technology 2018; 14: 238-249
[12] Yang Y Chen. Study energy absorption and failure modes
of constituent layers in body armour panels. Composite B
Engineering 2016; 98: 250-259.
[13] Shim VPW et al. Modelling deformation and damage
characteristics of woven fabric under small projectile
impact. Int J Impact Engineering 1995;16: 585-605

(2]

(3]

[4]

[5]

(6]

[7]

(8]

[9]


https://www.academia.edu/download/31032751/1039.pdf
https://www.academia.edu/download/31032751/1039.pdf
https://www.academia.edu/download/31032751/1039.pdf
https://iopscience.iop.org/article/10.1088/1757-899X/852/1/012042/meta
https://iopscience.iop.org/article/10.1088/1757-899X/852/1/012042/meta

Author search  Sources @ fm | Createaccount || Signin

Source details

. . . CiteS 2019
International Journal of Engineering Research and Technology 02 ®
Scopus coverage years: from 2017 to Present
Publisher: International Research Publication House

SJR 2019
ISSN: 0974-3154 ®

0.145

Su bject area: (Chemical Engineering: General Chemical Engineering) (Engineering: General Engineering)

(Energy: Energy Engineering and Power Technology) (Environmental Science: Environmental Engineering)

Viewsll SNIP 2019 o
iew all v 0.251
View all documents » Set document alert [E0 Save to source list Source Homepage
CiteScore  CiteScore rank & trend ~ Scopus content coverage
i Improved CiteScore methodology X
CiteScore 2019 counts the citations received in 2016-2019 to articles, reviews, conference papers, book chapters and data
papers published in 2016-2019, and divides this by the number of publications published in 2016-2019. Learn more >
CiteScore 2019 v CiteScoreTracker 2020 ®
O 2 138 Citations 2016 - 2019 O 4 480 Citations to date
* 576 Documents 2016 - 2019 ) 1,082 Documents to date
Calculated on 06 May, 2020 Last updated on 07 February, 2021 « Updated monthly

CiteScore rank 2019 ®
Category Rank Percentile
Chemical
Engineering #243/281 13th

General

Chemical

Engineering
Engineering

General #265/299 1ith

Engineering
View CiteScore methodology >  CiteScore FAQ >  Add CiteScore to your site ¢

About Scopus Language Customer Service

What is Scopus AARZEICUIVEZRS Help
Content coverage PIREEIRFSZ Contact us



2/11/2021 International Journal of Engineering Research and Technology

also developed by scimago: m

SJ R Scimago Journal & Country Rank Enter Journal Title, ISSN or Publisher Name

Home Journal Rankings Country Rankings Viz Tools Help About Us

International Journal of Engineering Research and Technology

COUNTRY SUBJECT AREA AND PUBLISHER H-INDEX
CATEGORY

India International Research
Chemical Engineering Publication House

Chemical Engineering
(miscellaneous)

Computer Science
Artificial Intelligence
Computer Networks
and Communications
Hardware and
Architecture
Software

Energy
Energy Engineering and
Power Technology

Engineering
Engineering
(miscellaneous)

Environmental Science
Environmental

Engineering
PUBLICATION TYPE ISSN COVERAGE
Journals 09743154 2017-2020

SCOPE

Information not localized

Q Join the conversation about this journal

https://www.scimagojr.com/journalsearch.php?q=21100828027 &tip=sid&clean=0 1/23



2/11/2021 International Journal of Engineering Research and Technology

R Quartiles

FIND SIMILAR JOURNALS @

13 14 15 16
Journal of Engineering IPPTA: Quarterly Journal of International Journal of International Jot
. Research Indian Pulp and Paper Simulation: Systems, Science Recent Technolc
v KWT IND GBR IND
o o, o '
37% 36% 36% 36
similarity similarity similarity simila
SJR AN Citations per document AN
0.156 0.8
0.15
0.6
0.144
2018 2019 0.4
Total Cites Self-Cites W
- 0.2
80
40 0
2017 2018 2019

Cites / Doc. (4 years)

0 Cites / Doc. (3 years)
2017 2018 2019 @ Cites / Doc. (2 years)
External Cites per Doc Cites per Doc \«/{ % International Collaboration \f‘\

https://www.scimagojr.com/journalsearch.php?q=21100828027 &tip=sid&clean=0 2/23



2/11/2021 International Journal of Engineering Research and Technology

Citable documents Non-citable documents A HH Cited documents Uncited documents A

180 180

90 90
0 0
2017 2018 2019 2017 2018 2019
International journal of < Show this Wldg?t in
Engineering Research and.. your own website
Q 3 E;?;::ﬁ;:fous, Just copy the code below
and paste within your html
best guartile
code:

SIR 2019 ’
0.15 ’ <a href="https://www.scimag

powered by scimagajr.com

Metrics based on Scopus® data as of April 2020

P Pablo Diaz 3 weeks ago

La revista se encuentra vigente en Scopus.

reply

0]

2

(©

W

Melanie Ortiz 2 weeks ago

Dear Pablo,

Thank you very much for your comment.

All the metadata have been provided by Scopus /Elsevier in their last update sent to
SClmago, including the Coverage's period data. The SJR for 2019 was released on 11
June 2020. We suggest you consult the Scopus database directly to see the current index

status as SJR is a static image of Scopus, which is changing every day.
Best Regards, SCImago Team

N Nguyen 2 months ago

I have checked "International Research Publication House" on the web https://beallslist.net/ and

they said:

https://www.scimagojr.com/journalsearch.php?9=21100828027 &tip=sid&clean=0

SCimago Team

3/23



